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Abstract

Chronic kidney disease (CKD) in patients with liver cirrhosis has become a new
frontier in hepatology. In recent years, a sharp increase in the diagnosis of CKD
has been observed among patients with cirrhosis. The rising prevalence of risk
factors, such as diabetes, hypertension and nonalcoholic fatty liver disease,
appears to have contributed significantly to the high prevalence of CKD.
Moreover, the diagnosis of CKD in cirrhosis is now based on a reduction in the
estimated glomerular filtration rate of < 60 mL/min over more than 3 mo. This
definition has resulted in a better differentiation of CKD from acute kidney injury
(AKI), leading to its greater recognition. It has also been noted that a significant
proportion of AKI transforms into CKD in patients with decompensated cirrhosis.
CKD in cirrhosis can be structural CKD due to kidney injury or functional CKD
secondary to circulatory and neurohormonal imbalances. The available literature
on combined cirrhosis-CKD is extremely limited, as most attempts to assess renal
dysfunction in cirrhosis have so far concentrated on AKI. Due to problems related
to glomerular filtration rate estimation in cirrhosis, the absence of reliable
biomarkers of CKD and technical difficulties in performing renal biopsy in
advanced cirrhosis, CKD in cirrhosis can present many challenges for clinicians.
With combined hepatorenal dysfunctions, fluid mobilization becomes
problematic, and there may be difficulties with drug tolerance, hemodialysis and
decision-making regarding the need for liver vs simultaneous liver and kidney
transplantation. This paper offers a thorough overview of the increasingly known
CKD in patients with cirrhosis, with clinical consequences and difficulties
occurring in the diagnosis and treatment of such patients.

Key Words: Acute kidney injury; Cirrhosis; Chronic kidney disease; Renal failure;
Hepatorenal syndrome; Renal function
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Core Tip: The current definition of chronic kidney disease (CKD) in patients with liver
cirrhosis is based on a 3-mo decline in the glomerular filtration rate of < 60 mL/min,
and it may be structural or functional CKD, depending on the presence or absence of
kidney injury. Emerging data show that the incidence of CKD has risen dramatically in
patients with cirrhosis over the last decade. The main reasons behind the increased
prevalence of CKD appear to be a growing recognition of this condition and a rising
trend in the prevalence of diabetes, hypertension and nonalcoholic fatty liver disease.
This paper offers a detailed overview of CKD in patients with cirrhosis, including the
clinical implications and difficulties clinicians may face with regard to diagnosis and
treatment.

Citation: Kumar R, Priyadarshi RN, Anand U. Chronic renal dysfunction in cirrhosis: A new
frontier in hepatology. World J Gastroenterol 2021; 27(11): 990-1005

URL: https://www.wjgnet.com/1007-9327/full/v27/i11/990.htm
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INTRODUCTION

Most attempts to assess renal impairment in cirrhosis have so far concentrated on
acute kidney injury (AKI), and as a result, detailed knowledge of AKI in cirrhosis is
now availablell. However, there is still scarce evidence on the prevalence, clinical
impact and treatment of chronic kidney disease (CKD) in cirrhosis. A sharp rise in the
diagnosis of CKD among patients with cirrhosis has been observed in recent years.
The prevalence of CKD in hospitalized patients with cirrhosis, which used to be
approximately 1% in 2005, has now risen to as high as 46.8% in 2019%. The growing
prevalence of CKD in patients with cirrhosis may represent the convergence of several
important epidemiological patterns: the continuing increase in the prevalence of
metabolic risk factors such as obesity, hypertension and Medicine degree (DM); the
increasing prevalence of nonalcoholic fatty liver disease (NAFLD) as a major
contributor to the burden of cirrhosis; and the aging cohort of cirrhosis!"‘l. Moreover,
some emerging evidence indicates that the risk of developing de novo CKD remains
high for AKI survivors'. Liver cirrhosis patients are susceptible to developing AKI
due to circulatory abnormalities, neurohormonal changes and the involvement of risk
factors such as bacterial infection, gastrointestinal bleeding, medication and
paracentesis'l. Depending on the severity, length and frequency, AKI increases the
risk of developing incident CKD due to decreases in renal mass and nephron number,
vascular insufficiency, and maladaptive repair mechanisms!’l. Therefore, rather than
separate entities, AKI and CKD may represent a continuum. The term CKD now
encompasses both structural CKD due to structural damage to the kidney and
functional CKD due to circulatory and neurohormonal imbalances in cirrhosis. The
differentiation between various forms of renal dysfunction in cirrhosis is crucial, as
each requires a different treatment plan.

