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Abstract

BACKGROUND

The diagnosis of malnutrition in patients with independent hepatocellular
carcinoma (HCC) varies from 20% to 50%, is related to important complications
and has a direct impact on the prognosis. Determination of the resting energy
expenditure (REE) has become an important parameter in this population, as it
allows therapeutic adjustments to recover their nutritional status. The REE in
cirrhosis, with and without HCC, is not clearly defined, and requires the
identification and definition of the best nutritional approach.

AIM
To evaluate the REE of patients with cirrhosis, with and without HCC.

METHODS
This is a prospective observational study evaluating the REE of 118 patients, 33
with cirrhosis and hepatocellular carcinoma and a control group of 85 patients
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with cirrhosis without HCC, using indirect calorimetry (IC), bioimpedance, and
predictive formulas.

RESULTS

The REE determined by IC in cirrhotic patients with HCC was 1643 + 364 and in
those without HCC was 1526 £ 277 (P = 0.064). The REE value as assessed by
bioimpedance was 1529 * 501 for those with HCC and 1660 * 385 for those
without HCC (P = 0.136). When comparing the values of REE determined by IC
and predictive formulas in cirrhotics with HCC, it was observed that only the
formulas of the Food and Agriculture Organization (FAO)/World Health
Organization (WHO) (1985) and Cunningham (1980) presented values similar to
those determined by IC. When comparing the REE values determined by IC and
predictive formulas in cirrhotics without HCC, it was observed that the formulas
of Schofield (1985), FAO/WHO (1985), WHO (2000), Institute of Medicine (IOM)
(2005) and Katch and McArdie (1996) presented values similar to those
determined by IC.

CONCLUSION

The FAO/WHO formula (1985) could be used for cirrhotic patients with or
without HCGC; as it is the one with the values closest to those obtained by IC in
these cirrhotic patients.

Key Words: Carcinoma; Hepatocellular; Liver cirrhosis; Calorimetry; Indirect; Rest energy
expenditure

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This prospective study was conducted to evaluate the resting energy
expenditure in 118 patients with and without hepatocellular carcinoma. Indirect
calorimetry is considered the golden standard for determining resting energy
expenditure; however, when this is impossible, use of the FAO/WHO formula (1985)
in this population is indicated.

Citation: Henz AC, Marroni CA, Silva DMD, Teixeira JM, Silveira TT, Ferreira S, Silveira AT,
Schmidt NP, Stein JT, Rayn RG, Fernandes SA. Resting energy expenditure in cirrhotic
patients with and without hepatocellular carcinoma. World J Gastrointest Pharmacol Ther
2021; 12(1): 1-12

URL: https://www.wjgnet.com/2150-5349/full/v12/i1/1.htm

DOI: https://dx.doi.org/10.4292/wjgpt.v12.il.1

INTRODUCTION

The main causes of liver cirrhosis worldwide are alcoholic liver disease and chronic
hepatitis B virus and/or hepatitis C virus infections. Over a period of 15 to 30 years,
chronic liver diseases can lead to liver cirrhosis and its complications. The prognosis is
highly variable and influenced by several factors, such as etiology, severity of liver
disease, presence of complications and comorbidities!'.

The prevalence of sarcopenia in patients with hepatocellular carcinoma (HCC)
varies from 27.5%" to 78.2%" and malnutrition affects 20% to 50% of patients with
cirrhosis, and both are related to important complications and have a direct impact on
prognosis.

Early nutritional diagnosis has significant relevance in cirrhotics, as it reflects
positively on their recovery, enables specific therapeutic interventions and prevents
the appearance of complications!**l.

Daily intake should be sufficient to meet the body's demands!” and can be measured
directly or indirectly!’. Resting energy expenditure (REE) is the energy needed to
maintain physiological processes; during indirect measurement, an interval of 4 h is
necessary since the last meal, and a rest of 30 min before the examination!"'.

Indirect calorimetry (IC) is the gold standard for measuring REE!"-"), it is non-
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invasive and safe, it uses the calorimeter to measure REE through gas exchange and, in
a formula, using the Weir Equation (QR = 0.83) evaluates the volume of oxygen
consumed, the volume of carbon dioxide produced and the nitrogen excreted, since
each calorie consumed requires a certain amount of oxygen to be converted into
energy, which are good predictors of REE changes!*l.

Other methods, such as electrical bioimpedance (BIA) and predictive formulas,
commonly used in clinical practice, can also be used to predict REE.

The aim of this study is to evaluate the REE of patients with cirrhosis, with and
without HCC, measured by IC and to compare the results with those obtained by BIA
and predictive formulas, in order to identify which is the best method of evaluation!l.

MATERIALS AND METHODS

The study included 118 patients, aged > 18 years, of both sexes, divided into two
groups. One group consisted of 33 patients with cirrhosis and HCC and a control
group of 85 patients with cirrhosis but without HCC, who attended the Department of
Gastroenterology and Liver Transplantation of Irmandade da Santa Casa de
Misericérdia de Porto Alegre, RS, Brazil, from March 2017 to August 2018.

Hospitalized cirrhotics or those participating in dietary or physical activity
programs for weight gain, and/or in a rehabilitation program were excluded; patients
with neoplasms other than HCC and those who did not have physical and motor
conditions for anthropometric and functional evaluation were also excluded.

All participants agreed to participate in the research by reading and signing the
informed consent form. This research protocol was approved by the Research Ethics
Committee of Irmandade Santa Casa de Misericérdia de Porto Alegre (number
2387800).

Data from the electronic medical records of the patients, related to the diagnosis,
staging by the Child-Pugh score, age and sex of the participants were collected. The
diagnosis of cirrhosis and/or HCC was made by clinical, laboratory, imaging and/or,
eventually, liver biopsy. The classification of patients with HCC was carried out using
the Barcelona Clinic Liver Cancer Group (BCLC) staging system!"‘l.

Current body weight was measured using a Filizola® anthropometric scale with 0.1
kg precision, previously calibrated. Height was measured with a stadiometer fixed to
the wall, with the patient in an upright position and barefoot. Body mass index (BMI)
was calculated by dividing the weight by height squared {BMI = Weight (kg)/[Height
(cm)]}} and classification according to the Food and Agriculture Organization
(FAO)/World Health Organization (WHO)!.

The IC was measured by the Korr® MetaCheck calorimeter, with the patient fasting
for 4 h and resting for 30 min before starting the assessment. The measurement was
made under conditions of absolute rest for 10 to 30 min, with the patient sitting and
using a rigid breathing mask, in a stable condition, and the calculation of energy
expenditure was based on the consumption of O* (VO?), CO? production (VCO?) and
urinary urea nitrogen, using the formula REE = {[3.9 (VO2)] + [1.1 (VCO?]}, described
by WEIR, 1949171,

The BIA evaluation used the Biodynamics device model 450, with an electric current
intensity of 800 pA, frequency of 50 kHz and disposable electrodes of the HeartBeat®
brand. The patient was in the dorsal decubitus, comfortable and relaxed position,
without shoes, socks, watch, bracelets and necklaces, with legs spread, hands open and
supported on the stretcher. A distal electrode was placed at the base of the middle toe
of the right foot and the proximal electrode just above the line of the right ankle joint,
between the medial and lateral malleolus. Another set of electrodes were also placed,
the distal electrode at the base of the middle finger of the right hand and the proximal
electrode just above the line of the right wrist joint, coinciding with the styloid
process”.

The predictive formulas for calculating the energy expenditure used in this study
are listed in Table 11,

Sample size calculation

The sample size for patients with HCC was by convenience sample, and the sample
from the control group with cirrhosis was based on the study by Teramoto et al™),
comparing the measured and predicted energy expenditure in patients with liver
cirrhosis, considering an 80% power and significance level of 5%, thus obtaining the
sample number of 85 patients.
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Table 1 Predictive formulas for calculating energy expenditure®

Ref. Age range Gender Equation
Harris and Benedict!'! Non-specifed Male 66.437 + [5.0033 x H (cm)] + [13.7516 x W (kg)] - [6.755 X Y (yr)]
Non-specifed Female 655.0955 + [1.8496 x H (cm)] + [9.5634 x W (kg)] - [4.6756 X Y (yr)]
Schofield” in kcal/day 10-17 Male [0.074 x W (kg) + 2.754] x 239
Female [0.056 x W (kg) + 2.898] x 239
18-29 Male [0.063 x W (kg) +2.896] x 239
Female [0.062 x W (kg) +2.036] x 239
30-59 Male [0.048 x W (kg) + 3.653] x 239
Female [0.034 x W (kg) + 3.538] x 239
From 60 yr Male [0.049 x W (kg) +2.459] x 239
Female [0.038 x W (kg) + 2.755] x 239
WHO™! in keal /day 10-17 Male 17.5 x W + 651
Female 12.2 x W + 746
18-29 Male 153 x W + 679
Female 14.7 x W + 496
30-59 Male 11.6 x W + 879
Female 8.7 x W + 829
From 60 yr Male 13.5 x W + 487
Female 10.5 x W + 596
Mifflin et al® in keal /day 19-78 Male 10 x W (kg) + 6.25 x H (cm) -5 X Y (yr) + 5
19-78 Female 10 x W (kg) + 6.25 x H (cm) - 5 x Y(yr) - 161
FAO/WHO!""! 10-17 Male (16.6 x W) + [77 x H(m)] + 572
Female (7.4 x W) + [482 x H (m)] + 217
18-30 Male (15.4 x W) - [27 x H (m)] + 717
Female (13.3 x W) + [334 x H (m)] + 35
31-60 Male (11.3 x W) + [16 x H (m)] + 901
Female (8.7 x W) - [25 x H (m)] + 865
From 60 yr Male (8.8 x W) + [1128 x H (m)] - 1071
Female (9:2 x W) + [637 x H (m)] - 302
oM Non-specifed Male 293 - (3.8 x age) + (401.5 x height) + (8.6 x weight)
Non-specifed Female 247 - (2.67 x age) + (456.4 x height) + (10.12 x weight)

Cunningham!**!

McArdle et al”’}

Non-specifed

Non-specifed

Male, Female

Male, Female

500 kcal + (lean mass in kg x 22)

(lean mass in kg x 21.6) + 370

W: Weight; H: Height; Y: Years.

Jaishideng®

Statistical analysis

Quantitative variables were described by mean and standard deviation and categorical
variables by absolute and relative frequencies.
To compare means between genders, the Student ¢-test for independent samples

was applied. Population estimates were performed using the 95% confidence interval.

To compare groups, the Student t-test for independent samples (quantitative

variables) and Pearson's Chi-square (categorical variables) were applied.

To compare means between the estimated energy expenditure formulas with

indirect calorimetry, the Student ¢-test for paired samples was used.

To assess the association between anthropometric variables and indirect
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calorimetry, Pearson's correlation coefficient was used.
The level of significance adopted was 5% (P < 0.05) and the analyses were
performed using the Statistical Package for Social Sciences 21.0 software for Windows.

RESULTS

The mean age of cirrhotic patients with HCC was 62.8 + 8.1 years and in those without
HCC was 56.7 £ 9.4 years (P = 0.001); 78.8% of those with HCC were male and 56.5% of
those without HCC were female (P = 0.001). The clinical characterization of cirrhotic
patients was performed using the Child-Pugh score, which identified similarities
between the two groups (P = 0.224). According to the BCLC staging in our study, most
patients with HCC were classified as 0, A and B, as shown on Table 2.

The REE determined by IC in cirrhotics with HCC was 1643 * 364 and in those
without HCC was 1526 + 277 (P = 0.064), as shown on Table 3.

The REE value assessed by BIA was 1529 + 501 for those with HCC and was 1660
385 for those without HCC (P = 0.136). In the comparison between the REE determined
by the IC, the group with HCC did not show a significant difference and the group
without HCC did show a significant difference (P = 0.001), as shown on Table 4.

The estimated REE values of cirrhotics with and without HCC, using the predictive
formulas of Harris and Benedict?'!, Schofield®, WHO® !, Mifflin et al*, FAO/WHO!",
IOM™!, Cunningham® and McArdle et al® showed that only the Harris and
Benedict? formula (P < 0.001) and the IOM formula® (P = 0.001) demonstrated a
difference between the two groups, as shown on Table 5.

When comparing the REE values determined by the IC and the predictive formulas
in cirrhotics with HCC, it was observed that only the formulas of the FAO/WHO!""
and Cunningham®! presented values similar to those determined by the IC, the others
underestimated these values, as shown on Table 6.

When comparing the REE values determined by the IC and the predictive formulas
in cirrhotics without HCC, it was observed that the formulas of Schofield*, WHO?,
FAO/WHO"1, IOM™! and McArdle et al*! presented similar but erratic values to those
determined by the CI, as shown on Table 7.

DISCUSSION

Cirrhotic patients have an imbalance in energy metabolism, which contributes to
protein-calorie malnutrition and a worse prognosist®*~2. When HCC is associated with
cirrhosis, clinical conditions and additional needs may worsen such as dietary
restrictions. To date, there is no established standard and significant evidence to justify
increased REE in these patients. Several studies, with different methodologies, such as
IC, BIA and predictive formulas, have evaluated REE in cirrhotics with and without
HCC[H,H,ZT, 30, %f‘v-}(x].

In the present study, 118 cirrhotic patients were evaluated, 33 with HCC (62.8 £ 8.1
years and 78.8% male), and 85 without HCC (56.7 £ 9.4 years and 56.5% female) (P =
0.001) which is in accordance with the findings of the literature, where more older men
present with HCCP #2771,

Anthropometry showed that the BMI in those with HCC was 27 kg/m? (+ 4.0)
similar to that of the control group, and in cirrhotics without HCC, BMI was 28.7
kg/m? (+ 5.7). We identified a low prevalence of malnutrition, with overweight, but
we must consider that the BMI underestimates the prevalence of malnutrition in
cirrhotic patients, as body weight can represent significant changes due to frequent
hydroelectrolytic disorders (edema and ascites), and these findings are concordant
with previous studies carried out in cirrhotic™*- and cancer patients!**l. These
results are also in line with studies carried out in cirrhotic patients, with and without
HCCU»052571 A publication by Fernandes et all’, did not identify BMI as a safe
method of assessing nutritional status in this population, due to inherent changes in
body weight.

Considered as the gold standard for measuring REE, IC is a safe and non-invasive
method, capable of determining nutritional needs through gas exchange!"'***1,

In our study, the average REE calculated by IC in cirrhotic patients with HCC was
1643 £ 364 calories and that of cirrhotics without HCC was 1526 + 277 calories (P =
0.064). These results are similar to those found by Segadilha et al*’, where REE was
1568 + 374 calories in a population of 97 elderly cirrhotic patients hospitalized in Rio
de Janeiro, and similar to those found by Pinto et al*}, of 1534 + 300 calories, who
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Table 2 Sample characterization - cirrhotics with and without hepatocellular carcinoma (n = 118)

Variables HCC (n=33) Without HCC (n = 85) 'Pvalue
mean * SD mean * SD

Age (yr) 62.8+8.1 56.7+9.4 0.001

Male gender 26 (78.8%) 37 (43.5%) 0.0012

Weight (kg) 73.9+12.9 782+17.2 0.206

Height (m) 1.65 % 0.09 1.65 +0.09 0.810

BMI (kg/m?) 27.0+4.0 287+57 0.115

Lean mass (kg) 51.3 £10.6 53.4+123 0.396

Child Pugh 0.224?

A 13 (39.4%) 32 (37.6%)

B 17 (51.5%) 34 (40.0%)

C 3(9.1%) 19 (22.4%)

BCLC -

0 4 (12.1%) -

A 12 (36.4%) =

B 10 (30.3%) -

C 4 (12.1%) =

D 3(9.1%) .

IStudent t-test for independent samples; *Pearson's chi-square test. HCC: Hepatocellular carcinoma; SD: Standard deviation; BCLC: Barcelona Clinic Liver

Cancer Group.

Table 3 Energy expenditure at rest by indirect calorimetry in cirrhotics with and without hepatocellular carcinoma (n = 118)

Variables HCC (n=33) Without HCC (n = 85) 'Pvalue
mean * SD IC 95% mean * SD IC 95%
Calorimetry 1643 + 364 1514-1772 1526 + 277 1466-1586 0.064

IStudent t-test for independent samples. HCC: Hepatocellular carcinoma; SD: Standard deviation; IC: Indirect calorimetry.

Table 4 Resting energy expenditure by electrical bioimpedance in cirrhotics with and without hepatocellular carcinoma, compared with

indirect calorimetry (n = 118)

Variables HCC (n = 33) Without HCC (n = 85)

mean + SD IC 95% mean % SD IC 95% 'Pvalue
BIA 1529 + 501 1352-1707 1660 + 385 1577-1743 0.133
Calorimetry 1643 + 364 1606-1907 1526 + 277 1356-1623 0.064
P value 0.136 0.001

1Student t-test for independent samples. HCC: Hepatocellular carcinoma; BIA: Electrical bioimpedance; SD: Standard deviation; IC: Indirect calorimetry.

studied a population of 45 cirrhotic patients listed for liver transplantation, which
corroborates the expectation of correct caloric prediction by the method used!*l.

Our REE findings, determined by BIA, in cirrhotics with HCC were 1529 + 501
calories and 1660 * 385 calories in those without HCC (P = 0.136). These values differ
from those of Pinto et al™, in their study with 53 cirrhotic patients with HCC in the
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Table 5 Resting energy expenditure calculated using predictive formulas in cirrhotics with and without hepatocellular carcinoma (n =

118)
Variables HCC (n=33) Without HCC (n = 85) 'Pvalue
mean £ SD IC 95% mean * SD IC 95%
Harris and Benedict”! formula 1466 + 224 1387-1546 2138 + 499 2030-2246 <0.001
Schofield””! formula 1489 + 203 1417-1561 1539 + 218 1491-1586 0.265
WHO! formula 1518 + 208 1444-1592 1536 + 282 1475-1597 0.744
Mifflin et al”") 1433 +196 1363-1503 1439 + 212 1393-1485 0.883
FAO/WHO formulal'”! 1522 + 208 1449-1596 1566 + 223 1518-1614 0.333
1I0MP! formula 1402 + 168 1342-1462 1544 + 242 1491-1596 0.001
Cunningham!*! formula 1629 + 233 1546-1712 1674 + 271 1616-1733 0.396
McArdle et al® formula, 1996 1478 + 229 1397-1559 1523 + 266 1466-1581 0.396

IStudent t-test for independent samples. HCC: Hepatocellular carcinoma; SD: Standard deviation.

Table 6 Differences between resting energy expenditure calculated using predictive formulas in cirrhotic patients with hepatocellular

carcinoma, compared with indirect calorimetry (n = 118)

Mean difference IC 95% 'Pvalue
Calorimetry X Harris Benedict formulal®'] 177 59.8 a 293 0.004
Calorimetry X Schofield formulal”! 154 36.9 2270 0.011
Calorimetry X WHO formulal®’! 125 9.1a240 0.035
Calorimetry X Mifflin et all**! formula 210 98.5 a 321 0.001
Calorimetry X FAO/WHO formulal'’! 120 232243 0.054
Calorimetry x IOM formulal*’! 241 116 a 366 <0.001
Calorimetry x Cunningham formulal*’! 14 -101 a 129 0.806
Calorimetry x McArdle et all”’! formula 165 49.5a279 0.006

1Student t-test for paired samples.

JBaishideng®

liver pre-transplant, who found the average REE calculated by the BIA was 1817
calories, while that calculated by IC was 1651 calories, similar to our findings.

When comparing the REE determined by BIA with the IC value, we found that the
group with HCC did not show a significant difference (P = 0.136), and the group
without HCC did show a significant difference (P = 0.001).

Table 1 shows the predictive formulas used to calculate the REE, with their
peculiarities.

Table 6 shows the estimated REE values in cirrhotics with and without HCC, and it
can be seen that, with the exception of the Harris Benedict (1919)*! and IOM (2005)"*"!
formulas, which show significant differences between the two groups (P < 0.001), the
others show similar values.

A comparison of the REE data from the IC with those estimated by the predictive
formulas, in relation to cirrhotics with HCC, shows that only the FAO/WHOU!! (P =
0.054) and Cunningham® (P = 0.806) formulas have similarity, and the other six were
different (P < 0.05); in cirrhotics without HCC the inverse was noted, where five values
were similar (P > 0.05) and three were different (P < 0.05). These findings prevent the
determination of a uniform rule. The disparities in our data are consistent with
numerous findings in the literature that demonstrate different values for the various
methods[14,28,34-36,46].

The applicability of predictive formulas, even with their practicality and low cost, is
controversial because they are very erratic, and underestimate or overestimate the
REEP>*1 and are thus unreliable.
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Table 7 Differences between resting energy expenditure calculated using predictive formulas in cirrhotics without hepatocellular

carcinoma, compared with indirect calorimetry (n = 118)

Mean difference IC 95% 'Pvalue
Calorimetry X Harris Benedict formulal®'] -611 -691 a -531 <0.001
Calorimetry X Schofield formulal*”! 123 6722426 0.658
Calorimetry X WHO formulal®’! -9.5 -73.1a54.2 0.768
Calorimetry X Mifflin-St Jeo formulal*! 87.2 4952125 <0.001
Calorimetry X FAO/WHO formulal'’! -39.8 932a13.6 0.142
Calorimetry x IOM formulal*’] 175 415266 0.153
Calorimetry x Cunningham formulal®”) -148 -172 a-123 <0.001
Calorimetry x McArdle et all”’! formula 3.2 209a27.3 0.792

1Student t-test for paired samples.

JBaishideng®

Our results suggest that the predictive formulas do not provide precise REE values
because when using the body weight of cirrhotics, they may incur an intrinsic error,
due to water retention (ascites and edema) that directly affects the calculation of
REE[}S,}‘)].

Studies on other diseases, such as that by Zanella et all'l, who compared the
calculation of REE by IC with predictive formulas and BIA, in patients with
pulmonary hypertension, showed that IC obtained values were different to all the
other methods, which underestimated the predicted REE by more than 200 kcal, except
that of the Cunningham's formula™, and the formula by McArdle et al*! showed the
greatest difference in the REE estimate in the studied population!l.

The use of IC for determining the REE in routine clinical practice has some
difficulties, related to difficulty in buying the device, which has a high cost, the time
needed to perform the test and the possible lack of cooperation in patients™.

Thus, based on the data from our study, we suggest the use of BIA values for cases
with HCC or those of the FAO/WHO formulal” for those with or without HCC; the
Cunningham formula™! could be used in cases without HCC and the formula by
McArdle et al* for those with HCC, as they are the ones closest to those obtained by
IC in these cirrhotic patients®.

The choice of these formulas in the present study is not in line with the
recommendation by Plauth et al*! in the guidelines of the European Society for
Parenteral and Enteral Nutrition of 1997 for nutrition in liver diseases and transplants,
where it was suggested that the Harris and Benedict predictive formula®’ should be
applied to estimate REE in patients with cirrhosis when IC is not available in a clinical
setting!”l.

Our results demonstrate that the formulas of Harris and Benedict”! and IOM™!
were the ones that showed the greatest differences when compared to the
determination of REE by IC, which is why we do not recommend these predictive
formulas.

The determination of REE by IC, BIA or by any recommended predictive formula, in
cirrhotics with or without HCC, is essential for the nutritional diagnosis.
Individualized treatment and specific nutritional interventions can delay the
emergence of malnutrition and poor clinical evolution™.

Thus, we emphasize that the same method of evaluation in different populations
can present different correlations with the available predictive formulas.

CONCLUSION

The REE by IC in cirrhotic patients with and without HCC was similar. When
comparing the IC values with those of the BIA, we found that in patients with HCC,
the values were similar. The values estimated by the predictive formulas are very
erratic and disparate, when compared to IC. The FAO/WHO formula"” could be used
for those with or without HCC; Cunningham formula™! in those without HCC and the
McArdle et al* in those with HCC, as they are the ones with the closest values to those
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obtained by IC in these cirrhotic patients*). Apparently, the presence of HCC in
cirrhotics does not appear to significantly alter the REE.

ARTICLE HIGHLIGHTS

Research background

The diagnosis of malnutrition in patients with hepatocellular carcinoma (HCC) varies
from 20% to 50%, as it is related to important complications and has a direct impact on
prognosis. Determination of the resting energy expenditure (REE) has become an
important parameter in this population, as it allows therapeutic adjustments to recover
their nutritional status. The REE in HCC is not clearly defined, and requires the
identification and definition of the best nutritional approach.

Research motivation

The diagnosis of malnutrition in patients with HCC varies from 20% to 50%, is related
to important complications and has a direct impact on prognosis. Determination of the
REE has become an important parameter in this population, as it allows therapeutic
adjustments to recover their nutritional status. The REE in HCC is not clearly defined,
and the identification and definition of the best nutritional approach is necessary.

Research objectives

The aim of this study is to evaluate the REE of patients with cirrhosis, with and
without HCC, measured by IC and to compare these values with those obtained by
bioimpedance (BIA) and predictive formulas, in order to identify which is the best
method of evaluation.

Research methods

This prospective observational study included 118 patients, aged > 18 years, of both
sexes, divided into two groups. One group consisted of 33 cirrhotic patients with HCC
and a control group of 85 cirrhotics without HCC, attending the Department of
Gastroenterology and Liver Transplantation of Irmandade da Santa Casa de
Misericérdia de Porto Alegre, RS, Brazil, from March 2017 to August 2018.
Quantitative variables were described by mean and standard deviation and categorical
variables by absolute and relative frequencies.

Research results

The REE determined by indirect calorimetry (IC) in cirrhotic patients with HCC was
1643 £ 364 and in those without HCC was 1526 + 277 (P = 0.064). The REE value as
assessed by BIA was 1529 * 501 for those with HCC and was 1660 * 385 for those
without HCC (P = 0.136). When comparing the values of REE determined by IC and
predictive formulas in cirrhotics with HCC, it was observed that only the formulas of
FAO/WHO (1985) and Cunningham (1980) presented values similar to those
determined by IC. When comparing the REE values determined by the IC and
predictive formulas in cirrhotics without HCC, it was observed that the formulas of
Schofield (1985), FAO/WHO (1985), WHO (2000), IOM (2005) and Katch and McArdie
(1996) presented values similar to those determined by IC.

Research conclusions

The REE determined by IC in cirrhotic patients with HCC was 1643 + 364 and in those
without HCC was 1526 + 277 (P = 0.064). The REE value assessed by BIA was 1529 +
501 for those with HCC and 1660 + 385 for those without HCC (P = 0.136). When
comparing the values of REE determined by IC and predictive formulas in cirrhotics
with HCC, it was observed that only the formulas of FAO/WHO (1985) and
Cunningham (1980) presented values similar to those determined by IC. When
comparing the REE values determined by the IC and predictive formulas in cirrhotics
without HCC, it was observed that the formulas of Schofield (1985), FAO/WHO
(1985), WHO (2000), IOM (2005) and Katch and McArdie (1996) presented values
similar to those determined by IC.

Research perspectives

The REE as assessed by IC in cirrhotics with and without HCC was similar. When
comparing the IC values with those of the BIA, we found that in patients with HCC,
the values were similar. The values estimated by the predictive formulas were very

WJGPT | https://www.wjgnet.com 9 January 5,2021 | Volume12 | Issuel |



Henz AC et al. Resting energy expenditure in HCC

Jaishideng®

erratic and disparate, when compared to IC. The FAO/WHO formula could be used
for those with or without HCC; the Cunningham formula in those without HCC and
the McArdle in those with HCC, as they are the ones with the closest values to those
obtained by IC in these cirrhotic patients. Apparently, the presence of HCC in
cirrhotics does not appear to significantly alter the REE.
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Abstract

BACKGROUND

Irritable bowel syndrome (IBS) is a bowel disorder involving abdominal pain or
discomfort along with irregularity of stool form and passage frequency. The
pathophysiology is poorly understood and seems to be multifactorial.
Investigations of possible causes of IBS have included only a few colonic transit
studies and no simultaneous determination of the colonic faecal content.

AIM
To compare colon transit time and faecal load between IBS-patients and healthy
control subjects.

METHODS

The study included 140 patients with IBS, with a mean age of 50.0 years. The
control group comprised 44 healthy persons with a mean age of 43.4 years, who
were selected at random from the National Civil Register. Both the patient group
and the control group underwent a marker study to measure colon transit time
(CTT) and to calculate a faecal loading score. The patient group underwent
treatment with a combined prokinetic regime, after which their CTT and faecal
loading were reassessed. Analyses were performed to compare measurements
between the control group and the patient group before and after treatment.

RESULTS

Compared to healthy controls, IBS-patients exhibited a significantly prolonged
mean CTT (45.48 h vs 24.75 h, P = 0.0002) and significantly greater mean faecal
loading scores in all colonic segments (P < 0.001). Among IBS patients, we found
no significant differences between the 48 h and 96 h radiographs. Among patients
exhibiting increased CTT and faecal loading, approximately half exhibited a
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palpable mass in the right iliac fossa. After intervention with a prokinetic
treatment, the mean CTT among IBS patients was reduced from 45.48 h to 34.50 h
(P = 0.091), with the post-treatment CTT not significantly differing from the CTT
among control subjects (P = 0.095). The faecal loading score among IBS patients
did not significantly differ before and after treatment (P = 0.442). The post-
treatment faecal loading score in IBS patients remained significantly higher
compared to that in controls (5.3 vs 4.3, P = 0.014). After treatment, half of the IBS-
patients were relieved of bloating, while the majority no longer experienced
abdominal pain and achieved a daily consistent stool.

CONCLUSION

IBS-patients exhibited prolonged CTT and heavier faecal loading. These
assessments may aid in diagnosis. Faecal retention may contribute to IBS
symptoms, which can be treated using a prokinetic regime.

Key Words: Irritable bowel syndrome; Functional bowel disease; Faecal retention; Colon
transit time; Faecal load

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with irritable bowel syndrome (IBS) exhibit a significant prolonged
colon transit time (CTT) and greater faecal loading compared to healthy people. This
finding adds to our understanding of IBS since faecal retention may lead to major
symptoms like abdominal bloating and pain and defaecation disturbances. The targeted
therapy was a prokinetic regime. All the more, CTT/faecal load may serve as a
diagnostic procedure.

Citation: Raahave D, Jensen AK. Increased colon transit time and faecal load in irritable bowel
syndrome. World J Gastrointest Pharmacol Ther 2021; 12(1): 13-20

URL: https://www.wjgnet.com/2150-5349/full/v12/i1/13.htm

DOI: https://dx.doi.org/10.4292/wjgpt.v12.i1.13

INTRODUCTION

Irritable bowel syndrome (IBS) is a bowel disorder involving abdominal pain or
discomfort along with irregularity of stool form and passage frequency!l. Its
prevalence ranges from 9%-23% of the world population™. IBS considerably affects
quality of life and imposes a profound burden on patients, physicians, and the health-
care systeml*]. The pathophysiology is poorly understood and seems to be
multifactorial. Investigations for possible causes of IBS have included only a few
colonic transit studies?, and none have included a simultaneous determination of the
colonic faecal content. Therefore, in the present study we aimed to measure colon
transit time and faecal load in patients with IBS and to compare these measures with
those of a healthy control group.

MATERIALS AND METHODS

This study included 140 patients diagnosed with IBS based on recurrent abdominal
pain and abdominal discomfort during the last 3 mo, which was associated with two
or more of the following: Improvement with defecation, change in frequency of stool,
and change in form (appearance) of stool”. The patients were recruited from a
database of 281 patients who were referred for abdominal and ano-rectal symptoms!‘.
A control group was recruited from a random selection of 372 people over 18 years of
age, from the National Civil Register. Screening excluded individuals with
gastrointestinal symptoms who took laxatives or strong analgesics and who had
previous abdominal surgery. A total of 44 people fulfilled these criteria and were
included in the control group. This study was approved by a local ethical and research
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committee and was conducted in accordance with the Declaration of Helsinki.

Included patients underwent a physical examination with special attention to
abdominal signs, as well as a colonic marker study. The patients were on their own
diet, and each patient swallowed a capsule containing 24 radiopaque markers
(Sitzmark, Konsyl, Pharmaceutical Inc., Fort Worth, TX, United States), and then
abdominal X-rays were taken after 48 h and 96 h'"l. Abdominal X-rays were divided
into three segments, in a reverse Y-design, formed by the vertical column and two
imaginary lines extending from the fifth lumbar vertebra to the right and left pelvic
brim, pointing towards the femoral head, which was a modification from earlier
studies!"""!l. The three segments include the right, transverse, and left colon and the
rectum (Figure 1). The number of markers was counted in each segment and colonic
transit time (CTT) was calculated using the following equation: CTT (in hours) =
(48/n) x (n48 + n96), where n48 and n96 are the total number of markers observed at
48 h and 96 h after ingestion of n = 24 markers!”. The control subjects also ingested 24
markers at the same time for 6 d, followed by an abdominal X-ray on day 7. In the
control subjects, the number of markers visible on X-ray was then equal to the CTT in
hours!"? (Figure 2).

The estimated faecal load in the colon from each segment on the X-ray was scored
from 0-3, where 0 indicated no faeces visible, 1 indicated slight, 2 moderate, and 3
severe faecal loading. We then obtained a segmental score of 0-3 and a total score of 0-
9 for each radiograph. Similarly, faecal loading scores were estimated for the controls.
The presently used score is a modification of the Leech-score, which details faecal
loading from 0-5[""l. The X-ray images were examined by observers who were unaware
of the patients’ clinical course.

Intervention

The present study was designed to investigate the pathogenic mechanisms of IBS
rather than a therapeutic trial. Thus, the patients received an established bowel
stimulatory treatment, which included a low fat and fibre-rich diet and dietician-
guided meal planning, in accordance with guidelines of the Danish Nutritional
Council. The diet was supplemented with 10-20 g of ispaghula husk per day, and the
prokinetic drug, domperidone, 10 mg x 3 a day. Patients were also encouraged to
perform 30 min of physical activity on a daily basis. This treatment continued until
patients reported relief of symptoms. At this time, CTT and faecal loading were
reassessed.

Statistical analysis

The data were entered into a database, and analyses were performed using R 4.0.1 (R
Core Team). Patients” characteristics were expressed using frequency, percentage,
mean, range, and standard deviation (SD). Differences (e.g., between the sexes) were
calculated using a t-test and a permutations test for independence. The permutation
test was also used to calculate differences between CTT values and between faecal
loading scores. This test was selected because the variables did not show a normal
distribution. Finally, we investigated possible associations of CTT and faecal load with
specific symptoms and physical signs. A P of < 0.05 was considered to indicate
statistical significance.

RESULTS

Among 140 patients, the mean age was 50.0 years (range 17.0-81.2 years), and 118
patients were female and 22 were male. Mean age did not significantly differ between
sexes, 49.6 years vs 52.3 years, P = 0.448. The control group included 44 randomly
selected healthy persons with mean age of 43.4 years (range 21.0-67.0 years) and
included equal numbers of males and females.

The marker study revealed a mean CTT of 45.48 h among the 140 patients,
compared to 24.75 h in the 44 controls, (P = 0.0002). CTT did not significantly differ
between male and female patients (41.22 h vs 38.63 h, P = 0.741) or between male and
female controls (19.73 h vs 29.77 h, P = 0.111). Patients and controls exhibited
significant differences in mean faecal loading scores in all colonic segments at 48 h
(right: 2.25 vs 1.80, left: 1.95 vs 1.25, distal: 1.95 vs 1.27; all P < 0.001) and at 96 h
(right:2.41 vs 1.80, left: 2.05 vs 1.25, distal: 2.05 vs 1.27; all P < 0.001). Mean loading
scores did not significantly differ between the 48 h and 96 h radiographs. Total mean
faecal loading scores significantly differed between women and men among patients
(5.77 vs 6.40, P = 0.025) but not among controls (4.55 vs 4.09, P = 0.179).
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Figure 1 Colon transit study in an irritable bowel syndrome patient. Patient ingested 24 markers, and an X-ray was acquired at 48 h. From the X-ray,
we counted the number of markers in each segment: 2 + 8 + 10 = 20; faecal load score: 2 + 2 + 1 = 5 (see text).

Figure 2 Colon transit study in a healthy control. Subjects ingested the 24 markers for 6 d, and an X-ray was acquired on day 7. From the X-ray we counted
the number of markers in each segment: 11 + 6 + 1 = 18; faecal load score: 2 + 1 + 1 = 4 (see text).

JBaishideng®

We used linear regression model to examine associations between markers and
faecal load. Data from patients” radiographs at 48 h and 96 h revealed significant
associations between markers and faecal load (P < 0.001). These parameters showed
the same relationship patterns among controls.

The mean intervention treatment period was 690 d. The mean CTT among patients
was reduced from 45.48 h pre-intervention to 34.50 h post-intervention (P = 0.091). The
mean CTT did not significantly differ between treated patients and healthy controls (P
=0.095). On the other hand, we found no significant difference between pre-treatment
and post-treatment values of total faecal loading score 48 h (P = 0.442) or at 96 h (P =
0.127). Compared to healthy controls, post-treatment patients showed significantly
heavier total faecal loading at both 48 h (5.3 vs 4.3, P = 0.014) and 96 h.

Of the 140 patients, 58 (41.4%) exhibited a palpable faecal mass in the right fossa.
Among the 57 patients with an elevated CTT of > 24.75 h (mean among healthy
controls), 28 patients (49.1%) had a palpable mass. Similarly, of the 102 patients with a
48 h faecal loading score of > 1.80 (mean among healthy controls), 47 (46.1%) exhibited
a palpable mass. Additionally, among 56 patients with an increase in CTT of > 24.75 h,
37 (66.1%) exhibited meteorism (P < 0.001).

After the intervention, 43.9% of the patients were relieved from bloating (P =
0.1083), and 60.9% of patients no longer experienced abdominal pain (P = 0.0193). With
regards to defaecation after the intervention, 88.6% of patients achieved normal daily
defaecation (P < 0.001), and 74.3% had a formed stool (P < 0.001).

WJGPT | https://www.wjgnet.com 16 January 5,2021 | Volume12 | Issuel |



Jaishideng®

Raahave D et al. CTT and faecal load in IBS-patients

DISCUSSION

To our knowledge, our present study was the first to report the CTT and faecal load in
IBS-patients. Our results showed that IBS patients had a prolonged CTT and heavier
faecal load in all parts of the colon compared to healthy controls. Prior measurements
of the degree of faecal loading have been exclusively described in children, and several
systems have been developed to score both the amount of faeces and its localization in
different colon segments!“**. The Leech-score is a reproducible tool for assessing faecal
loading, with high intra-observer and interobserver agreement*'***l. The plain
abdominal radiograph has seldom been used in adults!"**’.

In contrast, CTT is widely used as a reproducible method™. In particular, CTT is
utilized to assess for the presence of slow transit constipation. In our present study of
IBS-patients, we utilized a single ingestion of markers to ensure better compliance, and
the markers were counted on radiographs acquired at 48 h and 96 h after ingestion.
We counted the localized markers in the right, left, and distal parts of the colon,
including the rectum. This method was used regardless of bowel outlines that may
suggest some other placement of a part of the colon. In the control subjects, we utilized
multiple marker ingestion at the same time for 6 consecutive days followed by an
abdominal X-ray on day 7, to circumvent the difficulty and unnecessary radiation
exposure involved in obtaining two radiographs. With this technique, we measured
the mean value of the mean transit times of different boluses of ingested markers, and
the numbers of markers visible on the radiograph was equal to the segmental total
transit time in hours!"”. This method is analogous to a bolus ingestion of markers
visible on successive daily abdominal X-rays, and the two techniques were
significantly correlated!.

CTT has seldom been measured in IBS patients. After eliminating many patients
with IBS constipation, Bouchoucha ef al® found that CTT values in IBS patients
significantly differed between male patients (25.7 h; n = 194) and female patients (31.1
h; n = 558). Other reports have also shown sex-based differences in CTT among both
IBS-patients and control subjects”!. However, in our study CTT of patients and
controls was not associated with gender. Among healthy adults, CTT reportedly varies
between 24.5 h and 45.6 h*"*>*! and thus it is rather difficult to define a normal CTT.
Variations in CTT can be attributed to the population investigated, dietary and fluid
intake, physical activity, and study methodology. Notably, the CTT measurements
obtained in sitz- or plastic marker studies of patients and controls have decreased over
many years. Thus, our present CTT measurements for both IBS-patients and controls
are at the lower end compared to prior studies.

Radiopaque markers are not absorbed, do not alter gut metabolism, and have the
same specific gravity as gut content and can thus be assumed to travel at the same rate
as faeces. Markers are proven to be significantly associated with faecal load. Despite
this, we observed great variation. Thus, patients with a heavy load may have few
markers, and patients with a high load may have many markers. Additionally, the
faecal load determined at 96 h was the same as at 48 h, indicating a stationary
condition. A significant difference in faecal load was found between female and male
IBS-patients, which was not the case for controls.

The pathophysiology of IBS is poorly understood and appears to be multifactorial,
involving the combined impact of food intake, physical activity, mental status,
previous infections, and genetics®l. Recent years have brought emerging insights into
the nervous system, and nervous system dysfunction may play a role in IBS*.. Our
increasing understanding of the gut microbiome has also highlighted its potential role
in IBS symptoms!™.. In this context, faeces in the colon, and thereby the faecal load,
may be viewed as the end result of all of these factors. Here, we found that faecal load
was heavier in IBS patients than in healthy persons, and thus appears to be important
in IBS. All the more, a palpable faecal mass in the right iliac fossa was found in many
patients. The retention was observed irrespective of defaecation patterns (i.e.,
diarrhoea or constipation) and represents a hidden constipation.

Nearly half of the IBS patients in our study exhibited a palpable faecal mass in the
right fossa, which was associated with both increased CTT and heavier faecal load.
Moreover, a high proportion of IBS patients with an increased CTT suffered from
meteorism. The endogenous source of intestinal gas is the fermentation processes of
yeast and bacteria, which produces hydrogen, carbon dioxide, methane, butyric acid,
and odoriferous sulphur compounds®. In particular, colonic hydrogen production is
greater in patients with IBS than controls™. Thus, patients’ symptoms of bloating and
abdominal pain may be caused by gas distending the colonic wall. This is in
agreement with a study showing greater abdominal distension in IBS patients with
delayed transit than in those with normal transit!"l. Our present results are consistent
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with that finding.

The simultaneous determination of CTT and faecal loading may serve as a
diagnostic tool for IBS, rather than diagnosing this condition based on a constellation
of symptoms alone.

The present study was not a therapeutic trial but rather an investigative study of the
mechanisms of IBS. Various IBS treatment concepts have been suggested!”l. Our
patients exhibited faecal retention, and the administered treatment was targeted to
relieve faecal retention with a dietary and prokinetic regime, including physical
activity. Domperidone blocks the inhibitory effect of dopamine in the proximal colon
in dogs"™ and thereby facilitates movements. In a placebo-controlled study,
domperidone resulted in significantly reduced abdominal pain, flatulence, and
abnormal bowel habits™l. After the intervention, the patients exhibited reduced CTT
values that were very close to the CTT values of healthy controls. However, the
patients did not exhibit a corresponding reduction of faecal loading, which remained
heavier than in the controls. These findings are in good agreement with the fact that
only half of our patients experienced relief from bloating after the intervention.
Fortunately, the majority of the patients no longer experienced abdominal pain and
achieved daily and formed defaecation. It is possible that a treatment including
prucalopride may constitute a more effective prokinetic regime for accelerating
transit!™,

CONCLUSION

Our present results showed a significantly prolonged CTT and significantly heavier
faecal loading in IBS-patients compared to healthy controls. This suggests that faecal
retention may contribute to the symptoms in IBS, which could thus be relieved by
treatment with a prokinetic regime. Our findings also indicate that the simultaneous
determination of CTT and faecal loading may serve as a diagnostic procedure for IBS.