DEFINITION AND CLASSIFICATION

The definition of CKD in cirrhosis was originally based on a serum creatinine level of
> 1.5 mg/dL until 2011, when an updated definition was introduced by a working
group composed of experts from various disciplines!’. The definition endorsed by
kidney disease: Improving global outcomes was largely adopted by this group, and
CKD was defined as an estimated glomerular filtration rate (eGFR) of < 60 mL/min for
more than 3 mo, measured using the Modification of Diet in Renal Disease-6 (MDRD-
6) equation. While the group further agreed that the MDRD-6 equation was not perfect
for estimating GFR in patients with cirrhosis, it may still be adopted until better
alternatives become available. Currently, the diagnosis of CKD does not require
corroborating evidence of kidney damage, such as proteinuria, hematuria, abnormal
renal imaging or pathology.
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Kidney Disease: Improving Global Outcomes has classified CKD into structural and
functional CKD on the basis of the presence or absence of kidney injury. The old
entity, type 2 hepatorenal syndrome (HRS), now referred to as HRS-CKD, is
essentially a functional CKD!'l. While functional CKD is considered potentially
reversible, since biomarkers of renal tubular damage have been found in patients with
HRS, this may not exactly be the case!’*"". Patients with cirrhosis may have several risk
factors for developing structural CKD per se, such as DM, NAFLD, and athero-
sclerosis““l. In addition, persistent renal vasoconstriction in functional CKD can lead to
structural changes, transforming it into structural CKD.

THE GROWING PREVALENCE OF CHRONIC KIDNEY DISEASE IN
CIRRHOSIS

In recent years, not only has the prevalence of CKD increased significantly in the
general population, but an increasing rise in the prevalence of CKD has also been
reported in patients with cirrhosis (Table 1)P*""1. The prevalence rates of CKD in
cirrhosis, however, vary significantly across studies due to variations in parameters
used to describe CKD and differences in the severity of patients with chronic liver
disease (CLD).

In a study by Rustgi ef all"¥], although the prevalence of CKD among 94431 patients
with cirrhosis collected from the insurance claim database was 3.37%, the proportion
of patients with decompensated cirrhosis was higher in the combined CLD-CKD
group (27.2% vs 11.8%), suggesting that the prevalence of CKD increases with the
severity of CLD. In a recent retrospective analysis of a large cohort of patients with
cirrhosis (n = 78640) awaiting liver transplantation (LT), while the prevalence of CKD
was 7.8% in 2002, it increased to 14.6% in 2017. This is a documented increase in the
CKD prevalence rate of 187% in just 15 years. Moreover, among 39719 LT recipients,
6269 (16%) patients met the CKD criteria at the time of last transplantl. Another study
evaluating the prospectively managed database of the North American Consortium for
the End-Stage Liver Disease Study reported a 46.8% prevalence of CKD among 2346
admitted patients with cirrhosis. In an Indian study, the occurrence of CKD was
observed in 32.8% of a large prospective cohort (1 = 818) of patients with cirrhosis!'’l.
Functional CKD is considered to be relatively uncommon and accounts for only
approximately 3.9% to 15.8% of renal impairments among hospitalized cirrhotic
patients; however, new data need to be developed in light of the updated concept of
CKD in cirrhosis".

DETERMINANTS OF INCREASING CHRONIC KIDNEY DISEASE IN
CIRRHOSIS

Apart from the aging and the high incidence of AKI in cirrhosis, a rising recognition of
this condition and a rising trend in the prevalence of DM, hypertension and NAFLD
seem to be the key factors behind the increased prevalence of CKD in cirrhosis
(Figure 1).

AKI to CKD transition

AKI is an independent risk factor for developing CKD in the general population. AKI
to CKD transition appears to reflect a continuum. In a meta-analysis of 13 studies, the
pooled adjusted hazard ratio for developing CKD among patients with AKI was 8.8
(95% confidence interval: 3.1-25.5)". AKI occurs very frequently in patients with
decompensated cirrhosis because of pre-existing circulatory abnormalities,
neurohormonal changes and the involvement of risk factors such as DM, bacterial
infection, gastrointestinal bleeding, medications and therapeutic paracentesis!"”'*'"l.
Emerging data suggest that in patients with decompensated cirrhosis, a large
proportion of AKI progresses to CKD. In a recent study, 25% of patients with
decompensated cirrhosis with AKI who survived for at least 3 mo developed CKD,
compared with only 1% of those without AKI". Moreover, the odds of developing
CKD in patients with decompensated cirrhosis with AKI were 31, suggesting that they
are more prone to CKD development than general AKI patients. A higher transition
from AKI to CKD was seen when the severity of AKI was higher and when it
developed after hospitalization. In another study published in India, 32.8% of 818
patients with cirrhosis developed CKD, approximately 80% of patients with CKD had
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Ref.

Study subjects (n)

Criteria for CKD diagnosis

Incidence or prevalence of CKD

Cullaro et all*],
2020

Bassegoda

et all’l, 2020

Rustgi et all’ 8'],
2020

Wong et ul[ﬂ’],
2019
Maiwall

et all'®, 2020

Chen et all'’],
2018

Choi et all'”),
2014

Martin-Llahi
et all®, 2011

Salerno et all*’],
2011

Péron et all”,
2005

39719 LT recipient cirrhosis
patients

409 hospitalized cirrhosis
patients, 168 with AKI

598455 CLD patients,
including 94431 patients with
cirrhosis

2346 non-electively admitted
patients with cirrhosis

818 cohort of both

CKD-EPI equation based eGFR < 60
mL/min for 90 d or > 42 d of hemodialysis

MDRD-4 equation based eGFR < 60

mL/min >3 mo

As per the record, based on International
Classification of Disease (ICD-9) code

MDRD-4 equation based eGFR < 60
mL/min for >3 mo

MDRD-6 equation based eGFR < 60

16% patients (n = 6269) met CKD criteria at the time of
LT

Among survived patients at 3 mo, 9.1% (26/285)
developed CKD, Incidence of CKD among cirrhosis-AKI
patients was 25% (24/97)

Among 94431 cirrhosis patients, prevalence of CKD was
3.37%

Prevalence of CKD was 46.8% (1 =1099)

Incidence of CKD was 32.8% (n = 269)

hospitalized and outdoor
cirrhosis patients

7440 adult patients with
cirrhosis

643 hospitalized cirrhosis
patients

463 hospitalized cirrhosis
patients with renal
impairment

263 hospitalized cirrhosis
patients with renal
impairment

932 hospitalized cirrhosis
patients with renal
impairment

mL/min for > 3 mo and abnormal urine
microscopy > 12 wk

MDRD-6, CKD-EPI and MDRD-4 equation
based eGFR < 60 mL/min for > 3 mo

CKD was present in 46.0%, 45.7% and 45.6% of patients
using the MDRD-6, CKD-EPI and MDRD-4 equations,
respectively

MDRD-6 equation based eGFR < 60
mL/min for >3 mo

Prevalence of CKD was 3.4% (n = 22)

Old criteria for HRS based on serum
creatinine: > 1.5 mg/dL

Proportion of CKD-HRS was 3.9% (n = 22)

Old criteria for HRS based on serum
creatinine: > 1.5 mg/dL

Proportion of CKD-HRS was 18.5% (1 = 40)

Old criteria for HRS based on serum
creatinine: > 1.5 mg/dL

Proportion of CKD was 10 (1.07%), Proportion of CKD-
HRS was 07 (0.75%)

CKD: Chronic kidney disease; LT: Liver transplantation; CKD-EPK: Chronic kidney disease epidemiology collaboration; eGFR: Estimated glomerular

filtration rate; AKI: Acute kidney injury; MDRD: Modification of diet and renal disease; CLD: Chronic liver disease; HRS: Hepatorenal syndrome.
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at least one episode of AKI, and one-third of patients with AKI had progression to
CKD!"). The mechanisms underlying AKI-CKD progression are still poorly
understood. In general, it is believed to be a result of maladaptive repair in the
interstitial, vascular and tubular structures of the kidney!”l. However, it is not clear
whether the same mechanisms contribute to the development of CKD in cirrhosis.
Patients with higher baseline levels of serum creatinine are more likely to develop AKI
and less likely to recover from such AKI episodes”l. Because DM and hypertension
patients are more likely to have intrinsic renal disease, such as diabetic nephropathy or
hypertensive nephrosclerosis, they are not only at higher risk of developing AKI
episodes but also less likely to recover from these episodes due to a lower renal
reserve.