ARTICLE HIGHLIGHTS

Research background

Patients with irritable bowel syndrome (IBS) experience abdominal pain and
irregularities of stool form and passage frequency. The prevalence ranges from 9%-
23%, and IBS imposes profound burdens on patients, physicians, and the healthcare
system. The pathophysiology is poorly understood.

Research motivation
Faecal retention is suspected to play a role in IBS symptoms. However, few colonic
transit studies exist, and none have included simultaneous determination of colonic
faecal content. Such information would likely have implications for choice of
therapeutic decisions.

Research objectives

The present case-control study was performed to compare colonic transit time (CTT)
and faecal load between IBS-patients and healthy controls. We further aimed to
compare these parameters in patients before and after treatment with a prokinetic
regime.

Research methods

CTT and faecal load were measured by performing a marker study. IBS-patients
swallowed a capsule containing 24 radiopaque markers, and abdominal X-rays were
taken after 48 h and 96 h. Control subjects ingested 24 markers at the same time for 6 d,
followed by an X-ray on day 7. For both groups, CTT was calculated in hours, and a
faecal load score was estimated.

Research results

Compared to 44 healthy controls, 140 IBS-patients exhibited a significantly prolonged
mean CTT (45.48 h vs 24.75 h, P < 0.001) and a significantly greater mean faecal
loading scores in each colonic segment (P < 0.001). After the intervention, the mean
CTT in IBS-patients was reduced from 45.48 h to 34.50 h (P > 0.05), with the post-
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treatment CTT not significantly differing from the CTT among control subjects (P >
0.05). Moreover, following treatment, half of the patients were relieved from bloating,
and the majority no longer experienced abdominal pain and had achieved a consistent
daily stool.

Research conclusions

IBS-patients were examined by using a new method comprising the simultaneous
determination of CTT and faecal load. Our results showed a significantly prolonged
CTT and significantly heavier faecal loading in IBS-patients compared to healthy
control persons. These findings may contribute to the IBS symptoms, which were
relieved to some degree following treatment with a prokinetic regime. Studies are
needed to examine further the association between faecal retention and symptoms.

Research perspectives

Simultaneous measurement of CTT and faecal load may serve as a diagnostic tool for
investigating IBS-patients and could also be extended for use in patients with other
bowel disorders. This method may also be useful for monitoring the effects of different
treatment regimens.
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Abstract

BACKGROUND

Constipation as a most common non-motor symptom of Parkinson's disease (PD),
has a higher prevalence compared to the general population. The etiologies of
constipation in PD are diverse. In addition to physical weakness and other factors
of disease, the lifestyles and eating habits are also important factors. Therefore,
the prevalence and influencing factors of constipation may vary among different
populations.

AIM
To determine the prevalence of constipation and analyze relative factors in a
cohort of Chinese patients with PD.

METHODS

All the patients diagnosed with PD according to the movement disorders society
criteria were consecutively collected by a self-developed questionnaire. Rome III
diagnostic criteria were used to assess functional constipation and Wexner score
was used to estimate the severity of constipation. Non-motor symptoms (NMS)
were assessed with the non-motor symptoms assessment scale (NMSS). Unified
Parkinson's disease Rating Scale III (UPDRS III) was used to evaluate the severity
of motor symptoms. The modified Hoehn-Yahr stage was used to evaluate the
severity of PD. Cognitive function was assessed using Montreal cognitive
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assessment (MoCA). Depression and anxiety were rated with the Hamilton
depression scale (HAMD) and the Hamilton anxiety scale (HAMA). Quality of life
was assessed using the Parkinson’s disease Questionnaire-39 items (PDQ-39).

RESULTS

Of 166 patients enrolled, 87 (52.41%) were accompanied with constipation, and 30
(34.48%) experienced constipation for 6.30 + 5.06 years before motor symptoms
occurred. Age, Hoehn-Yahr stage, disease duration, levodopa medication times,
incidence of motor complications, the scores of UPDRS total, UPDRS III, NMSS,
HAMD, HAMA, and PDQ-39 in the constipation group were higher than those in
the non-constipation group (P < 0.05), but there was no difference in the scores of
MoCA, clinical types, or medications between the two groups (P > 0.05). There
was a higher incidence of depression in patients with constipation (P < 0.05), but
there were no difference in the incidence of anxiety and cognitive impairment
between the two groups (P > 0.05). As Hoehn-Yahr stages increased, the severity
of constipation increased (P < 0.05), but not the incidence of constipation (P >
0.05). Pearson correlation analysis showed that constipation was moderately
positively correlated with age, Hoehn-Yahr stage, and scores of NMSS, UPDRS 111,
UPDRS total, PDQ-39, HAMD, and HAMA (r = 0.255, 0.172, 0.361, 0.194, 0.221,
0.237, 0.238, and 0.207, P < 0.05). Logistic regression analysis showed that only
NMSS score was an independent risk factor for constipation (P < 0.001).

CONCLUSION

Our findings confirm that constipation has a relatively high frequency in patients
with PD. PD patients with constipation have a higher incidence of depression,
which leads to worse quality of life.

Key Words: Parkinson’s disease; Non-motor symptoms; Constipation; Clinical
characteristics; Quality of life; Depression

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to determine the prevalence of constipation and analyze its
clinical characteristics and relative risk factors in a cohort of Chinese patients with
Parkinson's disease (PD). Our findings confirmed that constipation had a relatively
high frequency in patients with PD. The patients with constipation had a higher
incidence of depression, which led to worse quality of life.

Citation: Sun BH, Wang T, Li NY, Wu Q, Qiao J. Clinical features and relative factors of
constipation in a cohort of Chinese patients with Parkinson's disease. World J Gastrointest
Pharmacol Ther 2021; 12(1): 21-31

URL: https://www.wjgnet.com/2150-5349/full/v12/i1/21.htm

DOI: https://dx.doi.org/10.4292/wjgpt.v12.i1.21

INTRODUCTION

Parkinson's disease (PD) is a degenerative disease of the central nervous system. In
addition to motor symptoms such as resting tremor, bradykinesia, myotonia, and
posture imbalance, non-motor symptoms (NMS) are also very common: Olfactory
dysfunction, autonomic dysfunction, mood disorders, sleep disorders, gastrointestinal
symptoms, cognitive impairment, etc!”). NMS can occur at any stage of the disease,
and some even appear before the onset of motor symptoms and seriously affect quality
of life, especially in later stages. In recent years, it has been considered that the brain-
intestinal-microbial axis plays a significant role in pathogenesis or progression of PD.
The intestinal nervous system may be the onset site of PD. Gastrointestinal symptoms
may be correlated to the occurrence and deterioration of PDP. The factors causing
constipation are complex. It is not only physical weakness but also lifestyle risks such
as less fluid intake. Additionally, side effects of medications are responsible for many
patientst. More and more evidence showed that delayed colonic transit and
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peripheral parasympathetic system dysregulation are very important mechanisms/l.
The lifestyles and eating habits are also important factors. Different races and regions
have different lifestyles and eating habits. In addition, studying on the gastrointestinal
symptoms in PD can be conducive to understanding the pathogenesis and
heterogeneity of clinical manifestations of PD. In the present study, we
comprehensively screened NMS, especially constipation, in patients with PD in
northwestern China and analyzed the clinical characteristics and relative factors of
constipation.

MATERIALS AND METHODS

Patients

Based on a cross-sectional survey, consecutive patients who met the movement
disorders society criteria for PD! were recruited at the First Affiliated Hospital of
Xi'an Jiaotong University (Shaanxi Province, China) from March to November 2018.
The secondary Parkinson's syndrome such as post-traumatic, drug-induced, and
vascular parkinsonism were excluded. Patients who could not complete rating scales
due to severe cognitive dysfunction and those with acute and chronic gastrointestinal
diseases in the past 6 mo were excluded. The research was approved by the local ethics
committee. All patients gave their consent to participate and were assessed by
experienced neurologists by face-to-face interviews.

Clinical assessments

Demographic variables, such as gender, age, side of onset, education level, disease
duration, medical history, motor complications, and equivalent daily dose of levodopa
were recorded for all patients using a self-designed questionnaire.

Constipation was assessed based on Roman III criteria for functional constipation.
The constipation severity was evaluated by Wexner score (The lowest score is 0, and
the highest score is 30. The higher the score, the more severity of constipation).

The modified Hoehn-Yahr stage was used to assess severity and Unified Parkinson's
disease Rating Scale (UPDRS) III was used to assess motor symptom:s.

NMS were evaluated with the non-motor symptoms assessment scales (NMSS), a
self-administered 30-item instrument for screening the presence NMS and incidence of
each non-motor symptom. The higher the scores, the more severe the NMS.

Depression was assessed using the Hamilton depression scale (HAMD)-24 items. A
score of HAMD scale-24 items 2 8 points suggested depression.

Anxiety was assessed using the Hamilton anxiety scale (HAMA)-14 items. A score
of HAMD scale-14 items 2 7 points indicated anxiety.

Quality of life was assessed using the Parkinson’s disease Questionnaire-39 (PDQ-
39). The higher the score, the worse the quality of life.

Cognitive impairment was evaluated using the Montreal cognitive assessment
(MoCA) (if educational years <12 years, 1 point was added to the test results to correct
the test bias, and < 26 points suggested cognitive dysfunction).

The tremor score was composed of item 16 in UPDRS II and items 20 and 21 in
UPDRS III, and non-tremor scores included items 5, 7, and 12 to 15 in UPDRS II and
items 18 to 19 and 22 to 31 in UPDRS III. The motor symptoms have two clinical
subtypes: Tremor type (tremor score/non-tremor score > 1) and non-tremor type
(straight-type, tremor score/non-tremor score < 1).

Data analysis

Data were analyzed using SPSS version 17.0 (SPSS Inc., Chicago, IL, United States).
The Normally distributed continuous data are represented by the mean + standard
deviation (SD), and non-normally distributed data are presented by medians (quartile)
and were analyzed by the Kruskal-Wallis test. Discrete variables were compared by
the Chi square test. The f-test was used to compare the age, age of onset, UPDRS III,
levodopa equivalent dose, NMSS, HAMA, HAMD, MoCA, PDQ-39, and Wexner
scores between the constipation and non-constipation groups. The Kruskal-Wallis test
was used to compare the incidence of constipation and one-way ANOVA was used to
compare Wexner scores among different Hoehn-Yahr stages.

Pearson correlation analysis was performed to examine the correlation of
constipation with sex, age, age of onset, scores of NMS, UPDRS total, UPDRS, PDQ-39,
MoCA, HAMD, and HAMA, and Hoehn-Yahr stage. The unconditional logistic
regression model was conducted to identify the risk factors for constipation in PD
patients. A P value less than 0.05 was considered statistically significant.
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RESULTS

Patient characteristics

A total of 166 subjects with PD were enrolled, including 76 women and 90 men, with a
mean age of 65.92 + 9.02 years, mean disease duration of 4.89 * 3.93 years, and mean
age at onset of 61.01 £ 9.97 years. Table 1 shows their characteristics and scores of
rating scales. According to modified Hoehn-Yahr stage, 21 (12.65%) patients were in
stage 1, 31 (18.67%) in stage 1.5, 56 (33.73%) in stage 2, 20 (12.05%) in stage 2.5, 28
(16.87%) in stage 3, and 10 (6.02%) in stage 4. Among them, 134 (80.72%) patients were
treated with levodopa, 92 (55.42%) with dopamine agonists, 44 (26.51%) with
monoamine oxidase B inhibitor, 9 (5.42%) with catechol-oxyl-methyltransferase
inhibitor, 26 (15.66%) with anticholinergic drug, and 15 (9.04%) with amantadine.

Comparison of general characteristics between patients with constipation and non-

constipation

Of all patients with PD enrolled, 87 (52.41%) were accompanied with constipation.
Among constipation patients, 30 (34.48%) had constipation occurring before 6.30 + 5.06
years at onset of motor symptoms. The age of patients, disease duration, Hoehn-Yahr
grade, duration of levodopa treatment, incidence of motor complications, scores of
UPDRS total and UPDRS III, NMSS, HAMD, HAMA, and PDQ-39 in the constipation
group were significantly higher than those in the non-constipation group (P < 0.05),
but there was no statistical difference in the scores of MoCA, clinical types, or
medications between the two groups (P > 0.05). Details are given in Table 2.

Incidence of depression, anxiety, and cognitive impairment between patients with

and without constipation

Compared to the non-constipation group, there was a higher incidence of depression
in patients with constipation (46.84% vs 64.37%, P < 0.05). But there was no statistical
difference in the incidence of anxiety and cognitive impairment between the two
groups (P > 0.05). Detailed data are shown in Table 3.

Incidence and severity of constipation in patients of different Hoehn-Yahr stages
According to the modified Hoehn-Yahr stage, there were 52 patients in stage 1-1.5, 76
in stage 2-2.5, 28 in stage 3, and 10 in stage 4. Although the incidence of constipation
did not increase while Hoehn-Yahr stage increased (P > 0.05), the severity of
constipation increased while Hoehn-Yahr stage increased (P < 0.05). Detailed results
are shown in Table 4.

Risk factors for constipation

Pearson correlation analysis showed that constipation was moderately positively
correlated with age, Hoehn-Yahr stage, NMSS scores, UPDRS III and total scores,
PDQ-39 scores, MoCA scores, HAMD scores, and HAMA scores (r = 0.255, 0.172,
0.361, 0.194, 0.221, 0.237, 0.238, and 0.207, respectively, P < 0.05). Results are shown in
Table 5. Other variables such as sex, age at onset, MoCA scores, and medication did
not have a correlation with constipation (P > 0.05).

Using constipation as the dependent variable, and factors such as age, disease
duration, Hohen-Yahr stages, UPDRS III scores, duration of medication, depression
and anxiety, and NMSS score as independent variables, the logistic regression analysis
demonstrated that only NMSS score was an independent risk factor for constipation (P
<0.001).

DISCUSSION

Traditionally, cytotoxicity and Lewy body (LB) formation mediated by a-synuclein (a-
SYN) was preferential in the pathogenesis of PD. In fact, the pathological changes of
PD are extensive. Besides the brainstem, abnormal a-SYN also deposits in many other
parts of the body including the intestine, pancreas, heart, salivary glands, and skin. PD
is a syndrome of multiple organ dysfunction involving dopaminergic, adrenergic,
serotoninergic, and cholinergic pathways!"l. Therefore, the clinical manifestations of PD
include varieties of NMS such as olfactory hypothyroidism, cognitive disorders, sleep
disorders, depression, constipation, and other motor symptoms!l. We have realized
the negative impact of NMS on quality of life. For some PD patients, disability may be
more severe in NMS than dyskinesia’l. Although PD has been recognized for 200
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Table 1 Clinical characteristics of the subjects

Characteristic Value Characteristic Value
Patients n 166 Hoehn-Yahr stage n (%)

Male 1 (%) 90 (54.22) Stage 1 21 (12.7)
Mean age + SD (yr) 65.92 +9.02 Stage 1.5 31 (18.7)
Hypertension 1 (%) 60 (36.14) Stage 2 56 (33.7)
Diabetes 1 (%) 14 (8.43) Stage 2.5 20 (12.0)
Coronary heart disease 1 (%) 16 (9.64) Stage 3 28 (16.9)
Family history of PD n (%) 8 (4.82) Stage 4 10 (6.0)
Mean age at onset + SD (yr) 61.01 £9.97 Mean scores of scale + SD

Disease duration (yr) 4.89+3.93 UPDRS total 39.16 +18.39
Clinical type n (%) UPDRS III 21.79 £11.72
Tremor 91 (54.82) Wexner 4.29 +5.30
Non-tremor 75 (45.18) HAMD 10.00 + 8.61
Motor complications 7 (%) HAMA 11.18 £10.27
Symptom fluctuation 51 (30.72) MoCA 19.56 £5.75
Dyskinesia 25 (15.06) PDQ-39 35.66 + 24.06
Medication 1 (%) NMSS 49.89 +32.55
Levodopa 134 (80.72)

Dopamine agonist 92 (55.42)

MAO-B inhibitor 44 (26.51)

COMT inhibitor 9 (5.42)

Anticholinergic 26 (15.66)

Amantadine 15 (9.04)

PD: Parkinson's disease; UPDRS: Unified Parkinson’s disease Rating Scale; HAMD: Hamilton depression scale; HAMA: Hamilton anxiety scale; MAO:
Monoamine oxidase; COMT: Catechol-o-methyltransferase; NMSS: Non-motor symptoms assessment scales; PDQ-39: Parkinson’s disease questionnaire-

39; MoCA: Montreal cognitive assessment.
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years, the mechanisms of its pathogenesis and treatments still need to be explored,
especially outside the central nervous system!"’l. The present research showed that
NMS are common during the whole course of PD. Almost all PD patients complained
of at least one NMS, with an average of eight NMSI"l. NMS may involve multiple
regions and neurotransmitter disorder in the pathogenesis of PD!'. A Korean
population study showed that gastrointestinal symptoms were widespread even in
patients with early PD without treatment, with the incidence of constipation being
46.3%"". Some studies have shown that before the midbrain dopaminergic neurons
were affected, a variety of NMS could occur, which was associated with a higher risk
of developing PD. It was suggested that NMS may be considered an early clinic
manifestation in PD patients!"”l. Therefore, constipation, one of NMS, in PD patients
may be an intrinsic symptom.

Our findings confirm that constipation (52.41%) is a common NMS in PD with a
relatively high frequency. Constipation had occurred in about 34.48% of patients for a
mean of 6.3 years before the onset of motor symptoms. The incidence of constipation
in patients with PD has been reported to be 4%-71%, mostly at 24%-63%, some even up
to 80%"™"". The reason for the inconsistencies in epidemiological surveys may be
related to differences in study population and inclusion criteria. A prospective clinical
study found that people who had defecated more than once a day had a 2.7 times risk
of developing PD after 10 years of follow-up than those who defecated less than once a
day!”l. Pathological studies also demonstrated that patients defecated more than once
a day had a four-fold increase in the probability of subsequent Lewy body deposition
compared with those who defecated less than once a day!‘. These findings suggested
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Table 2 Comparison of general characteristics between the constipation and non-constipation groups

Constipation Non-constipation t/x2 value P value
Male, n (%) 52 (59.77) 38 (48.10) 2.271 0.132
Mean age * SD (yr) 68.10 £8.16 63.51 £9.42 3.355 0.001
Mean age at onset + SD (yr) 62.34 £9.38 59.56 +10.52 1.796 0.074
Mean disease duration + SD (yr) 5.66 +4.41 4.00£3.12 2.732 0.007
Clinical types, n (%)
Tremor 46 (52.87) 45 (56.96)
Non-tremor 41 (47.13) 34 (43.04) 0.279 0.597
Hoehn-Yahr stage (median, quartile) 2.0 (1.5,3.0) 2.0 (1.5,2.5) -2.451 0.014
Mean UPDRS total scores + SD 43.02 +£19.57 34.90 +16.05 2.889 0.004
Mean UPDRS III scores + SD 23.94 +£12.03 19.41 +10.97 2.512 0.013
Mean levodopa equivalent dose + SD 468.17 + 357.98 441.92 +428.78 0.416 0.678
(mg/d)
Mean daily dose of levodopa + SD 500.41 £ 326.55 430.91 £163.93 1.491 0.138
(mg/d)
Mean levodopa medication times + SD 53.43 +49.56 29.25 +35.77 3.265 0.001
(o)
Medication, 1 (%)
Levodopa 73 (83.91) 61 (77.22) 1.192 0.275
Dopamine agonist 53 (60.92) 39 (49.37) 2.273 0.135
MAO-B inhibitor 23 (26.44) 21 (26.58) <0.001 0.983
COMT inhibitor 7 (8.05) 2(2.53) 2.455 0.117
Anticholinergic 14 (16.09) 12 (15.19) 0.026 0.873
Amantadine 7 (8.05) 8 (10.13) 0.218 0.641
Motor complications, 1 (%)
Symptom fluctuation 33 (37.93) 18 (22.78) 4.463 0.035
Dyskinesia 18 (20.69) 7 (8.86) 4.529 0.033
NMSS scores 61.05 £32.95 37.59 +27.42 4.928 0.000
HAMD scores 11.94 +8.59 7.86 +8.16 3.113 0.002
HAMA scores 13.20 £10.37 8.96 +9.75 2.688 0.008
MoCA scores 19.71 £5.48 19.36 £ 6.11 0.374 0.709
PDQ-39 scores 41.07 +25.58 29.69 +20.84 3.104 0.002

UPDRS: Unified Parkinson’s disease Rating Scale; MAO: Monoamine oxidase; COMT: Catechol-o-methyltransferase; NMSS: Non-motor symptoms
assessment Scales; HAMD: Hamilton depression scale; HAMA: Hamilton anxiety scale; MoCA: Montreal cognitive assessment; PDQ-39: Parkinson’s

disease questionnaire-39.

Jaishideng®

WJGPT | https://www.wjgnet.com 26

that constipation may promote the risk of PD. Although constipation is universal in
patients with PD, the clinical manifestations are diverse.

Lifestyles especially food habits are responsible for constipation in PD patients, but
not a critical factor. Constipation patients with PD consumed less water fluid and
fewer fresh fruits, raw vegetables, fish, meats, efc.[”l. The incidence of constipation in
PD patients is higher in Asian populations than in Western populations. According to
surveys in Asian countries (such as in China, South Korea, and India), the difference
may be related to diet habit, exercise, nutritional status, gut flora, education, and drug
treatment!"*.

Constipation in PD patients is directly related to its pathogenesis. According to the
Braak staging scheme, the PD lesions do not start from the dopaminergic neurons in
the midbrain. The olfactory bulb, the glossopharyngeal nerve, the vagus nerve dorsal
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Table 3 Incidence of depression, anxiety, and cognitive impairment between the constipation and non-constipation groups

n Anxiety (%) Depression (%) Cognitive impairment (%)
Constipation 87 55 (63.22) 56 (64.37) 71 (81.61)
Non-constipation 79 40 (50.63) 37 (46.84) 63 (79.75)
X 2.695 5.187 0.092
P 0.115 0.029 0.845

Table 4 Comparison of incidence and severity of constipation in different modified Hoehn-Yahr grades (%,  s)

Grade 1-1.5 2-25 3 4 x2/F P value
n 52 76 28 10

Constipation 22 (42.31) 41 (53.95) 16 (57.14) 8 (80.00) 5470 0.140
Wexner score 6.73 +4.14 6.76 +3.58 11.19 £ 5.38 13.50 +2.98 10.138 <0.001

Table 5 Correlations of constipation and different related scale scores

r P value
Age 0.255 0.001
Modified Hoehn-Yahr stage 0.172 0.027
NMMS scores 0.361 <0.001
UPDRS III scores 0.194 0.013
UPDRS total scores 0.221 0.004
PDQ-39 scores 0.237 0.002
HAMD scores 0.238 0.002
HAMA scores 0.207 0.008

NMSS: Non-motor symptoms assessment scales; UPDRS: Unified Parkinson’s disease Rating Scale; PDQ-39: Parkinson’s disease questionnaire-39; HAMD:
Hamilton depression scale; HAMA: Hamilton anxiety scale.

nucleus, and the intestinal intermuscular nerve plexus may be involved at the early
stage of the diseasel"’l. Recent studies have shown that the pathological changes of PD
may be changed through the intestinal microbial flora to the intestinal nervous system.
Intestinal microbial flora changes can result in misfolding of a-SYN. The pathological
a-SYN could be absorbed into the intestinal plexus by the intestinal mucosa from the
myenteric plexus, and then retrogradely transmitted to the brain stem and brain along
the vagus nerve, which may result in dopaminergic property alteration in the
substantial nigra. In addition, the intestinal microbial flora may have a direct effect on
host neural activity through the production of hormones and neurotransmitters, such
as monoamines, GABA, and short-chain fatty acids. These products could lead to
central nervous system glial activation and promote changes in inflammatory
signaling molecules and oxidative stress, which may be the basic mechanisms of
neurodegeneration in PDP?1. In the early stage of PD, the Lewy body has been found
to be deposited in the submucosal plexus of the intestinel”!. It has been also reported
that the incidence of PD in constipation patients was 3.3-4.2 times higher than those
without constipation, and the severity of constipation was closely associated with the
occurrence of PD™. We therefore postulated that constipation may be a precursor sign
in the early stage of PD.

It has been found that there is a higher incidence of anxiety and depression in PD
patients. The prevalence of depression varies from 2.7% to 90%*1, which may be
attributed to differences of methodology or diagnostic criteria. A report indicated that
the prevalence of depression was 11.17% and anxiety was 25.81% in Chinese PD
patients™]. Our findings show that the prevalence of depression and anxiety in PD
patients was higher, and patients with constipation were more prone to depression but
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without anxiety and cognitive impairment. Hawkes ef al®! have proved that the
pathogenesis of PD is not only associated with the substantia nigra, but also related to
the raphe nucleus and locus coeruleus before the presence of motor symptoms in
PDM™. It was suggested that serotonin and noradrenaline were involved in the
occurrence of depression in PD.

Univariate analysis showed that the PD patients with constipation had older age,
longer disease duration, more severe motor symptoms, and higher Hoehn-Yahr stages.
The causes and mechanisms of constipation with PD are still unclear. The decline of
sphincter function and anti-PD drugs such as levodopa and benzhexol are important
factors. Other factors such as abdominal muscle weakness, decreased water intake,
decreased activity, and bed rest also can increase the risk of constipation occurrence. In
recent years, gut-first theory of PD exactly explained the causes of gastrointestinal
symptoms. In addition to central nervous system degeneration, PD also undergoes
degeneration of the enteric nerves, which is even earlier than that of the central
nervous system. During the progression of PD, the changes of intestinal microbial flora
could cause changes in the permeability of the intestinal mucosa and intestinal
inflammation, which may result in the misfolding of a-SYN, and the misfolded a-SYN
is deposited in neurons of intestinal mucosal and parasympathetic neurons of the
spinal cord. Subsequently, dysfunction of intestinal neurons could cause delayed
colonic transit and outlet obstruction, and finally resulted in constipation™!. In
addition, the degeneration of the dorsal vagus nucleus in PD patients may lead to
autonomic nervous dysfunction, exacerbation of gastrointestinal dysfunction, and
failure of defecation-related muscle contraction and relaxation. Dysfunction of the
pelvic floor and anorectal sphincter is another cause”. The incidence of depression in
patients with constipation is also increased. Depression may result in decreased ability
of physical activity, daily activities, appetite, or gastrointestinal function, and cause
constipation to develop and worsen as the disease progresses'”’l. Besides, constipation
in patients having taken levodopa and dopamine agonists may be related to the
stimulation of peripheral dopamine receptors by the drugl. The occurrence of motor
complications is closely related to the duration of the disease and the treatment effect
of levodopa. With the prolongation of the course of disease, the progression of the
disease, and the dosage of the drug treatment, the adverse drug reactions may increase
further. Constipation is a common adverse reaction of many PD drugs, especially
anticholinergics and dopamine agonists®*). Our study showed that only NMS score is
an independent risk factor for constipation by multivariate regression analysis, while
medications are not an independent factor. Therefore, constipation is assumed to be an
inherent symptom of PD rather than other risk factors.

Constipation in PD patients is widespread throughout the whole course of disease,
even before motor symptoms. Thus, it is important to explore the possibility of
constipation as a clinical prodromal biomarker for PD. It still needs further
investigation on the mechanisms of clinical features and the treatments”. The study of
gastrointestinal function can deepen the understanding of gut-origin theory of PD.

The current study has some limitations that should be pointed out. First, this is an
observational, descriptive, survey study and our sample size is relatively modest.
Moreover, the research subjects mainly from outpatients may lead to selective bias of
the global PD population. Second, depression, anxiety, and cognition are only
suggestibility of state due to the rating scale but not a formal clinical diagnosis. Finally,
some variables such as adverse lifestyle and food habits of participants are not taken
into account. Follow-up study about constipation in larger PD cohorts would provide
accurate specific scales for different variables and a more comprehensive overview.

CONCLUSION

Our findings confirm that constipation has a relatively high frequency in patients with
PD. PD patients with constipation have a higher incidence of depression, which leads
to worse quality of life.

ARTICLE HIGHLIGHTS

Research background
Parkinson's disease (PD) is a neurodegenerative disorder and causes motor symptoms
including resting tremor, akinesia, and rigidity. Recently, the focus of clinical research
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on PD is shifting to non-motor symptoms (NMS). Among all NMS, constipation is
particularly common, but the reason why PD patients are prone to constipation is still
unclear. In addition to physical weakness and other factors, lifestyles and eating habits
are important factors as well. The prevalence and influencing factors of constipation
may vary among different populations.

Research motivation

At present, the mechanisms and risk factors underlying constipation in patients with
PD are still uncertain. Although the prevalence of constipation in Chinese patients
with PD has been reported before, it may vary among different populations due to the
different lifestyles and eating habits. Therefore, we need to understand the prevalence
and influencing factors of constipation in the PD population in northwest China.

Research objectives
To investigate the prevalence and risk factors of constipation in a cohort study of
Chinese patients with PD.

Research methods

Based on accepted diagnostic criteria and a series of clinic rating scales, which
contained modified Hoehn-Yahr stage, Unified PD Rating Scale (UPDRS) III, non-
motor symptoms assessment scale (NMSS), Hamilton depression scale (HAMD),
Hamilton anxiety scale (HAMA), Parkinson’s disease Questionnaire-39 (PDQ-39),
Montreal cognitive assessment, etc. The incidence and related factors of constipation
was identified based on a retrospective survey. All subjects were recruited from March
to November 2018 at the Department of Neurology of the First Affiliated Hospital of
Xi'an Jiaotong University. In the following statistical analyses, {-test, spearman
correlation, nonparametric test, one-way ANOVA, and unconditional logistic
regression analysis were used.

Research results

In this study, 52.41% of patients were accompanied with constipation, and 34.48% had
constipation occurring 6.30 + 5.06 years before the onset of motor symptoms. The age
of patients, disease duration, Hoehn-Yahr stage, duration of levodopa treatment,
incidence of motor complications, scores of UPDRS total and UPDRS III, NMSS,
HAMD, HAMA, and PDQ-39 in the constipation group were significantly higher than
those in the non-constipation group (P < 0.05). Compared to the non-constipation
group, there was a higher incidence of depression in patients with constipation
(46.84% vs 64.37%, P < 0.05). The logistic regression analysis demonstrated that only
NMSS score was an independent risk factor for constipation (P < 0.001).

Research conclusions
Our findings confirm that constipation has a relatively high frequency in patients with
PD. PD patients with constipation have a higher incidence of depression, which leads
to worse quality of life.

Research perspectives
Constipation is a common symptom in PD patients and reduces their quality of life. It
should attract more attention in the future studies.
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Abstract

BACKGROUND

Hepatitis B virus is a universal health problem. There are approximately 250
million people living with hepatitis B worldwide, and approximately 600000 of
these people die every year due to the virus.

AIM

To compare the pretreatment and post-treatment histopathological results of
patients with hepatitis be antigen (HBeAg)-negative chronic hepatitis B (CHB)
who had been receiving tenofovir disoproxil fumarate (TDF) treatment at our
clinic for at least 5 years.

METHODS

Patients with HBeAg-negative CHB who were being treated with TDF (245 mg/d)
were included in the study. Liver biopsies of patients before TDF treatment and
liver biopsies after 5 years of TDF treatment were retrospectively compared.

RESULTS

A total of 50 HBeAg-negative CHB patients were included in the study (mean age:
47.9 + 10.4 years, men: 27.54%). Histological improvement was observed in 78%
(39) of the patients after 5 years of treatment. After the 5 years of treatment, the
mean Ishak score of the patients was 1.3 + 1.3, and the mean histologic activity
index score was 4.1 £ 2.8. A 1.53 point reduction in Ishak fibrosis score was
detected after long-term TDF treatment.

CONCLUSION
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Liver biopsies after 5 years of TDF treatment revealed a significant histological
response and a regression of the necroinflammatory score compared to
pretreatment liver biopsies. To better understand the effects of antiviral
treatments on the improvement of liver histology, long-term studies involving
larger numbers of patients are needed.

Key Words: Hepatitis B; Tenofovir; Chronic hepatitis; Biopsy; Liver; Fibrosis
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Core Tip: Hepatitis B virus is a universal health problem. There are approximately 250
million people living with hepatitis B worldwide, and approximately 600000 of these
people die every year due to the virus. Viral suppression with treatment can also lead to
histological healing. In the current study, we aimed to compare the pretreatment and
post-treatment histopathological results of patients with hepatitis be antigen-negative
chronic hepatitis B who have been receiving tenofovir disoproxil fumarate (TDF)
treatment at our clinic for at least 5 years. Liver biopsies after 5 years of TDF treatment
revealed a significant histological response and a regression of the necroinflammatory
score compared to pretreatment liver biopsies.

Citation: Abayli B, Abayli C, Gencdal G. Histopathological evaluation of long-term tenofovir
disoproxil fumarate treatment in patients with hepatitis be antigen-negative chronic hepatitis B.
World J Gastrointest Pharmacol Ther 2021; 12(2): 32-39

URL: https://www.wjgnet.com/2150-5349/full/v12/i2/32.htm

DOI: https://dx.doi.org/10.4292/wjgpt.v12.i2.32

INTRODUCTION

Hepatitis B virus (HBV) is a universal health problem. There are approximately 250
million people living with hepatitis B worldwide, and approximately 600000 of these
people die every year due to the virus. The treatment of chronic HBV infection
depends on many factors including clinical variables (e.g., liver inflammation and/or
the presence or absence of cirrhosis), the patient's immunological response to infection
[e.g., hepatitis be antigen (HBeAg) status], risk factors for the rapid progression of the
disease (e.g., age > 40 and family history of hepatocellular carcinoma), and virological
factors (e.g., HBV viral load and genotype). Treatment strategies for chronic hepatitis B
(CHB) typically include pegylated interferon or nucleos(t)ide analogues (e.g., entecavir
and tenofovir). Interferon is recommended primarily for young patients with
compensated liver disease who do not want to undergo long-term treatment!'l.

For HBeAg-negative CHB patients, the predicted response to treatment is less
accurate. Treatment should be started immediately after the diagnosis of HBeAg-
negative CHB, because untreated spontaneous remission is rarely seen in this group.
The aim of treatment in patients with CHB is to reduce the mortality and morbidity
associated with the disease and to increase the quality of life and the lifetime of the
patient by preventing complications such as cirrhosis, liver failure and hepatocellular
carcinoma that may occur with the progression of the disease. The main goal in
therapy is to achieve the long-term suppression of HBV deoxyribonucleic acid (DNA)
replication. Viral suppression with treatment can also lead to histological healing.
Recent studies have found histological improvements in sexually transmitted disease
patients who received antiviral therapy™.

In the current study, we aimed to compare the pretreatment and post-treatment
histopathological results of patients with HBeAg-negative CHB who have been
receiving tenofovir disoproxil fumarate (TDF) treatment at our clinic for at least 5
years.
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MATERIALS AND METHODS

Study design and patient population

Patients with HBeAg-negative CHB who received TDF treatment (245 mg/d) were
included in this study. Patients were included in the study if they were over 18 years,
had received antiviral treatment for at least 5 years, came to the outpatient control
regularly, underwent liver biopsy before and after treatment, and had available
laboratory parameters. Patients were excluded if they were HBeAg-positive, were
previously treated with interferon or another antiviral, had a treatment incom-
patibility, or had been receiving treatment for less than 5 years. Patients were also
excluded in cases of human immunodeficiency virus, hepatitis C or hepatitis D co-
infection were detected. Elecsys instrument (Roche Diagnostics, Italy) was used to
detect HBsAg, anti-HBs, HBeAg and anti-HBe. The real-time polymerase chain
reaction AmpliPrep/COBAS TagMan HBV test 2.0 (Roche Molecular Systems, NJ,
United States) was used to quantify HBV DNA. Liver biopsies of patients were
evaluated by an experienced pathologist.

Definitions of treatment responses

In our hospital, patients are followed up in the hepatology outpatient clinic according
to the 2017 hepatitis B European Association for the Study of the Liver guidelines.
According to these guidelines, a decrease in necroinflammatory activity [indicated by
a 2 2 point decrease in the histologic activity index (HAI) or in the Ishak system]
without worsening fibrosis compared to the pretreatment histological findings is
determined as histological response. The virological response in patients who receive
NA treatment is defined as undetectable by a sensitive polymerase chain reaction
assay when HBV DNA is below the 10 IU/mL limit of detection. Serological responses
for HBsAg are HBsAg loss and the development of anti-HBs. Normalisation of alanine
aminotransferase (ALT) levels based on the ULN (40 IU/L) is determined as
biochemical response.

Statistical analysis

The data are presented as the mean, median, standard deviation and percentage. All
analysis was performed using IBM Statistic Package for Social Science Statistics, V.20.0
(IBM Corp., Armonk, NY, United States). The Kolmogorov-Smirnov test was used to
assess normality of quantitative variables. Differences in the variables pre and post
treatment were analysed by the Wilcoxon test within groups. All tests were two-tailed,
and P < 0.05 was considered to be statistically significant.

Ethical approval
This retrospective study was organised in accordance with the Helsinki Declaration.
Local ethics committee approval was obtained (No. 11.03.2020-52/756).

RESULTS

Demographic characteristics of the study population

A total of 50 HBeAg-negative chronic HBV patients were included in the study. The
demographic characteristics of the patients are presented in Table 1. The baseline
mean HAI score of the patients was 7.2 + 3.2, and the mean baseline Ishak fibrosis
score was 2.2 + 1.4. The average time from the start of treatment to liver biopsy was
60.8 + 9.7 wk. All patients were treated with tenofovir disoproxil fumarate (245 mg/d).

Histological response
All biopsy samples were evaluated by a pathologist specialising in liver diseases.
Histological improvement was observed in 78% (39) of the patients after 5 years of
treatment. After 5 years of treatment, the mean Ishak score of the patients was 1.3 +
1.3, and the mean HAI score was 4.1 £ 2.8. A 1.53 point reduction in Ishak fibrosis
scores after long-term treatment was obtained. The long term treatment (60 wk)
resulted in most of patients with no or minimal necroinflammation, as assessed by
HAI score (Figure 1), and no or minimal fibrosis, as defined by Ishak classification
(Figure 2).

Eleven patients had advanced fibrosis or cirrhosis (Ishak score > 4) before the
treatment. After long-term treatment, all patients demonstrated at least a 1 point
reduction in the Ishak fibrosis score, with a median reduction of 2.9 points from pre-
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Table 1 Demographics of the patients before and after treatment

mean £ SD P value

Age 479+10.4

Male 27 (54%)

Treatment period (wk) 60.8+9.7

AST BT 82.3 £218.6 <0.001
AT 23.7 £14.1

ALT BT 743 £118.1 <0.001
AT 23.7£14.1

T.Bil. BT 0.8+04 0.024
AT 08+1

Albumin BT 39+0.7 >0.5
AT 4+08

Creatine BT 1+£1.98 >05
AT 0.8+0.2

PLT BT 208000 + 55000 0.007
AT 238000 + 78000

Ishak score BT 22+14 0.002
AT 1.3+13

HAI score BT 72+32 <0.001
AT 41+28

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; PLT: Platelets; HAI: Histology activity index; BT: Before treatment;

AT: After treatment.

Jaishideng®

treatment values

Virological response
At the time of post treatment biopsy, 100% of the patients (50/50) had an HBV DNA
level <300 copies/mL; therefore, genotypic testing for resistance was not performed.

Serological response
All patients were HBeAg-negative. After long-term tenofovir treatment, two of the 50
patients showed HBsAg seroconversion.

DISCUSSION

Many studies have shown a statistically significant and consistent correlation between
the viral load level or viral load change and the histological grade and biochemical and
serological responses over the course of chronic HBV.

With antiviral therapy, viral replication is brought under control, thereby
suppressing necroinflammatory activity in the vast majority of patients. In this way,
progressive liver damage is avoided, and there is a decreased risk of hepatocellular
carcinoma. Untreated spontaneous recovery is rare in patients with HBeAg-negative
CHB. Therefore, after the diagnosis is made, non-cirrhotic patients who meet the
criteria should immediately begin treatment and continue it until HBsAg
seroconversion occurs. Entecavir and tenofovir are frequently used for this treatment
because of their low resistance profile. In patients with hepatitis B with cirrhosis,
lifetime treatment is recommended*.

According to recent studies, tenofovir and entecavir are frequently used in cirrhotic
and non-cirrhotic patients with CHB, and these drugs have been shown to be safe and
effective. These two molecules are frequently used owing to their low resistance
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Figure 1 Ishak scores of the patients before and after treatment. BT: Before treatment; AT: After treatment.

60

50

40

30

20

HAI scores

HAI AT
0 No activity (HAI: 0)= 1 minimal (HAI: 1-3) =2 mild (HAI: 4-8) = 3 modarete (HAI: 9-12) 4 severe (HAI: 13-18)
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profiles®'"l. According to initial studies, tenofovir treatment results in fibrosis
improvement, including cirrhosis regression, in the majority of patients. In one study,
51% of the 348 patients with paired biopsies (at baseline and at week 240) showed
fibrosis regression in their follow-up biopsy. Interestingly, 71 of 96 patients (74%) with
Ishak stage 5 or 6 were found to have no cirrhosis at week 2400, In their review, Pol
et al™ reported the safety and efficacy data from two real-world cohorts in the United
Kingdom and Europe (362 NA-naive patients, follow up time: 9-28 mo). In this report,
virological suppression was detected in 80%-89% of patients; breakthrough was
detected in 2% of patients without any corresponding resistance mutations. HBeAg
seroconversion was seen in 7%-18% of patients, and HBsAg loss occurred in 2% of the
European cohort. ALT normalisation was detected in 87% of patients by week 30 wk.
Pan et al' reported the real-world safety and efficacy of TDF (90 Asian-American
patients, 48 wk period). Ten percent of the patients had a prior treatment history with
lamivudine or adefovir. The authors detected virological suppression in 82% of
patients, HBeAg seroconversion was detected in 12% and ALT normalisation was
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detected in 66% of the patients by the end of follow up. No TDF resistance was
detected, and the treatment was considered well-tolerated. In the study conducted by
Buti ef al™, after 5 years of tenofovir treatment, improvement in the Knodell score (=1
point decrease) was found in 93.8% of cirrhotic patients and in 90.8% of non-cirrhotic
patients, and no difference was found between the groups. A similar histological
response with tenofovir treatment, regardless of the presence of cirrhosis, has been
reported”]. In a study, Tatar et al"! reported remarkably good HBV DNA suppression,
good biochemical response rate and improvement of liver necroinflammation in 52
CHB patients who were terated with TDF (The mean follow-up: 33 £+ 11 mo). In
accordance with these studies, our results showed HBV DNA to be negative in 100% of
the patients after treatment; 38 (76%) had an improved Ishak fibrosis score, 34 (68%)
had an improved necroinflammatory score (= 2 point improvement of HAI score), and
HBsAg seroconversion was detected in 2 patients.

Some studies have reported a strong histological response and fibrosis regression in
patients with advanced fibrosis/cirrhosis. In a study with patients who received
tenofovir treatment for 5 years, a decline in fibrosis score was observed in 51%. The
authors stated that this rate increased to 74% in patients with Ishak fibrosis scores of 5
and 6 before treatment, and histological improvement was greater than 91% in those
with Ishak fibrosis scores >20. In our study, 11 of the 50 patients had advanced
fibrosis or cirrhosis (Ishak score > 4) at baseline. After long-term tenofovir therapy, all
11 patients demonstrated at least a 1 point reduction in the Ishak fibrosis score, with a
median reduction from baseline of 2.9 points.

This study is limited by its retrospective nature, which did not allow for the initial
data to be diversified. Many pretreatment demographic characteristics that could
affect the response to treatment could not be verified, and the effect of these factors on
the treatment response could not be investigated.

CONCLUSION

Compared to the initial liver biopsies, the liver biopsies performed at least 5 years after
the initiation of TDF treatment revealed a significant histological response and
regression of the necroinflammatory score. These promising findings should be
verified in a larger population by conducting a multicentre, prospective study.

ARTICLE HIGHLIGHTS

Research background

Hepatitis B virus is a universal health problem. There are approximately 250 million
people living with hepatitis B worldwide, and approximately 600000 of these people
die every year due to the virus. Viral suppression with treatment can also lead to
histological healing.

Research motivation
Recent studies have found histological improvements in sexually transmitted disease
patients who received antiviral therapy.

Research objectives

In the current study, we aimed to compare the pretreatment and post-treatment
histopathological results of patients with hepatitis be antigen (HBeAg)-negative
chronic hepatitis B (CHB) who have been receiving tenofovir disoproxil fumarate
(TDF) treatment at our clinic for at least 5 years.

Research methods

Patients with HBeAg-negative CHB who were being treated with TDF (245 mg/d)
were included in the study. Liver biopsies of patients before TDF treatment and liver
biopsies after 5 years of TDF treatment were retrospectively compared.

Research results

A total of 50 HBeAg-negative CHB patients were included in the study (mean age: 47.9
+10.4 years, men: 27.54%). Histological improvement was observed in 78% (39) of the
patients after 5 years of treatment. After the 5 years of treatment, the mean Ishak score
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of the patients was 1.3 + 1.3, and the mean histologic activity index score was 4.1 + 2.8.
A 1.53 point reduction in Ishak fibrosis score was detected after long-term TDF
treatment.

Research conclusions

Liver biopsies after 5 years of TDF treatment revealed a significant histological
response and a regression of the necroinflammatory score compared to pretreatment
liver biopsies.

Research perspectives
These promising findings should be verified in a larger population by conducting a
multicentre, prospective study.
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Abstract

BACKGROUND

Adverse drug reactions are responsible for increased costs and morbidity in the
health system. Hepatotoxicity can be induced both by non-prescription drugs and
by those used for chronic diseases. It is the main cause of safety-related drug
marketing withdrawals and could be responsible for irreversible and fatal injuries.

AIM
To identify and to summarize Brazilian studies reporting the drug-induced liver
injury.

METHODS

A systematic review of Brazilian studies was carried out until June 2020. It was
found 32 studies, being 10 retrospective cohorts, 12 prospective cohorts, 5 cross-
sectional, 3 case-control, one case series and one randomized clinical trial. In most
studies were investigated tuberculosis patients followed by other infectious
conditions like human immunodeficiency virus (HIV) and hepatitis C virus. The
hepatotoxicity ranged from one to 57%, led by isoniazid, rifampicin, and
pyrazinamide. Few studies reported algorithm to assess causality. In most studies,
there were moderate outcomes and it was necessary drug interruption. However,
few severe outcomes, such as chronic liver damage and liver transplantation were
reported.

RESULTS

Twenty-two different criteria for hepatotoxicity were found. The great
heterogeneity did not allow a meta-analysis. Standardization of parameter of
drug-induced liver injury and greater effort in pharmacovigilance could
contribute to learn more about drug-induced liver injury (DILI)’s epidemiology in

May5,2021 | Volume12 | Issue3 |
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Brazil.

CONCLUSION

The development of strategic public health policies seems to have an influence on
the DILI scientific evidence in Brazil due to main studies are in HIV and
tuberculosis line care, two strategic health policies in Brazil.

Key Words: Chemical and drug-induced liver injury; Pharmacovigilance; Pharmaco-
epidemiology; Adverse effects; Infectious disease medicine; Hepatotoxicity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatotoxicity is the main cause of safety-related drug marketing
withdrawals and could be responsible for irreversible and fatal injuries. A systematic
review of Brazilian studies was found 32 studies and the hepatotoxicity ranged from
one to 57%, led by isoniazid, rifampicin, and pyrazinamide. Few studies reported
algorithm to assess causality and twenty-two different criteria for hepatotoxicity were
found. Standardization of parameter of drug-induced liver injury and greater effort in
pharmacovigilance could contribute to learn more about drug-induced liver injury’s
epidemiology in Brazil.

Citation: Becker MW, Schwambach KH, Lunardelli M, Blatt CR. Overview of drug induced
liver injury in Brazil: What is the role of public health policy on the evidence? World J
Gastrointest Pharmacol Ther 2021; 12(3): 40-55

URL: https://www.wjgnet.com/2150-5349/full/v12/i3/40.htm
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INTRODUCTION

Drug-induced liver injury, also known as drug-induced liver injury (DILI), is the main
cause of discontinuation of new drug research and for their withdrawal from the
market during the marketing period[1]. Some mechanisms have been described
according to the drug, but these are not fully known yet[2]. Identification is a challenge
due to the diversity of drugs with hepatotoxic potential, the lack of symptoms
specificity, and the absence of specific biomarkers for DILI in the clinical practice[3]. In
France and Iceland, incidences of 13.9/100000 and 19.1/100000 inhabitants/year were
identified, respectively, in the general population[4,5]. DILI manifests itself through
elevation of hepatic transaminases, in addition to alteration of hepatic function
markers, and may vary from asymptomatic presentation to hepatic ence-
phalopathy[6]. Detection is done by exclusion of other causes along with the use of a
drug with hepatotoxic potential. The Russel Uclaf Causality Assessment Method
(RUCAM) algorithm is the most accepted tool to aid in DILI detection[7]. Some risk
factors have been described, such as gender, age, lifestyle, but the huge diversity of
drugs hinders generalization; it is believed that individual characteristics, drug
properties, and genetic, metabolic and immunological factors have an important
impact on the development of idiosyncratic DILI[6].

Idiosyncratic reactions may occur at therapeutic doses with a latency of 5 to 90 d
after the use of the drug. The drugs most commonly associated with this type of
reaction are antimicrobials, with many cases for amoxicillin associated with
clavulanate[5,8-10]. In prospective studies published in 2005 and 2013, the drugs most
frequently related to DILI were erythromycin, sulfamethoxazole/trimethoprim,
diclofenac, isoniazid, and ibuprofen[5,8,11]. When DILI is not detected early, it may
progress to acute liver failure, rapidly leading to death. However, when well managed
it evolves favorably with the suspension of medication and support measures for the
symptoms|[12]. Different treatment strategies are adopted, but with little evidence of
efficacy. The use of corticosteroids has been the most frequent practice. In addition, N-
acetylcysteine is used in cases of acute hepatic impairment induced by medication,
but, except for paracetamol, it has limited efficacy[13]. In the presence of cholestasis,
ursodeoxycholic acid and cholestyramine are reported in the management[14]. In
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Japan, a compound consisting of L-cysteine, glycine and Glycyrrhiza glabra is
routinely used in DILI intoxications[15]. Silymarin, used preventively along with
tuberculostatics, has presented good results, but these are still preliminary[16,17]. In
the most acute cases, plasma exchange, among other extracorporeal therapies, are
alternatives to avoid transplantation[13,18].

The notification and diagnosis of the cases as well as the knowledge and
involvement of health professionals regarding the hepatotoxicity of the drugs are of
great importance for the early detection and reduction of damages to the patients
affected by DILI[19-21]. In this context, this paper aims to identify Brazilian studies
with data on drug-induced hepatotoxicity in order to know the profile of DILI in
Brazil.

MATERIALS AND METHODS

A systematic review of published Brazilian studies of drug-induced liver injury was
performed. The databases searched were PubMed, Scielo, Science Direct and the
Brazilian thesis bank. The search strategy combined the descriptors for DILI with
Brazil in Portuguese and English as follows: (Hepatotoxicity or drug-induced liver
injury or liver injury or hepatotoxic adverse drug) and (Brasil or Brazil or Brazilian).
There was no limitation by language, year of publication or study design. Other
sources of access to the studies were used, such as contact with authors and references.
The last search was performed in June 2020.

The eligibility of the studies was defined by the identification or suspicion of DILI
due to drug or plant use and by being Brazilian studies. In order organize the results,
case reports were excluded from this publication.

The selection of the studies was performed by two independent reviewers and in
three sequential stages by reading the title, the abstract and the full text. A third
reviewer resolved the disagreements. Data extraction are doing independently, the
following variables were analyzed: Age; gender, comorbidities; local; and design;
sample size; suspected drugs; HIV, tuberculosis (TB) or HCV infection; use of
algorithm to support diagnosis; classification criteria for hepatotoxicity; outcomes
related to DILI; frequency of DILI.

All Brazilian DILI cases reports are included. Risk of bias in individual studies
aren’t available and we didn’t perform a summary of measures or a sensitivity or
subgroup analyses.

RESULTS

Initially, 441 studies were found. After excluding case reports and duplicates and
including gray literature, 32 studies were included as can be seen in Figure 1. The
selected studies comprised 29 articles, 2 dissertations, and one monograph.

Table 1 presents some data from the studies included in this review. The publication
date of the studies ranged from 1989 to 2015. Among the Brazilian states, Rio Grande
do Sul, Rio de Janeiro and Sao Paulo accounted for 62% of the studies. Regarding the
studied population, the average age was 37.9 years. In studies that DILI was analyzed
by gender (n = 8), on average 55% of all patients who developed DILI were men.

Concerning the study design, we identified cohort studies (n = 22), 10 retrospective
and 12 prospective, cross-sectional (n = 5), case-control (n = 3), case series (n = 1)
studies and randomized clinical trial (1 = 1). The studies were performed in outpatient
(45%) and hospital settings (55%).

Analyzing the populations, 24 studies investigated patients under treatment for
tuberculosis, 7 of them had patients co-infected with HIV, of which 5 had HIV and
HCV. We identified studies with patients under treatment for acute myeloid leukemia
(n = 2), metabolic syndrome (1 = 1), colorectal cancer (n = 1), rheumatoid arthritis (n =
1), ulcerative colitis (= 1) and other unspecific severe disease (n = 1).

The main drugs associated with DILI were: Rifampicin, Isoniazid, and
Pyrazinamide (RHZ), Nevirapine; Azathioprine; Fluorouracil; Methotrexate;
Leflunomide; Tretinoin; Amphotericin B deoxycholate; and Propylthiouracil.

In four studies, causality algorithms were used to identify the drug responsible for
hepatotoxicity. The Naranjo algorithm used generically for adverse drug reactions was
used in one study[22-24]; RUCAM, used specifically in liver injury by drugs, was used
in tree studies[25-27]. In addition, 22 different criteria for DILI determination were
identified, categorized and summarized in Table 2.
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Table 1 Summary of published Brazilian studies on drug-induced hepatotoxicity data

Ref. Year Place State Design n Class or medication Use 9f Frequency of
algorithm DILI
Silva et al[22] 2019 Ho BA Cross-cut 306 MTX No 2.0%
Alves et al[59] 2011 Ho sC Cross-cut 71 MTX/LEF No 11.0%
Carvalho et al[74] 2014 A RJ Cross-cut 219 Azathioprine No 2.7%
de-Medeiros et al 1998 Ho PR RCT 37 Tretinoin No 16.0%
73]
Werner et al[61] 1989 Ho SP PC 389 Propylthiouracil No 1.3%
Santos et al[63] 2013 Ho RS RC 185 5-Fluorouracil No 57.8%
Uehara et al[76] 2005 Ho sp RC 12 Amphotericin B No 30.0%
Magalhées[26] 2015 Ho BA Case series 31 Multiple RUCAM NA
Prado et al[27] 2019 A BA PC 149 Nimesulide, budesonide RUCAM 2.0%
and valacyclovir
Antonello et al[55] 2014 Ho RS PC 65 ARV No 45.0%
Tovo et al[47] 2006 Ho RS PC CI385MI ARV No CI 57.8% MI 13.0%
198
Kondo et al[49] 2008 A PR RC 157 Nevirapine No 4.0%
Gil et al[48] 2007 A SP Cross-cut 152 Tuberculostatic ARV No 19.7%
and sulfonamides
Tomich et al[77] 2015 Ho SP RC 149 Tuberculostatic, ARV No 22.1%
among others'
Santos et al[23] 2019 Ho RJ PC 45 Tuberculostatic No 13.0%
Heinrich[24] 2014 A MSs pPC 100 Tuberculostatic NARANJO 11.1%
Monteiro et al[25] 2012 A RJ PC 177 Tuberculostatic RUCAM 33.3%
Gusmao Filho etal 2001 Ho PE RC 52 RHZ/ RHE/ No 35.6%
[43]
Lima Mde et al[65] 2012 Ho PE Control case 156 RHZ and RHZE No 26.9%
Zaverucha-do- 2014 A RJ RC 131 RHZ No 26.7%
Valle et al[41]
Coca et al[73] 2010 Ho MG Control case 162 RHZ No H’56.2% and H*
10.4%
de Castro et al[44] 2010 A R] PC 154 RHZ No 19.5%
Nader et al[45] 2010 Ho RS RC 534 RHZ No 8.8%
Vieira et al[78] 2008 A SP RC 297 RHZ No 8.1%
de Souzaetal[79] 1996 Ho MG PC 1096 RHZ NI 6.0%
Fernandes et al[68] 2015 Ho PA PC 220 RHZ/RH No 14.1%
Brito et al[64] 2014 A RS PC 245 RHZ/RH No 6.1%
Schultz et al[46] 2014 Ho RS RC 69 Rifampicin No 33.3%
Santos et al[53] 2013 A PA PC 270 Isoniazid No 6.5%
Teixeira et al[52] 2011 A RJ Control case 167 Isoniazid No 16.0%
Szklo et al[67] 2007 A RJ RC 40 SEO3’/B09 No 12.5%
Picon et al[66] 2002 A RS PC 78 SHE3’/HE3”/H3” No 1.3%

ISulfa drugs, statins, imidazole, anticonvulsant, nonsteroidal.

2Months.

H? transaminases > 1.25 to 2.5 x upper limits of normality.

H* transaminases > 2.6 to 5 x upper limits of normality. RUCAM: Causality algorithm; ARV: Antiretrovirals; MTX/LEF: Methotrexate/leflunomide; NA:
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Not applicable; CI: Human immunodeficiency virus and hepatitis C coinfected; PC: Prospective cohort; RC: Retrospective cohort; MI: Monoinfected for
human immunodeficiency virus; DILI: Drug-induced liver injury; RCT: Randomized clinical trial; R: Rifampicin; H: Isoniazid; Z: Pyrazinamide; S:

Streptomycin; and ethambutol. O: Ofloxacin, Ho: Hospital; A: Ambulatory.

Table 2 Criteria used for the definition of liver injury

Criteria applied for liver injury definition Ref. Condition
Elevated ALT Tovo et al[47], 2006 HIV/HCV
ALT >2 x ULN Monteiro et al[25], 2012 B

ALT > 2.5 x ULN

Zaverucha-do-Valle et al[41], 2014;
Kondo et al[49], 2008

TB/smoker; HIV

ALT >3 x ULN Fernandes et al[68], 2015; Santos et al TB; TB
[53] 2013;
ALT or AST >2 x ULN Alves et al[59], 2011; de Castro et al AR; TB/HBV

ALT or AST >3 x ULN

[44], 2010

Heinrich[24], 2014; Vieira et al[78],
2008; Uehara et al[76] 2005

TB/ indigenous; TB; IMQ

ALT or AST >3 x or BT > 1.5 x Schultz et al[46], 2014 TB/TX

ALT >3 x ULN; BT > 2 x Brito et al[64], 2014; Nader et al[45], TB/HCV
2010

ALT or AST >3 x ULN; BT > 2 x Lima Mde et al[65], 2012; Picon ef al TB/HIV; TB

[66], 2002

ALT 25 x LSN ou FA 22 x LSN ou ALT 23 x ULN e BT 22 x LSN Prado et al[27], 2019 Gastro-hepatology conditions
(1) ALT > 3 x lower limit of normality; (2) ALT > 3 x ULN; (3) ALT >3 Coca et al[73], 2010 TB/HIV

x ULN and BT >2 x ULN

ALT or AST: (1) 1.25a 2.5 x ULN; (2) 2.6 a5 x ULN; (3) 5.1 a10 x ULN; Antonello et al[55], 2014 HIV

(4) >10 x ULN

ALT or AST: (1) 1.25a 2.5 x ULN; (2) 2.6 a5 x ULN; (3) 51210 x ULN; Tomich et al[77], 2015 TB/HIV

(@) >10 x ULN or BT - (1) 1.1 a 1.5 x ULN; (2) 1.6 a 2.5 x ULN; (3) 2.6 a

5.0 x ULN; (4) > 5.0 x ULN

Altered ALT or AST (hepatotoxicity) and ALT or AST > 5 x (hepatitis) Gusmao Filho et al[43], 2001 TB/children

ALT or AST > 3 x ULN and hepatitis syndromes Teixeira et al[52], 2011 TB

AST > 3 x ULN and hepatitis syndromes Szklo et al[67], 2007 TB/ previous liver injury
Altered ALT, AST, AP or BT de Souza et al[79], 1996 TB

Increase in liver function tests de-Medeiros et al[75], 1998 LMA

Histological assessments Santos[63], 2013 QT/HPTC

AST or ALT: (1) 1.1-4.9 x ULN; (2) 5.0-9.9 x ULN; (3) 10.0-15.0 x ULN;  Gil et al[48], 2007 HIV/child/adolescent
(@) >15.0 x ULN

ALT > 2 times ULN or the ALT/AP ratio 5 or AP > 2 times ULN Magalhaes[26], 2015 Several

ALT/AP ratio <2 or ALT > 2 times ULN and ALT/AP ratio between 2

and 5

ALT ou AST >2 x LSN e BT > 1.3 mg/dL Santos et al[23], 2019 TB

NI

Silva et al[22], 2019; Carvalho et al[74],
2014; Werner et al[61], 1989

IBD; Ulcerative colitis; Grave’s disease

ALT: Alanine methyltransferase; ULN: Upper limits of normality; AST: Aspartate methyltransferase; BT: Total bilirubin; AP: Alkaline phosphatase; NI: Not
identified; TB: Tuberculosis; HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; IMQ: Immunosuppressed by

chemotherapy; TX: Transplantation; QT: Chemotherapy; HPTC: Hepatectomy; IBD: Inflammatory bowel disease.

Concerning studies evaluating DILI-related outcomes (n = 16), only one did not
require drug suspension or dose adjustment; one case progressed to chronic hepatitis
and one reported the need for liver transplantation according to data presented in
Table 3. A summary of the Brazilian studies and their findings is shown in Table 4.
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Table 3 Main outcomes related to drug-induced liver injury in Brazilian studies

Ref. DILI outcomes Medications

Santos et al[23], 6 Cases were resolved after the suspension of medications Tuberculostatic

2019

Magalhdes[26], 21 Cases were resolved after the suspension of the substance, but without the use of Isoniazid, valproic acid, amitriptyline,

2015 medications; 9 cases were resolved with the suspension of the substance associated cyclosporine, clozapine, dasatinib, imatinib,
with medications; 1 case with acute hepatic failure, requiring liver transplantation ACO, simvastatin, melphalan, and others

Antonelloetal  There was no need to suspend or change the treatment ARV

[55], 2014

Kondo et al 7/157 Patients (4.4%) were hospitalized and, after discontinuation of Nevirapine, all ~ Nevirapine

[49], 2008 presented clinical and laboratory improvement

Brito et al[64], =~ Changed therapeutic regimen in all who developed DILI 15/245 (6.1%) RHZ

2014

Lima Mde etal Drug maintenance 26/156 (16.6%), temporary interruption 12/156 (7.7%), treatment ~ RHZ, RHZE

[65], 2012 change 11/156 (7%), suspension of medications TB 7/156 (4.5%)

Cocaetal[73],  Medication suspended in 7/30 (23.3%) HIV and 15/132 (11.4%) non-HIV RHZ

2010

Vieira et al[79], There was a need to modify the treatment regimen in 11/24 (45%) of the patients RHZ

2008

Picon et al[66],  RHZ: 45 cases changed treatment; SHM: 1 case changed treatment RHZ, SHM

2002

Gusmao Filho  3/52 (5.76%) Required replacement of the medication. In 16/52 (30.7%) there wasno ~ RHZ, RHE
et al[43], 2001 need for intervention and in other 13/52 (25%) only the doses of Isoniazid and
Rifampicin were changed

de-Medeiros et Medication was suspended and 1/37 (2%) patient was excluded from the RCT Tretinoin
al[75], 1998

Alves et al[59], Medication doses were temporarily reduced MTX

2011

Prado et al[27],  The culprit drug was discontinued, and drug therapy was not necessary to resolve Nimesulide, budesonide, valacyclovir
2019 the problem in 3 patients

Werner et al There was clinical and laboratory Improvement with the suspension of the Methimazole, Propylthiouracil

[61], 1989 medication in 4/389 (1%) and 1/389 (0.25%) evolved to chronic hepatitis

DILI: Drug-induced liver injury; R: Rifampicin H: Isoniazid; Z: Pyrazinamide; S: Streptomycin; and E: Ethambutol; RCT: Randomized clinical trial; MTX:
Methotrexate; ARV: Antiretroviral; ACO: Oral contraceptives.

DISCUSSION

Some systematic reviews about DILI[28-31] can be found in the literature, but none in
the Brazilian studies. The hepatotoxicity frequency ranged from one to 57%; however,
as these studies investigate specific populations, these data do not allow to infer the
frequency of DILI or to generalize the findings. The drugs with the highest number of
reports were those with known hepatotoxic potential, such as isoniazid, pyrazinamide,
and rifampicin, nevirapine[9].

The low incidence of DILI makes it difficult to develop prospective cohort studies,
which would be more robust in verifying the causality between the drug and liver
damage. In this review, one-third of the studies were prospective. The low frequency
of clinical trials with hepatotoxicity data, attributed to the low number of clinical trials
exclusively in the Brazilian population, is noteworthy. Clinical trials are not the best
study design to assess drug safety, in addition to involving the potential of conflict of
interests. Therefore, the cohort study is the ideal design for detecting ADRs, since it
frequently reveals toxicities undetected in clinical trials.

Pharmacovigilance studies may be alternatives for better knowledge about DILI, but
when coming from spontaneous reports they have the underreporting bias[32]. A
Brazilian study found only ten cases of hepatotoxicity by herbal medicines from
notification data of the regulatory agency, in a 10-year interval. Two cases developed
acute liver failure and died, both of which reported the use of kava[33]. Liver
transplantation was recently performed by kava in Brazil[34]. Through RUCAM it was
considered probable, therefore it was possible to exclude extrinsic toxicity and
contaminants after performing chemical analyses of the drug used. In this way, the
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Table 4 Summarization of the Brazilian studies according to the drugs evaluated

Ref. Drugs Summary of Brazilian researches

Santos et al[23],  Tuberculostatics Patients with the CYP2E1 variant genotype or Null GSTT1 showed higher risk of presenting

2019 DILI Individuals with both genotypes had no increased risk compared to individuals with one
genotype

Pradoetal[27],  Nimesulide, budesonide, valacyclovir The present prospective study allowed reporting new cases of DILI in 2% outpatients. It also

2019 allowed estimating the incidence of hepatotoxicity induced by allopathic medicines, which are
standardized by public healthcare authorities

Silva et al[22], MTX The frequency of drug hepatotoxicity was about 2% of hepatobiliary disorders in inflammatory

2019 bowel disease patients

Fernandesetal RHZ An association founded between the 516 TT polymorphism and drug-induced hepatotoxicity

[68], 2015

Tomich et al[77], Tuberculostatics ARV, sulfonamide  In HIV patients admitted to a tertiary hospital, it was found a high incidence (22.1%) of severe

2015 drugs, statins, imidazoles DILL The use of anti-tuberculosis drugs and baseline liver injury were independent factors

anticonvulsants, non-steroidal anti- associated with severe DILI during a hospital stay
inflammatory

Magalhdes[26],  Various Hepatotoxicity caused by a wide variety of medicines, plant supplies, and dietary supplements.

2015 Anti-infectives and chemotherapeutics were responsible for most reactions, in 41% and 19% of
cases, respectively. There is a shortage of records in information records to evaluate the
causality of reactions

Antonello et al ARV The coinfected patients are at an increased risk for developing hepatotoxicity, but the clinical

[55], 2014 and immunological benefits of highly active antiretroviral therapy are higher than the risk of
hepatotoxicity and rarely justify discontinuation of therapy

Heinrich[24], Tuberculostatics Age over 60 year old, the time after the start of treatment (15 d) and being indigenous (Brazilian

2014 native American) are risk factors for the development hepatotoxicity during treatment of TB

Zaverucha-do-  RHZ The anti-TB drugs interactions with smoking on hepatotoxicity, as well as the NAT2 phenotype,

Valle et al[41], may require adjusting therapeutic regimen dosages or alarm in case of adverse event

2014 developments

Schultz et al[46], ~Rifampin The use of rifampin at daily doses of 600 mg or higher and lung transplantation founded to be

2014 an independent risk factor for liver toxicity in solid organ transplants recipients. Kidney
transplantation appeared as a protective factor. Mortality was higher in the patients who had
hepatotoxicity (43.5%), compared with those who did not

Brito et al[64], RHZ Clinical (HIV, female and extrapulmonary TB) and genetic characteristics (CYP2E1 without any

2014 mutations, having NAT2 slow acetylator profile) are at higher risk of developing DILI in this
population. Genotyping for glutathione S-transferase GSTM1 and GSTT1 showed no influence
on drug response

Santos et al[53],  5-fluorouracil Patients exposed to chemotherapy have a 2.2-fold increase in the risk of developing hepatic

2013 steatosis

Santos et al[63],  Isoniazid Large-scale screening for NAT2 and CYP2E1 genotypes can prove useful in predicting the risk

2013 of adverse effects

Monteiro et al Tuberculostatics GSTM1 and GSTT1 null genotypes do not seem to play important roles in DILI in Brazilians.

[25], 2012 However, there was evidence that GSTM1 polymorphisms were possibly related to the
intensity of toxicity. Active HBV and initial high ALT could predict DILI

Lima Mdeetal =~ RHZ, RHZE The absence of hepatotoxicity was a protective factor against death. Coinfection with the B and

[65], 2012 C hepatitis virus and a T CD4+ cell count below 200 cells/ mm?® were independent risk factors
for hepatotoxicity in these patients

Teixeira et al Isoniazid Slow acetylators had a higher incidence of hepatitis than intermediate/rapid acetylators. Slow

[52], 2011

Alves et al[59],
2011

Coca et al[73],
2010

Nader et al[45],
2010

de Castro et al
[44], 2010
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acetylation status was the only independent risk factor for the occurrence of anti-TB drug-
induced hepatitis during anti-TB treatment with INH-containing schemes in Brazilian
individuals

There was no difference between the elevation of aminotransferases in patients treated with
MTX alone or with combined therapy

Depending on the definition of drug-induced hepatitis, HIV infection may or may not be
associated with hepatotoxicity. The impact that minor alterations in the definition had on the
results was impressive. The emergence of new symptoms after initiating antituberculosis
therapy could not be attributed to hepatotoxicity in over one-third of the cases

The anti-HIV drugs and high doses of isoniazid were considered independent risk factors for
hepatotoxicity due to RHZ regimen in this study. Though univariate analysis showed that anti-
HCV drugs was associated with the outcome, it was not identified as an independent risk factor
for hepatotoxicity related to the use of RHZ when the analysis controlled to HIV

Active HBV, indicated by the detection of surface antigen HBV, could predict hepatotoxicity,
although with low precision
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de Souza et al
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The frequency of adverse effects related to the treatment of tuberculosis with RHZ was 49.1% in
this group of patients. However, in most cases, there was no need to modify the treatment
regimen due to adverse effects

There was no correlation between high CD4 counts and adverse events when skin and hepatic
reactions were analyzed together. However, hepatotoxicity occurred only in pregnant women
with a CD4 count of > 250 cells/pL

In this series of TB patients with serious liver injury, 3SEO/9EO was well tolerated, and it was
effective in 85% of patients when used under routine clinical care conditions

tuberculostatics, ARV, sulfonamide ~ One-fifth of patients experienced mild hepatotoxicity, attributed to antituberculosis agents and

sulfonamides. Our results suggest that the ARV was well tolerated

There was no difference between the groups concerning the type of ARV used, as well as cases
of hepatotoxicity attributed to PI. There was no difference concerning tolerability to PI between
the two groups

Streptomycin, isoniazid, and ethambutol regimen may be recommended as an alternative for
the treatment of tuberculosis whenever the RHZ regimen cannot be indicated

Liver changes characterized as of small and medium intensity translated as pure cholestasis or
hepatocanalicular hepatic reactions. Possibly Rifampicin was important in this evolution, acting
as a potentiator of the actions triggered by isoniazid and pyrazinamide

The adverse effects of thionamide drugs were similar in both high- and low-dose regimens.
These undesirable effects demand a strict follow-up, as well as the high dose regimen for
Graves' disease treatment particularly advised for patients with severe symptoms

TB: Tuberculosis; TBD: Tuberculostatic drugs HIV: Human immunodeficiency virus; DILI: Drug-induced liver injury; NAT2: N-acetyltransferase 2; MTX:
Methotrexate; HCV: Hepatitis C virus; RHZ: Rifampicin, isoniazid and pyrazinamide; HBV: Hepatitis B virus; ARV: Antiretroviral; PI: Protease inhibitors;
SEO3: Streptomycin, ethambutol and ofloxacin for 3 mo; SO9: Streptomycin and ofloxacin for 9 mo; SHE3: Streptomycin, isoniazid, and ethambutol for 3
mo; HE3: Isoniazid ethambutol for 3 mo; H3: Isoniazid for 3 mo.
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pharmacovigilance studies associated with the appropriate technical support should
be stimulated to facilitate the detection and elucidation of the cases.

The DILI studies were concentrated in the southern and southeastern regions of
Brazil. In addition, most of the studies were conducted by research groups linked to
academic centers. In Brazil, the continental dimension, the large population, and the
great cultural diversity make it difficult to carry out a single representative study in
the country. For this reason, it is important to encourage further regional studies.

Most Brazilian studies on drug-induced liver injury investigate population groups
using drugs for the treatment of infection and chronic diseases-whose ambulatory
therapy is provided by the Unified Health System-such as Tuberculosis, HIV,
Rheumatoid Arthritis, Ulcerative Rectocolitis, and Acute Myeloid Leukemia. Public
health policies like specialized care offered by these lines of care, and the clinical
protocols and therapeutic guidelines are technologies that seem to be effective in the
prevention and the management of these ADRs. Whereas the hepatotoxic potential is
foreseen in the guidelines, a structured information technology and resources for
monitoring pharmacotherapy are required for the operations of these services. The
well-structured care line makes it possible to gather a large volume of data at the
national level. Professional performance in the care lines also plays a role in training
and research, enabling the formation of research groups. This impulse in scientific
production seems to be able to influence the existing evidence at the national level.

Some risk factors were associated to DILI such as previous liver disease, immune
dysfunction, diabetes, hypertension, alcohol consumption, gestation, female age,
advanced age, polymedicine, dose and lipophilicity of the drug, among
others[1,35,36]. The female gender was associated with the occurrence of
hepatotoxicity with tuberculostatic drugs[10,37-39], but Brazilian studies, as well as in
a Peruvian study[40], have shown a lower frequency of DILI in women. In the
population with TB, unexpectedly, a higher prevalence of DILI was found in
nonsmoking patients when compared to smokers; however, it was argued that the
genetic profile of the sample could have influenced the result[41]. No further
development of DILI in advanced age was found, unlike in international
studies[5,10,42], but it is suggested that the specificity of the populations studied
cannot be comparable. A differential factor in Brazilian studies is the frequent profile
of infectious diseases. American and European studies generally present populations
with chronic diseases. Therefore, the frequency of DILI related to certain drugs may
change regionally according to the characteristics of the populations studied and the
profile of drug use. Some authors have studied specific populations taking
tuberculostatic drugs, such as Brazilian native Americans[24], children[43], hepatitis
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Figure 1 Flowchart of studies selection about drug-induced liver injury published in Brazil.
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B[44], hepatitis C[45], solid organ transplanted patients[46], smokers[41], HCV/HIV
coinfected[47], and antiretroviral (ARV) in children and adolescents[48] and
nevirapine in pregnant women[49].

This review found that when patients using RHZ were analyzed the frequency
ranged from 6% to 14%; however, some characteristics such as HIV infection, alcohol
use, and polypharmacy were present and may have contributed to the frequency
found. Some studies were developed from the analysis of drugs prescription. The DILI
frequency by the drug was estimated. The number of prescriptions by a number of
exposed users further the DILI frequency. In a study of hospitalized patients, the risk
of developing DILI for erythromycin was 14 per 100000 prescriptions, penicillin had a
risk of 10.9 per 10000 users of the drug[50]. Another study found DILI risk around 1
per 1000 users for chlorpromazine, azathioprine, and sulfasalazine[51]. Two Brazilian
studies attributed RHZ hepatotoxicity more specifically to isoniazid[52,53]. In a United
Kingdom study, Isoniazid, together with chlorpromazine, was associated with a DILI
risk of 100/100000 users[54].

Considering the ARVs, nevirapine, abacavir, and ritonavir are the main hepatotoxic
agents[47,55]. The information regarding the hepatotoxicity of ARVs is known and
presented in the Brazilian clinical protocol for the management of HIV in adults. In
addition, in the mentioned protocol there is a classification of the severity of
hepatotoxicity according to the levels of transaminases[56,57]. In relation to TB
treatment, the most reported was the basic regimen with RHZ for 2 mo, followed by
Rifampicin and Isoniazid for 4 mo. Since 2009, ethambutol has been added to this
treatment regimen. Known as a quadruple regimen, one tablet has all four drugs to
facilitate adherence to treatment, but in the case of hepatotoxicity, there is no way to
identify which drug is responsible[58]. In general, co-infection with HIV and TB seems
to be one of the situations that draw the most attention to the monitoring of
hepatotoxicity, since both treatments are complex and contain drugs with potential for
hepatotoxicity. Both protocols emphasize the need for caution in the administration of
the two concomitant therapies. Few serious outcomes were found in this review,
perhaps because in most cases the suspension or change of the drug was clinically
sufficient for regression of the injury. The structuring of specialized centers, the
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development of clinical protocols and efficient pharmaceutical assistance seems to
have been essential for the monitoring, knowledge, and management of adverse drug
reactions in these patient groups.

Some studies compared different treatment regimens or combinations compared to
monotherapy with drugs of known hepatotoxic potential, in order to establish a safety
relation in its use. In one of the Brazilian studies of patients with rheumatoid arthritis,
the use of methotrexate (MTX) or MTX associated with leflunomide had no significant
difference in DILI[59]. An Argentine study in rheumatoid and psoriatic arthritis found
a higher incidence of DILI in NSAIDs, whereas MTX was responsible for steatosis, but
without the need to interrupt treatment[60]. Although MTX is a drug known to be
hepatotoxic, it has been shown to be safe in association with leflunomide. However,
monitoring of hepatic enzymes and liver function seems to be important in patients
treated with other hepatotoxic drugs. In patients with Graves’ disease treated in
groups with propylthiouracil or methimazole at high or low doses, there was no
difference in hepatotoxicity between the groups[61]. However, several cases have been
reported, with the most serious cases being children and adolescents who show a
frequency of acute liver failure of 1:2000 children[62]. In both studies, the safety profile
for hepatotoxicity was evaluated, however, in the treatment of chronic diseases, safety
should also be evaluated in the long term, in this case only cohorts with long follow-
up, and pharmacovigilance studies can establish a long-term safety profile.

Amoxicillin with clavulanate leads the cases of DILI in the United States, Spain,
France, and Iceland[4,5,8,42]. Drugs such as antimicrobials, non-steroidal anti-
inflammatory, and other chronic medications have demonstrated a high DILI index in
the world, but its prevalence of toxicity in the Brazilian population is not known[9].
However, in a case series study, anti-infective were the main hepatotoxic drugs,
followed by chemotherapies[26]. Santos[63] described that patients with metastases in
colorectal cancer, who underwent hepatectomy and underwent chemotherapy, had a
2.2-fold increased risk of hepatic steatosis. The most commonly reported antineoplastic
drugs are immunobiological drugs, such as imatinib, and hormone antagonists, such
as cyproterone and tamoxifen, but irinotecan also appears in the list of most
commonly reported. However, it is hard to define the causality of antineoplastic
agents when there is hepatic metastases[9].

In HIV-positive patients, HCV coinfection increased the risk of liver damage but did
not justify the suspension of ARVs, as well as the use or not of protease inhibitors,
which had no significant difference between monoinfected and coin-
fected[47,48,55,63]. In a study that evaluated the population using TBS, independent
risk factors for the development of DILI were considered: age above 60 years, the first
15 d of treatment, extra pulmonary TB, HCV/HBYV coinfection, CD4 count < 200 pL
cells, being indigenous|[28,64,65]. In a study with transplant patients, doses of
rifampicin above 600 mg and lung transplantation were found to be risk factors for
DILI, just as kidney transplantation seemed to act as a protective factor[46]. Two
studies have demonstrated the safety of alternative TB regimens after the previous
hepatotoxicity; the association of streptomycin, ofloxacin, and ethambutol for three
months followed by another nine months with ofloxacin and ethambutol, and the
association of streptomycin, ethambutol, and isoniazid for three months followed by
ethambutol and isoniazid three months and isoniazid three months[66,67].

Some lines of Brazilian research have evaluated the genetic profile associated with
the development of DILI with tuberculostatics. The CYP2B6 gene had the 516 TT
polymorphism associated with DILI[68]. Genotypes of CYP2EI and CYP3A4 were not
associated with hepatotoxicity; when different acetylators of NAT2 were analyzed,
slow acetylators had an increased risk of DILI[41,52,64]. Another study defined the
genetic profile of NAT2 and CYP2E1 as predictors of the development of adverse
reactions with isoniazid[53,65]. In two studies, glutathione S transferase genotypes
were not associated with the development of DILI[25,64]. Thus, it can be seen that the
development of DILI has been investigated at the molecular genetics level, and Brazil
has conducted important studies on the knowledge of the variants in its population.

The causality algorithms for the identification of adverse reactions are tools that
help in the detection and classification of the suspicious factor probability. Only four
studies reported using an algorithm. The Naranjo algorithm was one of the precursors,
but its general character does not allow contemplating the specificity of DILI[69]. The
RUCAM was the first and most widely used algorithm specific for DILL Subsequently,
others emerged, such as Maria and Vitorino, Drug-induced Liver Injury Network and
Digestive Disease Week Japan Scale[8,51,70,71]. Algorithms are great tools for
prospective data analysis. However, its validity for retrospective studies is
questionable because registry biases may compromise the validity of the result[7]. The
fact that there is low frequency use of these tools makes it possible to launch some
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hypotheses. Are researcher’s unfamiliarity regarding algorithms? Or do they think
that it is hard applying them? This gap found in Brazilian studies cannot be easily
answered. The use of algorithms in clinical practice is often unfeasible since they
require considerable time for their application in addition to an excess of information
or exams sometimes unavailable or considered unnecessary. However, in the field of
research it would be very important that the algorithms were widely used tools to
determine the causality of the liver injury. In addition to greater reliability of the
results, would improve data quality, which would make possible to classify the liver
injury and improve the knowledge of the outcomes.

Twenty-two different strategies in the definition of liver injury were found, and also
made it difficult to compare the findings. HIV Research Groups consider the guideline
of the AIDS Clinical Trials Group to grade the hepatic lesion according to the
transaminase value range[56]. Studies with TB often follow the standards of the II
Brazilian Consensus on Tuberculosis[72]. The RUCAM algorithm performs the best
definition, which is the most internationally accepted standard in the determination of
liver damage by drugs or plants[7].

However, in Brazil the divergences of the guidelines promoted by the public
policies hinder the formation of a national database on hepatotoxicity. The concept of
hepatic injury adopted is decisive in the study findings, as indicated in a study
comparing three different DILI criteria in HIV patients; in these patients, DILI may be
undetectable or may affect up to 77% depending on the criteria adopted[73]. This
study reinforces the need for standardization of the definition of drug-induced liver
injury in Brazil, also in national guideline with tools like RUCAM. The follow-up of
patients undergoing treatment for chronic diseases should include the identification of
adverse drug reactions and the reporting of adverse drug reactions when suspected.
Monitoring of ADRs is essential to establish the safety profile of medicines during
their marketing. Encouraging the use of this resource will be important to improve not
only the criteria but also the definition of causality in cases of DILI[74-79].

This review had as a limitation the impossibility of inferring a frequency of DILI in
Brazilian studies through meta-analysis since few of the studies found were performed
aiming to determine liver injury as well as the high heterogeneity found. In this sense,
all studies with hepatotoxicity data were included. The studies included with few or
incomplete data could result in low quality of evidence, but due to the scarcity of
Brazilian studies, we decided to maintain them. The quality of the studies included in
the review was not evaluated. Due to the impossibility of performing a meta-analysis,
this study aimed to have an exploratory and baseline character for future studies in the
area. Retrospective studies are biased by the lack of available information, and some
studies have not used criteria for the identification of drug-induced liver injury.
Despite these limitations, the studies included in this review have contributed to learn
more about achievements and challenges in Brazilian DILI’s researches. The DILI's
evidence in Brazil has been strongly influenced by public health policy. However, this
relationship between health policies and evidence must be reversed with the evidence
guiding public health policies.

CONCLUSION

The drugs associated with liver injury reported in the Brazilian studies were Isoniazid,
Rifampicin and Pyrazinamide, Nevirapine, in addition to methotrexate,
propylthiouracil, azathioprine; the Brazilian studies published on DILI investigate
specific populations with chronic use of drugs, mainly tuberculostatic and
antiretrovirals. These patients are included in priority health policies of care, which
favors the detection of DILI and the proper management of the patient, reducing the
frequency of more severe outcomes. The diversity of methods and criteria for the
definition of hepatotoxicity did not allow obtaining frequency estimates. The
standardization of criteria for identification of drug-induced liver injury and greater
effort in pharmacovigilance could contribute to the knowledge on the injury as well as
on the safety profile of drugs marketed in Brazil. This research is expected to broaden
the debate to establish a solid pharmacovigilance policy and the creation of a wide
national DILI monitoring network and his integration with other DILI networks.
Finally, bringing together experiences and cases bringing doctors, pharmacists,
industry and patients closer together.
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ARTICLE HIGHLIGHTS

Research background

Drug-induced liver injury (DILI) is the main cause of safety-related drug marketing
withdrawals and could increase costs and morbidity in the health system. DILI
identification is a challenge due to the diversity of drugs with hepatotoxic potential,
the lack of symptoms specificity, and the absence of specific biomarkers in the clinical
practice.

Research motivation
Identify and summarize Brazilian studies reporting the drug-induced liver injury.

Research objectives

The aim of this study was to know the profile of DILI in Brazil. A systematic review of
Brazilian DILI studies was carried out until June 2020. It was found 32 studies, being
10 retrospective cohorts, 12 prospective cohorts, 5 cross-sectional, 3 case-control, one
case series and one randomized clinical trial. Tuberculosis, human immunodeficiency
virus and hepatitis C virus patients were the mainly group investigated the
hepatotoxicity rate ranged from one to 57%, led by isoniazid, rifampicin, and
pyrazinamide. Few studies reported algorithm to assess causality Drug interruption
and moderate outcomes are report in the most of studies. Severe outcomes, such as
chronic liver damage and liver transplantation were reported in some studies.