Increase in the multiple risk factors

There has been a substantial increase in the multiple shared risk factors for cirrhosis
and CKD over the years. NAFLD is independently and significantly associated with an
increased incidence and prevalence of CKDP™*L In a recent meta-analysis that
included nearly 64000 subjects, NAFLD was associated with an approximately 2-fold
increased risk of both prevalent and incident CKD!. Multiple factors, such as the
proinflammatory environment, insulin resistance, oxidative stress, and the activated
renin-angiotensin system, may account for the accelerated development and
progression of CKD in NAFLD subjects, apart from the common occurrence of DM
and hypertension®’. In addition, NAFLD has been strongly associated with
atherosclerosis, as shown by increased intima media thickness or atherosclerotic
plaques in the carotid arteries, and atherosclerosis has been associated with
glomerulosclerosis, a process that can lead to CKD™. In one study, approximately
20%-25% of LT candidates were found to have severe coronary artery disease,
suggesting that atherosclerosis in cirrhosis is not uncommon™!. Over the last 2
decades, the prevalence of NAFLD and NAFLD-related cirrhosis has also increased
considerably™!. In a study, NAFLD accounted for a substantial rise in simultaneous
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Figure 1 Risk factors associated with chronic kidney disease in patients with liver cirrhosis. A rising trend in the prevalence of medicine degree,
hypertension and non-alcoholic fatty liver disease seem to be the key factors behind the increased prevalence of chronic kidney disease in cirrhosis. The risk of
developing de-novo chronic kidney disease remains high for acute kidney injury survivors. CKD: Chronic kidney disease; HTN: Hypertension; HBV: Hepatis B virus;
HCV: Hepatitis C virus; RAAS: Renin-angiotensin-aldosterone system; SNS: Sympathetic nervous system; AVP: Arginine vasopressin; Gl: Gastrointestinal; NAFLD:
Non-alcoholic fatty liver disease; HRS: Hepatorenal syndrome; AKI: Acute kidney injury.

liver and kidney transplantation (SLKT), from 8.2% in 2002 to 22% in 2011 In
cirrhosis, DM is highly prevalent, with recorded prevalence rates ranging from 35% to
71%, which is far higher than in the general population™!. Glomerulopathy, which can
progress to CKD, may be associated with certain specific causes of cirrhosis, such as
hepatitis B virus (HBV) or hepatitis C virus (HCV). Glomerular involvement in
patients with viral hepatitis occurs via an immune pathogenic mechanism. Circulating
immune complexes containing viral antigens have been found in the kidney!™..

CLINICAL IMPLICATIONS OF CHRONIC KIDNEY DISEASE IN CIRRHOSIS

In several ways, CKD can affect the clinical manifestations, complications, therapeutic
decisions, and outcomes of patients with cirrhosis.

Impact on clinical manifestations

Anorexia, anemia, ascites, bleeding tendency and encephalopathy can be
independently due to both hepatic and renal diseases, so the contributions from
individual diseases are often difficult to determine in patients with cirrhosis with
CKD. This may create uncertainty about optimal therapeutic choices, such as
requirements of renal replacement therapy. In patients with cirrhosis, CKD may
contribute to ascites and edema in various ways, such as nephrogenic ascites, chronic
fluid overload, hypoproteinemia, and cardiomyopathy'l. Refractory ascites is almost
universal in patients with functional CKDM¥”. Due to multiple and complex
hemostasis abnormalities, patients with concurrent hepatorenal dysfunction may have
a higher tendency to bleed. On the other hand, even thrombotic complications are not
unusual in such patients™. CKD is an independent cardiovascular mortality risk
factor, and it can worsen anemia due to cirrhosis!*l. Both CKD and cirrhosis can
cause immunodepression, leading to an increased risk of infection™. Patients with
cirrhosis and CKD appear to have an increased risk of developing malignancy™*. In
recent years, NAFLD, which is significantly linked to CKD, has also emerged as one of
the leading causes of hepatocellular carcinoma (HCC)™!. Alcohol, HBV infection and
HCYV infection are other shared risk factors that can be associated with both HCC and
CKD. HCC has been found to be associated with a higher prevalence of CKD than any
other cancer™. After adjustment for many possible confounders, a lower GFR has been
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shown to be independently associated with a higher risk of incident renal cell and
urothelial cancer®). CKD has been shown to be associated with increased mortality
from liver, kidney, and urothelial cancers!*'l.