Research methods

It was found 32 studies, being 10 retrospective cohorts, 12 prospective cohorts, 5 cross-
sectional, 3 case-control, one case series and one randomized clinical trial. In most
studies were investigated tuberculosis patients followed by other infectious conditions
like human immunodeficiency virus (HIV) and hepatitis C virus. The hepatotoxicity
ranged from one to 57%, led by isoniazid, rifampicin, and pyrazinamide. Few studies
reported algorithm to assess causality. In most studies, there were moderate outcomes
and it was necessary drug interruption. However, few severe outcomes, such as
chronic liver damage and liver transplantation were reported.

Research results

DILI could be caused both by non-prescription drugs and by those used for chronic
diseases. The diagnosis and notification of the DILI cases are of great importance for
the early detection and reduction of damages to the patients.

Research conclusions

Twenty-two different criteria for hepatotoxicity were found. Standardization of
parameter of drug-induced liver injury and greater effort in pharmacovigilance could
contribute to learn more about DILI's epidemiology in Brazil.

Research perspectives

This research is expected to broaden the debate to establish a solid pharmacovigilance
policy and the creation of a wide national DILI monitoring network and his
integration with other DILI networks. Finally, bringing together experiences and cases
bringing doctors, pharmacists, industry and patients closer together.

REFERENCES

1 Stevens JL, Baker TK. The future of drug safety testing: expanding the view and narrowing the
focus. Drug Discov Today 2009; 14: 162-167 [PMID: 19100337 DOI: 10.1016/j.drudis.2008.11.009]

2 Zhang J, Doshi U, Suzuki A, Chang CW, Borlak J, Li AP, Tong W. Evaluation of multiple
mechanism-based toxicity endpoints in primary cultured human hepatocytes for the identification of
drugs with clinical hepatotoxicity: Results from 152 marketed drugs with known liver injury profiles.
Chem Biol Interact 2016; 255: 3-11 [PMID: 26581450 DOI: 10.1016/j.c¢bi.2015.11.008]

3 Robles-Diaz M, Medina-Caliz I, Stephens C, Andrade RJ, Lucena MI. Biomarkers in DILI: One
More Step Forward. Front Pharmacol 2016; 7: 267 [PMID: 27597831 DOI:
10.3389/fphar.2016.00267]

4 Sgro C, Clinard F, Ouazir K, Chanay H, Allard C, Guilleminet C, Lenoir C, Lemoine A, Hillon P.
Incidence of drug-induced hepatic injuries: a French population-based study. Hepatology 2002; 36:
451-455 [PMID: 12143055 DOI: 10.1053/jhep.2002.34857]

WJGPT | https://www.wjgnet.com 51 May5,2021 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/19100337
https://dx.doi.org/10.1016/j.drudis.2008.11.009
http://www.ncbi.nlm.nih.gov/pubmed/26581450
https://dx.doi.org/10.1016/j.cbi.2015.11.008
http://www.ncbi.nlm.nih.gov/pubmed/27597831
https://dx.doi.org/10.3389/fphar.2016.00267
http://www.ncbi.nlm.nih.gov/pubmed/12143055
https://dx.doi.org/10.1053/jhep.2002.34857

Becker MW et al. Overview of drug induced liver injury in Brazil

Jaishideng®

10

11

13

14

15

17

18

19

20

21

22

23

24

25

Bjornsson ES, Bergmann OM, Bjornsson HK, Kvaran RB, Olafsson S. Incidence, presentation, and
outcomes in patients with drug-induced liver injury in the general population of Iceland.
Gastroenterology 2013; 144: 1419-1425, 1425. quiz €19-20 [PMID: 23419359 DOI:
10.1053/j.gastro.2013.02.006]

Ortega-Alonso A, Stephens C, Lucena MI, Andrade RJ. Case Characterization, Clinical Features and
Risk Factors in Drug-Induced Liver Injury. Int J Mol Sci 2016; 17 [PMID: 27187363 DOI:
10.3390/ijms17050714]

Danan G, Teschke R. RUCAM in Drug and Herb Induced Liver Injury: The Update. Int J Mol Sci
2015; 17 [PMID: 26712744 DOI: 10.3390/ijms17010014]

Andrade RJ, Lucena MI, Fernandez MC, Pelacz G, Pachkoria K, Garcia-Ruiz E, Garcia-Mufoz B,
Gonzalez-Grande R, Pizarro A, Duran JA, Jiménez M, Rodrigo L, Romero-Gomez M, Navarro JM,
Planas R, Costa J, Borras A, Soler A, Salmeron J, Martin-Vivaldi R; Spanish Group for the Study of
Drug-Induced Liver Disease. Drug-induced liver injury: an analysis of 461 incidences submitted to
the Spanish registry over a 10-year period. Gastroenterology 2005; 129: 512-521 [PMID: 16083708
DOLI: 10.1016/j.gastro.2005.05.006]

Bjornsson ES. Hepatotoxicity by Drugs: The Most Common Implicated Agents. /nt J Mol Sci 2016;
17: 224 [PMID: 26861310 DOI: 10.3390/ijms17020224]

Lucena MI, Andrade RJ, Kaplowitz N, Garcia-Cortes M, Fernandez MC, Romero-Gomez M,
Bruguera M, Hallal H, Robles-Diaz M, Rodriguez-Gonzalez JF, Navarro JM, Salmeron J, Martinez-
Odriozola P, Pérez-Alvarez R, Borraz Y, Hidalgo R; Spanish Group for the Study of Drug-Induced
Liver Disease. Phenotypic characterization of idiosyncratic drug-induced liver injury: the influence of
age and sex. Hepatology 2009; 49: 2001-2009 [PMID: 19475693 DOI: 10.1002/hep.22895]
Chalasani N, Fontana RJ, Bonkovsky HL, Watkins PB, Davern T, Serrano J, Yang H, Rochon J;
Drug Induced Liver Injury Network (DILIN). Causes, clinical features, and outcomes from a
prospective study of drug-induced liver injury in the United States. Gastroenterology 2008; 135:
1924-1934, 1934.e1-1934. e4 [PMID: 18955056 DOI: 10.1053/j.gastr0.2008.09.011]

Bjornsson E. Review article: drug-induced liver injury in clinical practice. Aliment Pharmacol Ther
2010; 32: 3-13 [PMID: 20374223 DOI: 10.1111/§.1365-2036.2010.04320.x]

Chughlay MF, Kramer N, Spearman CW, Werfalli M, Cohen K. N-acetylcysteine for non-
paracetamol drug-induced liver injury: a systematic review. Br J Clin Pharmacol 2016; 81: 1021-
1029 [PMID: 26757427 DOT: 10.1111/bcp.12880]

Stine JG, Lewis JH. Current and future directions in the treatment and prevention of drug-induced
liver injury: a systematic review. Expert Rev Gastroenterol Hepatol 2016; 10: 517-536 [PMID:
26633044 DOI: 10.1586/17474124.2016.1127756]

Koga K, Kawashima S, Shibata N, Takada K. [Novel formulations of a liver protection drug
glycyrrhizin]. Yakugaku Zasshi 2007; 127: 1103-1114 [PMID: 17603270 DOI:
10.1248/yakushi.127.1103]

Gu J, Tang SJ, Tan SY, Wu Q, Zhang X, Liu CX, Gao XS, Yuan BD, Han LJ, Gao AP, Wu MY,
Huang LH, Ma J, Xiao HP. An open-label, randomized and multi-center clinical trial to evaluate the
efficacy of Silibinin in preventing drug-induced liver injury. /nt J Clin Exp Med 2015; 8: 4320-4327
[PMID: 26064348]

Luangchosiri C, Thakkinstian A, Chitphuk S, Stitchantrakul W, Petraksa S, Sobhonslidsuk A. A
double-blinded randomized controlled trial of silymarin for the prevention of antituberculosis drug-
induced liver injury. BMC Complement Altern Med 2015; 15: 334 [PMID: 26400476 DOI:
10.1186/s12906-015-0861-7]

Larsen FS, Schmidt LE, Bernsmeier C, Rasmussen A, Isoniemi H, Patel VC, Triantafyllou E, Bernal
W, Auzinger G, Shawcross D, Eefsen M, Bjerring PN, Clemmesen JO, Hockerstedt K, Frederiksen
HJ, Hansen BA, Antoniades CG, Wendon J. High-volume plasma exchange in patients with acute
liver failure: An open randomised controlled trial. J Hepatol 2016; 64: 69-78 [PMID: 26325537 DOI:
10.1016/j.jhep.2015.08.018]

Tajiri K, Shimizu Y. Practical guidelines for diagnosis and early management of drug-induced liver
injury. World J Gastroenterol 2008; 14: 6774-6785 [PMID: 19058303 DOI: 10.3748/wjg.14.6774]
Verma S, Kaplowitz N. Diagnosis, management and prevention of drug-induced liver injury. Gut
2009; 58: 1555-1564 [PMID: 19834119 DOI: 10.1136/gut.2008.163675]

Lunardelli MJM, Becker MW, Blatt CR. Hepatite medicamentosa: qual o papel do farmacéutico cli
nico? Rev Bras Farm Hosp Serv Saude 2016; 4: 31-35

Silva J, Brito BS, Silva INN, Nobrega VG, da Silva MCSM, Gomes HDN, Fortes FM, Pimentel AM,
Mota J, Almeida N, Surlo VC, Lyra A, Rocha R, Santana GO. Frequency of Hepatobiliary
Manifestations and Concomitant Liver Disease in Inflammatory Bowel Disease Patients. Biomed Res
Int 2019; 2019: 7604939 [PMID: 30834274 DOI: 10.1155/2019/7604939]

Santos EA, Gongalves JCS, Fleury MK, Kritski AL, Oliveira MM, Velasque LS, E Silva JRL, Estrela
RCE. Relationship of anti-tuberculosis drug-induced liver injury and genetic polymorphisms in
CYP2E1 and GST. Braz J Infect Dis 2019; 23: 381-387 [PMID: 31697922 DOI:
10.1016/j.bjid.2019.09.003]

Heinrich MM. Fatores associados as reagdes adversas no tratamento da tuberculose no municipio de
Dourados/MS. MsC. In: Escola Nacional de Satide Publica Sergio Arouca 2014 [cited 20 March
2021]. Available from: https://www.arca.fiocruz.br/handle/icict/22853

Monteiro TP, El-Jaick KB, Jeovanio-Silva AL, Brasil PE, Costa MJ, Rolla VC, de Castro L. The
roles of GSTM1 and GSTT1 null genotypes and other predictors in anti-tuberculosis drug-induced

WJGPT | https://www.wjgnet.com 52 May5,2021 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/23419359
https://dx.doi.org/10.1053/j.gastro.2013.02.006
http://www.ncbi.nlm.nih.gov/pubmed/27187363
https://dx.doi.org/10.3390/ijms17050714
http://www.ncbi.nlm.nih.gov/pubmed/26712744
https://dx.doi.org/10.3390/ijms17010014
http://www.ncbi.nlm.nih.gov/pubmed/16083708
https://dx.doi.org/10.1016/j.gastro.2005.05.006
http://www.ncbi.nlm.nih.gov/pubmed/26861310
https://dx.doi.org/10.3390/ijms17020224
http://www.ncbi.nlm.nih.gov/pubmed/19475693
https://dx.doi.org/10.1002/hep.22895
http://www.ncbi.nlm.nih.gov/pubmed/18955056
https://dx.doi.org/10.1053/j.gastro.2008.09.011
http://www.ncbi.nlm.nih.gov/pubmed/20374223
https://dx.doi.org/10.1111/j.1365-2036.2010.04320.x
http://www.ncbi.nlm.nih.gov/pubmed/26757427
https://dx.doi.org/10.1111/bcp.12880
http://www.ncbi.nlm.nih.gov/pubmed/26633044
https://dx.doi.org/10.1586/17474124.2016.1127756
http://www.ncbi.nlm.nih.gov/pubmed/17603270
https://dx.doi.org/10.1248/yakushi.127.1103
http://www.ncbi.nlm.nih.gov/pubmed/26064348
http://www.ncbi.nlm.nih.gov/pubmed/26400476
https://dx.doi.org/10.1186/s12906-015-0861-7
http://www.ncbi.nlm.nih.gov/pubmed/26325537
https://dx.doi.org/10.1016/j.jhep.2015.08.018
http://www.ncbi.nlm.nih.gov/pubmed/19058303
https://dx.doi.org/10.3748/wjg.14.6774
http://www.ncbi.nlm.nih.gov/pubmed/19834119
https://dx.doi.org/10.1136/gut.2008.163675
http://www.ncbi.nlm.nih.gov/pubmed/30834274
https://dx.doi.org/10.1155/2019/7604939
http://www.ncbi.nlm.nih.gov/pubmed/31697922
https://dx.doi.org/10.1016/j.bjid.2019.09.003
https://www.arca.fiocruz.br/handle/icict/22853

Jaishideng®

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Becker MW et al. Overview of drug induced liver injury in Brazil

liver injury. J Clin Pharm Ther 2012; 37: 712-718 [PMID: 22845549 DOI:
10.1111/.1365-2710.2012.01368.x]

Magalhiaes MP. Série de casos de hepatotoxicidade induzida por medicamentos, insumos vegetais e
suplementos alimentares em pacientes de hospital universitario em Salvador — Bahia (Brasil). In:
Universidade Federal da Bahia 2015 [cited 20 March 2021]. Available from:
http://repositorio.ufba.br/ri/handle/ri/18587

Prado NMBL, Messias GC, Santos Junior GO, Nunes VS, Schinonni MI, Parana R. Prospective
monitoring of drug use: drug-induced liver injury in a primary healthcare center. Arq Gastroenterol
2019; 56: 390-393 [PMID: 31721973 DOI: 10.1590/50004-2803.201900000-73]

Bjornsson ES. Epidemiology and risk factors for idiosyncratic drug-induced liver injury. Semin Liver
Dis 2014; 34: 115-122 [PMID: 24879977 DOI: 10.1055/5-0034-1375953]

Fisher K, Vuppalanchi R, Saxena R. Drug-Induced Liver Injury. Arch Pathol Lab Med 2015; 139:
876-887 [PMID: 26125428 DOI: 10.5858/arpa.2014-0214-RA]

Leise MD, Poterucha JJ, Talwalkar JA. Drug-induced liver injury. Mayo Clin Proc 2014; 89: 95-106
[PMID: 24388027 DOI: 10.1016/j.mayocp.2013.09.016]

Au JS, Navarro VJ, Rossi S. Review article: Drug-induced liver injury--its pathophysiology and
evolving diagnostic tools. Aliment Pharmacol Ther 2011; 34: 11-20 [PMID: 21539586 DOI:
10.1111/5.1365-2036.2011.04674.x]

Pillans PI. Clinical perspectives in drug safety and adverse drug reactions. Expert Rev Clin
Pharmacol 2008; 1: 695-705 [PMID: 24422739 DOI: 10.1586/17512433.1.5.695]

Balbino EE, Dias MF. Farmacovigilancia: um passo em dire¢ao ao uso racional de plantas medicinais
e fitoterapicos. Rev Bras Farmacogn 2010; 20: 992-1000 [DOI:
10.1590/S0102-695X2010005000031]

Becker MW, Lourengone EMS, De Mello AF, Branco A, Filho EMR, Blatt CR, Mallmann CA,
Schneider M, Caregnato RCA. Liver transplantation and the use of KAVA: Case report.
Phytomedicine 2019; 56: 21-26 [PMID: 30668342 DOI: 10.1016/j.phymed.2018.08.011]

Lu RJ, Zhang Y, Tang FL, Zheng ZW, Fan ZD, Zhu SM, Qian XF, Liu NN. Clinical characteristics
of drug-induced liver injury and related risk factors. Exp Ther Med 2016; 12: 2606-2616 [PMID:
27703513 DOI: 10.3892/etm.2016.3627]

Lammert C, Bjornsson E, Niklasson A, Chalasani N. Oral medications with significant hepatic
metabolism at higher risk for hepatic adverse events. Hepatology 2010; 51: 615-620 [PMID:
19839004 DOI: 10.1002/hep.23317]

Shu CC, Lee CH, Lee MC, Wang JY, Yu CJ, Lee LN. Hepatotoxicity due to first-line anti-
tuberculosis drugs: a five-year experience in a Taiwan medical centre. Int J Tuberc Lung Dis 2013;
17: 934-939 [PMID: 23743313 DOI: 10.5588/ijtld.12.0782]

Yee D, Valiquette C, Pelletier M, Parisien I, Rocher I, Menzies D. Incidence of serious side effects
from first-line antituberculosis drugs among patients treated for active tuberculosis. Am J Respir Crit
Care Med 2003; 167: 1472-1477 [PMID: 12569078 DOI: 10.1164/rccm.200206-6260C]

Marra F, Marra CA, Bruchet N, Richardson K, Moadebi S, Elwood RK, Fitzgerald JM. Adverse
drug reactions associated with first-line anti-tuberculosis drug regimens. Int J Tuberc Lung Dis 2007,
11: 868-875 [PMID: 17705952]

Chung-Delgado K, Revilla-Montag A, Guillen-Bravo S, Velez-Segovia E, Soria-Montoya A, Nufiez-
Garbin A, Silva-Caso W, Bernabe-Ortiz A. Factors associated with anti-tuberculosis medication
adverse effects: a case-control study in Lima, Peru. PLoS One 2011; 6: €27610 [PMID: 22110689
DOI: 10.1371/journal.pone.0027610]

Zaverucha-do-Valle C, Monteiro SP, El-Jaick KB, Rosadas LA, Costa MJ, Quintana MS, de Castro
L. The role of cigarette smoking and liver enzymes polymorphisms in anti-tuberculosis drug-induced
hepatotoxicity in Brazilian patients. Tuberculosis (Edinb) 2014; 94: 299-305 [PMID: 24793319 DOI:
10.1016/j.tube.2014.03.006]

Chalasani N, Bonkovsky HL, Fontana R, Lee W, Stolz A, Talwalkar J, Reddy KR, Watkins PB,
Navarro V, Barnhart H, Gu J, Serrano J; United States Drug Induced Liver Injury Network. Features
and Outcomes of 899 Patients With Drug-Induced Liver Injury: The DILIN Prospective Study.
Gastroenterology 2015; 148: 1340-52. ¢7 [PMID: 25754159 DOI: 10.1053/j.gastr0.2015.03.006]
Gusmao Filho FA, Marques-Dias MJ, Marques HH, Ramos SR. [Central nervous system
tuberculosis in children: 2. Treatment and outcome]. Arq Neuropsiquiatr 2001; 59: 77-82 [PMID:
11299436 DOI: 10.1590/50004-282x2001000100016]

de Castro L, do Brasil PE, Monteiro TP, Rolla VC. Can hepatitis B virus infection predict
tuberculosis treatment liver toxicity? Int J Tuberc Lung Dis 2010; 14: 332-340 [PMID: 20132625]
Nader LA, de Mattos AA, Picon PD, Bassanesi SL, De Mattos AZ, Pineiro Rodriguez M.
Hepatotoxicity due to rifampicin, isoniazid and pyrazinamide in patients with tuberculosis: is anti-
HCV arisk factor? Ann Hepatol 2010; 9: 70-74 [PMID: 20308724]

Schultz V, Marroni CA, Amorim CS, Baethgen LF, Pasqualotto AC. Risk factors for hepatotoxicity
in solid organ transplants recipients being treated for tuberculosis. Transplant Proc 2014; 46: 3606-
3610 [PMID: 25498098 DOI: 10.1016/j.transproceed.2014.09.148]

Tovo CV, Souza ARd, Santos DEd, Mattos AZd, Mattos AAd, Santos BR. Avaliagdo da
hepatotoxicidade dos anti-retrovirais na co-infeccdo VHC/HIV. Rev Amrigs 2006; 50: 217-221

Gil AC, Lorenzetti R, Mendes GB, Morcillo AM, Toro AA, Silva MT, Vilela MM. Hepatotoxicity in
HIV-infected children and adolescents on antiretroviral therapy. Sao Paulo Med J 2007; 125: 205-209
[PMID: 17992389 DOI: 10.1590/s1516-31802007000400002]

WJGPT | https://www.wjgnet.com 53 May5,2021 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/22845549
https://dx.doi.org/10.1111/j.1365-2710.2012.01368.x
http://repositorio.ufba.br/ri/handle/ri/18587
http://www.ncbi.nlm.nih.gov/pubmed/31721973
https://dx.doi.org/10.1590/S0004-2803.201900000-73
http://www.ncbi.nlm.nih.gov/pubmed/24879977
https://dx.doi.org/10.1055/s-0034-1375953
http://www.ncbi.nlm.nih.gov/pubmed/26125428
https://dx.doi.org/10.5858/arpa.2014-0214-RA
http://www.ncbi.nlm.nih.gov/pubmed/24388027
https://dx.doi.org/10.1016/j.mayocp.2013.09.016
http://www.ncbi.nlm.nih.gov/pubmed/21539586
https://dx.doi.org/10.1111/j.1365-2036.2011.04674.x
http://www.ncbi.nlm.nih.gov/pubmed/24422739
https://dx.doi.org/10.1586/17512433.1.5.695
https://dx.doi.org/10.1590/S0102-695X2010005000031
http://www.ncbi.nlm.nih.gov/pubmed/30668342
https://dx.doi.org/10.1016/j.phymed.2018.08.011
http://www.ncbi.nlm.nih.gov/pubmed/27703513
https://dx.doi.org/10.3892/etm.2016.3627
http://www.ncbi.nlm.nih.gov/pubmed/19839004
https://dx.doi.org/10.1002/hep.23317
http://www.ncbi.nlm.nih.gov/pubmed/23743313
https://dx.doi.org/10.5588/ijtld.12.0782
http://www.ncbi.nlm.nih.gov/pubmed/12569078
https://dx.doi.org/10.1164/rccm.200206-626OC
http://www.ncbi.nlm.nih.gov/pubmed/17705952
http://www.ncbi.nlm.nih.gov/pubmed/22110689
https://dx.doi.org/10.1371/journal.pone.0027610
http://www.ncbi.nlm.nih.gov/pubmed/24793319
https://dx.doi.org/10.1016/j.tube.2014.03.006
http://www.ncbi.nlm.nih.gov/pubmed/25754159
https://dx.doi.org/10.1053/j.gastro.2015.03.006
http://www.ncbi.nlm.nih.gov/pubmed/11299436
https://dx.doi.org/10.1590/s0004-282x2001000100016
http://www.ncbi.nlm.nih.gov/pubmed/20132625
http://www.ncbi.nlm.nih.gov/pubmed/20308724
http://www.ncbi.nlm.nih.gov/pubmed/25498098
https://dx.doi.org/10.1016/j.transproceed.2014.09.148
http://www.ncbi.nlm.nih.gov/pubmed/17992389
https://dx.doi.org/10.1590/s1516-31802007000400002

Becker MW et al. Overview of drug induced liver injury in Brazil

Jaishideng®

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Kondo W, Astori Ade A, Gomes Sel-K, Fernandes Rde B, Sasaki Md, Sbalqueiro RL. [Evaluation of
the adverse effects of nevirapine in HIV-infected pregnant women in a South Brazilian University
Hospital]. Rev Bras Ginecol Obstet 2008; 30: 19-24 [PMID: 19142538 DOI:
10.1590/s0100-72032008000100004]

Pérez Gutthann S, Garcia Rodriguez LA. The increased risk of hospitalizations for acute liver injury
in a population with exposure to multiple drugs. Epidemiology 1993; 4: 496-501 [PMID: 8268277]
de Abajo FJ, Montero D, Madurga M, Garcia Rodriguez LA. Acute and clinically relevant drug-
induced liver injury: a population based case-control study. Br J Clin Pharmacol 2004; 58: 71-80
[PMID: 15206996 DOI: 10.1111/j.1365-2125.2004.02133 x]

Teixeira RL, Morato RG, Cabello PH, Muniz LM, Moreira Ada S, Kritski AL, Mello FC, Suffys PN,
Miranda AB, Santos AR. Genetic polymorphisms of NAT2, CYP2E1 and GST enzymes and the
occurrence of antituberculosis drug-induced hepatitis in Brazilian TB patients. Mem Inst Oswaldo
Cruz 2011; 106: 716-724 [PMID: 22012226 DOI: 10.1590/s0074-02762011000600011]

Santos NP, Callegari-Jacques SM, Ribeiro Dos Santos AK, Silva CA, Vallinoto AC, Fernandes DC,
de Carvalho DC, Santos SE, Hutz MH. N-acetyl transferase 2 and cytochrome P450 2E1 genes and
isoniazid-induced hepatotoxicity in Brazilian patients. /nt J Tuberc Lung Dis 2013; 17: 499-504
[PMID: 23394127 DOI: 10.5588/ijtld.12.0645]

Garcia Rodriguez LA, Ruigomez A, Jick H. A review of epidemiologic research on drug-induced
acute liver injury using the general practice research data base in the United Kingdom.
Pharmacotherapy 1997; 17: 721-728 [PMID: 9250549]

Antonello VS, Kliemann DA, Rigel Santos B, Tovo CV. HAART and liver: is it safe? J Infect Dev
Ctries 2014; 8: 1444-1450 [PMID: 25390056 DOI: 10.3855/jidc.5012]

Sulkowski MS, Thomas DL, Chaisson RE, Moore RD. Hepatotoxicity associated with antiretroviral
therapy in adults infected with human immunodeficiency virus and the role of hepatitis C or B virus
infection. JAMA 2000; 283: 74-80 [PMID: 10632283 DOI: 10.1001/jama.283.1.74]

Brasil. Protocolo Clinico e Diretrizes Terapéuticas para Manejo da Infecgdo pelo HIV em Adultos.
In: Ministério da Saude. Secretaria de Vigilancia em Saude. Departamento de Vigilancia, Prevengao e
Controle das Infec¢des Sexualmente Transmissiveis, do HIV/Aids e das Hepatites Virais. Brasilia
2018 [cited 20 March 2021]. Available from: http://www.aids.gov.br/pt-br/pub/2013/protocolo-
clinico-e-diretrizes-terapeuticas-para-manejo-da-infeccao-pelo-hiv-em-adultos

Brasil. Manual de recomendagdes para o controle da tuberculose no Brasil. In: Ministério da Satde,
Secretaria de Vigilancia em Satude, Departamento de Vigilancia das Doengas Transmissiveis. —
Brasilia: Ministério da Saude, 2019 [cited 20 March 2021]. Available from:
http://www.aids.gov.br/pt-br/pub/2019/manual-de-recomendacoes-para-o-controle-da-tuberculose-no-
brasil

Alves JANR, Fialho SCAMS, Morato EF. Toxicidade hepatica € rara em pacientes com artrite
reumatoide usando terapia combinada de leflunomida e metotrexato. Rev Bras Reumatol 2011; 51:
141-4 [DOI: 10.1590/50482-50042011000200004]

Santiago Garcia D, Saturansky E, Poncino D, Ortiz V, Martinez Artola Y, Rosenberg S, Abritta G,
Palermo C, Enriquez N, Cravero A. [Liver diseases in theumatoid and psoriatic arthritis]. Acta
Gastroenterol Latinoam 2012; 42: 112-119 [PMID: 22876713]

Werner MC, Romaldini JH, Bromberg N, Werner RS, Farah CS. Adverse effects related to
thionamide drugs and their dose regimen. Am J Med Sci 1989; 297: 216-219 [PMID: 2523194 DOI:
10.1097/00000441-198904000-00003]

Propylthiouracil 2012 [PMID: 31643306]

Santos FAI. Prevaléncia da Hepatotoxicidade por Quimioterapia Pré-operatoria e Correlagdo com a
Morbidade das Hepatectomias no Cancer Colorretal Metastatico. Universidade Federal de Ciéncias da
Saude de Porto Alegre 2013 [cited 20 March 2021]. Available from:
https://docplayer.com.br/6699757-Prevalencia-da-hepatotoxicidade-por-quimioterapia-pre-operatoria-
e-correlacao-com-a-morbidade-das-hepatectomias-no-cancer-colorretal-metastatico.html

Brito TC, Possuelo LG, Valim ARM, Todendi PF, Ribeiro AW, Gregianini TS, Jarczewski CA, Hutz
MH, Rossetti MLR, Zaha A. Polymorphisms in CYP2E1, GSTM1 and GSTT]1 and anti-tuberculosis
drug-induced hepatotoxicity. An Acad Bras Cienc 2014; 86: 855-865 [PMID: 30514013]

Lima Mde F, Melo HR. Hepatotoxicity induced by antituberculosis drugs among patients coinfected
with HIV and tuberculosis. Cad Saude Publica 2012; 28: 698-708 [PMID: 22488315 DOI:
10.1590/50102-311x2012000400009]

Picon PD, Della Giustina MdL, Rizzon CFC, Bassanesi Sl, Zanardo AP, Michalczuk MTea.
Resultado do tratamento da tuberculose com estreptomicina, isoniazida e etambutol (esquema SHM).
J Pneumologia 2002; 28: 187-92 [DOI: 10.1590/S0102-35862002000400003]

Szklo A, Mello FC, Guerra RL, Dorman SE, Muzy-de-Souza GR, Conde MB. Alternative anti-
tuberculosis regimen including ofloxacin for the treatment of patients with hepatic injury. Int J Tuberc
Lung Dis 2007; 11: 775-780 [PMID: 17609053]

Fernandes DC, Santos NP, Moraes MR, Braga AC, Silva CA, Ribeiro-dos-Santos A, Santos S.
Association of the CYP2B6 gene with anti-tuberculosis drug-induced hepatotoxicity in a Brazilian
Amazon population. Int J Infect Dis 2015; 33: 28-31 [PMID: 25271170 DOI:
10.1016/5.1jid.2014.04.011]

Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA, Janecek E, Domecq C, Greenblatt
DJ. A method for estimating the probability of adverse drug reactions. Clin Pharmacol Ther 1981; 30:
239-245 [PMID: 7249508 DOI: 10.1038/clpt.1981.154]

WJGPT | https://www.wjgnet.com 54 May5,2021 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/19142538
https://dx.doi.org/10.1590/s0100-72032008000100004
http://www.ncbi.nlm.nih.gov/pubmed/8268277
http://www.ncbi.nlm.nih.gov/pubmed/15206996
https://dx.doi.org/10.1111/j.1365-2125.2004.02133.x
http://www.ncbi.nlm.nih.gov/pubmed/22012226
https://dx.doi.org/10.1590/s0074-02762011000600011
http://www.ncbi.nlm.nih.gov/pubmed/23394127
https://dx.doi.org/10.5588/ijtld.12.0645
http://www.ncbi.nlm.nih.gov/pubmed/9250549
http://www.ncbi.nlm.nih.gov/pubmed/25390056
https://dx.doi.org/10.3855/jidc.5012
http://www.ncbi.nlm.nih.gov/pubmed/10632283
https://dx.doi.org/10.1001/jama.283.1.74
http://www.aids.gov.br/pt-br/pub/2013/protocolo-clinico-e-diretrizes-terapeuticas-para-manejo-da-infeccao-pelo-hiv-em-adultos
http://www.aids.gov.br/pt-br/pub/2013/protocolo-clinico-e-diretrizes-terapeuticas-para-manejo-da-infeccao-pelo-hiv-em-adultos
http://www.aids.gov.br/pt-br/pub/2019/manual-de-recomendacoes-para-o-controle-da-tuberculose-no-brasil
http://www.aids.gov.br/pt-br/pub/2019/manual-de-recomendacoes-para-o-controle-da-tuberculose-no-brasil
https://dx.doi.org/10.1590/S0482-50042011000200004
http://www.ncbi.nlm.nih.gov/pubmed/22876713
http://www.ncbi.nlm.nih.gov/pubmed/2523194
https://dx.doi.org/10.1097/00000441-198904000-00003
http://www.ncbi.nlm.nih.gov/pubmed/31643306
https://docplayer.com.br/6699757-Prevalencia-da-hepatotoxicidade-por-quimioterapia-pre-operatoria-e-correlacao-com-a-morbidade-das-hepatectomias-no-cancer-colorretal-metastatico.html
https://docplayer.com.br/6699757-Prevalencia-da-hepatotoxicidade-por-quimioterapia-pre-operatoria-e-correlacao-com-a-morbidade-das-hepatectomias-no-cancer-colorretal-metastatico.html
http://www.ncbi.nlm.nih.gov/pubmed/30514013
http://www.ncbi.nlm.nih.gov/pubmed/22488315
https://dx.doi.org/10.1590/s0102-311x2012000400009
https://dx.doi.org/10.1590/S0102-35862002000400003
http://www.ncbi.nlm.nih.gov/pubmed/17609053
http://www.ncbi.nlm.nih.gov/pubmed/25271170
https://dx.doi.org/10.1016/j.ijid.2014.04.011
http://www.ncbi.nlm.nih.gov/pubmed/7249508
https://dx.doi.org/10.1038/clpt.1981.154

Jaishideng®

70

71

72

73

74

75

76

77

78

79

Becker MW et al. Overview of drug induced liver injury in Brazil

Maria VA, Victorino RM. Development and validation of a clinical scale for the diagnosis of drug-
induced hepatitis. Hepatology 1997; 26: 664-669 [PMID: 9303497 DOL: 10.1002/hep.510260319]
Hanatani T, Sai K, Tohkin M, Segawa K, Kimura M, Hori K, Kawakami J, Saito Y. A detection
algorithm for drug-induced liver injury in medical information databases using the Japanese
diagnostic scale and its comparison with the Council for International Organizations of Medical
Sciences/the Roussel Uclaf Causality Assessment Method scale. Pharmacoepidemiol Drug Saf2014;
23: 984-988 [PMID: 24596340 DOI: 10.1002/pds.3603]

Castelo Filho A, Kritski AL, Barreto AW, Lemos ACM, Netto AR, Guimardes CA. II Consenso
Brasileiro de Tuberculose: Diretrizes Brasileiras para Tuberculose 2004. J Bras Pneumol 2004; 30:
S57-S86

Coca NS, Oliveira MS, Voieta I, Antunes CM, Lambertucci JR. Antituberculosis drug-induced
hepatotoxicity: a comparison between patients with and without human immunodeficiency virus
seropositivity. Rev Soc Bras Med Trop 2010; 43: 624-628 [PMID: 21181011 DOI:
10.1590/s0037-86822010000600004]

Carvalho AT, Esberard BC, Froes RS, Rapozo DC, Grinman AB, Simao TA, Santos JC, Carneiro
AlJ, Ribeiro-Pinto LF, de Souza HS. Thiopurine-methyltransferase variants in inflammatory bowel
disease: prevalence and toxicity in Brazilian patients. World J Gastroenterol 2014; 20: 3327-3334
[PMID: 24696613 DOI: 10.3748/wjg.v20.112.3327]

de-Medeiros BC, Strapasson E, Pasquini R, de-Medeiros CR. Effect of all-trans retinoic acid on
newly diagnosed acute promyelocytic leukemia patients: results of a Brazilian center. Braz J Med Biol
Res 1998; 31: 1537-1543 [PMID: 9951549 DOI: 10.1590/s0100-879x1998001200005]

Uehara RP, Sa VH, Koshimura ET, Prudente FV, Tucunduva LT, Gongalves MS, Samano ES, del
Giglio A. Continuous infusion of amphotericin B: preliminary experience at Faculdade de Medicina
da Fundagdo ABC. Sao Paulo Med J 2005; 123: 219-222 [PMID: 16358096 DOI:
10.1590/s1516-31802005000500004]

Tomich LG, Nufiez M, Mendes-Correa MC. Drug-induced liver injury in hospitalized HIV patients:
high incidence and association with drugs for tuberculosis. Ann Hepatol 2015; 14: 888-894 [PMID:
26436361 DOI: 10.5604/16652681.1171778]

Vieira DEO, Gomes M. Efeitos adversos no tratamento da tuberculose: experiéncia em servigo
ambulatorial de um hospital-escola na cidade de Sao Paulo. J Bras Pneumol 2008; 34: 1049-55 [DOI:
10.1590/S1806-37132008001200010]

de Souza AF, de Oliveira e Silva A, Baldi J, de Souza TN, Rizzo PM. [Hepatic functional changes
induced by the combined use of isoniazid, pyrazinamide and rifampicin in the treatment of pulmonary
tuberculosis]. Arq Gastroenterol 1996; 33: 194-200 [PMID: 9302332]

WJGPT | https://www.wjgnet.com 55 May5,2021 | Volume12 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/9303497
https://dx.doi.org/10.1002/hep.510260319
http://www.ncbi.nlm.nih.gov/pubmed/24596340
https://dx.doi.org/10.1002/pds.3603
http://www.ncbi.nlm.nih.gov/pubmed/21181011
https://dx.doi.org/10.1590/s0037-86822010000600004
http://www.ncbi.nlm.nih.gov/pubmed/24696613
https://dx.doi.org/10.3748/wjg.v20.i12.3327
http://www.ncbi.nlm.nih.gov/pubmed/9951549
https://dx.doi.org/10.1590/s0100-879x1998001200005
http://www.ncbi.nlm.nih.gov/pubmed/16358096
https://dx.doi.org/10.1590/s1516-31802005000500004
http://www.ncbi.nlm.nih.gov/pubmed/26436361
https://dx.doi.org/10.5604/16652681.1171778
https://dx.doi.org/10.1590/S1806-37132008001200010
http://www.ncbi.nlm.nih.gov/pubmed/9302332

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wijgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2021 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

Gastrointestinal Pharmacology
and Therapeutics

Baishideng Publishing Group Inc



World Journal of

Gastrointestinal Pharmacology
and Therapeutics

Contents Bimonthly Volume 12 Number 4 July 5, 2021
REVIEW
56 Advances in treatment and prevention of hepatitis B

Shah NJ, Aloysius MM, Sharma NR, Pallav K

ORIGINAL ARTICLE
Prospective Study

79 Castor oil as booster for colon capsule endoscopy preparation reduction: A prospective pilot study and
patient questionnaire

Takashima K, Komeda Y, Sakurai T, Masaki S, Nagai T, Matsui S, Hagiwara S, Takenaka M, Nishida N, Kashida H, Nakaji
K, Watanabe T, Kudo M

Buiswidenge  WIGPT | https://www.wjgnet.com I July 5,2021 | Volume12 | Issue4 |



World Journal of Gastrointestinal Pharmacology and Therapeutics

Contents

Bimonthly Volume 12 Number 4 July 5, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Pharmacology and Therapeutics, Ali Riza Koksal, MD,
Associate Professor, Postdoctoral Fellow, Department of Gastroenterology and Hepatology, University of Health
Sciences, Sisli Hamidiye Etfal Education and Research Hospital Istanbul, Istanbul 34779, Turkey.
arkoksal@gmail.com

AIMS AND SCOPE

The primary aim of the World Journal of Gastrointestinal Pharmacology and Therapeutics (WJGPT, World | Gastrointest
Pharmacol Ther) is to provide scholars and readers from various fields of gastrointestinal pharmacology and
therapeutics with a platform to publish high-quality basic and clinical research articles and communicate their
research findings online.

WJGPT mainly publishes articles reporting research results obtained in the field of gastrointestinal pharmacology
and therapeutics and covering a wide range of topics including acid-related disorders, functional gastrointestinal
disorders, fundamentals of gastrointestinal pharmacology, etc.

INDEXING/ABSTRACTING

The WJGPT is now abstracted and indexed in PubMed, PubMed Central, China National Knowledge Infrastructure
(CNKI), China Science and Technology Journal Database (CSTJ), and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Lin; Production Department Director: Yu-Jie Ma; Editorial Office Director: Jin-Iei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Pharmacology and Therapentics https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2150-5349 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
May 6, 2010 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Bimonthly https:/ /www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Emanuele Sinagra, Sin-Hyeog Im https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/2150-5349/ editotialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
July 5, 2021 https:/ /www.wignet.com/bpg/Getlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJGPT | https://www.wjgnet.com I July 5,2021 | Volume12 | Issue4


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2150-5349/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

ddi

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4292 / wigpt.v12.i4.56

World Journal of
Gastrointestinal Pharmacology
and Therapeutics

World | Gastrointest Pharmacol Ther 2021 July 5; 12(4): 56-78

ISSN 2150-5349 (online)

REVIEW

Advances in treatment and prevention of hepatitis B

Niraj James Shah, Mark M Aloysius, Neil Rohit Sharma, Kumar Pallav

ORCID number: Niraj James Shah
0000-0003-4537-7859; Mark M
Aloysius 0000-0001-6191-0524; Neil
Rohit Sharma 0000-0001-8567-5450;
Kumar Pallav 0000-0002-1322-3639.

Author contributions: Shah NJ,
Aloysius MM, Sharma NR, and
Pallav K performed the conception
and design of the review article,
acquisition of material, analysis
and interpretation of material,
critical revision, drafting the
article, revising the paper, and its
final approval.

Conflict-of-interest statement: All
authors deny conflict of interest of
any nature related to the article.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Invited
manuscript

Specialty type: Gastroenterology

Jaishideng®

WJGPT | https://www.wjgnet.com 56

Niraj James Shah, Department of Internal Medicine, Digestive Disease, University of
Mississippi Medical Center, Jackson, MS 39216, United States

Mark M Aloysius, Department of Internal Medicine, The Wright Center for Graduate Medical
Education, Scranton, PA 18505, United States

Neil Rohit Sharma, Kumar Pallav, Department of Internal Medicine, Interventional Oncology and
Surgical Endoscopy, Parkview Regional Medical Center, Parkview Cancer Institute, Fort
Wayne, IN 46845, United States

Corresponding author: Kumar Pallav, MBBS, Academic Fellow, Department of Internal
Medicine, Interventional Oncology and Surgical Endoscopy, Parkview Regional Medical
Center, Parkview Cancer Institute, 11050 Parkview Plaza Dr., Fort Wayne, IN 46845, United
States. drkumarpallav@yahoo.com

Abstract

Chronic hepatitis B (CHB) continues to contribute to worldwide morbidity and
mortality significantly. Scientists, clinicians, pharmaceutical companies, and
health organizations have dedicated substantial Intellectual and monetary
resources to finding a cure, increasing immunization rates, and reducing the
global burden of CHB. National and international health-related organizations
including the center for disease control, the national institute of health, the
American Association for the study of liver disease (AASLD), The European
association for the study of the Liver (EASL), The Asia Pacific association for the
study of the Liver (APASL) and the world health organization release periodic
recommendations for disease prevention and treatment. Our review of the most
recent guidelines by EASL, AASLD, APASL, and Taiwan Association for the
Study of the Liver revealed that an overwhelming majority of cited studies were
published before 2018. We reviewed Hepatitis B-related literature published 2018
onwards to identify recent developments and current barriers that will likely
direct future efforts towards eradicating hepatitis B. The breakthrough in our
understanding of the hepatitis B virus life cycle and resulting drug development
is encouraging with significant room for further progress. Data from high-risk
populations, most vulnerable to the devastating effects of hepatitis B infection and
reactivation remain sparse. Utilization of systems approach, optimization of
experimental models, identification and validation of next-generation biomarkers,
and precise modulation of the human immune response will be critical for future
innovation. Within the foreseeable future, new treatments will likely complement
conventional therapies rather than replace them. Most Importantly, pragmatic
management of CHB related population health challenges must be prioritized to
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Core Tip: Given the hepatitis B viral life cycle’s unique characteristics, a true cure is
lacking. Most recent guidelines from multiple societies including the American
Association for the Study of Liver Diseases, the European Association for the Study of
the Liver, Asia Pacific Association for the Study of the Liver, and Taiwan Association
for the Study of the Liver, primarily include data published before 2018. A significant
amount of hepatitis B relevant literature has been published since 2018. Our
manuscript aims to review the recent literature for new developments and to identify
the global strategies and knowledge gaps that will soon shape the scientific endeavor in
this field.
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INTRODUCTION

Hepatitis B virus (HBV) has infected humans for at least the past 40000 years[1] and is
the 10* leading global cause of death[2]. HBV is the only DNA-based hepatotropic
virus that exerts many adverse effects on the infected cells leading to necroinflam-
mation, fibrosis, and carcinogenesis[3]. The world health organization (WHO), in 2015
has estimated 257 million people infected with chronic hepatitis B (CHB), while 887000
died from complications of hepatitis B[4]. Worldwide approximately only 10% of the
patients with CHB are aware of the infection. A better understanding of hepatitis B
biology, laboratory tests, and the immunological response has helped us develop
vaccines and nucleoside/nucleotide analogs (NAs) to reduce new infection rates and
achieve virologic suppression[5]. An overwhelming majority of studies cited in the
most recent guidelines from various societies were published before 2018[6-10]. Our
manuscript aims to review the recent literature for new developments and to identify
the global strategies and knowledge gaps that will soon shape the scientific endeavor
in this field.