Impact on complications and outcomes

CKD in cirrhosis is associated with poor outcomes and an increased frequency of
complications®™!. Wong et al” found that patients with cirrhosis with CKD had higher
rates of superimposed AKI (68% vs 21%), need for dialysis (11% vs 2%) and 30-d
mortality rates (16% vs 7%) than patients with cirrhosis without CKD. A 10 mL/min
decrease in eGFR was found to be associated with a 13% increase in 30-d mortality in
patients with cirrhosis. In a study by Bassegoda et al”], patients with cirrhosis with
CKD had a higher frequency of AKI (75% vs 45%), refractory ascites (25% vs 7%),
bacterial infections (58% vs 34%) and LT requirement (25% vs 10%) compared with
those without CKDU. In addition, the involvement of cirrhosis is independently
related to a poor outcome in patients with CKD". CKD impacts not only waitlist
mortality but also worsens post-LT survival. Cullaro ef al! reported that the one-year
post-LT mortality rate in patients with CKD was 12%, compared with 9% in those
without CKD. In addition, posttransplant renal outcomes may also be affected by the
presence of CKD!"l.

Impact on health care utilization

Wong et all” found that cirrhosis patients with CKD had higher rates of hospitalization
during the preceding 6 mo (70% vs 63%) than those without CKD. Similarly,
Bassegoda et al'! reported a higher 3-mo readmission rate (67% vs 37%) in cirrhosis-
CKD patients compared to cirrhosis alone. A recent study analyzed the usage of health
care services and the cost burden associated with CKD in patients with CLD (1 = 9869)
compared to patients with CLD alone (n = 588586) by using real-world insurance
claims data. In a propensity-matched cohort analysis, patients with combined CLD-
CKD were found to have substantially greater annual per-person all-cause health care
costs than patients with CLD alonel'l.

DIAGNOSTIC EVALUATION

The diagnosis of CKD in cirrhosis is based on GFR. Abnormal urine analysis and/or
abnormal findings on renal ultrasonography are usually found in advanced CKD and
hence are not required for diagnosis. Cirrhosis can be diagnosed in patients with CKD
by histopathology or hepatic ultrasound, as well as by clinical manifestations of portal
hypertension and/ or hepatic decompensation.

Since CKD diagnosis in cirrhosis requires a decrease in GFR to < 60 mL/min for 12
wk, a reliable and reproducible method is required to estimate GFR. The direct
iothalamate clearance test is the gold standard for GFR measurement; however, the
cumbersome technique and lack of widespread availability limit its usage in clinical
practicel’l. Several indirect methods are available to calculate eGFR in clinical practice.

Creatinine-based eGFR

For the assessment of renal function, an eGFR based on the serum creatinine level is
commonly used in clinical practice. In patients with cirrhosis, the most commonly
used creatinine-based equation is the MDRD. However, serum creatinine levels in
patients with cirrhosis may be unreliable due to hepatic dysfunction causing decreased
production of creatine, reduced skeletal muscle mass causing decreased creatine-to-
creatinine conversion, increased tubular secretion of creatinine, and underestimation
of the serum creatinine level by hyperbilirubinemial*. Therefore, GFR in cirrhosis is
typically overestimated by the creatinine-based equation, where a normal serum
creatinine level cannot rule out renal dysfunction. In a meta-analysis, the formula
based on creatinine was found to overestimate GFR by 18 mL/min!"l. However,
despite limitations and until better substitutes become available, the latest creatinine-
based MDRD equation (MDRD-6) has been recommended by expert panels to be used
in patients with cirrhosist**. The MDRD-6 equation includes 6 variables: Age, sex,
race, serum creatinine, serum albumin, and blood urea nitrogen.

Cystatin-based eGFR

Cystatin C is a protein produced by all nucleated cells in the body that is exclusively
removed by glomerular filtration. Hepatic function, muscle mass, sex, hyper-
bilirubinemia and tubular secretion do not affect the level of cystatin C. Therefore,
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cystatin C-based eGFR may be a better alternative to the serum creatinine-based
equation for patients with cirrhosis!**". However, the level of cystatin C is affected by
hypoalbuminemia, elevated C-reactive protein and leukocytosis, which may limit its
role in estimating GFR in cirrhosis™'l. Additionally, in patients with cirrhosis, the
diagnostic performance of all cystatin C-based GFR equations has been found to be
lower than in those without cirrhosis". Combining serum creatinine and cystatin C in
an equation appears to predict GFR more accurately than either alone™. However,
eGFR measurement based on cystatin C has not yet been approved for routine use in
patients with cirrhosis.