METHODS

Literature search: We conducted online electronic searches (published human clinical
trials in English) of the National Library of Medicine (Bethesda, MD, United States)
MEDLINE database, Cochrane Library, and manual searches of selected specialty
journals to identify any pertinent literature. We searched three MEDLINE databases
(Ovid, PubMed, and EMBASE) using the following keywords hepatitis B, prevention
of hepatitis B, hepatitis B and co-infection, management of hepatitis, hepatitis B and
transplantation, hepatitis B mortality, hepatitis B vaccination, hepatitis B reactivation,
systematic review for hepatitis B, meta-analysis and hepatitis B. The references of
articles were reviewed for additional articles.

Inclusion criteria: Articles describing original research and high-quality review
articles published within the last three years were selected. The search was focused on
hepatitis B articles published in 2018 or later.

Exclusion criteria: Articles that did not contribute significantly to research and
scientific knowledge after 2018 were excluded.
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ADVANCES IN TREATMENT AND PREVENTION OF HEPATITIS B

Serological markers for hepatitis B infection

The serologic patterns of chronic HBV infection are varied and complex. Antigens and
antibodies associated with HBV infection include hepatitis B surface antigen (HBsAg)
and antibody to HBsAg (anti-HBs), hepatitis B core antigen (HBcAg) and antibody to
HBcAg (anti-HBc), and hepatitis B e antigen (HBeAg) and antibody to HBeAg (anti-
HBe). Testing also can be performed to assess the presence and concentration of
circulating HBV DNA. At least one serologic marker is present during each of the
different phases of HBV infection. Serologic assays are commercially available for all
markers except HBcAg, because no free HBcAg circulates in blood[11] (Table 1).

There is overwhelming evidence that antiviral therapy reduces mortality, and risk
of hepatocellular carcinoma (HCC) and improves intermediate prognosis, and overall
health outcomes. As such, the most recent document from the United States Preventive
Service Task Force recommends screening for hepatitis B in adolescents and adults at
increased risk of HBV, with HBsAg tests approved by the United States Food and
Drug Administration, followed by a confirmatory test for initially reactive results[12].
A positive HBsAg result indicates chronic or acute infection. Screening recommend-
ations for special populations include initial testing with anti-Hbs and or anti-Hbc in
addition to HbsAg[10]. Serologic panels performed concurrently with or after HBsAg
screening allow for diagnosis and to determine further management[12].

Serological markers are critical for monitoring treatment response and predicting
complications. The primary endpoint for treatment is durable HBsAg loss (functional
cure) based on assays with a lower detection limit (LLOD-0.05 IU/mL) with or
without HBsAg seroconversion and undetectable serum HBV DNA after completing a
course of treatment[13].

Zhang et al[14] published in 2018, results from a multicenter trial, assessing kinetics
of HBsAg in 1795 HBV patients[14]. The HBsAg titers were significantly higher (P <
0.0001) in patients with HBeAg positive HBV than HBeAg negative HBV patients.
They demonstrated that in patients with positive HBeAg, the HBsAg titers were
inversely proportional to fibrosis, while alanine aminotransaminase (ALT) and necro-
inflammatory activity were directly correlated with HBsAg titers in HBeAg negative
HBV patients[14].

Biomarkers for HBV functional cure include HBsAg clearance profile (CPs, defined
by loss of binding at both loops 1 and 2 epitopes of the 'a' determinant)[15]. A 48th
week and 192" week HBsAg CPs analysis of genotype A CHB patients on either
tenofovir or adefovir for at least four years prior revealed its positive association with
HBsAg loss (SL), seroconversion, and response to treatment[15].

For most patients with CHB who do not achieve a functional cure, long-term NA is
likely needed. Despite long-term therapy, liver-related complications can still occur
even with sustained viral suppression. To this end, newer virological markers were
developed to predict the risk of liver-related complications in these patients who often
have undetectable serum HBV DNA, and the likelihood of achieving a functional cure,
which is defined as off-therapy virological suppression[16].

The covalently closed circular DNA (cccDNA) protein is a template used for
transcription and subsequent translation of viral proteins. The persistence of cccDNA
within the nucleus of infected hepatocytes despite treatment and viral suppression is
the underlying mechanism for infection reactivation after treatment cessation[17]. Of
the various viral proteins synthesized, the hepatitis b core-related antigen (HBcrAg) is
a combination of three related viral proteins (HBcAg, HBeAg, and a truncated 22kDa
precore protein)[18,19]. HBcrAg has a superior correlation to the decline in HBV DNA
levels with antiviral therapies, and with intrahepatic HBV cccDNA levels[20-23]. It is
also helpful in predicting HBV reactivation in immunosuppressed individuals and the
development of HCC[24-28]. Another relatively novel biomarker, HBV RNA is a
pregenomic RNA containing virion similar to HBcrAg[16]. Treatment naive patients
with CHB have lower serum levels (lower by 1-2 logs) of HBV RNA when compared
to HBV DNA serum levels[29,30]. However, in patients receiving NA’s, the HBV RNA
levels are significantly higher than HBV DNA and hence it is a predictor of response.
HBV RNA has a strong linear correlation with both HBV DNA and HBsAg titers[31,
32]. Both, HBcrAg and HBV RNA, can predict long-term off-therapy HBV virological
control in patients treated with NA’s[29,33]. A recent prospective trial by Chang et al
[34] confirmed HBcrAg levels to reflect on-treatment hepatic fibrosis progression, and
hence its role in monitoring hepatic histological changes[34]. Liao et al[35]
demonstrated the utility of monitoring of HBV RNA and HBcrAg levels for NA-
treated patients with undetectable HBV DNA and undetectable HBV RNA occurring
before HBcrAg undetectability[35].
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Table 1 Studies addressing hepatitis B testing and diagnosis

Ref. Study type Findings
Gao et al[32], Prospective trial Higher HBV RNA levels, in NA-treated patients are a predictor of response
2017

HBV RNA has a strong linear correlation with HBV DNA and HBsAg titer

HBcrAg and HBV RNA can predict long-term off-therapy HBV virological control in NA-treated patients
Zhang et al Randomized, controlled, HBcrAg titers were significantly higher (P < 0.0001) in patients with HBeAg positive HBV. HBsAg titers
[14], 2018 double-blind clinical trial were directly proportional to necro-inflammatory activity, and inversely proportional to fibrosis
Walsh et al Prospective trial HBsAg clearance profile has positive association with HBsAg loss, seroconversion, and response to
[15], 2019 treatment in patients treated chronically with Adefovir or Tenofovir
Chang et al Prospective trial HBcrAg levels reflect liver parenchymal fibrosis progression, and have utility in monitoring hepatic
[34], 2019 histological changes
Liao ef al[35], Prospective trial Demonstrated utility of monitoring HBV RNA and HBcrAg levels for NA-treated patients with
2019 undetectable HBV DNA
Multiple Prior Studies HBcrAg has a superior correlation to the decline in HBV DNA levels with anti-viral therapies, and with
authors intrahepatic HBV cccDNA levels[20-23]

HBcrAg can predict HBV reactivation in immunosuppressed individuals and the development of
Hepatocellular Carcinoma[24-28]

HBV RNA is a pregenomic RNA containing virion that has a similar profile to HBcrAg[16]. Treatment
naive patients with CHB have lower (1-2 logs lower) serum levels of HBV RNA compared to HBV DNA
[29,30]

HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; ALT: Alanine aminotransferase; NA: Nucleos(t)ide analogs; HBV: Hepatitis B virus;
HBcrAg: Hepatitis b core-related antigen; cccDNA: Covalently closed circular DNA; CHB: Chronic Hepatitis B.
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Multiple challenges must be met before these biomarkers can be fully utilized in
clinical practice. The specific methods and technical details of serum RNA detection
vary widely between different studies and standardization of such is urgently needed
[16]. To exclude interference from viral DNA, methods for measuring pgRNA usually
require a selective DNA degradation step, which is complicated and time-consuming
and also compromises the accuracy of detection[36]. Further research is needed to
determine specific cutoff values of HBcrAg to determine clinical outcomes and
determine the role of HBV RNA in occult hepatitis B infection, HbsAg seroclearance,
HBYV reactivation, and development of HCC[16]. Additionally, the biomarkers will
need to be validated in different racial and ethnic populations. Studies correlating
novel biomarkers with hepatic fibrosis and cccDNA require serial liver biopsies,
resulting in reduced sample sizes. In a recent trial, Brakenhoff et al[37] showed that
HBV RNA decline without concomitant viral antigen decrease is associated with a low
probability of sustained response and hepatitis B surface antigen loss. This study
highlighted the need for future trials that consider the kinetics of combined
biomarkers to assess antiviral efficacy[37].

HEPATITIS B VACCINATION

Current recommendations advocate pre-exposure universal vaccination for newborns
and non-immune individuals who are at a high risk of exposure or have a poor disease
outcome [patients with hepatitis C virus infection, human immunodeficiency virus
(HIV), men who have sex with men, intravenous drug users, health care workers, and
household contacts of patients with a positive hepatitis surface antigen][38,39]. Until
2017, most available HBV vaccination schedules required three doses of the vaccine to
be administered at specific intervals and had > 90% protective response[40].

On November 9, 2017, Heplisav-B (HepB-CpG), a single-antigen HepB vaccine with
a novel immunostimulatory sequence adjuvant, was approved by the Food and Drug
Administration for the prevention of HBV in persons aged 2 18 years[41]. The vaccine
is administered in two doses, one month apart. On February 21, 2018, the Advisory
Committee on Immunization Practices (ACIP)* recommended HepB-CpG for use in
persons aged > 18 years[42].

Unfortunately, 5%-10% of patients lack an immunological response and remain
unprotected despite vaccination[43]. A hepatitis B “non-responder” refers to a person

WJGPT | https://www.wjgnet.com 59 July 5,2021 | Volume12 | Issue4 |



Shah NJ ef al. Recent advances in chronic hepatitis B

Jaishideng®

who does not develop Hepatitis B surface antibodies after completing two whole series
of hepatitis B vaccine and for whom an acute or CHB infection has been ruled out[44].
Non-response is associated with different HLA-DR alleles and impaired Th cell
response, among other factors such as route of injection, age, gender, body mass, and
other factors[45]. For non-responders to the initial vaccination series, a second series of
the original vaccination schedule is recommended[46]. Persons with Hepatitis B
surface antibody (anti-HBs) < 10 mIU/mL following receipt of 2 doses of HepB-CpG
should be revaccinated with a second complete HepB vaccine series followed by anti-
HBs testing 1-2 mo after the final dose. Alternatively, revaccination may consist of
administration of an additional single HepB vaccine dose followed by anti-HBs testing
1-2 mo later (and, if anti-HBs remains < 10 mIU/mL, completion of the second HepB
vaccine series followed again by anti-HBs testing 1-2 mo after the final dose)[47]. Post-
exposure prophylaxis should be considered for individuals following a needlestick
injury or potentially infectious exposure to body fluids with blood or semen)[47].

Recent studies evaluating the efficacy of alternate revaccination regimens in non-
responders are promising and could shape future recommendations. Raven et al[48]
studied 480 immunocompetent, non-responders in a multicenter, open-labeled,
randomized, controlled superiority trial comparing the effectiveness of revaccination
with initial regimen (control arm: With HBVaxPro 10 pg or Energix B 20 pg) vs three
alternate regimens (Twinrix 20 pg or Fendrix 20 pg, or HBVaxPro 40 ng).
Revaccinating with Fendrix 20 pg (83%) or HBVaxPro 40 (98%) resulted in
significantly higher proportions of responders compared to controls (67%). Authors
argued that the indication for these vaccines should be expanded to enable
revaccination of non-responders[48]. In 2018, Koc et al[49] attempted to enhance the
immune response of the HBVaxPro®-10-ng vaccine by adding a cytokine-based
adjuvant. This new adjuvant AI20, containing 20-pg recombinant human Interleukin
(IL)-2 attached to 20-pg aluminum hydroxide, was added to HBVaxPro®10-pg
(HBAI20). In an open-label trial, HBAI20 elicited protective anti-HBs titers in 90% of
previous non-responders[49].

Additionally, researchers have turned to “Systems vaccinology” to precisely
understand vaccine mechanisms and potential determinants of immunological non-
response[50,51]. Technological advances with DNA microarrays and high throughput
DNA sequencing, mass spectrometry powered proteomics, bioinformatics, and
computational methods enable data integration that serves as the basis of systems
vaccinology[52].

Qiu et al[53] performed transcriptome and cytokine analysis of seven responders
and seven non-responders pre-and post-vaccination with a three-dose boost regimen.
Compared with responders, nine coding genes (BPI, DEFA1B, DEFA4, CEACAMS,
MMPS, FOLR3, LTF, TCN1 and, TKTL1) were significantly upregulated in non-
responders, which could probably be the characteristic genes in hepatitis B vaccine
non-responsiveness. This probability was further strengthened by gene ontology
analysis results showing that most of these differentially expressed genes were related
to immune response. Cytokine analysis demonstrated that IL-27 and CXCL12 concen-
trations in responders were significantly higher than non-responders. In multiplex
cytokine assay, IL-27 and CXCL12 may probably act as the characteristic cytokine
marker for responders[53]. Da Silva et al[54] demonstrated a reduced baseline
CXCR3+CCR6- CXCR5+ memory T cells, contributing to impaired seroconversion
with vaccination in patients with chronic kidney disease (CKD)[54]. The authors
further suggested an augmented 40-pg HBV dose schedule for CKD (comparable to
hemodialysis patients) rather than the 20-pg dose suggested by the center for disease
control (CDC)[55-57].

Booster doses are not indicated in immunocompetent individuals if the primary
vaccination series is complete, as long-term follow-up studies show that immune
memory persists despite declining hepatitis B surface antibody (anti-HBs) levels[58].

In a recent prospective trial published in 2019, 101 adults vaccinated with
recombinant hepatitis B vaccine 20-30 years prior, were challenged with a dose of
HBsAg vaccine. 100% of patients developed an anamnestic response by day 30 with a
significant increase in HBsAg-specific memory B and CD4*T cells expressing at least
two activation markers. These results align with current knowledge and suggest
sustained immune memory and long-term protection 20-30 years after a complete
primary HBsAg vaccination course during adulthood[59].

Specific immunocompromised populations present an exception to this rule. One
such population is patients undergoing bone marrow transplant. In this respect, the
American Association for the study of liver disease (AASLD) guidelines are informed
by the "Recommendation of the ACIP" document published in January 2018[47]. The
document suggests that the humoral response to the hepatitis B vaccine is reduced in
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children and adults who are immunocompromised (e.g., hematopoietic stem cell
transplant recipients, patients undergoing chemotherapy, and HIV-infected persons)
[60,61]. Modified dosing regimens, including a doubling of the standard antigen dose
or administration of additional doses, might increase response rates. However, data on
response to these alternative vaccination schedules is limited[62].

Chawansuntati et al[63] showed a reduced tumor necrosis factor (TNF)-a and IL-2
Level from CD4+ T cells in HIV-infected patients receiving standard HBV vaccinations
and suggested an increased dose or frequency to counter this problem[63].

In 2018, Palazzo et al[64] published the results of a prospective study assessing the
safety and efficacy of revaccination in 122 multiple myeloma patients on maintenance
dose Lenalidomide post autologous hematopoietic stem cell transplant. The efficacy of
revaccination was determined by comparing pre-and post-vaccination antibody titers.
Their data suggested absolute safety and 40% efficacy in those receiving the Hepatitis
B vaccine (Twinrix, GlaxoSmithKline, London)[64].

Surprisingly, the development of HBV reactivation following hematopoietic stem
cell transplant (HSCT) can occur despite successful revaccination and maintenance of
serum anti-HBs at more than protective levels. Nishikawa et al[65] in 2020, published
their results from a prospective trial studying vaccination to prevent HBV reactivation
after hematopoietic stem cell transplantation[65]. The authors showed that of the 27
patients vaccinated 12 mo after HSCT and monitored for two years, six showed HBV
reactivation, with a 2-year cumulative reactivation incidence of 22.2%. Factors
associated with HBV reactivation included the discontinuation of immunosup-
pressants (P = 0.0379) and baseline titers of anti-HBs (P = 0.004)[65]. Nucleic acid-
based vaccine for HBV prevention is a novel approach but yet to show effectiveness in
generating a sustained immune response in clinical trials[66] (Table 2).

HEPATITIS B TREATMENT

Per the 2018 updates to the AASLD guidelines, patients with CHB (Persistence of
HBsAg > six months) should be considered for treatment if the ALT > 2 ULN and
patients are HBeAg positive with HBV DNA > 20000 or HBeAg Negative with HBV
DNA > 2000. Approved therapies are limited to single-drug regimens, including
Nucleoside/Nucleotide reverse transcriptase inhibitors and pegylated Interferon
(PEG-IEN). Approved regimens are divided into preferred [PEG-IFN, Entecavir (ETV),
tenofovir fumarate, and tenofovir alafenamide (TAF)] and Non-Preferred
(Lamivudine, Adefovir, Telbuvidine)[10].

Multiple recently published studies support the recommendations in demonstrating
the safety and efficacy of IFN and Tenofovir over the non-preferred drugs.

Chuang et al[67] demonstrated sustained HBeAg seroconversion rates of 67.1%, five
years after completion of the NEPTUNE trial, with a PEG-IFN dose of 180 pg/wk for
48 wk suggesting that the licensed regimen (180 pg x 48 wk) is more efficacious for
HBeAg-positive patients than a lower dose and/or shorter treatment duration[67]. A
96-week HBV viral suppression for patients treated with both TAF, a prodrug of
tenofovir disoproxil fumarate (TDF), and TDF, were comparable at 73% vs 75% and
90% and 91%, for HBeAg positive and HBeAg negative patients respectively[68]. A
prospective randomized controlled trial (RCT) by Yim ef al[69] studying partial
responders to ETV (defined by detectable HBV DNA > 60 IU/mL), continuing ETV vs
switching to TDF, revealed a statistically significant 12-mo HBV virological response (
P =0.022) in the subgroup that was switched to TDF[69]. In another prospective trial,
stable switching to TDF monotherapy yielded non-inferior results at 96 wk compared
to Lamivudine + Adefovir combination therapy in patients with Lamivudine resistant
CHB and non-detectable HBV DNA[70]. Marcellin et al[71] published a 10-year
efficacy (HBV suppression in 100% of HBeAg-negative and 98% in HBeAg positive
patients) and safety data (few renal or bone-related adverse events, with no resistance)
with tenofovir fumarate treatment for CHB virus infection in 585 patients (203
completed the 10-year study)[71]. A large, multicenter RCT, published in January 2019,
including 320 treatment Naive HBeAg positive patients showed that after long term
treatment (144 wk), both tenofovir fumarate and ETV suppressed HBV DNA similarly
(ETV vs TDF; -6.6485 vs -6.692 log 10 IU/mL, P = 0.807) and had similar serologic,
biochemical, and side-effect profiles[72]. Recent encouraging data from a 104-wk
prospective study on treatment of naive HBeAg positive patients treated with
telbivudine-based therapy shows a reduction in liver stiffness (monitored by
Fibroscan®), from 8.6 at baseline to 6.1 at week 24, and 5.3 at week 104[73].
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Table 2 Studies addressing hepatitis B vaccination strategies

Ref. Study type Main findings

Koc et al[49],2018  Prospective open label trial HBAI20 (HBVaxPro®-10-pg vaccine combined with an adjuvant AI20, a recombinant human IL-2)
exhibited protective anti-HBs titers in 90% of previous non-responders likely due to an enhanced
immune response

Qiu et al[53], 2018 Prospective trial Genome wide comparative analysis revealed significant transcriptome and cytokine changes in HBV
vaccine non-responders

Da Silva et al[54], Randomized prospective  Impaired seroconversion for HBV vaccination in CKD patients was linked to reduced baseline CXCR3

2018 trial + CCR6- CXCR5+ memory T cells levels

Van Damme et al Prospective trial Immune challenge, in previously vaccinated adults (HBsAg vaccine 2-3 decades prior) showed a 100%

[59], 2019 anamnestic response by day 30 with significant increase in HBsAg-specific memory B and CD4" T cells

Raven ef al[48], Open-labeled, In Immunocompetent non-responders, revaccination with Fendrix 20 pg or HBVaxPro 40 pg resulted

2020 randomized, controlled in significantly higher response rates compared to HBVaxPro 10 pg, Energix B 20 pg, or Twinrix 20 pg
superiority trial

Chawansuntati et al  Prospective trial HBV patients with HIV co-infection have reduced levels of TNF-a and IL-2 levels, and may require an

[63], 2018 increased HBV vaccine dose to counter this problem

Palazzo et al[64], Prospective trial Revaccination with the Hepatitis B vaccine (Twinrix, GlaxoSmithKline, London), in HBV patients on

2018 maintenance Lenalidomide post autologous hematopoietic stem cell transplant was absolutely safe

with 40% efficacy

Nishikawa et al Prospective trial For HBV vaccinated, HSCT recipients, 2-year and 3-year cumulative HBV reactivation rates were 22.2%
[65], 2020 and 28.9% respectively. Discontinuation of immunosuppressants (P = 0.0379) and baseline titers of
anti-Hbs (P = 0.004) were related to HBV reactivation

IL-2: Interleukin 2; anti-HBs: Anti Hepatitis B surface antibody; HBsAg: Hepatitis B surface antigen; HIV: Human Immunodeficiency virus; HBV: Hepatitis
B virus; TNF: Tumor necrosis factor; HSCT: Hematopoietic stem cell transplant; CKD: Chronic kidney disease.

Despite the efficacy and safety of current regimens in achieving viral suppression,
reactivation is, unfortunately, the norm after treatment cessation due to the persistence
of cccDNA[74]. Recent studies further highlight this serious shortcoming.

The Toronto STOP study evaluated 67 HBV patients who achieved HBeAg serocon-
version and undetectable HBV DNA after treatment with a NA. Patients were then
randomly selected to discontinue. Sustained virological remission was maintained in
only 29% of patients who stopped the treatment vs 82% of patients who continued NA
[75]. Buti et al[76] studied the safety and efficacy of discontinuing HBV treated (with
TDF) patients after eight years of therapy. At 24 wk following discontinuation of NA,
almost a third of patients had grade 3 hepatotoxicity (indicated by aspartate
aminotransferase/ALT of > 5 - <10 ULN, and total bilirubin of >3 - < 10 ULN)[76].

In another follow-up study of a phase 2 trial at two centers, Immune-tolerant
patients with CHB received TDF and/or Emtricitabine for four years and were
followed for another four years after cessation. The authors recorded a 100%
virological relapse at week 4 (HBV DNA > 2000) and a 50% clinical relapse (HBV DNA
> 2000 and ALT > 2 ULN) at 15 + 11 wk[77].

Given the limitations noted by these studies, researchers have resorted to utilizing
combination regimens with IFN and NA in hopes of improving seroconversion rates
while others have attempted to determine predictors of response to develop a more
targeted approach.

Liem et al[78], while looking for the optimal candidates that could benefit from a
combination of PEG-IFN with nucleos(t)ide, prospectively evaluated HBeAg positive
HBV patients treated with ETV. Randomized addition of PEG-IFN to ETV therapy was
associated with a higher 48-week response rate (response defined as HBeAg loss), with
a significant P = 0.03, compared to ETV monotherapy[78]. The HERMES Study Group
published their results from a prospective RCT in 2019 showing that the addition of
PEG-IFN alfa-2a (for 48 wk) to ongoing NA therapy significantly decreased HBsAg
levels (defined by greater than 50% decline) in HBeAg-negative patients with
genotype D infection[79].

In a recent prospective trial CHB patients who seroconverted on ETV, were
switched to weekly PEG-IFN alfa-2a. The authors recorded an 88% sustained response
in patients with a baseline HBsAg < 1500 IU/mL, while 50% of patients with a baseline
HBsAg < 500 developing HBsAg loss[80]. The same group also validated data from
647 patients with HBeAg positive CHB on PEG-IFN alfa-2a to develop a pre-treatment
scoring system using baseline factors like age, sex, alanine aminotransferase ratio,
HBsAg level, and HBV DNA level to predict response to therapy[51].
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A recently published large meta-analysis with 24 studies and 6674 subjects
confirmed the importance of longer treatment duration and addition of IFN for HBsAg
lowering and highlighted the potential value of immune-based therapies[52].

Recent identification of novel targets within the hepatitis B viral life cycle has led to
the development of multiple therapeutic agents with varying mechanisms[83]. These
include either direct inhibition of viral replication by targeting fundamental steps such
as entry, cccDNA formation/stability, viral transcription, capsid assembly, and
secretion or manipulating the host immune system for augmentation of innate and/or
adaptive immunity[17]. The viral life cycle, resulting viral products, and their role in
the pathogenesis of CHB is a rather broad and complex topic in and of itself. We found
a recent article by Tsukuda et al[84] titled “Hepatitis B viral biology and life cycle’ to be
an excellent resource for further information on this topic[84].

The discovery of the sodium taurocholate co-transport polypeptide (NTCP) (gene:
SLCI10AT) receptor as a gateway for HBV entry into hepatocytes was made approx-
imately a decade ago[85]. The discovery has been a significant source of optimism, and
NTCP has served as a target for developing viral entry inhibitors, including myrcludex
and cyclosporine[86,87]. Additionally, NTCP complemented stable cell lines, cell
cultures, and infection model systems have allowed standardized research to
understand better the HBV life cycle and development of therapeutic options[88-91].
By allowing the study of authentic infection in cell lines, these model systems have
helped achieve a better understanding of the formation and degradation of cccDNA, a
key target to achieve the ultimate goal of HBV cure[92,93]. National institute of health
(NIH)-funded trials to target viral proteins required for viral entry into uninfected
hepatocytes, viral replication targeting adaptive immunity (anti-programmed cell
death 1/programmed death-ligand 1 antibodies, chimeric antigen receptor T cells),
and silencing of cccDNA are underway[94]. A preclinical trial of cccDNA endonuc-
leases (CRISPR/Cas9) showed a reduction in cccDNA, other viral gene expression
parameters as well as replication in vitro[95]. Multiple recent trials have evaluated the
safety and efficacy of Core Protein (Capsid) Assembly Modulators in patients suffering
from CHB. In a phase 1 study of HBeAg-positive CHB patients without cirrhosis, NVR
3-778 was well tolerated and demonstrated antiviral activity. The agent reduced serum
levels of HBV DNA and HBV RNA, to the greatest extent combined with PEG-IFN.
The observed reductions in HBV RNA confirmed the novel mechanism of NVR 3-778
[96]. A phase I, randomized placebo-controlled trial published in Lancet in 2020,
showed acceptable safety, pharmacokinetics, and antiviral effects on an investigational
HBYV core protein inhibitor ABI-H0731[97]. Another phase I trial, by Zhao et al[98],
evaluated the safety, tolerability, and pharmacokinetics of GL54 (a novel HBV capsid
assembly inhibitor), with or without ritonavir (used to enhance plasma levels of GLS4)
and was found to have acceptable tolerability and sustained higher than proposed
effective plasma trough concentration, when used in combination[98]. A phase I
double-blind, RCT of 30 healthy adults, by Vandenbossche et al[99], looked into the
safety, tolerability, and pharmacokinetics of JNJ-56136379 (a novel HBV capsid
assembly modulator), showed it to be well-tolerated, with a more than three times the
90% effective plasma concentration required to inhibit viral replication[99].

HBV regulatory protein X (HBX) was recently found to promote transcription from
cccDNA through an interaction with a host protein DDB1[100]. Sekiba et al[101]
applied a newly constructed split luciferase assay system to comprehensive compound
screening to identify candidate compounds that targeted the HBX-DDBI1 interaction
and showed that nitazoxanide (NTZ), efficiently inhibits the HBX-DDB1 protein
interaction. NTZ significantly suppressed viral transcription and viral protein
production in human primary hepatocytes naturally infected with HBV[101].
Antisense oligonucleotides are small single-stranded nucleic acid sequences that bind
selectively to their target RNAs and cause degradation[102]. GSK3389404 is a liver-
targeted antisense oligonucleotide that inhibits the synthesis of HBsAg and all other
HBYV proteins. A recent randomized double-blind controlled phase 1 trial showed
acceptable safety and pharmacokinetic profile, supporting further clinical investigation
in patients with CHB[103].

The human immune system controls and clears adulthood-acquired hepatitis B in
over 95% of patients[94]. A large body of data links suppressed T and B cell responses
to persistent hepatitis B and liver injury[104-106]. Moreover, data from trials involving
B and T cell responses strongly suggest that augmentation of immunity can clear the
infection[107]. Therefore, boosting the magnitude and quality of the virus-specific
immune response is a rational strategy for therapy[108]. Various toll-like receptor
(TLR) agonists have shown promising antiviral effects in small prospective trials. GS-
9620, a TLR-7, when administered for 12 wk, though did not significantly affect serum
HBsAg levels. However, it did increase T-cell and NK-cell responses[109-111]. Han et
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al[112] demonstrated HBeAg positive CHB patients to have a lower baseline galacto-
sylation level, and hence being suitable candidates for the use of HBsAg-hepatitis B
immune globulin (HBIG) immune complex, administered as a therapeutic vaccine, to
achieve HBeAg seroconversion. The marked-up regulation of IL-2 and galactosylation
levels confirmed this to be an immune response[112].

The goal of therapeutic vaccination is to stimulate or boost the host immune
response to restore immune control, leading to sustained suppression of HBV
replication and ultimately HBsAg loss[13]. A recently published meta-analysis of 15
studies reviewed the evidence for therapeutic vaccines' efficacy and safety in CHB
patients[113]. The authors concluded by saying that therapeutic vaccines do not
appear to be efficacious for the treatment of CHB but were limited by few RCTs,
suboptimal therapeutic vaccines, and patient selection.

An open-label phase III trial comparing a therapeutic vaccine (NASVAC, containing
100 pg of each HBs and HBc antigens, administered in 2 cycles of 5 doses) vs PEG-IFN
alfa 2b (180 pg every week for 28 wk in naive CHB patients showed significantly better
controlled HBV DNA, 24 wk post-treatment (P < 0.05) and a lower rate of progression
to cirrhosis in the NASVAC group[114]. HBsAg-based recombinant vaccines,
administered every eight weeks for 48 wk, with a total of 7 doses, have been shown to
reduce HBsAg levels (P = 0.0005) and achieve HBsAg seroconversion in 10.52% of the
patients with low HBsAg titers[115]. A multicenter prospective phase 2 RCT by Boni et
al[116] demonstrated improved HBV specific T cell responses, including IFN-y, TNF-qa,
and IL-2, with a combined GS-4774 (yeast-based engineered vaccine) and tenofovir vs
tenofovir alone[116].

The HBV Endeavor prospective trial by Wu et al[117] looked into switching HBV
patients with confirmed viral suppression and HBsAg loss from nucleos(t)ide analogs
to immunomodulators (IL-2) and therapeutic vaccines with IFN to enhance HBsAg
loss to achieve HBV virological cure. HBsAg loss was documented to be 9.38%, 3.03%,
and 3.7% in the IFN/vaccine/IL-2 group, IFN group, and the ETV group, respectively.
The higher titers of CD16-NK cells and lower titers of regulatory T cells corresponded
to higher response rates of HBsAg loss[117] (Table 3).

HEPATITIS B SPECIAL POPULATIONS

Mother to child transmission of hepatitis B

Antiviral therapy has been studied as an intervention to reduce perinatal HBV
transmission amongst pregnant women with high HBV viral DNA levels[9,118,119].
All newborns born to HBV infected mothers should receive HBIG and HBV vaccine
within 12 h of delivery followed by completion of 2 or 3 vaccine series[47]. AASLD
suggests antiviral therapy starting at 28-32 wk to reduce perinatal HBV transmission
when maternal HBV DNA is > 200000 IU/mL[9]. Tenofovir is recommended as the
preferred agent due to lack of resistance and availability of safety data and the therapy
is discontinued at some point between birth and three months postpartum[9].

Cressey et al[120] assessed for the first time tenofovir exposure during pregnancy
and postpartum in HBV-infected HIV-uninfected women receiving TDF to prevent
mother-to-child transmission of HBV. They concluded that the modest reduction in
tenofovir exposures observed during pregnancy does not warrant a dose adjustment
[120].

At least two recent studies have demonstrated the safety and efficacy of the addition
of TDF to standard newborn immune prophylaxis in reducing maternal to child
transmission (MTCT) in pregnant women, with very high viral loads[121,122]. Altern-
atively, in a multicenter, double-blind clinical trial performed in Thailand, authors
demonstrated that in a setting in which the rate of mother-to-child HBV transmission
was low with the administration of hepatitis B immune globulin and hepatitis B
vaccine in infants born to HBeAg-positive mothers, the additional maternal use of TDF
did not result in a significantly lower rate of transmission[123].

These studies reiterate the safety, efficacy, and practicality of Tenofovir in pregnant
women at high risk for MTCT of hepatitis B. In their July 2020 guidelines on antiviral
prophylaxis in pregnancy, WHO recommends that pregnant women testing positive
for HBV infection (HBsAg positive) with HBV DNA 2> 5.3 log10 IU/mL (= 200000
IU/mL) receive tenofovir prophylaxis from the 28th week of pregnancy until at least
birth, to prevent mother-to-child transmission of HBV. This is in addition to three-dose
hepatitis B vaccination in all infants, including timely birth dose[124].

In immune-tolerant (HBeAg positive) CHB patients awaiting assisted reproduction,
an RCT conducted by Wu et al[125] showed greater viral clearance (90% vs 67.2%, P =

WJGPT | https://www.wjgnet.com 64 July 5,2021 | Volumel12 | Issue4 |



Shah NJ et al. Recent advances in chronic hepatitis B

Table 3 Studies addressing hepatitis B treatment

Ref. Study type Findings

Conventional treatment agents

Chuang et al[67], 2018 Prospective study PEG Interferon at a dose of 180 pg/wk for a duration of 48 wk resulted in
better sustained HBeAg seroconversion rates, than in patients with a lower
dose and/ or shorter treatment duration

Agarwal et al[68], 2018 Randomized controlled trial 96-wk HBV suppression rates were comparable in patients treated with
TAF and TDF, for HBeAg positive (73% vs 75%) and HBeAg negative (90%
vs 91%) patients

Yim et al[69], 2018 Prospective randomized controlled HBV patients who were partial responders to ETV, fared better (12-mo

trial HBV response, P = 0.022), when switched to TDF versus continuing ETV
Lee et al[70], 2018 Prospective trial In Lamivudine resistant HBV patients with non-detectable HBV DNA,

Marecellin et al[71], 2019

Cai et al[72], 2019

Liang et al[73], 2018

Liem et al[75], 2019

Buti et al[76], 2019

Wong et al[77], 2018

Liem et al[78], 2019

Lampertico et al[79], 2019

Chan et al[80], 2019

Chen et al[82], 2020

New direct antiviral agents

Ramanan et al[95], 2015

Yuen et al[96], 2019

Yuen et al[97], 2020

Zhao et al[98], 2019

Vandenbossche et al[99], 2019

Jaishideng®

Prospective trial

Multicenter randomized controlled
trial

Prospective trial

Randomized controlled trial

Prospective trial

Phase II prospective trial

Randomized prospective trial

Prospective randomized controlled

trial

Prospective trial

Meta-analysis

Pre-clinical prospective study

Phase 1 prospective trial

Phase I, randomized placebo-
controlled trial

Phase I, randomized controlled trial

Phase I double-blind, randomized
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while on Lamivudine + Adefovir combination therapy, switching to TDF
monotherapy yielded non-inferior results at 96-wk

A 10-yr TDF efficacy study showed HBV viral suppression in 100% of
HBeAg-negative and 98% in HBeAg positive patients), with few renal or
bone-related adverse events, and no resistance to TDF

HBV treatment naive HBeAg positive patients treated with ETV or TDF,
showed similar HBV DNA suppression (-6.6485 vs -6.692 log 10 IU/mL, P
= 0.807) at 144 wk as well as similar serologic, biochemical, and side-effect
profiles

HBV treatment naive HBeAg positive patients treated with Telbivudine-
based therapy showed a reduction in liver stiffness, monitored by
Fibroscan®), from 8.6 at baseline to 6.1 at week 24, and 5.3 at week 104

In HBV patients who received NA, and achieved HBeAg seroconversion
with undetectable HBV DNA, maintenance of remission was seen in 82%
of those who continued NA vs 29% of those who discontinued NA

HBV patients treated with TDF, and then discontinued: At 24 wk
following discontinuation of NA, almost a third of patients had grade 3
hepatotoxicity (indicated by AST/ALT of > 5 - <10 ULN, and total
bilirubin of > 3 - <10 ULN)

HBV immune-tolerant patients who received TDF and/or Emtricitabine
for 4 yr and were followed for another 4 yr after cessation, showed 100%
virological relapse at week 4 (HBV DNA > 2000) and a 50% clinical relapse
(HBV DNA > 2000 and ALT > 2 ULN) at 15 + 11 wk

Randomized addition of PEG-IFN to ETV therapy, in HBeAg positive
HBV patients was associated with a significantly higher 48-wk response
rate (HBeAg loss), compared to ETV monotherapy (P = 0.03)

Genotype D, HBeAg-negative HBV patients, on NA therapy showed a
significant 50% decrease in HBsAg levels, with the addition of PEG-IFN
alfa-2a for 48 wk

In CHB patients, switched to weekly PEG-IFN alfa-2a after seroconversion
on entecavir, those with lower HBsAg titers, showed a greater sustained
response (88% at HBsAg <1500 IU/ml and 50% at HBsAg < 500 IU/mL)

Confirmed the importance of longer treatment duration and addition of
IFN for HBsAg lowering and highlighted the potential value of immune-
based therapies

Use of ccc DNA endonucleases (CRISPR/ Cas9) resulted in a reduction in
both ccc DNA and other parameters of viral gene expression and
replication in vitro

Non-cirrhotic HBeAg-positive CHB patients, tolerated NVR 3-778 (a
capsid assembly protein modulator), and showed reduced serum levels of
HBV DNA and HBV RNA, to the greatest extent in combination with
PEG-IFN

Demonstrated acceptable safety, pharmacokinetics, and antiviral effects on
an investigational HBV core protein inhibitor ABI-H0731

Demonstrated acceptable safety and pharmacokinetics of GLS4 (a novel
HBV capsid assembly inhibitor), with or without ritonavir (used to
enhance plasma levels of GLS4)

Demonstrated acceptable safety and pharmacokinetics of JNJ-56136379 (a
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Han et al[103], 2019

New immune based therapies

Boni et al[109], 2018

Janssen et al[110], 2018

Agarwal et al[111], 2018

Han et al[112], 2019

Al Mahtab et al[114], 2018

Lai et al[115], 2018

Boni et al[116], 2019

Wu et al[117], 2019

Kalkeri et al[142], 2020

Hepatitis B in pregnancy

Cressey et al[120], 2018

Lin et al[121], 2018

Wang et al[122], 2019

Jourdain et al[123], 2018

Wu et al[125], 2019

Hepatitis B reactivation
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controlled trial

Phase I double-blind, randomized
controlled trial

Phase I prospective trial

Phase II prospective trial

Randomized controlled prospective
trial

Prospective trial

Open-label phase III trial

Randomized controlled prospective
trial

Multicenter phase II prospective
randomized controlled trial

Prospective controlled trial(The HBV
Endeavor prospective trial)

Prospective trial

Phase III randomized prospective trial

Randomized double-blind prospective

trial

Prospective trial

Multicenter, double-blind clinical trial

Randomized control trial
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novel HBV capsid assembly modulator) with more than three times the
90% effective plasma concentration required to inhibit viral replication

Demonstrated acceptable safety and pharmacokinetics of GSK3389404 (a
liver-targeted antisense oligonucleotide that inhibits the synthesis of
hepatitis B surface antigen and all other hepatitis B virus proteins)

Administration of a 12-wk course of GS-9620 (TLR7 agonist) was safe but
did not significantly affect serum HBsAg levels. However, it did increase
T-cell and NK-cell responses

Administration of a 12-wk course of GS-9620 (TLR7 agonist) was safe,
demonstrated dose dependent increase in interferon-simulated gene m
RNA expression, without IFN-a expression or reduction in HBsAg levels

Addition of Vesatolimod (TLR7 agonist) to Tenofovir in treatment naive
viremic Hepatitis B patients was found to be safe. This intervention led to
dose dependent pharmacodynamic induction of ISGs, without significant
improvement in HBsAg decline

During YIC treatment, 26 patients with lower IgG galactosylation level at
baseline showed (cellular immune response mediated), sustained increase
of serum galactosylated IgG and responded to YIC treatment by HBeAg
seroconversion

Treatment naive CHB patients showed significantly better controlled HBV
DNA, 24 wk post-treatment (P < 0.05) and a lower rate of progression to
cirrhosis in the NASVAC group (therapeutic vaccine, containing 100 pg of
each HBs and HBc antigens, administered in 2 cycles of 5 doses), versus
PEG-IEN alfa 2b (weekly 180 pg)

In low-level HBsAg CHB patients, serial HBsAg-based vaccinations were
safe, resulting in significant HBsAg decline. HLA gene expression and
genotypes played a role in vaccine responsiveness

Demonstrated improved HBV specific T cell responses, including IFN-y,
TNF-a, and IL-2, with a combined GS-4774 (yeast-based engineered
vaccine) and tenofovir versus tenofovir alone

HBV patients with confirmed viral suppression and HBsAg loss while on
ETV, when switched to immunomodulators (IL-2) and therapeutic
vaccines with IFN, showed HBsAg loss in 9.38%, 3.03%, and 3.7% in the
IFN/vaccine/IL-2 group, IEN group, and the ETV group, respectively.
Higher titer of CD16-NK cells and lower titers of regulatory T cells
corresponded to higher response rates of HBsAg loss

A repurposed compound SRI-32007 demonstrated anti-HBV activity via
inhibition of HBV core promoter activity, and might be used in studying
therapeutics to manage HBV

Demonstrated a geometric mean tenofovir AUC (0-24) to be 20% (95%CI:
19%-21%) lower during pregnancy than postpartum, in HBV patients with
HIV, should not warrant a dose adjustment (to compensate for the modest
reduction in HBV transmission)

Initiation of TDF at 24" week of gestation and then 4 weeks after delivery
reduced the MTCT from 13.5% (control group) to 0% cervical
transmission, in pregnant HBsAg and HBeAg positive patients with high
viral loads HBV DNA titer > 2 x 10°IU/mL

Initiation of TDF at 24" week of gestation revealed a 0.7% MTCT in the
ITT group, and 0% in the per protocol group, in pregnant HBsAg and
HBeAg positive patients with high viral loads HBV DNA titer > 6 log;,
IU/mL

Initiation of TDF at 28" week of gestation till 2 mo postpartum mildly
reduced the MTCT from 2% (control group) to 0% cervical transmission, in
pregnant HBsAg and HBeAg positive patients with an ALT of < 60. The
authors showed that addition of TDF only mildly reduced the MTCT to
infants at age 6 mo

Immune-tolerant CHB patients awaiting assisted reproduction showed
greater viral clearance (90% vs 67.2%, P = 0.002 at week 12, and 96.6%
compared to 85.2 % at week 48 respectively) when on a combination of
TDF and telbivudine, compared to TDF alone. No difference was noted in
the HBeAg seroconversion rates for the two groups (8.3% vs 3.3%; P =
0.233)
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Prophylaxis with ETV significantly reduced HBV reverse seroconversion

trial when compared with placebo in resolved hepatitis B patients receiving

Rituximab for lymphoma (4.3% vs 25.9% at 18 mo; P = 0.019)

Prospective trial Resolved HBV patients with NHL, who received obinutuzumab or

rituximab, and followed for HBV reactivation, revealed a strong
correlation (P < 0.0001) of HBV reactivation with detectable baseline HBV
DNA. Also, Prophylactic NA reduced risk of HBV reactivation (P = 0.0018)

Double bling randomized control trial Resolved HBV patients with lymphoma who received chemotherapy, had

similar reactivation rates with or without ETV prophylaxis (0% vs 3.2%; P
=0.246). Authors suggested that prophylactic use of entecavir was not a
cost-effective strategy, especially for those with a baseline positive anti-
HBs

Retrospective study The incidence of HBV reactivation, in patients on Ibrutinib, was 9.5% (2

out of the 21 patients with known past HBV infection)

Prospective trial HBV DNA negative patients with HCC who underwent TACE were at

risk of HBV reactivation. HBV reactivation rates were significantly lower
in those receiving ETV compared with controls (5.9% vs 23.4%; P < 0.05)

Meta-analysis HBV DNA negative patients with HCC who underwent TACE were at

risk of HBV reactivation (P < 0.01) and hepatitis (P < 0.01). Use of
prophylactic anti-viral therapy significantly reduced the risk of HBV
reactivation (P < 0.01) and hepatitis (P = 0.02)

Multi-center retrospective study 12.7% of HBV DNA negative patients with HCC who underwent RT had

HBV reactivation. Use of prophylactic anti-viral therapy significantly
reduced the risk of HBV reactivation (P < 0.001), when compared to the
control group. Combined RT and TACE had significant risk for HBV
reactivation (P = 0.008)

Retrospective study CHB patients with SARS-CoV-2 infection had a 15% risk of HBV

reactivation

CHB: Chronic hepatitis B; HBV: Hepatitis B virus; HBeAg: Hepatitis B e-antigen; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; TAF:
Tenofovir alafenamide; TDF: Tenofovir disoproxil fumarate; ETV: Entecavir; NA: Nucleos(t)ide analog; TLR7: Toll like receptor 7; YIC: Hepatitis B surface
antigen-hepatitis B immunoglobulin immune complex; AST: Aspartate aminotransferase; ALT: Alanine aminotransaminase; PEG-IFN: Pegylated
interferon; cccDNA: Covalently closed circular DNA; CRISPR: Clustered regularly, interspaced short palindromic repeats; Cas9: CRISPR associated protein
9; NK: Natural killer; IFN: Interferon; TNF: Tumor necrosis factor; IL-2: Interleukin 2; CD: Cluster of differentiation; HBIG: Hepatitis B immune globulin;
AUC: Area under the ROC curve; ROC: Receiver operating characteristic; CI: Confidence interval; ITT: Intention to treat; MTCT: Maternal to child
transmission; NHL: Non-Hodgkin’s lymphoma; TACE: Trans-arterial chemoembolization; RT: Radio-therapy; HCC: Hepatocellular carcinoma; GGT:
Gamma-glutamyl transferase; ISGs: Interferon stimulated gene transcripts; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
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0.002 at week 12, and 96.6% compared to 85.2% at week 48 respectively) in patients on
a combination of TDF and telbivudine, compared to TDF alone. However, there was
no difference in the HBeAg seroconversion rates for the two groups (8.3% vs 3.3% P =
0.233)[125] (Table 3).

Anticancer therapy

Previous studies showed that HBV reactivation from anticancer therapies occurred in
41% to 53% of HBsAg-positive, anti-HBc-positive patients, and 8% to 18% of HBsAg-
negative, anti-HBc-positive patients[126,127]. Those receiving B cell depleting
therapies such as Rituximab are considered to be at a higher risk of reacti-vation[128,
129]. The AASLD recommends screening patients requiring chemotherapy with both
HBsAg and anti-HBc and prophylaxis with NAs before treatment initiation with B cell
depleting therapies such as rituximab[10]. The role of baseline anti-HBs testing in this
cohort is still not clear. Additionally, the data on hepatitis B reactivation during
treatment with some of the newer immunochemotherapy agents such as obinu-
tuzumab and Ibrutinib is sparse.

In a recent study, 326 patients with prior HBV receiving Obinutuzumab or
Rituximab for B-Cell Non-Hodgkin's lymphoma (NHL) either received prophylactic
NAs or underwent HBV DNA guided preemptive NA therapy. Multivariate
regression analysis identified that seronegativity for anti-HBs and detectable HBV
DNA levels at baseline (not the drug choice) were associated with increased risk of
HBV reactivation[130]. While the reactivation rate was lower for patients receiving
prophylactic antivirals, none of the patients in either group developed HBV-related
hepatitis[130]. Results suggest that while prophylactic therapy can prevent
reactivation and may be suitable for selected high-risk patients, HBV DNA-guided
preemptive therapy can successfully prevent HBV hepatitis during anti-CD20
immunochemotherapy in B-cell NHL. Liu et al[131] conducted an RCT on lymphoma
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patients on chemotherapy with past HBV infection (HBsAg negative, Anti HBV core
total antibody positive, and negative HBV DNA), and the study concluded that the
prophylactic use of ETV was not a cost-effective strategy, especially for those with a
positive anti-HBs. The HBV reactivation was 3.2% compared to 0% (P = 0.246), in
controls vs those of prophylactic ETV[131]. In a recent retrospective review, the
authors identified two patients suffering from chronic lymphocytic leukemia who
experienced hepatitis B reactivation after treatment with Ibrutinib. The incidence of
hepatitis b reactivation, in patients on Ibrutinib, at the Dana-Farber/Harvard Cancer
Institute was 9.5% (2 out of the 21 patients with known past HBV infection)[132].

These studies highlight the risk of hepatitis B reactivation with novel agents such as
obinutuzumab and ibrutinib, the utility of baseline anti-HBs testing for risk strati-
fication, and argue in favor of close surveillance with preemptive treatment being a
safe and cost-effective strategy in these patients.

CHB patients receiving transarterial chemoembolization (TACE) for HCC are at a
modestly increased risk for hepatitis B reactivation[133,134]. There is a lack of systemic
data assessing antivirals' role in this subgroup of patients, and the most recent AASLD
guidelines do not address this issue directly as such data from high-quality
prospective trials and meta-analysis are needed to advance our knowledge of this
field. In a recent prospective trial including 98 CHB patients with HCC requiring
TACE, prophylactic antivirals were associated with a significant reduction in the
incidence of hepatitis b reactivation (5.9% vs 23.4% P < 0.05)[135]. Zhang et al[136]
recently performed a meta-analysis to investigate the reactivation of HBV following
TACE in primary HCC patients (HBV-DNA negative) and evaluate TACE’s effects
combined with antiviral therapy. TACE significantly increased the risk of HBV
reactivation (OR: 3.70; 95%CI: 1.45-9.42; P < 0.01) and subsequent hepatitis (OR: 4.30;
95%Cl: 2.28-8.13; P < 0.01) in HCC patients. Preventive antiviral therapy reduced the
rate of HBV reactivation (OR: 0.08; 95%CI: 0.02-0.32; P < 0.01) and hepatitis (OR: 0.22;
95%CI: 0.06-0.80; P = 0.02) in those undergoing TACE[136]. A recent multicenter
retrospective study evaluated 133 patients receiving radiotherapy +/- TACE for the
treatment of HCC, and the effect of antiviral therapy on HBV reactivation in quiescent
HBsAg positive patients after radiotherapy for HCC was found to be 33.3% in the non-
antiviral group, compared to 7.5% in the antiviral group, with a P <0.001[137].

CORONAVIRUS DISEASE 2019

Another interesting HBV reactivation phenomenon was described by Liu et al[138] in
patients who are not necessarily immune-compromised but just infected with
coronavirus disease 2019 (COVD-19). Liver dysfunction is apparent in COVID-19
patients with/without chronic HBV. COVID-19 patients co-infected with chronic HBV
were found to be at risk of hepatitis B reactivation, making it necessary to monitor the
liver function of COVID-19 patients concurrently with HBV-DNA levels during the
whole disease course[138].

FUTURE DIRECTIONS

In November 2019, the NIH hepatitis B cure strategic plan working group released a
visionary statement to end the hepatitis B endemic by improved screening, strategies
for vaccinations, developing better hepatitis B treatment, and follow-up care. This
guidance serves as a foundation for future concerted international efforts and would
further help develop novel biomarkers to diagnose disease progression, in addition to
novel therapeutics[139]. Due to the need for lifelong treatment, adverse effects, poor
tolerability, and persistent risk of complications, including HCC, render the current
treatments dissatisfactory.

The discovery of NTCP as an HBV receptor on human hepatocytes was the first of
many critical discoveries that have revolutionized HBV research. Over the past
decade, the discovery has translated into a significantly improved understanding of
HBYV pathogenesis and led to the development of novel animal models, cell lines,
biomarkers, and therapeutic agents. Our armamentarium of potential HBV drugs has
undergone a rapid expansion. Direct antivirals currently being studied include HBV
entry inhibitors, capsid assembly modulators, cccDNA destabilizers and endonuc-
leases, HBX inhibitors, Inhibitors of gene expression, HBsAg release inhibitors[13].
These agents are likely going to complement existing treatments rather than replacing
them. Given the safety profile of NAs, novel agents will likely be compared and
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combined with NAs in upcoming trials. The initial cure for HBV will most likely
require a combination of agents that modulate viral and host factors at various levels.
Given the efficacy of T cells for viral control in acute hepatitis, they have been studied
extensively. Novel agents act either through innate and intrinsic cell responses (Toll
like receptor agonists, RIG-1) or by targeting adaptive immune responses (checkpoint
inhibitors, therapeutic vaccines, genetically engineered T cells/antibodies).

Loss of T cell response to HBV or T cell exhaustion is multifactorial in nature and a
major hurdle to the development of immunomodulatory therapeutic agents. These
concepts have been incorporated into therapeutic strategies that involve potent
adjuvants, monoclonal antibodies, or pattern recognition receptor agonists that alter
the liver environment. On the other hand, our understanding of HBV-specific B cells is
limited to antibody production, and further studies are required to understand better
their cytokine profiles and their role as antigen-presenting cells[108].

Another major limitation to preclinical testing of novel agents is the lack of optimal
animal models. Because of the strict species specificity of HBV infection, animal
models for studying the host response to the virus and disease pathogenesis have been
limited and suboptimal[140]. Chimpanzees are the only nonhuman immune-
competent animals that are naturally susceptible to HBV infection. However, given the
discontinuation of chimpanzees' use due to bioethical considerations, the only other
option is Tupaia (a tree shrew), woodchuck, or mice, all of which have significant
drawbacks[141]. Future efforts to develop antiviral agents against viral genome
reservoir or cccDNA or promote the patient’s antivirus response must include the
development of infection models that are durable, stable, and more reflective of the
natural HBV life cycle within the human host.

To this end, drug repurposing may offer reduced effort, time, and cost related to
new drugs' the testing and marketing of new drugs. Drug repurposing involves the
investigation of existing drugs with demonstrated safety profiles for new therapeutic
purposes. Thousands of compounds can be screened for the desired effect using high
throughput screening. A recent study demonstrated anti-HBV activity of a repurposed
compound SRI-32007 through inhibition of HBV core promoter activity[142]. Drug
repurposing may allow for more systematic and substantially less expensive methods
to discover new treatments for diseases compared to traditional drug development.

To promote and facilitate the planning and execution of new trials in the field of
CHB with the ambition of developing a ‘cure’, the European Association for the Study
of the Liver and the AASLD jointly organized an HBV Treatment Endpoint Conference
[13]. The conference provided a strategy for conducting efficient phase II/III trials
while maintaining excellent safety profiles. It was agreed upon that the primary
endpoint of phase III trials should be HBsAg loss and undetectable HBV DNA 6 mo
after completion of treatment. HBsAg loss in > 30% of patients after 1 year of therapy
is the desired rate of response in these phase III trials.

A comprehensive collaboration within the scientific community is required to
standardize definitions, methods, and endpoints to achieve a complete understanding
of viral biology and develop novel therapies in a time and cost-effective manner. That
will be, however, just the beginning of the global battle against HBV. The WHO has
identified significant barriers that hinder efforts to prevent and treat CHB in the most
vulnerable populations. Structural barriers include inadequate leadership, com-
mitment, coverage of prevention programs, data, and a lack of public health approach
to hepatitis. Personal barriers include lack of education/insight, widespread stigma,
and discrimination, lack of affordability, and healthcare access. With these challenges
in mind, the WHO has developed a core strategy to eliminate viral hepatitis as a public
health threat by 2030, to reduce new infections by 90% and mortality by 65%[94].

The cornerstone of this global strategy is going to be a pragmatic and efficient
vaccination program. Hepatitis B vaccine is one of the most effective vaccines, with
seroconversion rates above 90% when administered properly. Additional studies are
needed to identify the host genetic factors and immune mechanisms that lead to a non-
response in immunocompetent patients. The vaccination response of the immunocom-
promised host needs to be better studied, and practical strategies including immune
priming need to be developed to achieve higher seroconversion rates. Vaccines biology
can potentially help define, at baseline, predictive signatures for subjects generating
protective responses following HBV vaccination leading to more personalized
vaccination[143]. These findings need further testing to validate the concept of baseline
predictors and the feasibility and utility of targeted modulation of the immune
baseline before vaccinations[143]. Elimination of HBV infection as a public health
threat requires a reduction in the prevalence of HBsAg to below 0.1% in children five
years of age. It can be achieved through universal immunization of newborns against
hepatitis B and other interventions to prevent mother-to-child transmission of HBV
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[124]. Significant challenges include low availability of HBIG due to the lack of
resources required for storage and transportation and prohibitive cost. Despite the
efficacy of vaccination in reducing MTCT, the birth dose vaccine coverage, especially
in the African region, remains low[124]. Lack of infrastructure leads to reduced ability
to test for HBV DNA and limits antiviral availability in high-risk populations. The
immunocompromised patients also remain at a high risk of reactivation despite an
initial vaccination response and positive antibody titers. Researchers have relied on
Genome-wide association studies genome-wide association studies (GWAS) to
identify the risk loci that predispose to the persistence of HBV infection, non-response
to hepatitis B vaccine, and liver disease progression in chronic HBV infections[144].
Additional GWAS and fine-mapping studies, implemented with more refined case-
control designs, larger samples, and in other ethnic populations, would further
improve our understanding of HBV pathophysiology[144].

CONCLUSION

The breakthrough in our understanding of the HBV life cycle has resulted in a plethora
of novel direct acting antivirals and immune based therapies being investigated. In the
foreseeable future however, novel agents are likely to complement PEG-IFN and NAs
than replace them. Recent studies utilizing combination regimens (PEG-IFN plus NA)
and a longer duration of treatments with PEG-IFN have shown improved outcomes.
Additionally, trials assessing alternate vaccination regimens for primary non-
responders, and perinatal NAs for prevention of MTCT in high-risk individuals have
shown promise and may alter future guidelines. Studies on novel biomarkers are
fraught with technical difficulties, lack of standardization, and small sample size.
Despite remarkable efficacy, the hepatitis B vaccine remains poorly utilized in many
regions of the world due to a lack of infrastructure and implementation. Data from
high-risk populations, most vulnerable to the devastating effects of hepatitis B
infection and reactivation remain sparse. Utilization of systems approach,
optimization of experimental models, identification and validation of next-generation
biomarkers, and precise modulation of the human immune response will be critical for
future innovation. Last but not the least, pragmatic management of MTCT and
population health-related challenges must be prioritized to produce real-world results.
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Abstract

BACKGROUND
Preparation for colon capsule endoscopy (CCE) requires a large liquid laxative
volume for capsule excretion, which compromises the procedure's tolerability.

AIM
To assess the safety and utility of castor oil-boosted bowel preparation.

METHODS

This prospective cohort study including 20 patients (age range, 16-80 years; six
men and 14 women) suspected of having colorectal disease was conducted at
Kindai University Hospital from September 2017 to August 2019. All patients
underwent CCE because of the following inclusion criteria: previous incomplete
colonoscopy in other facility (n = 20), history of abdominal surgery (n = 7), or
organ abnormalities such as multiple diverticulum (n = 4) and adhesion after
surgery (n = 6). The exclusion criteria were as follows: Dysphagia, history of
allergic reactions to the drugs used in this study (magnesium citrate, polyethylene
glycol, metoclopramide, and castor oil), possibility of pregnancy, possibility of
bowel obstruction or stenosis based on symptoms, or scheduled magnetic
resonance imaging within 2 wk after CCE. The primary outcome was the capsule
excretion rate within the battery life, as evaluated by the total large bowel
observation rate, large bowel transit time, and bowel creasing level using a five-
grade scale in different colorectal segments. The secondary outcomes were
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complications, colorectal lesion detection rates, and patients” tolerability.

RESULTS

The castor oil-based regimen was implemented in 17 patients. Three patients
cancelled CCE because they could tolerate castor oil, but not liquid laxatives. The
capsule excretion rate within the battery life was 88% (15/17). The mean large
bowel transit time was 236 min. Approximately 70% of patients had satisfactory
colon cleansing levels. CCE detected colon polyps (14/17, 82%) and colonic
diverticulum (4/12, 33%). The sensitivity, specificity, and diagnostic accuracy
rates for detecting colorectal polyps (size = 6 mm) were 76.9%, 75.0%, and 76.4%,
respectively. The sensitivity, specificity, and diagnostic accuracy rates for
detection of diverticulum were 100% each. Twelve patients (71%) rated CCE as
more than “good”, confirming the new regimen’s tolerability. No serious adverse
events occurred during this study.

CONCLUSION
The castor oil-based regimen could reduce bowel preparation dose and improve
CCE tolerability.

Key Words: Bowel preparation regimen; Castor oil; Colon capsule endoscopy;
Colonoscopy; Colorectal diseases; Prospective study

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Castor oil, a vegetable oil collected from castor oil plant seeds, is hydrolyzed
into glycerin and retinoic acid in the small intestine, stimulating bowel movement in
the small intestine. Among patients treated with castor oil as a booster, the rate of
capsule excretion within battery life was 88%, whereas 70% of them had a more than
“good” bowel cleansing level. The questionnaire of tolerability compared with
previous colonoscopy showed that 71% of patients were satisfied with the new colon
capsule endoscopy procedure. Sensitivity, specificity, and diagnostic accuracy of
detecting colorectal polyps (size > 6 mm) were 76.9%, 75.0%, and 76.4%, respectively.

Citation: Takashima K, Komeda Y, Sakurai T, Masaki S, Nagai T, Matsui S, Hagiwara S,
Takenaka M, Nishida N, Kashida H, Nakaji K, Watanabe T, Kudo M. Castor oil as booster for
colon capsule endoscopy preparation reduction: A prospective pilot study and patient
questionnaire. World J Gastrointest Pharmacol Ther 2021; 12(4): 79-89

URL: https://www.wjgnet.com/2150-5349/full/v12/i4/79.htm

DOI: https://dx.doi.org/10.4292/wjgpt.v12.i4.79

INTRODUCTION

Colonoscopy is a well-established examination for detecting various types of colorectal
diseases, including inflammatory bowel disease and colorectal tumors[1-3]. In addition
to disease detection, colonoscopy plays an indispensable role in colorectal cancer
(CRC) prevention through detection and removal of precancerous adenomatous
polyps and early CRC. Although colonoscopy is usually performed under conscious
sedation, a significant number of patients undergoing colonoscopy complain of pain
and discomfort even under sedation. Thus, pain associated with colonoscopy is a
major obstacle that prevents patients from undergoing this procedure for colorectal
disease detection.

Such painful nature of colonoscopy is considered to result in a lower examination
attendance rate than that of other types of cancer screening methods[4,5]. Colon
capsule endoscopy (CCE), a recently developed technique for the detection of
colorectal diseases, was approved for reimbursement under the national health
insurance system of Japan in 2014. CCE is recognized as a noninvasive imaging
modality that can be performed in patients complaining of colonoscopy-associated
pain and discomfort. In fact, the usefulness of CCE as an alternative screening method
for CRC prevention has been reported by several groups[6-8]. However, a major
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weakness of CCE lies on the fact that bowel preparations for CCE require a larger
volume of laxative than that used in conventional colonoscopy because of the need for
completion of capsule excretion[9-13]. For smooth capsule excretion, > 4.5 L of
polyethylene glycol (PEG) is usually required for CCE[9-13]. Thus, patients need to
take more than twice the volume of PEG for the observation of the entire colon by CCE
than that used for conventional colonoscopy. Such a high liquid laxative volume may
reduce patients’ tolerability and compliance.

Therefore, the development of a new bowel preparation method with comparable
liquid volume to colonoscopy is necessary to increase patient tolerability of CCE. One
way to achieve clean preparation and volume reduction of liquid laxative is to use a
booster to accelerate capsule excretion though the colon. Castor oil, a type of vegetable
oil collected from the castor oil plant seeds, is hydrolyzed into glycerin and retinoic
acid by lipase in the small intestine, which stimulates the bowel movement in the
small intestine[14-16]. Castor oil is widely used as a laxative in traditional medicine in
western countries[14-16]. Indeed, several regimens consisting of PEG and castor oil,
the latter of which functions as a booster, were proposed for the reduction of laxative
liquid volumes. Such a booster effect by castor oil has the potential to accelerate
capsule excretion through the colon and reduce the volume of the liquid laxative.
Thus, the use of castor oil as a booster may help us develop tolerable bowel
preparation methods for patients receiving CCE.

In this study, we aimed to determine the feasibility of a new bowel preparation
regimen consisting of a low volume of PEG (2 L) combined with castor oil as a booster
and provide evidence that it can achieve both effective capsule excretion and sufficient
colon cleansing in CCE.

MATERIALS AND METHODS

Patient selection

In total, 20 patients who were suspected of having colorectal diseases were enrolled in
this study. This prospective pilot cohort study was performed at Kindai University
Hospital from September 2017 to August 2019. This study was approved by the
Institutional Review Board of Kindai University Hospital (29-087) and the procedures
were in accordance with the Declaration of Helsinki. All study participants, or their
legal guardian, provided written consent prior to study enrollment. The clinical trial is
registered with University Hospital Medical Information Network, using identifier
UMINO000028694. Details can be found at https://upload.umin.ac.jp/cgi-openbin/
ctr_e/ctr_view.cgi?recptno=R000032809.

Patient eligibility

Patients aged between 16 and 80 years suspected of having colorectal disease were
included. All 20 patients (age range, 16-80 years; sex, six men and 14 women)
underwent CCE because of previous incomplete colonoscopy in other facilities (n =
20), history of abdominal surgery (n = 7), or organ abnormalities, such as multiple
diverticulum (n = 4) and adhesion after surgery (n = 6).

The exclusion criteria for this study were dysphagia, history of allergic reactions to
the drugs used in this study (magnesium citrate, PEG, metoclopramide, and castor oil),
possibility of pregnancy, possibility of bowel obstruction or stenosis based on
symptoms, or scheduled magnetic resonance imaging within 2 wk after CCE.

Study outcomes

The primary outcome was the capsule excretion rate within battery life as evaluated by
total large bowel observation rate, large bowel transit time, and bowel cleansing level
using a five-point scale (excellent, good, fair, poor, and inadequate), as described in the
Aronchick Global Assessment Scale[17] (Figure 1). The degree of colon cleansing level
was rated in different segments of the colorectum (cecum, ascending colon, transverse
colon, descending-sigmoid colon, and rectum).

The secondary outcomes were complications, diagnostic accuracy of colorectal
lesion, and patients’ tolerability evaluated using the CCE questionnaire. The diagnosis
of colorectal disease obtained by CCE was verified by subsequent colonoscopy in our
university hospital (Kindai University Hospital), which is a high-volume center and,
thus, it is fully equipped with endoscopy devices and many experienced colono-
scopists. Therefore, our facility can perform total colonoscopy even in patients who
have undergone incomplete colonoscopy at other facilities.
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Patient-reported outcome

To assess patient-reported outcome, the patients were asked to complete a
questionnaire regarding the tolerability of CCE. The questionnaire included CCE
bowel preparation, taste of castor oil as a booster, total period of CCE procedure, and
overall evaluation of CCE examination. The satisfaction level was rated on a five-point
scale (excellent, very good, good, fair, and poor) in each point.

CCE procedure

CCE was performed using PillCam COLON Capsule (Medtronic, Minneapolis, MN,
USA). The details of our modified CCE regimen using castor oil, as a booster, are
shown in Table 1.

Our regimen used 50 g of magnesium citrate (Magcorol P; Horii Pharmaceutical
Industry, Ltd, Osaka, Japan) dissolved in 180 mL of water on the day before
examination. On the examination day, patients took 1 L of PEG solution plus ascorbic
acid (MoviPrep; EA Pharma Co., Ltd, Tokyo, Japan) together with 500 mL of water at
6:00 AM. Patients visited the hospital at 9:00 AM and took the capsule 30 min later.
Then, metoclopramide (10 mg) intravenously administered. Patients went home after
the capsule reached the duodenum. When they got home, they took 20 mL of castor oil
(Himashi Oil; Yoshida Pharmaceutical, Tokyo, Japan) as a booster, together with 500
mL Moviprep and 250 mL water. After 1 h, they took 500 mL of Moviprep and 250 of
mL water. When the capsule was not excreted at 2 h after receiving the castor oil, they
took additional Magcorol P (50 g) dissolved in 180 mL water together with 20 mL of
castor oil. Our regimen required 2 L of PEG, which is approximately 50% of the
volume of the bowel preparation without castor oil.

Assessment of colon cleansing levels

The degree of the colon cleansing level was rated in different segments of the
colorectum (cecum, ascending colon, transverse colon, descending-sigmoid colon, and
rectum), as described in the Aronchick Global Assessment Scale[17], and the overall
cleansing level in the entire colon was determined.

Statistical analysis

The sensitivity, specificity, positive predictive value, negative predictive value,
accuracy of adenoma detection > 6 mm, accuracy of adenoma detection < 5 mm, and
diverticula detection were calculated for each classification category. The statistical
methods of this study were reviewed by biomedical statistician Satoru Hagiwara from
Kindai University Hospital.

RESULTS

Patient characteristics

Seventeen patients (85%) successfully followed our modified CCE regimen using
castor oil. Three patients cancelled CCE because they could tolerate only castor oil, but
not liquid laxatives. Seven patients experienced incomplete colonoscopy because of an
abdominal surgery history (Table 2). The reasons for taking CCE were abdominal pain,
diarrhea or constipation, elevation of tumor markers, anemia, bloody stool, and
follow-up examination results after colon polypectomy or after colon cancer operation.

Effects of castor oil on CCE

As shown in Table 3, the capsule excretion rate within the battery life was 88% (15/17)
among patients treated with castor oil as a booster. Two patients did not expel the
capsule within the battery life duration. Thus, the combination of PEG with castor oil
for bowel preparation promoted capsule excretion in CCE.

The median time of large bowel transition was 236 min. The overall cleansing level
of the colon was “excellent”, “good”, “fair”, and “poor” in seven, five, four, and one
cases, respectively. No cases were judged as having “inadequate” cleansing (Tables 3
and 4). Thus, > 70% (12/17) of patients treated with PEG in combination with castor oil
as a booster exhibited enough level of colon cleansing for the detection of colorectal
diseases by CCE. More detailed information regarding the colon cleansing levels at
five different sites is shown in Figure 2.

The percentage of those who had a more than “good” bowel cleansing level was
70% (12/17). The percentages of patients exhibiting a cleansing level of “excellent” or
“very good” were higher in the proximal than in the descending-sigmoid colon. Thus,
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Table 1 Modified colon capsule endoscopy regimen using castor oil as booster

Modified colon capsule endoscopy regimen

Day before endoscopy 21:00
Day of endoscopy 06:00
09:00
09:30
10:00

When patient reaches home

1h later

2 h later

2 h later

Magnesium citrate P 50 g + water 180 mL

PEG 1000 mL + water 500 mL

Patient comes to the hospital

Capsule ingestion, intravenous metoclopramide 10 mg
Patient goes home after the capsule reaches the duodenum
Castor 0il 20 mL, PEG 500 mL + water 250 mL

PEG 500 mL + water 250 mL

Magnesium citrate 50 g + water 180 mL

Castor oil 20 mL

PEG: Polyethylene glycol.

Table 2 Patient characteristics (n = 17)

Characteristics

Age (yr)

mean * SD 59.5+16.8
Range 37-80
Sex, n (%)

Male 3 (18)
Female 14 (82)
History of abdominal surgery, n (%) 7 (41)
Reason for colon capsule endoscopy, 7 (%)

Abdominal pain 5(29)
Constipation 5(29)
Elevation of tumor marker 2(12)
Follow-up examination after polypectomy 2(12)
Anemia 1(6)
Bloody stool 1(6)
Follow-up after colon cancer surgery 1(6)

Three patients were unable to take castor oil.

JBaishideng®
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the distal sites of the colon tended to show poor cleansing compared with the proximal
sites. Such lower cleansing levels at the descending-sigmoid colon can be partially
explained by the presence of diverticulum at this site. In fact, the diverticulum was
detected in four (80%) out of five patients with a “fair” cleansing level at the
descending-sigmoid colon. Although floating of oil originating from the castor oil
degradation was sometimes observed, the presence of oil in the colonic lumen did not
affect the detection of colorectal disease.

Detection rates of colorectal diseases
CCE detected colon polyps (14/17, 82%) and colonic diverticulum (4/12, 33%). No
patient had CRCs or inflammatory bowel disease (Table 3). These colorectal diseases
diagnosed by CCE were verified by subsequent colonoscopy.

The sensitivity, specificity, and diagnostic accuracy rates in adenoma detection of >
6 mm were 76.9%, 75.0%, and 76.4%, respectively (Table 4). Most cases of inconsistent
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Table 3 Results of colon capsule endoscopy (n = 17)

Variables n (%) or mean (range)
Capsule excretion rate within battery life 15 (88)

Large bowel transit time (min) 236 (16-725)

Cases within 60 min 5(29)

Cleansing level (overall) 12 (70)

Excellent 6

Good 6

Fair 5

Poor 0

Polyp detection rate 14 (82)

Table 4 Colon capsule endoscopy detection

Disorder No disorder
Detection of adenoma > 6 mm
Positive test result True positive: 10 False positive: 1
Negative test result False negative: 3 True negative: 3

Sensitivity, 76.9%; Specificity, 75.0%; Diagnostic accuracy, 76.5%

Detection of adenoma <5 mm

Positive test result True positive: 2 False positive: 1
Negative test result False negative: 3 True negative: 3
Sensitivity, 50.0%; Specificity, 66.7%; Diagnostic accuracy, 55.6%

Detection of diverticulums

Positive test result True positive: 4 False positive: 0
Negative test result False negative: 0 True negative: 13

Sensitivity, 100%; Specificity, 100%; Diagnostic accuracy, 100%

Aronchick bowel preparation scale

Excellent Good Fair Poor Inadequate

Figure 1 Aronchick Global Assessment Scale[17].

diagnosis between CCE and colonoscopy were those bearing colon polyps <5 mm
because the diagnostic accuracy for small polyps < 5 mm was low. Indeed, the
sensitivity, specificity, and diagnostic accuracy rates in detecting adenoma <5 mm
were 50.0%, 66.7%, and 55.6%, respectively (Table 4). Regarding the detection of
diverticulum, the sensitivity, specificity, and diagnostic accuracy rates were all 100%
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(Table 4).

Assessment of tolerability using the questionnaire

All participants completed the questionnaire regarding the tolerability of the bowel
preparation method using castor oil as a booster for CCE. The results of the
questionnaire evaluating the tolerability of our new CCE procedure from four
different aspects are shown in Figure 3. Concerning total preparation of CCE, castor oil
as a booster, total procedure time, and overall evaluation of CCE, 41% (7/17), 53%
(9/17), 59% (10/17), and 71% (12/17) of the participants, respectively, graded each
component of our new procedure as more than “good”.

Complications

None of the patients experienced adverse events associated with the use of castor oil as
a booster, such as bleeding, perforation, abdominal pain, vomiting, aspiration
pneumonia, or allergic reaction.

DISCUSSION

In this study, we assessed the safety and utility of castor oil-boosted bowel preparation
for CCE and found that this method can achieve capsule excretion and colon cleansing
in CCE. This new bowel preparation method enabled us to reduce the volume of
liquid laxatives to 3.5 L after using castor oil as a booster, as evidenced by the fact that
17 patients (85%) successfully completed CCE using our castor oil-boosted bowel
preparation without causing severe adverse events. As aforementioned, conventional
laxative regimen for CCE requires large amounts of liquid laxatives (4.5-6.0 L) to
obtain a sufficient capsule excretion rate (70%-95%)[9,11,12,18,19]. Nakaji et al[20]
showed that in their historical control group, in which patients did not receive castor
oil (total liquid laxatives, 4.1 L; n = 82), the capsule excretion rate (total large intestine
observation) was 83 %, the average colon transit time was 259 min, the bowel cleaning
level (excellent/good) was 82% and the colorectal polyp detection rate was 49%.
Interestingly, no adverse events were observed.

Our castor oil-boosted regimen achieved a significant reduction in the liquid
laxative volume and a high capsule excretion rate (15/17, 88%). Such a reduction in
liquid laxative volume achieved tolerability of CCE, as > 70% of patients were satisfied
with the CCE in the overall assessment in the questionnaire scores. In addition to
tolerability, the colon cleansing levels by castor oil-based bowel preparation methods
were comparable to those of conventional preparation methods. Collectively, these
data suggested that the castor oil-boosted bowel preparation method is useful and safe
for CCE.

Although the castor oil-boosted colon preparation regimen used in this study was
tolerable in most patients undergoing CCE, there is still room for improvement in our
regimen. In the questionnaire, half (54%) of the patients pointed out the unique taste
and sticky texture of castor oil. Therefore, it is desirable to encapsulate or add flavor to
the oil to resolve this issue. Nevertheless, > 70% of the patients rated the castor oil-
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Figure 3 Results of the questionnaire. CCE: Colon capsule endoscopy.
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boosted CCE in the present form as “good” or “better”. Moreover, 76% of the patients
indicated that they are willing to undergo CCE in the next examination.

Aside from castor oil, other boosters are used for the reduction of liquid laxative
volume. Togashi ef al[21] used gastrografin and reported a high capsule excretion rate
within battery life (97%). However, gastrografin cannot be taken by individuals
allergic to iodine. Thus, it is not widely used as a booster for CCE.

In line with our data, Ohmiya et al[22] recently reported the safety and feasibility of
castor oil-boosted bowel preparation methods for CCE in a multicenter retrospective
study. In their study, the capsule excretion rate within its battery life with castor oil
was 97%, which is comparable to that of gastrografin-boosted preparation. Given the
possibility of allergic reactions to gastrografin, castor oil appears to be superior as a
booster despite the almost equal capsule excretion rates and the comparable volumes
of liquid laxatives.

In our study, the mean large bowel transit time was 236 min (range, 16-725 min),
which was longer than that reported by Ohmiya et al[22]. The longer colon transit time
in our regimen as compared with that reported in the previous study[22] may be
explained by the presence or absence of sodium picosulfate, sennoside, or mosapride.
They administered sodium picosulfate or sennoside the day before CCE and
mosapride on the day of CCE. In contrast, the patients enrolled in this study did not
take any of these drugs. Therefore, additional laxatives and mosapride may further
enhance the efficacy of castor oil-boosted bowel preparation for CCE. Whether the
addition of sodium picosulfate, sennoside, or mosapride is absolutely required for
CCE with castor oil-boosted awaits the performance of further prospective studies.
Interestingly, a significant number of patients (5/17, 29%) exhibited very fast colon
transit times (within 60 min) in our regimen, and the findings were consistent in 80%
of them. In contrast, four cases were found in the group with a very slow transit time
of =300 min, and the findings were consistent in 75% of them. However, we did not
obtain significantly different results because of the limited data.

Concerning the colorectal cleansing levels, > 70% (12/17) of the patients who used
our castor oil-boosted regimen achieved more than “good” bowel preparation. These
data regarding the cleansing level were comparable to those of previous reports[10,13,
23-25]. Therefore, the addition of sodium picosulfate, sennoside, or mosapride to our
regimen can affect the colon transit time rather than the cleansing level. Despite a
relatively small number of cases and poor detection rates of adenomas <5 mm and no
sampling the tissue for capsule endoscopy as inherent limitation, we evaluated the
diagnostic performance of colorectal polyps. The sensitivity, specificity, and diagnostic
accuracy rates in detecting colorectal polyps with a maximum size 2 6 mm were
approximately 75%. Comparable to our present data, the sensitivity and specificity
rates of second-generation CCE with at least one polyp with a size 2 6 and <5 mm

were reported to range between 84% and 94% and between 64% and 94%, respectively
[7,24-27].
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CONCLUSION

Reduction of liquid laxative volume and sufficient capsule rate can be achieved using
our castor oil-boosted bowel preparation method for CCE. This study provides
evidence regarding the safety and feasibility of this new bowel preparation method
despite its limitation in the study design (i.e., the small cohort size in a single
university hospital). Nevertheless, it should be emphasized that the castor oil-boosted
bowel preparation may help us perform tolerable and safe CCE, and this needs to be
confirmed in future prospective multicenter studies.

ARTICLE HIGHLIGHTS

Research background

Colon capsule endoscopy (CCE) is a usefulness imaging modality because it can be
performed non-invasively. However, there is one major limitation of CCE, as bowel
preparations for CCE require a larger volume of laxative than that used in conven-
tional colonoscopy because of the need for capsule excretion completion. Therefore,
the development of a new bowel preparation method with comparable liquid volume
to colonoscopy is necessary to increase patients” CCE tolerability.

Research motivation
Castor oil could have the potential to accelerate the capsule excretion through the
colon and reduce the volume of the liquid laxative.

Research objectives
In this study, we attempted to clarify the effectiveness and tolerability of our modified
regimen, which uses castor oil as a booster.

Research methods

Twenty patients suspected of colorectal diseases were enrolled in this prospective
cohort study. We used modified CCE regimen using castor oil as a booster. The
capsule excretion rate within the battery life, bowel cleansing level in different
segments of the colorectum, and detection rates of colorectal lesions were evaluated. In
this study, we asked the patients to complete a questionnaire to assess the CCE
tolerability.

Research results

Seventeen patients (85%) successfully followed our castor oil-based regimen, whereas
three patients (15%) were unable to ingest castor oil because of its taste and failed to
expel the capsule within the duration of battery life. The mean large bowel transit time
was 236 min. The percentage of patients with satisfactory colon cleansing levels was
70%. The sensitivity, specificity, and diagnostic accuracy rates in detecting colorectal
polyps with a size 2 6 mm were 76.9%, 75.0%, and 76.4%, respectively. Twelve patients
(71%) evaluated the CCE procedure as more than “good” in the questionnaire, thus
confirming the tolerability of our new regimen.

Research conclusions

This study shows the safety and utility of modified bowel preparation for CCE, which
uses castor oil, and found that that it can achieve capsule excretion, colon cleansing,
high tolerability of CCE preparation, and reduction of liquid laxative volume.

Research perspectives
A prospective multicenter trial is required to assess the safety and utility of castor
oil-boosted bowel preparation for CCE.
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Abstract

Inflammatory bowel diseases (IBDs) are a group of chronic inflammatory diseases
that affect the gastrointestinal tract, including Crohn's disease (CD) and ulcerative
colitis. Surgery is a treatment option, and more than half of the patients with CD
will undergo surgical interventions over the course of the disease. Postoperative
complications are common in IBD patients, the most frequent being intra-
abdominal sepsis, infection of the surgical site, and adynamic ileum, and
nutritional status is a factor that can influence postoperative outcome. Recent
studies have shown that malnutrition, obesity, sarcopenia, and myosteatosis are
predictors of surgical complications. However, most were retrospective studies
with small patient samples and heterogeneity of clinical and nutritional
assessment methods, which limit the extrapolation of data. Therefore, knowing
the pathophysiological mechanisms of IBD and identifying the best parameters
for assessing nutritional status are essential for prompt implementation of
adequate nutritional interventions.

Key Words: Inflammatory bowel diseases; Crohn disease; Ulcerative colitis; Nutritional
status; Postoperative complications; Surgery

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Nutritional status influences the postsurgical results of patients with inflam-
matory bowel diseases (IBDs). Despite the limitations of previously published studies,
malnutrition, obesity, sarcopenia, and myosteatosis were identified as negative
predictive factors for postoperative complications in people diagnosed with IBDs.
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INTRODUCTION

Inflammatory bowel diseases (IBDs) are a group of chronic inflammatory diseases that
affect the gastrointestinal tract, and the most common are Crohn's disease (CD) and
ulcerative colitis (UC)[1]. Although the incidence of IBD in most Western countries is
stable, the prevalence exceeds 0.3% in some regions, which results in a high disease
burden[2]. In addition to drug therapy, surgical interventions are needed by most
patients with CD[3]. In IBD, surgery is indicated for clinical intractability, complic-
ations, and neoplasms, and is considered an option in CD patients with isolated ileal
disease[4]. Postoperative complications are frequent in IBD, especially intra-abdominal
sepsis, surgical site infection (SSI), and adynamic ileum[5-9]. Increased understanding
of the effects of nutritional status on surgical outcomes and the patient characteristics
that are predictive of surgery-associated complications are essential for prompt
implementation of adequate nutritional interventions[10]. The purpose of this review
was to gather scientific evidence on the influence of nutritional status in the
postoperative period of people with IBD.

IBDs

Although the details are not completely clear, it is assumed that the pathogenesis of
IBD involves genetic, environmental, and immunological factors[1]. The clinical course
of the disease is highly variable but is most often characterized by periods of activity
and remission[11]. The last 100 years have seen an increase and stabilization in the
occurrence of IBD in Western countries, while in some countries in Africa, Asia, and
South America, the incidence continues to increase and still lacks stability. This trend
has been attributed mainly to Westernization and recent industrialization in those
regions. Given the reality and economic impact of IBD, healthcare systems and profes-
sionals must be prepared to implement prevention policies, conduct scientific research,
and provide adequate attention to the IBD population[12,13]. Currently, the
therapeutic objectives of IBD include symptomatic treatment, induction of clinical
remission, and other goals, such as the prevention of complications, healing of the
mucosa, improvement of quality of life, and remission without the need of steroids[14,
15]. In addition to medications (e.g., aminosalicylates, corticosteroids, immunomodu-
lators, and immunobiologicals) and enteral nutritional therapy exclusively for the
pediatric population, surgical procedures can also be used to treat IBD patients[16,17].

SURGICAL TREATMENT

Elective surgery may be indicated for UC and CD patients[18]. IBD patients presenting
with toxic colitis, bleeding, perforations, obstructions, and abscesses usually require
emergency surgical interventions[19]. Chronic intestinal inflammation and prolonged
treatment with immunosuppressive drugs increase the risk of the development of
gastrointestinal neoplasms in IBD patients[20]. The presence of IBD in patients with
colorectal cancer increases the risk of prolonged hospitalization following surgery,
hospital readmission within 30 d of discharge, open surgery, total colectomy, total
proctocolectomy, deep vein thrombosis, and postoperative infection[21].