Biomarkers of kidney damage

The role of conventional urinary markers such as albuminuria is very limited in
patients with cirrhosis, which may be because of hypoalbuminemia and relatively
increased capillary permeability™!. In addition, a normal proteinuria or urine
examination may not exclude parenchymal changes in the kidney. The recent
identification of many urinary biomarkers of renal tubular injury, such as urinary
neutrophil gelatinase-associated lipocalin (uUNGAL), interleukin-18, liver-type fatty
acid-binding protein and kidney injury molecule-1, has revolutionized research into
organic renal dysfunction!*** 1. These biomarkers have, however, been studied
primarily in the context of AKI, and their role in the assessment of CKD is not yet
clear. The most extensively assessed biomarker in cirrhotic patients has been uNGAL,
an inflammatory biomarker produced by damaged renal tubular cells. The uNGAL
levels can help distinguish organic from functional AKI; however, cutoff values for
such discrimination lack specificity. In addition, the existence of concomitant
infections or prolonged renal vasoconstriction in patients with HRS may significantly
increase uNGAL levels, thereby limiting its discriminatory function in patients with
cirrhosis!"*”. In general, uNGAL has a positive correlation with the severity of renal
dysfunction in patients with CKD, which indicates its prognostic significance for
CKD" .. However, the prognostic value of uNGAL in patients with cirrhosis with CKD
is not known.

The profiles of urinary microRNAs may be an attractive noninvasive tool for future
kidney damage assessment™l. Other biomarkers, such as osteopontin and metal-
loproteinase-1 tissue inhibitor, are usually elevated in patients with CKD, but their
clinical significance has not yet been established ..

Role of duplex Doppler ultrasonography

Renal duplex Doppler ultrasound is a simple, noninvasive and efficient method that
can be used in patients with cirrhosis to study intrarenal hemodynamics (Figure 2). It
is a test to assess renal vascular resistance as a vasoconstriction marker, and the renal
resistive index (RRI) can be used to detect early renal dysfunction in patients with
cirrhosis™. In general, there is a progressive increase in RRI as cirrhosis patients move
from without ascites to with ascites and then to HRSI. Since severe renal vasocon-
striction is a feature of HRS, duplex ultrasonography can play a potential role in the
assessment of functional CKD in patients with cirrhosis. Furthermore, the RRI can
predict CKD progression as it correlates with renal histopathological changes such as
glomerular sclerosis, interstitial fibrosis, and arteriolosclerosis™l.

Differentiation between functional and structural CKD

It is important to determine what proportion of CKD in cirrhosis is functional due to
HRS and what proportion is associated with structural renal damage. Such
differentiation has important therapeutic and prognostic implications. This would
assist the clinician in deciding on the use of diuretics, vasoconstrictor treatment and
the recommendation of LT vs SLKT. Structural CKD patients are more likely to be
indolent and have higher survival rates than functional CKD patients®™. However, in
the absence of a renal biopsy, it is often difficult to differentiate a functional CKD from
a structural CKD. Abnormal urine analysis (proteinuria > 500 mg/d or hematuria >
50/high power field) and/or abnormal findings on renal ultrasonography (reduced
cortical thickness, increased cortical echogenicity and scarring) are features of
advanced structural CKD (Figure 2). Currently, no accurate biomarkers are available
that can diagnose subclinical renal parenchymal injury or differentiate between
reversible and permanent renal injury. Importantly, prolonged renal vasoconstriction
in patients with functional CKD may lead to irreversible structural changes in the
kidney?>”L. Studies on the outcome of LT in patients with type 2 HRS have found that
50%-60% of patients develop stage 3 CKD during the posttransplant period, even
when HRS reverses!"”’.. Therefore, essentially a long-standing functional CKD can be
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Figure 2 Ultrasonographic image of a 65-year-old diabetic patient with liver cirrhosis and chronic kidney disease. A: The liver outline is
irregular (white arrows) and there is ascites around it. The right kidney is small and the parenchymal echogenicity is increased with loss of corticomedullary
differentiation (asterisk), suggesting chronic kidney disease; B: Doppler sonogram of the same kidney showed reversal of diastolic flow (orange arrow) with absent
end-diastolic velocity, indicating very high resistance vessels.