Most people diagnosed with CD will need surgery, and approximately half will
have a recurrence after intestinal resection. The presence of disease in any region of the
small intestine, perianal fistula, and an age between 45 and 59 years increase the
relative risk of surgery[3]. The main objectives of surgical treatment are symptom
control, maintenance of intestinal function, and anatomical preservation of organs[18].
Studies have shown that the percentage of postoperative complications varies from 9%
to 33%, with intra-abdominal sepsis following an anastomotic leak, intra-abdominal
collection, or a parietal abscess; SSI, and adynamic ileum (i.e. the absence of bowel
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muscle contraction movements)[22,23].

Patients with CD undergoing ileal resection often experience malabsorption of bile
acids. Bile acids are essential for the digestion of fats, and their active reabsorption
occurs in the distal ileum. The absence of this portion of the intestine compromises the
digestion of lipids in the diet, promoting steatorrhea, fecal excretion of fats. In
addition, ileal resection and the consequent accumulation of bile acids in the lumen
can increase intestinal permeability and motility, impair the integrity of the mucosa,
promote bacterial overgrowth, and favor the formation of kidney and gallstones. The
selenium homotaurocholic acid test is the gold standard method for detecting the
condition, and the first line of treatment is the use of intraluminal bile acid ligands
such as cholestyramine[24-27]. Surgery is performed less often in patients with UC and
may be indicated in cases of neoplasia, dysplasia, and refractory disease. The most
common interventions include total proctocolectomy with permanent terminal
ileostomy and the making of an ileal pouch with anastomosis to the anal canal. Among
the main risk factors for both early colectomy and late colectomy are male sex and
hospitalization at diagnosis[18,28]. The occurrence of postoperative complications in
UC varied from 9% to 65% (early) and from 17% to 55% (late), and was higher than the
occurrence of complications in CD. Adynamic ileum, infection, and pouchitis were the
most common complications observed in the UC population[29,30]. Compared with
open surgery, laparoscopy is a minimally invasive technique with better 30 d
postoperative outcomes, especially in relation to the need for a pulmonary ventilator
after 48 h, organ space infection, superficial and deep SSI, urinary tract infection, and
renal failure[31]. It should be noted that regardless of the type of surgery, the
surgeon's primary goal is to ensure performance of a long-lasting, reproducible, and
safe procedure[32].

Although the literature is controversial, a systematic review and meta-analysis
found that the use of corticosteroids and anti-tumor necrosis factor increased the risk
of intra-abdominal infections in the postoperative period[33]. In addition, in the era of
biological products, it has been observed that after non-elective surgery, mortality has
remained high in UC and has slightly decreased in CD. A population-based study
found that mortality was primarily associated with comorbidities and age[34,35].

NUTRITIONAL STATUS AND POSTOPERATIVE COMPLICATIONS

Surgery is an invasive procedure that results in tissue damage, the breaking of a
physical barrier, and possible exposure to microorganisms that result in inflammation
and metabolic stress. Inflammation involves innate and adaptive immune responses
and pro- and anti-inflammatory mediators. The severity of the inflammatory response
depends, among other factors, on age and the type and location of the surgery, the
medications used, and preoperative health status[36].

Malnutrition

In patients with IBD, malnutrition often prolongs the inflammatory response and
slows recovery from illness and surgery, hinders wound healing, and is related to
increased hospital stay and healthcare costs[37-39]. Various factors contribute to the
deterioration of nutritional status in this population, such as reduced food intake,
increased intestinal losses, malabsorption of nutrients, increased nutritional needs
associated with systemic inflammation, and iatrogenic factors (e.g., surgery and
medications)[40,41]. As malnutrition is a modifiable risk factor for adverse outcomes
of surgery, prompt identification enables early nutritional interventions[10], several
studies have investigated methods of preoperative nutritional assessment[42-45].

Body mass index (BMI) is a practical, widely used predictor of surgical complic-
ations. A low BMI seems to increase the risk of postoperative infectious complications
and intra-abdominal sepsis in patients with CD, and is better predictor than serum
albumin concentration[46,47]. However, recent studies have identified preoperative
hypoalbuminemia is a risk factor for complications in both CD and UC, and that the
incidence of undesirable outcomes was increased in eutrophic patients with hypoalbu-
minemia[45,48]. It is noteworthy that the studies were retrospective and had small
patient samples, therefore, the results should be interpreted with caution[46,47]. In
fact, serum albumin may not be a good marker of the nutritional status of patients
with IBD, especially in the active phase[49].

Both albumin and C-reactive protein (CRP) are acute-phase proteins, and their
concentrations change with the inflammation that occurs after surgical trauma[50]. The
CRP/albumin ratio (CAR) is considered as a novel prognostic index based on inflam-
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mation. A study including IBD patients undergoing elective colorectal surgery found
that postoperative CAR predicted surgical complications, more accurately than CRP
alone. Patients with a CAR > 2.2 had increased risks of complications, prolonged
hospital stays, and SSIs, which indicated that value was of possible use as a cutoff for
the early detection of undesirable results[51]. The CAR was also able to predict
postsurgical survival in people with colorectal cancer[52].

Considering the limitations of nutritional status markers, the preoperative assess-
ment must be complete, including the assessment of nutritional risk scores and
information about food consumption and weight loss[53]. The guidelines of the
European Society for Clinical Nutrition and Metabolism on nutrition in surgery define
severe nutritional risk as the presence of least one of the following: Weight loss > 10%-
15% in 6 mo; a BMI < 18.5 kg/m?; Subjective Global Assessment grade C or Nutritional
Risk Screening > 5; or a preoperative serum albumin < 30 g/L without evidence of
hepatic or renal dysfunction[38].

Obesity

The prevalence of overweight and obesity has increased in both the general population
and in people with IBD[54-56]. Obesity is an inflammatory state, and the metabolic
activity of adipose tissue includes the secretion of pro- and anti-inflammatory
cytokines that can promote immune-mediated diseases such as IBD[57]. Data on the
influence of obesity on IBD are controversial. Some studies show an association with
unfavorable outcomes of the disease, such as the need for surgery and hospitalization,
reduced drug efficacy, and complications[57-59]. Others have not demonstrated such
associations[60-63] and consider obesity to be a marker of less severe disease[62].

It has been suggested that obesity has a negative influence on postoperative results
[57]. Despite having less disease severity at the time of surgery, obesity increased the
risk of SSI in CD patients after ileocolic resection, as well as the risk of requiring
laparoscopic modification of conventional surgery, which may lead to worse outcomes
in the future[31,64]. A recent meta-analysis concluded that obesity was associated with
general postsurgical complications, high SSI rates, greater blood loss, and longer
hospital stays in patients with IBD[65]. A point to be highlighted is that SSI is related
to the size of the surgical extraction site, which tends to be larger in obese patients[64].
Because SSI is likely to prolong hospitalization and has been shown to increase
readmission rates after colectomy, preoperative weight loss has been suggested in
order to minimize it[66,67].

Few studies have investigated the effect of weight loss on the outcomes following
surgery for IBD[57]. Bariatric surgery is one of the ways of treating obesity[68], but its
use in IBD is limited because of the complexity of those diseases and the scarcity of
studies to support the decision-making of health professionals[69]. Reviews of the
impact of bariatric surgery on the clinical course of IBD found that it is relatively safe
and reduces the risk of complications[69,70]; however, more robust original articles
evaluating surgical outcomes must be added to the literature to increase the reliability
of those findings. It should be noted that malnutrition is common in patients with IBD
and that people with high BMIs may also have nutritional deficiencies[37,71,72].
Therefore, it is essential to carry out a thorough nutritional assessment of possible
candidates for bariatric surgery[69].

Most studies use BMI to determine obesity. However, the index has limitations,
such as the inability to distinguish body composition and fat distribution. Although
interest in the role of visceral fat in IBD patients has increased recently, few clinical
trials have been conducted. The available results include associations between body fat
measurements (mesenteric fat index, morphometric analysis, visceral fat area) and
inflammation and postsurgical complications that were not observed when BMI was
chosen as a variable[73-75].

Sarcopenia
In IBD patients, malnutrition and excess weight can coexist with sarcopenia, which is a
skeletal muscle syndrome characterized by progressive and generalized reduction in
the quantity and quality (i.e. strength or physical performance) of muscle mass[76].
The etiology of sarcopenia is multifactorial, involving aging, physical inactivity,
presence of other diseases (e.g., inflammatory, malignant and endocrine), organ failure,
and inadequate intake or use of nutrients (e.g., anorexia, malabsorption, limited access
to healthy foods and drug interactions). In the last 10 years, several studies conducted
in different populations reported that muscle strength has a prominent role[77,78].

In a meta-analysis, sarcopenia was found to be an independent risk factor for the
need of surgery and the occurrence of postoperative complications, with no difference
between UC and CD. However, the data should not be extrapolated, as all the studies
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evaluated sarcopenia only by body composition and the muscle mass; type of surgery
and postsurgical outcome data were heterogeneous[79]. In a study that evaluated only
people with CD, Galata et al[80] observed that the skeletal muscle mass index was the
only risk factor for abscesses and anastomotic leaks. Patients with sarcopenia had
lower serum albumin levels and BMIs and higher CRP levels, which can be useful
indicators for nutritional screening of the syndrome[79].

Although it is more common in malnourished people, sarcopenia can affect those
who are overweight. A study carried out in 90 IBD patients with sarcopenia defined as
a low skeletal muscle mass in a computed tomography cross-section at the L3 vertebral
level, found that a BMI > 25 kg/m? predicted the need for surgery. However, the
sample number was limited (n = 3) and there was no information on the surgical
results[81].

Myosteatosis

Myosteatosis is a negative prognostic factor in cancer and has been associated with
worse overall survival in a variety of cancers[82,83]. The pathophysiology of myoste-
atosis is not well understood, but it is believed that there is a relationship between
aging and excess weight that results in ectopic fat deposition in skeletal muscle[84].
O’Brien et al[85] found that the hospital stays were longer and readmissions 30 d after
bowel resection were more frequent in IBD patients with myosteatosis. There are few
recent studies of the effects of the change in body composition that occurs in myoste-
atosis. Better knowledge of the pathogenesis and validation of diagnostic criteria for
myosteatosis are essential for conducting reliable studies to elucidate the impact of this
condition on postoperative evolution and to accurately assess preoperative nutritional
status[83].

Nutritional support

Insufficient food intake increases the risk of postoperative complications of abdominal
surgery. The optimization of nutritional status in the preoperative period contributes
to better surgical results in CD patients[86,87]. Given the importance of perioperative
nutritional support, new IBD guidelines recommend early initiation of nutritional
therapy in patients with malnutrition and/or unsatisfactory food consumption. The
recommendation stems from a prediction of the inability to eat for more than 7 d in the
perioperative period and impossibility of maintaining an oral intake above 60%-75% of
nutritional needs for more than 10 d[27].

The choice of the type of nutritional therapy will depend on the clinical condition
and nutritional status of the patient. Whenever possible, one should choose enteral
nutrition (EN) over parenteral nutrition (PN). However, if EN does not supply more
than 60% of the energy needs, then EN should be supplemented by PN, especially in
the perioperative period. Exclusive PN is indicated in patients with diarrhea and
severe vomiting, absence of access, bowel obstruction, severe shock, intestinal
ischemia, high output fistula, and severe intestinal bleeding[27,53].

Most of the guidelines contained in the Enhanced Recovery After Surgery protocols
can be applied to IBD patients undergoing surgical interventions. From a metabolic
and nutritional perspective, some precautions must be taken in order to speed up
postoperative recovery and reduce hospital stay. They include avoiding long periods
of fasting before surgery, promoting metabolic and blood glucose control, reducing
factors that intensify catabolism or impair the function of the gastrointestinal tract, re-
establishing oral feeding as soon as possible, and promoting early mobilization in
order to favor protein synthesis[27,38,53].

CONCLUSION

Surgical intervention during the course of IBD is a common practice, and postsurgical
complications such as intra-abdominal sepsis, SSI, and adynamic ileum are prevalent.
Nutritional status that involves malnutrition, obesity, sarcopenia, and myosteatosis is
predictive of the worst outcomes of surgery by increasing the risk infectious and
noninfectious complications. Further studies are needed to understand the
pathophysiological mechanisms, standardize diagnostic criteria and determine the
best preoperative nutritional assessments. This knowledge is essential to establish
measures to prevent postsurgical complication in IBD patients.

WJGPT | https://www.wjgnet.com 94 September 5,2021 | Volume12 | Issue5 |



Jaishideng®

Rocha R et al. Nutritional status and postoperative in IBD

REFERENCES

1

10

11

12

14

15

17

Bernstein CN, Eliakim A, Fedail S, Fried M, Gearry R, Goh KL, Hamid S, Khan AG, Khalif I, Ng
SC, Ouyang Q, Rey JF, Sood A, Steinwurz F, Watermeyer G, LeMair A; Review Team:. World
Gastroenterology Organisation Global Guidelines Inflammatory Bowel Disease: Update August 2015.
J Clin Gastroenterol 2016; 50: 803-818 [PMID: 27741097 DOI: 10.1097/MCG.0000000000000660]
Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, Panaccione R, Ghosh S, Wu
JCY, Chan FKL, Sung JJY, Kaplan GG. Worldwide incidence and prevalence of inflammatory bowel
disease in the 21st century: a systematic review of population-based studies. Lancet 2017; 390: 2769-
2778 [PMID: 29050646 DOI: 10.1016/S0140-6736(17)32448-0]

Bernell O, Lapidus A, Hellers G. Risk factors for surgery and postoperative recurrence in Crohn's
disease. Ann Surg 2000; 231: 38-45 [PMID: 10636100 DOI: 10.1097/00000658-200001000-00006]
Ponsioen CY, de Groof EJ, Eshuis EJ, Gardenbroek TJ, Bossuyt PMM, Hart A, Warusavitarne J,
Buskens CJ, van Bodegraven AA, Brink MA, Consten ECJ, van Wagensveld BA, Rijk MCM, Crolla
RMPH, Noomen CG, Houdijk APJ, Mallant RC, Boom M, Marsman WA, Stockmann HB, Mol B, de
Groof AJ, Stokkers PC, D'Haens GR, Bemelman WA; LIR!C study group. Laparoscopic ileocaecal
resection vs infliximab for terminal ileitis in Crohn's disease: a randomised controlled, open-label,
multicentre trial. Lancet Gastroenterol Hepatol 2017; 2: 785-792 [PMID: 28838644 DOI:
10.1016/S2468-1253(17)30248-0]

Peyrin-Biroulet L, Germain A, Patel AS, Lindsay JO. Systematic review: outcomes and post-
operative complications following colectomy for ulcerative colitis. Aliment Pharmacol Ther 2016; 44:
807-816 [PMID: 27534519 DOI: 10.1111/apt.13763]

Kim JY, Zaghiyan K, Lightner A, Fleshner P. Risk of postoperative complications among ulcerative
colitis patients treated preoperatively with vedolizumab: a matched case-control study. BMC Surg
2020; 20: 46 [PMID: 32138717 DOI: 10.1186/512893-020-00698-8]

Fumery M, Seksik P, Auzolle C, Munoz-Bongrand N, Gornet JM, Boschetti G, Cotte E, Buisson A,
Dubois A, Pariente B, Zerbib P, Chafai N, Stefanescu C, Panis Y, Marteau P, Pautrat K, Sabbagh C,
Filippi J, Chevrier M, Houze P, Jouven X, Treton X, Allez M; REMIND study group investigators.
Postoperative Complications after Ileocecal Resection in Crohn's Disease: A Prospective Study From
the REMIND Group. Am J Gastroenterol 2017; 112: 337-345 [PMID: 27958285 DOI:
10.1038/ajg.2016.541]

Yu CS, Jung SW, Lee JL, Lim SB, Park 1J, Yoon YS, Kim CW, Yang SK, Ye BD, Park SH, Han M,
Kim JC. The Influence of Preoperative Medications on Postoperative Complications in Patients After
Intestinal Surgery for Crohn's Disease. Inflamm Bowel Dis 2019; 25: 1559-1568 [PMID: 30753560
DOLI: 10.1093/ibd/izz010]

Kline BP, Weaver T, Brinton DL Jr, Deiling S, Yochum GS, Berg AS, Koltun WA. Clinical and
Genetic Factors Associated With Complications After Crohn's Ileocolectomy. Dis Colon Rectum
2020; 63: 357-364 [PMID: 32045400 DOI: 10.1097/DCR.0000000000001574]

Williams DGA, Molinger J, Wischmeyer PE. The malnourished surgery patient: a silent epidemic in
perioperative outcomes? Curr Opin Anaesthesiol 2019; 32: 405-411 [PMID: 30893119 DOI:
10.1097/AC0.0000000000000722]

Romberg-Camps MJ, Dagnelie PC, Kester AD, Hesselink-van de Kruijs MA, Cilissen M, Engels
LG, Van Deursen C, Hameeteman WH, Wolters FL, Russel MG, Stockbriigger RW. Influence of
phenotype at diagnosis and of other potential prognostic factors on the course of inflammatory bowel
disease. Am J Gastroenterol 2009; 104: 371-383 [PMID: 19174787 DOI: 10.1038/ajg.2008.38]
Kaplan GG. The global burden of IBD: from 2015 to 2025. Nat Rev Gastroenterol Hepatol 2015; 12:
720-727 [PMID: 26323879 DOI: 10.1038/nrgastro.2015.150]

Kaplan GG, Ng SC. Understanding and Preventing the Global Increase of Inflammatory Bowel
Disease. Gastroenterology 2017; 152: 313-321.e2 [PMID: 27793607 DOI:
10.1053/j.gastro.2016.10.020]

Peyrin-Biroulet L, Ferrante M, Magro F, Campbell S, Franchimont D, Fidder H, Strid H, Ardizzone
S, Veereman-Wauters G, Chevaux JB, Allez M, Danese S, Sturm A; Scientific Committee of the
European Crohn's and Colitis Organization. Results from the 2nd Scientific Workshop of the ECCO.
I: Impact of mucosal healing on the course of inflammatory bowel disease. J Crohns Colitis 2011; 5:
477-483 [PMID: 21939925 DOI: 10.1016/j.crohns.2011.06.009]

Qoi CJ, Makharia GK, Hilmi I, Gibson PR, Fock KM, Ahuja V, Ling KL, Lim WC, Thia KT, Wei
SC, Leung WK, Koh PK, Gearry RB, Goh KL, Ouyang Q, Sollano J, Manatsathit S, de Silva HJ,
Rerknimitr R, Pisespongsa P, Abu Hassan MR, Sung J, Hibi T, Boey CC, Moran N, Leong RW; Asia
Pacific Association of Gastroenterology (APAGE) Working Group on Inflammatory Bowel Disease.
Asia-Pacific consensus statements on Crohn's disease. Part 2: Management. J Gastroenterol Hepatol
2016; 31: 56-68 [PMID: 25819311 DOI: 10.1111/jgh.12958]

Dziechciarz P, Horvath A, Shamir R, Szajewska H. Meta-analysis: enteral nutrition in active Crohn's
disease in children. Aliment Pharmacol Ther 2007; 26: 795-806 [PMID: 17767463 DOI:
10.1111/5.1365-2036.2007.03431.x]

Lamb CA, Kennedy NA, Raine T, Hendy PA, Smith PJ, Limdi JK, Hayee B, Lomer MCE, Parkes
GC, Selinger C, Barrett KJ, Davies RJ, Bennett C, Gittens S, Dunlop MG, Faiz O, Fraser A, Garrick
V, Johnston PD, Parkes M, Sanderson J, Terry H; IBD guidelines eDelphi consensus group, Gaya DR,
Igbal TH, Taylor SA, Smith M, Brookes M, Hansen R, Hawthorne AB. British Society of
Gastroenterology consensus guidelines on the management of inflammatory bowel disease in adults.

WJGPT | https://www.wjgnet.com 95 September 5,2021 | Volume12 | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/27741097
https://dx.doi.org/10.1097/MCG.0000000000000660
http://www.ncbi.nlm.nih.gov/pubmed/29050646
https://dx.doi.org/10.1016/S0140-6736(17)32448-0
http://www.ncbi.nlm.nih.gov/pubmed/10636100
https://dx.doi.org/10.1097/00000658-200001000-00006
http://www.ncbi.nlm.nih.gov/pubmed/28838644
https://dx.doi.org/10.1016/S2468-1253(17)30248-0
http://www.ncbi.nlm.nih.gov/pubmed/27534519
https://dx.doi.org/10.1111/apt.13763
http://www.ncbi.nlm.nih.gov/pubmed/32138717
https://dx.doi.org/10.1186/s12893-020-00698-8
http://www.ncbi.nlm.nih.gov/pubmed/27958285
https://dx.doi.org/10.1038/ajg.2016.541
http://www.ncbi.nlm.nih.gov/pubmed/30753560
https://dx.doi.org/10.1093/ibd/izz010
http://www.ncbi.nlm.nih.gov/pubmed/32045400
https://dx.doi.org/10.1097/DCR.0000000000001574
http://www.ncbi.nlm.nih.gov/pubmed/30893119
https://dx.doi.org/10.1097/ACO.0000000000000722
http://www.ncbi.nlm.nih.gov/pubmed/19174787
https://dx.doi.org/10.1038/ajg.2008.38
http://www.ncbi.nlm.nih.gov/pubmed/26323879
https://dx.doi.org/10.1038/nrgastro.2015.150
http://www.ncbi.nlm.nih.gov/pubmed/27793607
https://dx.doi.org/10.1053/j.gastro.2016.10.020
http://www.ncbi.nlm.nih.gov/pubmed/21939925
https://dx.doi.org/10.1016/j.crohns.2011.06.009
http://www.ncbi.nlm.nih.gov/pubmed/25819311
https://dx.doi.org/10.1111/jgh.12958
http://www.ncbi.nlm.nih.gov/pubmed/17767463
https://dx.doi.org/10.1111/j.1365-2036.2007.03431.x

Rocha R et al. Nutritional status and postoperative in IBD

Jaishideng®

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Gut 2019; 68: s1-s106 [PMID: 31562236 DOI: 10.1136/gutjnl-2019-318484]

Feinberg AE, Valente MA. Elective Abdominal Surgery for Inflammatory Bowel Disease. Surg Clin
North Am 2019; 99: 1123-1140 [PMID: 31676052 DOIL: 10.1016/j.suc.2019.08.004]

Goldstone RN, Steinhagen RM. Abdominal Emergencies in Inflammatory Bowel Disease. Surg Clin
North Am 2019; 99: 1141-1150 [PMID: 31676053 DOI: 10.1016/j.suc.2019.08.007]

Axelrad JE, Lichtiger S, Yajnik V. Inflammatory bowel disease and cancer: The role of
inflammation, immunosuppression, and cancer treatment. World J Gastroenterol 2016; 22: 4794-4801
[PMID: 27239106 DOI: 10.3748/wjg.v22.120.4794]

Ramsey M, Krishna SG, Stanich PP, Husain S, Levine EJ, Conwell D, Hinton A, Zhang C.
Inflammatory Bowel Disease Adversely Impacts Colorectal Cancer Surgery Short-term Outcomes and
Health-Care Resource Utilization. Clin Transl Gastroenterol 2017, 8: 127 [PMID: 29189768 DOI:
10.1038/ctg.2017.54]

Alves A, Panis Y, Bouhnik Y, Pocard M, Vicaut E, Valleur P. Risk factors for intra-abdominal septic
complications after a first ileocecal resection for Crohn's disease: a multivariate analysis in 161
consecutive patients. Dis Colon Rectum 2007; 50: 331-336 [PMID: 17252288 DOI:
10.1007/s10350-006-0782-0]

Tang S, Dong X, Liu W, Qi W, Ye L, Yang X, Cao Q, Ge X, Zhou W. Compare risk factors
associated with postoperative infectious complication in Crohn's disease with and without
preoperative infliximab therapy: a cohort study. /nt J Colorectal Dis 2020; 35: 727-737 [PMID:
32060607 DOI: 10.1007/s00384-019-03481-1]

Lenicek M, Duricova D, Komarek V, Gabrysova B, Lukas M, Smerhovsky Z, Vitek L. Bile acid
malabsorption in inflammatory bowel disease: assessment by serum markers. Inflamm Bowel Dis
2011; 17: 1322-1327 [PMID: 21058331 DOI: 10.1002/ibd.21502]

Camilleri M. Advances in understanding of bile acid diarrhea. Expert Rev Gastroenterol Hepatol
2014; 8: 49-61 [PMID: 24410472 DOI: 10.1586/17474124.2014.851599]

Vitek L. Bile acid malabsorption in inflammatory bowel disease. Inflamm Bowel Dis 2015; 21: 476-
483 [PMID: 25248001 DOI: 10.1097/MIB.0000000000000193]

Bischoff SC, Escher J, Hébuterne X, Kigk S, Krznaric Z, Schneider S, Shamir R, Stardelova K,
Wierdsma N, Wiskin AE, Forbes A. ESPEN practical guideline: Clinical Nutrition in inflammatory
bowel disease. Clin Nutr 2020; 39: 632-653 [PMID: 32029281 DOI: 10.1016/j.cInu.2019.11.002]
Targownik LE, Singh H, Nugent Z, Bernstein CN. The epidemiology of colectomy in ulcerative
colitis: results from a population-based cohort. Am J Gastroenterol 2012; 107: 1228-1235 [PMID:
22613902 DOI: 10.1038/2aj2.2012.127]

Feuerstein JD, Curran T, Alosilla M, Cataldo T, Falchuk KR, Poylin V. Mortality Is Rare Following
Elective and Non-elective Surgery for Ulcerative Colitis, but Mild Postoperative Complications Are
Common. Dig Dis Sci 2018; 63: 713-722 [PMID: 29353444 DOI: 10.1007/s10620-018-4922-x]
Schineis C, Lehmann KS, Lauscher JC, Beyer K, Hartmann L, Margonis GA, Michel J, Degro CE,
Loch FN, Speichinger F, Kreis ME, Kamphues C. Colectomy with ileostomy for severe ulcerative
colitis-postoperative complications and risk factors. /nt J Colorectal Dis 2020; 35: 387-394 [PMID:
31865435 DOIL: 10.1007/s00384-019-03494-w]

Gaglani T, Davis CH, Bailey HR, Cusick MV. Trends and Outcomes for Minimally Invasive Surgery
for Inflammatory Bowel Disease. J Surg Res 2019; 235: 303-307 [PMID: 30691810 DOI:
10.1016/j.js5.2018.09.075]

Schwartzberg DM, Remzi FH. The Role of Laparoscopic, Robotic, and Open Surgery in
Uncomplicated and Complicated Inflammatory Bowel Disease. Gastrointest Endosc Clin N Am 2019;
29: 563-576 [PMID: 31078253 DOIL: 10.1016/j.giec.2019.02.012]

Law CCY, Koh D, Bao Y, Jairath V, Narula N. Risk of Postoperative Infectious Complications From
Medical Therapies in Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis.
Inflamm Bowel Dis 2020; 26: 1796-1807 [PMID: 32047894 DOI: 10.1093/ibd/izaa020]

Justiniano CF, Aquina CT, Becerra AZ, Xu Z, Boodry CI, Swanger AA, Monson JRT, Fleming FJ.
Postoperative Mortality After Nonelective Surgery for Inflammatory Bowel Disease Patients in the
Era of Biologics. Ann Surg 2019; 269: 686-691 [PMID: 29232213 DOI:
10.1097/SLA.0000000000002628]

Guasch M, Vela E, Maiosa M, Cleries M, Caiiete F, Parés D, Guarga A, Troya J, Calafat M,
Domenech E. Postoperative mortality after surgery for inflammatory bowel disease in the era of
biological agents: A population-based study in Southern Europe. Dig Liver Dis 2021; 53: 54-60
[PMID: 33082087 DOI: 10.1016/j.d1d.2020.09.026]

Alazawi W, Pirmadjid N, Lahiri R, Bhattacharya S. Inflammatory and Immune Responses to Surgery
and Their Clinical Impact. Ann Surg 2016; 264: 73-80 [PMID: 27275778 DOI:
10.1097/SLA.0000000000001691]

Yamamoto T, Nakahigashi M, Saniabadi AR. Review article: diet and inflammatory bowel disease--
epidemiology and treatment. Aliment Pharmacol Ther 2009; 30: 99-112 [PMID: 19438426 DOI:
10.1111/5.1365-2036.2009.04035.x]

Weimann A, Braga M, Carli F, Higashiguchi T, Hiibner M, Klek S, Laviano A, Ljungqvist O, Lobo
DN, Martindale R, Waitzberg DL, Bischoff SC, Singer P. ESPEN guideline: Clinical nutrition in
surgery. Clin Nutr 2017; 36: 623-650 [PMID: 28385477 DOI: 10.1016/j.clnu.2017.02.013]
O'Sullivan M, O'Morain C. Nutrition in inflammatory bowel disease. Best Pract Res Clin
Gastroenterol 2006; 20: 561-573 [PMID: 16782529 DOI: 10.1016/j.bpg.2006.03.001]

Hartman C, Eliakim R, Shamir R. Nutritional status and nutritional therapy in inflammatory bowel

WJGPT | https://www.wjgnet.com 96 September 5,2021 | Volume12 | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/31562236
https://dx.doi.org/10.1136/gutjnl-2019-318484
http://www.ncbi.nlm.nih.gov/pubmed/31676052
https://dx.doi.org/10.1016/j.suc.2019.08.004
http://www.ncbi.nlm.nih.gov/pubmed/31676053
https://dx.doi.org/10.1016/j.suc.2019.08.007
http://www.ncbi.nlm.nih.gov/pubmed/27239106
https://dx.doi.org/10.3748/wjg.v22.i20.4794
http://www.ncbi.nlm.nih.gov/pubmed/29189768
https://dx.doi.org/10.1038/ctg.2017.54
http://www.ncbi.nlm.nih.gov/pubmed/17252288
https://dx.doi.org/10.1007/s10350-006-0782-0
http://www.ncbi.nlm.nih.gov/pubmed/32060607
https://dx.doi.org/10.1007/s00384-019-03481-1
http://www.ncbi.nlm.nih.gov/pubmed/21058331
https://dx.doi.org/10.1002/ibd.21502
http://www.ncbi.nlm.nih.gov/pubmed/24410472
https://dx.doi.org/10.1586/17474124.2014.851599
http://www.ncbi.nlm.nih.gov/pubmed/25248001
https://dx.doi.org/10.1097/MIB.0000000000000193
http://www.ncbi.nlm.nih.gov/pubmed/32029281
https://dx.doi.org/10.1016/j.clnu.2019.11.002
http://www.ncbi.nlm.nih.gov/pubmed/22613902
https://dx.doi.org/10.1038/ajg.2012.127
http://www.ncbi.nlm.nih.gov/pubmed/29353444
https://dx.doi.org/10.1007/s10620-018-4922-x
http://www.ncbi.nlm.nih.gov/pubmed/31865435
https://dx.doi.org/10.1007/s00384-019-03494-w
http://www.ncbi.nlm.nih.gov/pubmed/30691810
https://dx.doi.org/10.1016/j.jss.2018.09.075
http://www.ncbi.nlm.nih.gov/pubmed/31078253
https://dx.doi.org/10.1016/j.giec.2019.02.012
http://www.ncbi.nlm.nih.gov/pubmed/32047894
https://dx.doi.org/10.1093/ibd/izaa020
http://www.ncbi.nlm.nih.gov/pubmed/29232213
https://dx.doi.org/10.1097/SLA.0000000000002628
http://www.ncbi.nlm.nih.gov/pubmed/33082087
https://dx.doi.org/10.1016/j.dld.2020.09.026
http://www.ncbi.nlm.nih.gov/pubmed/27275778
https://dx.doi.org/10.1097/SLA.0000000000001691
http://www.ncbi.nlm.nih.gov/pubmed/19438426
https://dx.doi.org/10.1111/j.1365-2036.2009.04035.x
http://www.ncbi.nlm.nih.gov/pubmed/28385477
https://dx.doi.org/10.1016/j.clnu.2017.02.013
http://www.ncbi.nlm.nih.gov/pubmed/16782529
https://dx.doi.org/10.1016/j.bpg.2006.03.001

Jaishideng®

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

WJGPT | https://www.wjgnet.com 97

Rocha R et al. Nutritional status and postoperative in IBD

diseases. World J Gastroenterol 2009; 15: 2570-2578 [PMID: 19496185 DOI: 10.3748/wjg.15.2570]
Balestrieri P, Ribolsi M, Guarino MPL, Emerenziani S, Altomare A, Cicala M. Nutritional Aspects
in Inflammatory Bowel Diseases. Nutrients 2020; 12 [PMID: 32023881 DOI: 10.3390/nu12020372]
Zhou W, Cao Q, Qi W, Xu Y, Liu W, Xiang J, Xia B. Prognostic Nutritional Index Predicts Short-
Term Postoperative Outcomes After Bowel Resection for Crohn's Disease. Nutr Clin Pract 2017; 32:
92-97 [PMID: 27566600 DOI: 10.1177/0884533616661844]

Liu X, Wu X, Zhou C, Hu T, Ke J, Chen Y, He X, Zheng X, Hu J, Zhi M, Gao X, Hu P, Lan P.
Preoperative hypoalbuminemia is associated with an increased risk for intra-abdominal septic
complications after primary anastomosis for Crohn's disease. Gastroenterol Rep (Oxf) 2017; 5: 298-
304 [PMID: 29230300 DOI: 10.1093/gastro/gox002]

Okita Y, Araki T, Okugawa Y, Kondo S, Fujikawa H, Hiro J, Inoue M, Toiyama Y, Ohi M, Uchida
K, Kusunoki M. The prognostic nutritional index for postoperative infectious complication in patients
with ulcerative colitis undergoing proctectomy with ileal pouch-anal anastomosis following subtotal
colectomy. J Anus Rectum Colon 2019; 3: 91-97 [PMID: 31559374 DOI: 10.23922/jarc.2018-032]
Ge X, LiuH, Tang S, Wu Y, Pan Y, Liu W, Qi W, Ye L, Cao Q, Zhou W. Preoperative
hypoalbuminemia is an independent risk factor for postoperative complications in Crohn's disease
patients with normal BMI: A cohort study. /nt J Surg 2020; 79: 294-299 [PMID: 32505647 DOI:
10.1016/j.ij51.2020.05.064]

Zhu Y, Zhou W, Qi W, Liu W, Chen M, Zhu H, Xiang J, Xie Q, Chen P. Body mass index is a
practical preoperative nutritional index for postoperative infectious complications after intestinal
resection in patients with Crohn's disease. Medicine (Baltimore) 2017; 96: 7113 [PMID: 28591060
DOI: 10.1097/MD.0000000000007113]

Body Mass Index Is a Marker of Nutrition Preparation Sufficiency Before Surgery for Crohn's
Disease From the Perspective of Intra-Abdominal Septic Complications: A Retrospective Cohort
Study. Medicine (Baltimore) 2015; 94: 1 [PMID: 26334908 DOI: 10.1097/MD.0000000000001455]
Sofo L, Caprino P, Schena CA, Sacchetti F, Potenza AE, Ciociola A. New perspectives in the
prediction of postoperative complications for high-risk ulcerative colitis patients: machine learning
preliminary approach. Eur Rev Med Pharmacol Sci 2020; 24: 12781-12787 [PMID: 33378027 DOL:
10.26355/eurrev_202012 24178]

Vagianos K, Bector S, McConnell J, Bernstein CN. Nutrition assessment of patients with
inflammatory bowel disease. JPEN J Parenter Enteral Nutr 2007; 31: 311-319 [PMID: 17595441
DOI: 10.1177/0148607107031004311]

Gabay C, Kushner I. Acute-phase proteins and other systemic responses to inflammation. N Engl J
Med 1999; 340: 448-454 [PMID: 9971870 DOI: 10.1056/NEJM199902113400607]

Ge X, Cao Y, Wang H, Ding C, Tian H, Zhang X, Gong J, Zhu W, Li N. Diagnostic accuracy of the
postoperative ratio of C-reactive protein to albumin for complications after colorectal surgery. World
J Surg Oncol 2017; 15: 15 [PMID: 28069031 DOI: 10.1186/s12957-016-1092-1]

Ishizuka M, Nagata H, Takagi K, Iwasaki Y, Shibuya N, Kubota K. Clinical Significance of the C-
Reactive Protein to Albumin Ratio for Survival After Surgery for Colorectal Cancer. Ann Surg Oncol
2016; 23: 900-907 [PMID: 26530445 DOI: 10.1245/510434-015-4948-7]

Sood A, Ahuja V, Kedia S, Midha V, Mahajan R, Mehta V, Sudhakar R, Singh A, Kumar A, Puri AS,
Tantry BV, Thapa BR, Goswami B, Behera BN, Ye BD, Bansal D, Desai D, Pai G, Yattoo GN,
Makharia G, Wijewantha HS, Venkataraman J, Shenoy KT, Dwivedi M, Sahu MK, Bajaj M,
Abdullah M, Singh N, Abraham P, Khosla R, Tandon R, Misra SP, Nijhawan S, Sinha SK, Bopana S,
Krishnaswamy S, Joshi S, Singh SP, Bhatia S, Gupta S, Ghoshal UC. Diet and inflammatory bowel
disease: The Asian Working Group guidelines. Indian J Gastroenterol 2019; 38: 220-246 [PMID:
31352652 DOI: 10.1007/s12664-019-00976-1]

Sousa Guerreiro C, Cravo M, Costa AR, Miranda A, Tavares L, Moura-Santos P, MarquesVidal P,
Nobre Leitao C. A comprehensive approach to evaluate nutritional status in Crohn's patients in the era
of biologic therapy: a case-control study. Am J Gastroenterol 2007; 102: 2551-2556 [PMID:
17680845 DOI: 10.1111/5.1572-0241.2007.01439.x]

Singh S, Dulai PS, Zarrinpar A, Ramamoorthy S, Sandborn WJ. Obesity in IBD: epidemiology,
pathogenesis, disease course and treatment outcomes. Nat Rev Gastroenterol Hepatol 2017; 14: 110-
121 [PMID: 27899815 DOI: 10.1038/nrgastro.2016.181]

Losurdo G, La Fortezza RF, lannone A, Contaldo A, Barone M, lerardi E, Di Leo A, Principi M.
Prevalence and associated factors of obesity in inflammatory bowel disease: A case-control study.
World J Gastroenterol 2020; 26: 7528-7537 [PMID: 33384552 DOI: 10.3748/wjg.v26.147.7528]
Harper JW, Zisman TL. Interaction of obesity and inflammatory bowel disease. World J
Gastroenterol 2016; 22: 7868-7881 [PMID: 27672284 DOI: 10.3748/wjg.v22.135.7868]

Blain A, Cattan S, Beaugerie L, Carbonnel F, Gendre JP, Cosnes J. Crohn's disease clinical course
and severity in obese patients. Clin Nutr 2002; 21: 51-57 [PMID: 11884013 DOI:
10.1054/cInu.2001.0503]

Hass DJ, Brensinger CM, Lewis JD, Lichtenstein GR. The impact of increased body mass index on
the clinical course of Crohn's disease. Clin Gastroenterol Hepatol 2006; 4: 482-488 [PMID:
16616354 DOL: 10.1016/j.cgh.2005.12.015]

Pringle PL, Stewart KO, Peloquin JM, Sturgeon HC, Nguyen D, Sauk J, Garber JJ, Yajnik V,
Ananthakrishnan AN, Chan AT, Xavier RJ, Khalili H. Body Mass Index, Genetic Susceptibility, and
Risk of Complications Among Individuals with Crohn's Disease. Inflamm Bowel Dis 2015; 21: 2304-
2310 [PMID: 26181430 DOI: 10.1097/MIB.0000000000000498]

September 5,2021 | Volume12 | Issue5


http://www.ncbi.nlm.nih.gov/pubmed/19496185
https://dx.doi.org/10.3748/wjg.15.2570
http://www.ncbi.nlm.nih.gov/pubmed/32023881
https://dx.doi.org/10.3390/nu12020372
http://www.ncbi.nlm.nih.gov/pubmed/27566600
https://dx.doi.org/10.1177/0884533616661844
http://www.ncbi.nlm.nih.gov/pubmed/29230300
https://dx.doi.org/10.1093/gastro/gox002
http://www.ncbi.nlm.nih.gov/pubmed/31559374
https://dx.doi.org/10.23922/jarc.2018-032
http://www.ncbi.nlm.nih.gov/pubmed/32505647
https://dx.doi.org/10.1016/j.ijsu.2020.05.064
http://www.ncbi.nlm.nih.gov/pubmed/28591060
https://dx.doi.org/10.1097/MD.0000000000007113
http://www.ncbi.nlm.nih.gov/pubmed/26334908
https://dx.doi.org/10.1097/MD.0000000000001455
http://www.ncbi.nlm.nih.gov/pubmed/33378027
https://dx.doi.org/10.26355/eurrev_202012_24178
http://www.ncbi.nlm.nih.gov/pubmed/17595441
https://dx.doi.org/10.1177/0148607107031004311
http://www.ncbi.nlm.nih.gov/pubmed/9971870
https://dx.doi.org/10.1056/NEJM199902113400607
http://www.ncbi.nlm.nih.gov/pubmed/28069031
https://dx.doi.org/10.1186/s12957-016-1092-1
http://www.ncbi.nlm.nih.gov/pubmed/26530445
https://dx.doi.org/10.1245/s10434-015-4948-7
http://www.ncbi.nlm.nih.gov/pubmed/31352652
https://dx.doi.org/10.1007/s12664-019-00976-1
http://www.ncbi.nlm.nih.gov/pubmed/17680845
https://dx.doi.org/10.1111/j.1572-0241.2007.01439.x
http://www.ncbi.nlm.nih.gov/pubmed/27899815
https://dx.doi.org/10.1038/nrgastro.2016.181
http://www.ncbi.nlm.nih.gov/pubmed/33384552
https://dx.doi.org/10.3748/wjg.v26.i47.7528
http://www.ncbi.nlm.nih.gov/pubmed/27672284
https://dx.doi.org/10.3748/wjg.v22.i35.7868
http://www.ncbi.nlm.nih.gov/pubmed/11884013
https://dx.doi.org/10.1054/clnu.2001.0503
http://www.ncbi.nlm.nih.gov/pubmed/16616354
https://dx.doi.org/10.1016/j.cgh.2005.12.015
http://www.ncbi.nlm.nih.gov/pubmed/26181430
https://dx.doi.org/10.1097/MIB.0000000000000498

Rocha R et al. Nutritional status and postoperative in IBD

Jaishideng®

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

Nic Suibhne T, Raftery TC, McMahon O, Walsh C, O'Morain C, O'Sullivan M. High prevalence of
overweight and obesity in adults with Crohn's disease: associations with disease and lifestyle factors.
J Crohns Colitis 2013; 7: €241-e248 [PMID: 23040290 DOTI: 10.1016/j.crohns.2012.09.009]

Flores A, Burstein E, Cipher DJ, Feagins LA. Obesity in Inflammatory Bowel Disease: A Marker of
Less Severe Disease. Dig Dis Sci 2015; 60: 2436-2445 [PMID: 25799938 DOI:
10.1007/s10620-015-3629-5]

Seminerio JL, Koutroubakis IE, Ramos-Rivers C, Hashash JG, Dudekula A, Regueiro M, Baidoo L,
Barrie A, Swoger J, Schwartz M, Weyant K, Dunn MA, Binion DG. Impact of Obesity on the
Management and Clinical Course of Patients with Inflammatory Bowel Disease. Inflamm Bowel Dis
2015; 21: 2857-2863 [PMID: 26241001 DOI: 10.1097/MIB.0000000000000560]

McKenna NP, Habermann EB, Zielinski MD, Lightner AL, Mathis KL. Body mass index:
Implications on disease severity and postoperative complications in patients with Crohn's disease
undergoing abdominal surgery. Surgery 2019; 166: 703-708 [PMID: 31262567 DOI:
10.1016/j.surg.2019.04.038]

Hicks G, Abdulaal A, Slesser AAP, Mohsen Y. Outcomes of inflammatory bowel disease surgery in
obese vs non-obese patients: a meta-analysis. Tech Coloproctol 2019; 23: 947-955 [PMID: 31531732
DOI: 10.1007/s10151-019-02080-0]

Wick EC, Hirose K, Shore AD, Clark JM, Gearhart SL, Efron J, Makary MA. Surgical site infections
and cost in obese patients undergoing colorectal surgery. Arch Surg 2011; 146: 1068-1072 [PMID:
21576597 DOI: 10.1001/archsurg.2011.117]

Nakagawa H, Tanaka K, Sasai H, Nishizawa Y. Providing Weight Loss Support to Patients Who Are
Obese in Preparation for Colorectal Cancer Surgery to Reduce Surgical Site Infection Risk: A Mixed-
methods Study. Wound Manag Prev 2020; 66: 23-32 [PMID: 32614328]

Wolfe BM, Kvach E, Eckel RH. Treatment of Obesity: Weight Loss and Bariatric Surgery. Circ Res
2016; 118: 1844-1855 [PMID: 27230645 DOI: 10.1161/CIRCRESAHA.116.307591]

Aziz M, Haghbin H, Sharma S, Fatima R, Ishtiaq R, Chandan S, Mohan BP, Lee-Smith W, Hassan
M, Nawras A. Safety of bariatric surgery in patients with inflammatory bowel disease: A systematic
review and meta-analysis. Clin Obes 2020; 10: €12405 [PMID: 32877572 DOI: 10.1111/cob.12405]
Garg R, Mohan BP, Ponnada S, Singh A, Aminian A, Regueiro M, Click B. Safety and Efficacy of
Bariatric Surgery in Inflammatory Bowel Disease Patients: a Systematic Review and Meta-analysis.
Obes Surg 2020; 30: 3872-3883 [PMID: 32578179 DOI: 10.1007/s11695-020-04729-4]

Mohapatra S, Gangadharan K, Pitchumoni CS. Malnutrition in obesity before and after bariatric
surgery. Dis Mon 2020; 66: 100866 [PMID: 31301800 DOI: 10.1016/j.disamonth.2019.06.008]
Barazzoni R, Gortan Cappellari G. Double burden of malnutrition in persons with obesity. Rev
Endocr Metab Disord 2020; 21: 307-313 [PMID: 32766943 DOI: 10.1007/s11154-020-09578-1]
LiY, Zhu W, Gong J, Zhang W, Gu L, Guo Z, Cao L, Shen B, Li N, Li J. Visceral fat area is
associated with a high risk for early postoperative recurrence in Crohn's disease. Colorectal Dis 2015;
17: 225-234 [PMID: 25307174 DOI: 10.1111/codi.12798]

Stidham RW, Waljee AK, Day NM, Bergmans CL, Zahn KM, Higgins PD, Wang SC, Su GL. Body
fat composition assessment using analytic morphomics predicts infectious complications after bowel
resection in Crohn's disease. Inflamm Bowel Dis 2015; 21: 1306-1313 [PMID: 25822011 DOI:
10.1097/M1B.0000000000000360]

Wei Y, Zhu F, Gong J, Yang J, Zhang T, Gu L, Zhu W, Guo Z, Li Y, Li N, Li J. High Visceral to
Subcutaneous Fat Ratio Is Associated with Increased Postoperative Inflammatory Response after
Colorectal Resection in Inflammatory Bowel Disease. Gastroenterol Res Pract 2018; 2018: 6270514
[PMID: 29849595 DOI: 10.1155/2018/6270514]

Unal NG, Orug N, Tomey O, Omer Oziitemiz A. Malnutrition and sarcopenia are prevalent among
inflammatory bowel disease patients with clinical remission. Eur J Gastroenterol Hepatol 2021
[PMID: 33470696 DOI: 10.1097/MEG.0000000000002044]

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, Martin FC, Michel JP,
Rolland Y, Schneider SM, Topinkova E, Vandewoude M, Zamboni M; European Working Group on
Sarcopenia in Older People. Sarcopenia: European consensus on definition and diagnosis: Report of
the European Working Group on Sarcopenia in Older People. Age Ageing 2010; 39: 412-423 [PMID:
20392703 DOI: 10.1093/ageing/afq034]

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Cederholm T, Cooper C, Landi F, Rolland
Y, Sayer AA, Schneider SM, Sieber CC, Topinkova E, Vandewoude M, Visser M, Zamboni M;
Writing Group for the European Working Group on Sarcopenia in Older People 2 (EWGSOP2), and
the Extended Group for EWGSOP2. Sarcopenia: revised European consensus on definition and
diagnosis. Age Ageing 2019; 48: 16-31 [PMID: 30312372 DOI: 10.1093/ageing/afy169]

Erés A, Soo6s A, Hegyi P, Szakacs Z, Benke M, Sziics A, Hartmann P, Erdss B, Sarlés P. Sarcopenia
as an independent predictor of the surgical outcomes of patients with inflammatory bowel disease: a
meta-analysis. Surg Today 2020; 50: 1138-1150 [PMID: 31617016 DOI:
10.1007/s00595-019-01893-8]

Galata C, Hodapp J, Weill C, Karampinis I, Vassilev G, Reiflfelder C, Otto M. Skeletal Muscle Mass
Index Predicts Postoperative Complications in Intestinal Surgery for Crohn's Disease. JPEN J
Parenter Enteral Nutr 2020; 44: 714-721 [PMID: 31444789 DOI: 10.1002/jpen.1696]

Adams DW, Gurwara S, Silver HJ, Horst SN, Beaulieu DB, Schwartz DA, Seidner DL. Sarcopenia Is
Common in Overweight Patients with Inflammatory Bowel Disease and May Predict Need for
Surgery. Inflamm Bowel Dis 2017; 23: 1182-1186 [PMID: 28410342 DOI:

WJGPT | https://www.wjgnet.com 98 September 5,2021 | Volume12 | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/23040290
https://dx.doi.org/10.1016/j.crohns.2012.09.009
http://www.ncbi.nlm.nih.gov/pubmed/25799938
https://dx.doi.org/10.1007/s10620-015-3629-5
http://www.ncbi.nlm.nih.gov/pubmed/26241001
https://dx.doi.org/10.1097/MIB.0000000000000560
http://www.ncbi.nlm.nih.gov/pubmed/31262567
https://dx.doi.org/10.1016/j.surg.2019.04.038
http://www.ncbi.nlm.nih.gov/pubmed/31531732
https://dx.doi.org/10.1007/s10151-019-02080-0
http://www.ncbi.nlm.nih.gov/pubmed/21576597
https://dx.doi.org/10.1001/archsurg.2011.117
http://www.ncbi.nlm.nih.gov/pubmed/32614328
http://www.ncbi.nlm.nih.gov/pubmed/27230645
https://dx.doi.org/10.1161/CIRCRESAHA.116.307591
http://www.ncbi.nlm.nih.gov/pubmed/32877572
https://dx.doi.org/10.1111/cob.12405
http://www.ncbi.nlm.nih.gov/pubmed/32578179
https://dx.doi.org/10.1007/s11695-020-04729-4
http://www.ncbi.nlm.nih.gov/pubmed/31301800
https://dx.doi.org/10.1016/j.disamonth.2019.06.008
http://www.ncbi.nlm.nih.gov/pubmed/32766943
https://dx.doi.org/10.1007/s11154-020-09578-1
http://www.ncbi.nlm.nih.gov/pubmed/25307174
https://dx.doi.org/10.1111/codi.12798
http://www.ncbi.nlm.nih.gov/pubmed/25822011
https://dx.doi.org/10.1097/MIB.0000000000000360
http://www.ncbi.nlm.nih.gov/pubmed/29849595
https://dx.doi.org/10.1155/2018/6270514
http://www.ncbi.nlm.nih.gov/pubmed/33470696
https://dx.doi.org/10.1097/MEG.0000000000002044
http://www.ncbi.nlm.nih.gov/pubmed/20392703
https://dx.doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/30312372
https://dx.doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/31617016
https://dx.doi.org/10.1007/s00595-019-01893-8
http://www.ncbi.nlm.nih.gov/pubmed/31444789
https://dx.doi.org/10.1002/jpen.1696
http://www.ncbi.nlm.nih.gov/pubmed/28410342

Jaishideng®

82

83

84

85

86

87

Rocha R et al. Nutritional status and postoperative in IBD

10.1097/M1B.0000000000001128]

Aleixo GFP, Shachar SS, Nyrop KA, Muss HB, Malpica L, Williams GR. Myosteatosis and
prognosis in cancer: Systematic review and meta-analysis. Crit Rev Oncol Hematol 2020; 145:
102839 [PMID: 31877534 DOI: 10.1016/j.critrevonc.2019.102839]

Lee CM, Kang J. Prognostic impact of myosteatosis in patients with colorectal cancer: a systematic
review and meta-analysis. J Cachexia Sarcopenia Muscle 2020; 11: 1270-1282 [PMID: 32483936
DOLI: 10.1002/jcsm.12575]

Miljkovic I, Zmuda JM. Epidemiology of myosteatosis. Curr Opin Clin Nutr Metab Care 2010; 13:
260-264 [PMID: 20179586 DOI: 10.1097/MCO.0b013e328337d826]

O'Brien S, Kavanagh RG, Carey BW, Maher MM, O'Connor OJ, Andrews EJ. The impact of
sarcopenia and myosteatosis on postoperative outcomes in patients with inflammatory bowel disease.
Eur Radiol Exp 2018; 2: 37 [PMID: 30460523 DOI: 10.1186/s41747-018-0072-3]

Kuppinger D, Hartl WH, Bertok M, Hoffmann JM, Cederbaum J, Kiichenhoff H, Jauch KW, Rittler
P. Nutritional screening for risk prediction in patients scheduled for abdominal operations. Br J Surg
2012;99: 728-737 [PMID: 22362084 DOI: 10.1002/bjs.8710]

Brennan GT, Ha I, Hogan C, Nguyen E, Jamal MM, Bechtold ML, Nguyen DL. Does preoperative
enteral or parenteral nutrition reduce postoperative complications in Crohn's disease patients: a meta-
analysis. Eur J Gastroenterol Hepatol 2018; 30: 997-1002 [PMID: 29738326 DOI:
10.1097/MEG.0000000000001162]

WJGPT | https://www.wjgnet.com 99 September 5,2021 | Volume12 | Issue5 |


https://dx.doi.org/10.1097/MIB.0000000000001128
http://www.ncbi.nlm.nih.gov/pubmed/31877534
https://dx.doi.org/10.1016/j.critrevonc.2019.102839
http://www.ncbi.nlm.nih.gov/pubmed/32483936
https://dx.doi.org/10.1002/jcsm.12575
http://www.ncbi.nlm.nih.gov/pubmed/20179586
https://dx.doi.org/10.1097/MCO.0b013e328337d826
http://www.ncbi.nlm.nih.gov/pubmed/30460523
https://dx.doi.org/10.1186/s41747-018-0072-3
http://www.ncbi.nlm.nih.gov/pubmed/22362084
https://dx.doi.org/10.1002/bjs.8710
http://www.ncbi.nlm.nih.gov/pubmed/29738326
https://dx.doi.org/10.1097/MEG.0000000000001162

ddi

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4292 / wjgpt.v12.i5.100

World Journal of

Gastrointestinal Pharmacology
and Therapeutics

World | Gastrointest Pharmacol Ther 2021 September 5; 12(5): 100-102

ISSN 2150-5349 (online)

LETTER TO THE EDITOR,

Overview on drug-induced liver injury in Brazil

Fernando Bessone

ORCID number: Fernando Bessone
0000-0002-8569-8123.

Author contributions: Bessone F
designed research, performed
research, analyzed data and
revised the letter.

Conflict-of-interest statement: I
have no conflict of interest to
declare.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Specialty type: Gastroenterology
and hepatology

Country/Territory of origin:

Argentina

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Jaishideng®

WJGPT | https://www.wjgnet.com 100

Fernando Bessone, Department of Gastroenterology and Hepatology, Hospital Provincial del
Centenario, Facultad de Ciencias Médicas, University of Rosario School of Medicine, Rosario
2000, Santa Fe, Argentina

Corresponding author: Fernando Bessone, MD, Full Professor, Department of Gastroenterology
and Hepatology, Hospital Provincial del Centenario, Facultad de Ciencias Médicas, University
of Rosario School of Medicine, Urquiza 3101, Rosario 2000, Santa Fe, Argentina.
bessonefernando@gmail.com

Abstract

Drug-induced liver injury (DILI) is an uncommon event in clinical practice, which
makes knowing its true incidence difficult. Prospective, retrospective and
registry-based studies are the most important methods to obtain epidemiological
data on DILI. Latin America (LA) has a historical lack of prospective studies on
this topic. New definitions and the creation of hepatotoxicity registries have
significantly improved the epidemiological understanding of hepatic drug
reactions in several regions of the world. The Latin American DILI network,
referred to as LATINDILI, has been created in 2011, and recently published its
own DILI recommendations describing the most relevant issues on the
management of hepatotoxicity in general, and those based on findings from our
own LA experience in particular. Although most of the registries do not carry out
population-based studies, they may provide important data related to the
prevalence of DILI. The joint work among researchers and the corresponding
health and regulatory authorities should be stimulated due to the high impact that
hepatotoxicity represents for public health.

Key Words: Hepatotoxicity; Drug-induced liver injury; Drug-induced liver injury
registries; Herbs; Hepatitis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Liver damage induced by drugs and herbs was historically underreported in
Latin America until the advent of a Latin American Registry of Hepatotoxicity
(LATINDILI), which progressively improved knowledge about the most frequently
involved drugs inducing liver injury in this region. This article letter emphasizes on the
value of being able to centralize cases linked to hepatotoxicity in a Latin American
drug-induced liver injury network, and discuss the present and future advantages of this
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valuable tool, which should work along with regulatory entities to achieve a high
impact on public health policy.
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TO THE EDITOR

I have read with great interest the systematic review by Becker et al[1], analyzing
Drug-induced liver injury (DILI) publications in Brazil. The authors carried out a
thorough search on the main bibliographic sources over a long period of time,
including several decades.

Our group published more than a decade ago a review on DILI articles reported
from Latin America (LA) up to 2010[2]. Only well documented case reports and series
with a small number of patients could be identified. We found the same difficulties to
Becker et al[1], since the definitions used for DILI were heterogeneous at that moment,
and we did not find any prospective or retrospective studies carried out with a careful
and detailed design that would had involved a large number of patients[2].

Many papers published before 2011 do not meet the criteria for DILI proposed by an
expert meeting led by Aithal et al[3], which defined hepatotoxicity as (1) An ALT
elevation 2 5 upper limit of normal (ULN), (2) An ALP elevation = 2 ULN, or (3) An
ALT elevation > 3 ULN with a simultaneous elevation of total bilirubin concentration >
2 ULN[3].

Of note, liver enzymes elevation below this cutoff are nowadays interpreted as
adaptive phenomena. This is a very frequent asymptomatic biochemical issue
observed at the beginning of drug intake, and it should not be initially interpreted as
hepatotoxicity, because these biochemical parameters usually return to normal values
despite continued drug consumption[4].

All DILI articles coming from LA should mention our LATINDILI registry, because,
for the first time, we have a very well-structured hepatotoxicity network capable of
recruiting patients associated with liver damage induced by drugs, thus being able to
study the epidemiological behavior of medicaments and herbs used more often in our
region[2]. This ambitious research project became a registry in 2011, and has already
recruited more than 400 patients, with 8% of them corresponding to herbal-induced
liver toxicity (HILI). Unfortunately, our registry was not mentioned by Becker et al[1].
However, its recognition would have help them to establish better reference points for
comparisons within the region and guidance on DILI distinction based on our
operational criterion[2].

LATINDILI is a collaborative and interdisciplinary network aimed to (1) Establish
the characteristics of DILI expression, search for risk factors, and evaluate the outcome;
(2) Improve the instruments for causality assessment; (3) Increase knowledge on
etiopathogenic mechanisms and identification of susceptible subjects; and (4) Help to
develop diagnostic and predictive biomarkers in DILI[2].

Interestingly, the authors also stated that their research is expected to broaden the
debate to establish a solid pharmacovigilance policy and the creation of a wide
national DILI monitoring network and his integration with other DILI networks[1].
This is a very important point linked to one of the main objectives of DILI registries,
which highlight the importance of working in close connection with regulatory and
health authorities to strengthen both pharmacovigilance and the reporting cases of
drug-induced liver reactions[5].

In addition, one of the most relevant objectives from our registry is to make
physicians fully aware that hepatotoxicity is a distinct disease in which we have to
improve its early diagnosis and management, and to be able to report these cases to
the LATINDILI registry. If this feedback works in a regular and organized manner, it
will allow clinicians to design and facilitate the carry out of multicenter clinical trials to
assess the effect of new therapeutic agents with potential to induce idiosyncratic DILI

[6].
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Finally, LA already has its recommendation position paper for DILI management,

which include our own data, and reinforces points exclusively inherent to LA, such as
the differential diagnoses that should be made regarding the presence of tropical
diseases, which can be mistakenly interpreted as DILL
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Abstract

BACKGROUND

Incomplete excretion rates are problematic for colon capsule endoscopy (CCE).
Widely available booster regimens are suboptimal. Recently published data on
one day preparation CCE protocol using castor oil appeared effective.

AIM
To assess the impact of adding castor oil to a standard split-dose (2-d) preparation
in an unselected Western patient cohort.

METHODS

All patients aged 18 or more referred to our unit for a CCE over a 5-mo period
were prospectively recruited. Controls were retrospectively identified from our
CCE database. All patients received split bowel preparation with Moviprep®
[polyethylene glycol (PEG)-3350, sodium sulphate, sodium chloride, potassium
chloride, sodium ascorbate and ascorbic acid for oral solution; Norgine B. V,
United States], a PEG-based solution used predominantly in our colonoscopy
practice. Control booster regimen included Moviprep®with 750 mL of water
(booster 1) on reaching the small bowel. A further dose of Moviprep®with 250 mL
of water was given 3 h later and a bisacodyl suppository (Dulcolax®) 10 mg after 8
h, if the capsule was not excreted. In addition to our standard booster regimen,
cases received an additional 15 mL of castor oil given at the time of booster 1. A
nested case control design with 2:1 ratio (control:case) was employed. Basic
demographics, completion rates, image quality, colonic transit time, diagnostic
yield and polyp detection were compared between groups, using a student ¢ or
chi-square tests as appropriate.
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RESULTS

One hundred and eighty-six CCEs [mean age 60 years (18-97), 56% females, n =
104], including 62 cases have been analysed. Indication breakdown included 96
polyp surveillance (51.6%), 42 lower gastrointestinal symptoms (22.6%), 28 due to
incomplete colonoscopy (15%), 18 anaemia (9.7%) and 2 inflammatory bowel
disease surveillance (1.1%). Overall, CCE completion was 77% (144/186), image
quality was adequate/diagnostic in 91% (170/186), mean colonic transit time was
3.5 h (0.25-13), and the polyp detection rate was 57% (106/186). Completion rates
were significantly higher with castor oil, 87% cases (54/62) vs 73% controls
(90/124), P = 0.01. The number needed to treat with castor oil to result in an
additional complete CCE study was 7, absolute risk reduction = 14.52%, 95%
confidence interval (CI): 3.06- 25.97. This effect of castor oil on excretion rates was
more significant in the over 60 s, P < 0.03, and in females, P < 0.025. Similarly,
polyp detection rates were higher in cases 82% (51/62) vs controls 44% (55/124), P
=0.0001, odds ratio 5.8, 95%CI: 2.77-12.21. Colonic transit times were similar, 3.2 h
and 3.8 h, respectively. Image quality was similar, reported as adequate/
diagnostic in 90% (56/62) vs 92% (114/124).

CONCLUSION
In our capsule endoscopy centre, castor oil addition as a CCE booster significantly
improved completion rates and polyp detection in an unselected Western cohort.

Key Words: Castor oil; Colon capsule endoscopy; Bowel preparation; Completion rates;
Excretion rates

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is the largest prospective study to date, assessing the impact of castor oil
and its novel use as a colon capsule endoscopy (CCE) booster in an unselected cohort.
Our study shows that adding castor oil to a simple split-dose CCE bowel preparation
regime has a significant impact on capsule excretion rates and polyp detection.

Citation: Semenov S, Ismail MS, O'Hara F, Sihag S, Ryan B, O'Connor A, O'Donnell S,
McNamara D. Addition of castor oil as a booster in colon capsule regimens significantly
improves completion rates and polyp detection. World J Gastrointest Pharmacol Ther 2021;
12(6): 103-112

URL: https://www.wjgnet.com/2150-5349/full/v12/i6/103.htm

DOI: https://dx.doi.org/10.4292/wjgpt.v12.i6.103

INTRODUCTION

Colon capsule endoscopy (CCE), as a diagnostic tool, has emerged as a viable
alternative to colonoscopy. Patient preference, incomplete colonoscopy and contrain-
dications to colonoscopy represent the majority of current CCE indications. There is
growing international data to validate its use in colonic polyp screening where it has
been shown to outperform colonoscopy in polyp detection[1], and in colonic polyp
surveillance where it has been shown to reduce colonoscopy burden in patients with
normal CCE[2]. Given its ability to assess the small bowel, CCE also offers a unique
non-invasive option for inflammatory bowel disease (IBD) surveillance[3,4].

Allowing for variation between sites, CCE bowel preparation regimens are predom-
inantly polyethylene glycol (PEG) based[5]. Patients are initially given PEG to cleanse
the colon and this is followed by boosters to ensure CCE excretion. A complete study
requires continuous image capture from the caecum to the haemorrhoidal plexus
within the battery life of the capsule. Unfortunately, incomplete CCE remains
problematic with significant variation in reported excretion rates ranging from as low
as 70% to as high as 88%[6]. A further potential drawback of CCE is inadequate bowel
cleansing. A recent meta-analysis reported median rates of adequate cleansing of 78%
and 81% with CCE-1 and CCE-2, respectively[7]. This can be explained by its inability
to insufflate the colon, aspirate liquids, control its transit speed, and clean the mucosal
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surface[6]. Despite its technical limitations, CCE appears to have similar bowel
preparation rates to colonoscopy|[8].

Multiple booster and cleansing agents have been proposed in the literature in an
attempt to improve CCE excretion and bowel preparation rates. Among these, a novel
use of castor oil as an additional booster agent in CCE practice has been studied.
Castor oil is a pale-yellow vegetable oil pressed from castor beans, produced by the
Ricinus plant found mainly in tropical regions. Aside from its other medicinal uses,
which include skin care, castor oil has been used as a laxative in traditional medicine
for hundreds of years[9].

More recently, the use of castor oil in CCE has been described in several studies. In
2016, the addition of castor oil to CCE boosters has been trialled in a small number of
dialysis patients with the aim of reducing liquid loading and resulted in 100%
excretion rates (20/20)[6]. A further study looked at the addition of castor oil to a one
day bowel preparation protocol developed by a Japanese study group for an
Ulcerative Colitis cohort, which yielded excretion rates of 93.9% (31/33)[10]. Finally, a
multicentre retrospective study in Japan selecting 319 patients receiving a one-day
PEG-based CCE regimen in a mixed cohort of faecal immunochemical test positive,
screening and lower gastrointestinal (GI) symptom patients, assessed excretion rates
with and without castor oil. Of 152 patients receiving castor oil as a CCE booster, 97 %
excreted the capsule within the life of its battery compared to 81% (136/167) without
castor o0il[6]. Given this promising data, we aimed to prospectively assess the effect-
iveness of adding castor oil as an additional booster to our CCE protocol in an
unselected patient cohort. Historically our CCE bowel preparation has been based on a
2 Litre split-dose PEG solution (Moviprep®, Norgine, Denmark) followed by boosters
made of the same solution, which has been shown to be effective in the available
literature[11].

MATERIALS AND METHODS
Study design and population

This was a prospective open-label single-centre pilot study assessing the impact of
castor oil on CCE performance. This study was approved as a service evaluation
project by the process improvement department which is part of the quality safety and
risk management directorate in our hospital. All patients referred routinely for CCE
over a 5-mo period (November 2019 to March 2020) received an additional 15 mL of
castor oil in conjunction to our standard booster regime. All patients were 18 years or
older and had no contraindications to CCE or bowel preparation regimens. All
patients with a history of IBD, chronic nonsteroidal anti-inflammatory drug use,
previous bowel surgery or any other risk for capsule retention, completed a capsule
patency test prior to CCE. The outcome of this pilot was then compared to a control
(non-castor oil) cohort identified retrospectively from our CCE database.

Procedure details

CCE was carried out using the PillCam™ COLON2 (Medtronic, Minneapolis, MN,
United States). Figure 1 outlines the bowel preparation protocol used for each CCE
procedure.

Two days prior to attending the capsule department for a CCE, all patients received
four 12 mg Senna tablets. This was followed by a two-litre split-dose bowel
preparation with Moviprep® (PEG-3350, sodium sulphate, sodium chloride, potassium
chloride, sodium ascorbate and ascorbic acid for oral solution; Norgine B. V, United
States), a PEG-based solution used predominantly in our colonoscopy practice. The
patients were instructed to ingest the 1 litre on the evening before, and the 2™ litre on
the morning of the procedure. In the event of delayed gastric emptying, recorded as
presence of capsule in the stomach 30 min post ingestion, all patients without contrain-
dications received intravenous prokinetics; 10mg of metoclopramide followed by 250
mg erythromycin, if unsuccessful.

Control booster regimen included Moviprep® with 750 mL of water (booster 1) on
reaching the small bowel. A further dose of Moviprep® with 250 mL of water was
given 3 h later and a bisacodyl suppository (Dulcolax®) 10 mg after 8 h, if the capsule
was not excreted. Cases followed the same regimen with the addition of 15 mL of
castor oil given with booster 1. The studies were all read by trained CCE readers,
unblinded to bowel preparation, and the final reports were reviewed and signed off at
our local departmental capsule review board.
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Time _I’rocedu_re/ patient Regl_mer_l/ Dose/volume
instructions medication
Day -7 Stop iron tablets Senna tablets 4x12mg
Day -2: 19:00
Day -1 Liquid diet (e.g., black tea,
black coffee, clear broth, soft
drinks, jelly, ice cream, etc.)
Drink at least 10 glasses of
water throughout the day
Clear fluids only from
midnight
Day -1: 19:00 Sachet A&B 1L
Moviprep®
+ water
Day of procedure
07:00 Essential medications may be Sachet A&B 1L
taken with sips of water Moviprep®
+ water
Time of Capsule swallowed
appointment
+ 30 min Video checked for capsule Optional 10 mg

passage into small bowel

Administer prokinetics if
delayed gastric emptying

Confirmation of Booster 1

1V Metoclopramide 250 mg

1V Erythromycin

capsule in small
bowel

(Only cases)

Patient can now drink

fluids freely
+ 3 hr Booster 2 Moviprep® A&B + 250 mL
Water
Patient can now have a light
meal and take remaining
medications
+5hr Patient notes capsule excretion Optional 10 mg

Administer rectal suppository if
capsule not visualised

Moviprep® A&B + 750 mL
Water
Castor oil +15mL

Dulcolax® suppository

Figure 1 Bowel preparation procedure.

Jaishideng®

Data analysis
A nested case control design was employed with a 2:1 ratio (2 controls:1 case) whereby
controls were taken from our capsule database in chronological order without any
selection bias.

We recorded patient demographics including age, gender and indication for CCE.
CCE excretion/completion was defined as uninterrupted image capture from the
caecum to the dentate line within its battery life. In the event of failed capsule
excretion, CCE was considered complete if images of the haemorrhoidal plexus were
recorded.

Colonic image quality was based on the reader’s overall impression of the bowel
preparation and recorded as either “adequate” or “inadequate” at the time of
reporting. All CCE procedures were read by trained capsule endoscopists and reports
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reviewed at weekly capsule review meetings with at least one CCE expert reader
present. The cleansing level was evaluated based on a previously validated scale and
classified as poor (large amount of faecal residue), fair (enough residue to preclude a
completely reliable examination), good (small amount of residue, not enough to
interfere with examination) and excellent (no more than small amounts of adherent
faeces) for each colonic segment. Examinations scored as “poor” or ‘fair” in any segment
were considered ‘inadequate’, whereas those scored as ‘good” or ‘excellent” in all
segments were considered ‘adequate’[12,13].

Colonic transit time was automatically generated by the PILLCAM™ SOFTWARE
V9 and recorded directly from the CCE report. Findings were recorded and clinically
significant findings included: Colonic polyps, cancers, inflammation and bleeding.
Extra colonic findings were also documented where present. A CCE positivity rate was
calculated by including studies with significant colonic findings as outline above.
Adverse events and complications were documented.

Results were compared between the two groups of patients. Statistical analysis
employed a student ¢ test and chi-square tests as appropriate, utilising the GraphPad
online software. A P value of less than 0.05 was considered statistically significant.
Odds ratios (OR), number needed to treat (NNT) and absolute risk reduction were
calculated as required. Per protocol analysis was undertaken including patients only
who were able to swallow the capsule and took at least some of the study medication.

RESULTS

Patient demographics

A total of 186 CCEs have been analysed; 124 controls and 62 cases receiving castor oil
with booster 1. In all, the mean age was 60 years of age and 56% were females
(104/186). The age and gender breakdown did not statistically differ between the two
populations. The following were indications for CCE in order of prevalence; 96 polyp
surveillance (51.6%), 42 lower Gl symptoms (22.6%), 28 due to incomplete colonoscopy
(15%), 18 anaemia (9.7%) and 2 IBD surveillance (1.1%). Allowing for a slightly larger
proportion of castor oil patients referred for anaemia work up; the indication
breakdown did not significantly vary. Table 1 outlines the breakdown of demo-
graphics and indications between the two groups.

Assessing the effect of castor oil

Overall CCE completion was 77% (144/186). Image quality was adequate and/or
diagnostic in 91% (170/186). Mean colonic transit time was 3.5 h with a range of 0.25-
13. Overall CCE positivity (presence of significant colonic findings) was 59% (109/186)
and the polyp detection rate was 57% (106/186). Additional pathology including
colonic diverticulae, small bowel findings and gastric findings were found in 63%
(78/124), 22% (27/124) and 12% (15/124) of the overall studies, respectively. There
were no cases of colorectal cancer recorded in this study.

Completion rates were significantly higher with castor oil, 87% (54/62) compared
with 73% controls (90/124), (P = 0.01). The NNT with castor oil to result in an
additional complete CCE study was 7, absolute risk reduction = 14.52%, [95%
confidence interval (CI): 3.06- 25.97]. Polyp detection rates were also higher in the
castor oil group 82% (51/62) vs 44% (55/124), (P < 0.0001), with an OR of 5.8, (95%CI:
2.77-12.21). Similarly, overall positivity rates, which include studies with polyps, colitis
and bleeding, were higher with castor oil, 84% (52/62) vs 46% (57/124), (P < 0.0001),
OR of 6.1, (95%CI: 2.85 to 13.11).

Transit times were similar, 3.2 h and 3.8 h, with and without castor oil, respectively.
Castor oil did not contribute to poorer image quality as rates were similar between the
two groups; reported as adequate and/or diagnostic in 90% (56/62) vs 92% (114/124).
Table 2 outlines comparisons between cases and controls.

Impact of gender, age and indication on CCE completion

Castor oil appears to improve completion rates. This effect is more significant in the
over 60 s, (P < 0.03). Similarly, the effect of the addition of castor oil is more
pronounced in females, (P < 0.025). This is shown in Table 3. The NNT with castor oil
to have one more complete study was 6 for both female gender (absolute risk
reduction 18.5%, 95%CI: 1.94-34.36) and older age (absolute risk reduction 18%, 95%CI:
1.65-34.46). The NNT with castor oil to have one more complete study was 5 for older
females (absolute risk reduction 24.36%, 95%Cl: 1.23 to 47.48).
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Table 1 Basic demographics of patients and indications for colon capsule endoscopy, n (%)

Total With castor oil Without castor oil P value
186 62 124
Age 0.2365
Mean 60.0 62.0 59.0
Range 18-97 22-97 18-86
Gender 0.8357
Male 82 (44%) 28 (45.2) 54 (43.5)
Female 104 (56%) 34 (54.8) 70 (56.5)
Indications
Polyp surveillance 96 30/62 (48.4) 66/124 (53.2) 0.5362
Lower gastrointestinal symptoms 42 10/62 (16.1) 32/124 (25.8) 0.1382
Incomplete colonoscopy 28 11/62 (17.7) 17/124 (13.7) 04712
Anaemia 18 10/62 (16.1) 8/124 (6.5) 0.0355
IBD surveillance 2 1/62 (1.6) 1/124 (0.8) 0.6174

IBD: Inflammatory bowel disease.

Table 2 Effects of castor oil on colon capsule endoscopy performance, n (%)

Variables Overall With castor oil Without castor oil P value
Capsule completion 144/186 (77) 54/62 (87) 90/124 (73) 0.0128
Image quality(adequate/ diagnostic) 170/186 (91) 56/62 (90) 114/124 (92) 0.3558
Colonic transit time (hr)
Mean: Bl5 3.2 3.8 0.1779
95%ClI: -2.90 to 0.54
Range: 0.25-13 0.25-13 0.5-13
CCE positivity 109/186 (59) 52/62 (84) 57/124 (46) < 0.0001
CI: 2.85 to 13.11
OR 6.1
Polyp detection rate 106/186 (57) 51/62 (82) 55/124 (44) <0.0001

CI: 2.77 to 12.21

OR 5.8

CCE: Colon capsule endoscopy; OR: Odds ratio; CI: Confidence interval.

JBaishideng®

The male gender appears to be a predictor of higher excretion rates (83% vs 73%),
however this does not reach statistical significance, (P = 0.0553). Unsurprisingly,
younger age is a significant predictive factor of higher excretion rates (86% vs 71%), (P
=0.0094).

Allowing for low incidence, castor oil did not appear to influence excretion rates in
patients referred following an incomplete colonoscopy, anaemia work-up and IBD
surveillance.

Adverse events

There were no reported significant adverse events with castor oil and no documented
events of patients refusing castor oil. There were also no significant complications
associated with CCE procedure or the remainder of bowel preparation regimens,
including capsule retention, bowel obstruction, severe abdominal pain, IBD flare and
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Table 3 Colon capsule endoscopy completion vs non-completion, n (%)

Variable Total With castor oil Without castor oil P value
Overall capsule completion 144/186 (77) 54/62 (87) 90/124 (73) 0.0128
Age:

<60 67/78 (86) 24/26 (92) 43/52 (83) 0.1250
> 60 77/108 (71) 30/36 (83) 47/72 (65) 0.0253
Gender:

Male 68/82 (83) 25/28 (89) 43/54 (80) 0.1352
Female 76/104 (73) 29/34 (85) 47/70 (67) 0.0251
Indication:

Polyp surveillance 75/96 (78) 28/30 (93) 47/66 (71) 0.0075
Lower gastrointestinal symptoms 36/42 (86) 10/10 (100) 26/32 (81) 0.0450
Incomplete colonoscopy 19/28 (68) 7/11 (63) 12/17 (7) 0.3502
Anaemia 12/18 (67) 8/10 (80) 4/8 (50) 0.0899
IBD surveillance 2/2 (100) 1/1 (100) 1/1 (100) 1.0

IBD: Inflammatory bowel disease.

Jaishideng®
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anaphylaxis to medications.

DISCUSSION

With the increasing demand for solutions in tackling long colonoscopy waiting lists,
CCE has become an attractive alternative. Given its potential, the importance of
maximising CCE’s performance has been recognised in the literature with a growing
body of work looking into improving capsule excretion, image quality, detection of
pathology and patient acceptance. Our study is the largest European study to date
prospectively assessing the use of castor oil as an addition to a CCE booster regimen in
an unselected cohort. Our data suggests small volumes of cheap and readily available
castor oil (15 mL) can significantly increase excretion rates (87%) without
compromising image quality or colonic transit times. This effect appears more
significant in an older population and in females.

The significance of castor oil in completion rates is matched by other studies
including the largest to date multicentre retrospective study from Japan, reporting
rates as high as 97%[6]. Of note, the authors used a very different and complex
preparation regimen comprising of 7 different agents [magnesium citrate, sodium
picosulphate (MCSP), Senna, Moviprep®, Mosapride, metoclopramide, Daikenchuto®]
and up to 3 L of bowel preparation in one day. This contrasts with our simple split-
dose regimen requiring less bowel preparation volumes on the day of the procedure.
Our protocol is based on evidence from Denmark showing no added value in adding
gastrografin or magnesium citrate in a split-dose regimen[11]. This study included
MCSP, a preparation highlighted in recent European guidelines for its safety concerns.
Because of hyperosmolarity and magnesium content, solutions containing MCSP are
contraindicated in patients with congestive heart disease, hypermagnesemia,
rhabdomyolisis, GI ulcerations, and severe impairment of renal function, which can
lead to magnesium accumulation[14]. This could be one of the factors contributing to a
lower excretion rate in our study (87% vs 97%). A further factor worth noting is that
male gender has been identified as a significant predictor for capsule excretion in both
studies and could be responsible for higher excretion rates in the Japanese study,
which reports a male majority in its castor oil group of 66% (101 vs 51) as opposed to a
female majority in our study of 54% (29 vs 25). Similar findings have been reported for
standard colonoscopy[15]. Our study reveals that excretion rates also vary by
indication, with polyp surveillance and lower GI symptom cohorts doing better, with
93% and 100% excretion rates, respectively.
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Unlike other proposed booster agents like sodium phosphate which has been
associated with nephropathy and electrolyte disturbances[16], castor oil appears safe
and acceptable to patients with no significant side effects reported during the study
period. Indeed, unlike other proposed booster regimens, castor oil has been used for
thousands of years and is only contraindicated in pregnancy as it is known to induce
uterine contractions[17]. Given its lower volume, castor oil has an advantage over
larger volume ascorbic acid-based, magnesium-based, sulphate-based, or gastrografin-
based booster preparations[11,18,19] as this is more likely to be acceptable to patients.
It is important to note, our protocol added 15 mL of castor oil to booster 1, contrasting
with some other studies which have utilised higher doses of 30-60 mL with variable
efficacy. The excretion rate in our study remains suboptimal, < 90%, which is the
minimum standard for adequate bowel preparation in colonoscopy as recommended
in recent European guidelines[14]. Whether increasing the dose of castor oil leads to
further improvement in completion rates is unclear and warrants further investigation.

Oral ingestion of castor oil stimulates lipases in the small intestine to produce
ricinoleic acid which in turn produces a strong laxative effect[9]. Reassuringly, this
agent has not had an effect on the overall colonic transit rates as seen in our study.
This finding is consistent with previous studies suggesting this effect is selective to
small bowel mucosa, by activating intestinal EP3 receptors, and not the colon[17], in
turn preserving the diagnostic value of CCE. It is also important to note that overall
image quality appears to be unchanged despite castor oil’s effect on small bowel
transit which can result in the capsule reaching the colon prematurely, i.e., before
colonic cleansing is complete with a split dose PEG regimen.

The authors acknowledge limitations of this being a single centre study. This can,
however, also be viewed as a strength as this ensured that all patients received a high
quality and uniform CCE procedure in accordance with our departmental protocol.
Secondly, this study incorporates a retrospective control cohort which can contribute
to a selection bias. Thirdly, due to a departmental polyp surveillance initiative which
overlapped with the period of this study, our patient cohort was skewed by a large
proportion (52%) of CCE patients referred for polyp surveillance. This resulted in a
particularly high overall polyp detection rate of 57%. Correlation with colonoscopy
could be of benefit but this data was not available as most of CCE patients did not
require a short-term follow up colonoscopy within the period of the study. This does
not affect the validity of our data as cases and controls did not vary significantly by
age, gender or CCE indication. Surprisingly, despite a smaller proportion of castor oil
CCEs referred for polyp surveillance compared to the non-castor oil group (48.4% vs
53.2%), polyp detection rates were almost twice as high (44% vs 82%). One potential
reason for this is the higher completion rates leading to more frequent visualisation of
the entire colonic mucosa and increased detection of left sided lesions. This highlights
the value of castor oil in CCE bowel preparation and its potential as an alternative tool
in polyp screening or surveillance.

CONCLUSION

In our capsule endoscopy centre, the addition of a single 15 mL dose of castor oil to
booster 1, as part of a simple split dose Moviprep® CCE protocol, appears safe,
acceptable by patients and significantly improves completion rates and polyp
detection in an unselected cohort.

ARTICLE HIGHLIGHTS

Research background

Colon capsule endoscopy (CCE) has emerged as a valuable tool in gastroenterology.
There remains significant variation in bowel preparation and booster preparations
between capsule endoscopy centres. Currently, there is limited data available on the
use of castor oil as an additional agent in booster regimens for CCE. Our study is the
largest study to date that assesses the use of castor oil in CCE procedures
prospectively in a western population.

Research motivation
Our capsule endoscopy centre recognises the suboptimal completion rates of CCE, in
our centre and worldwide, and investigates the addition of castor oil in improving
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this. With this study, we aim to add to the limited available data on castor oil in CCE
preparation regimens and highlight the need for further research.

Research objectives

Our main objective was to assess the impact of adding castor oil to a standard split-
dose (2-d) preparation in an unselected Western patient cohort in our CCE practice.
Our secondary objectives included studying the impact of castor oil on diagnostic
yield and identifying patient factors associated with CCE completion and/or more
likely to benefit from castor oil. Our study suggests that adding castor oil is
significantly associated with higher capsule completion rates and in turn, higher
diagnostic yield. This highlights the need for further research in this field, as
completion rates is a recognised limitation of this diagnostic test.

Research methods

Our study identified a retrospective “control” arm (without castor oil) and collected
data on a prospective “cases” arm (with castor oil), employing a 2:1 nested control:
case design, in assessing the benefit of adding castor oil to a 2-d bowel preparation
regimen in our CCE practice. We utilised student t and chi-square tests when
comparing basic demographics, completion rates, image quality, colonic transit time,
diagnostic yield and polyp detection between the two groups. This was a novel study
methodology, with respect to castor oil use, yet to be replicated in other centres.

Research results

Our study evaluated 186 CCE procedures (62 cases and 124 controls). We found that
overall CCE completion was 77% and was significantly higher in the castor oil group
with 87% vs 73%. This effect of castor oil appears to be more effective in older
populations and females. Interestingly, positivity rates and polyp detection rates also
increased with the addition of castor oil, 84% vs 46% and 82% vs 44%, respectively.
Reassuringly, adding castor oil did not reduce image quality or colonic transit time.

Research conclusions

What are the new theories that this study proposes? - Castor oil not only improves
completion rates but also has potential to improve diagnostic yield of CCE. Castor oil
appears safe and acceptable by patients and can be used in an unselected cohort with
little to no adverse events. What are the new methods that this study proposed? - This
study proposes the addition of low dose castor oil as a booster agent to a standard
split-dose CCE bowel preparation.

Research perspectives

What is the direction of the future research? - There is a need to explore and expand on
research of using castor oil in CCE in different populations, alternative doses and in
combination with other bowel preparation regimens, with the aim of improving CCE
performance parameters.
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