regarded as structural CKD. In the absence of abnormal early imaging features and
reliable biomarkers of CKD, renal biopsy remains the only choice to diagnose and
further characterize CKD. However, due to coagulopathy, thrombocytopenia, and the
presence of large ascites in cirrhosis, as well as scarred kidneys due to CKD,
percutaneous renal biopsy may be technically challenging in patients with
decompensated cirrhosis.

Pitfalls in the diagnosis of CKD

A dramatic rise in the diagnosis of CKD in patients with cirrhosis raises some concerns
as to whether, in the absence of any corroborating evidence of renal injury, the
dependence solely on eGFR leads to overdiagnosis of CKDI". An arbitrary single
threshold of eGFR < 60 mL/min might have a high propensity to cause overestimation
of CKD in elderly subjects. There is a natural steady decrease in GFR with increasing
age, and eGFR levels between 50 and 60 mL/min can be insignificant for older
individuals, with very little propensity to progress to symptomatic kidney diseasel!l.
The risks of overdiagnosis of CKD may be significant in patients with cirrhosis since
many of them belong to the old age group. In addition, a varying degree of
deterioration in GFR may occur in patients with decompensated cirrhosis due to
neurohormonal alterations and circulatory dysfunction well before the detection of
overt renal disease, which may lead to overdiagnosis of CKD. Therefore, on the basis
of a single eGFR threshold and in the absence of any corroborating evidence of kidney
damage, caution before labeling CKD in elderly patients with cirrhosis may be needed.
Since creatinine-based equations tend to overestimate the GFR, they can underestimate
CKD and thus may provide clinicians with false reassurance. Studies need to be
performed to determine whether the diagnosis of CKD in patients with decom-
pensated cirrhosis requires a different GFR cutoff.

MANAGEMENT IMPLICATIONS

The presence of CKD in patients with cirrhosis presents many challenges to clinicians
with regard to medical care. In particular, fluid mobilization to control ascites and
edema becomes a real challenge. The use of diuretic therapy has several limitations. As
ascites often reaccumulates rapidly, patients require repeated large volume
paracentesis. This puts them at risk of multiple complications, such as worsening
circulatory dysfunction, infection and bleeding, in addition to causing discomfort to
the patients.

Diuretic therapy

Diuretic therapy is often not prescribed in patients with functional CKD because of the
concern that it may further worsen renal failure by causing intravascular volume loss
and may precipitate electrolyte imbalance!™. In patients with structural CKD, the use
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of diuretics seems appropriate to manage ascites and edema. However, a varying
degree of diuretic resistance is usually present in patients with CKD. This occurs
primarily because of decreased renal blood flow, hyperuricemia and organic anion
accumulation!*”. The organic anions, uric acid and hypoalbuminemia interfere with the
function of loop diuretics. A higher dose of diuretics is therefore required to overcome
diuretic resistance in the presence of CKD.

There is a lack of evidence to guide clinicians as to which single or combination
diuretic agent is most appropriate for these patients. Furosemide is primarily
eliminated by the kidney, while torsemide has predominant hepatic clearancel.
Therefore, if kidney dysfunction is a predominant issue, torsemide might be preferred
over furosemide, while in the case of severe hepatic dysfunction, furosemide may be
preferred over torsemide. A recent meta-analysis found that coadministration of
albumin with furosemide had a modest effect on overcoming diuretic resistance in
hypoalbuminemic patients®l. Correction of metabolic acidosis and hyperuricemia,
adequate restriction of fluid and salt intake, and avoidance of medications that
interfere with peritubular diuretic uptake, such as nonsteroidal anti-inflammatory
drugs and beta-lactam antibiotics, may be other measures to enhance the diuretic
responsel”. Spironolactone should be better avoided in advanced CKD to prevent
hyperkalemia.

Vaptans

Vaptan, an antagonist of vasopressin 2 receptor, may be considered in patients with
CKD with cirrhosis who are intolerant to or poorly responsive to diuretics. Tolvaptan
has been found to be potentially safe with an efficacy rate of 77% for the treatment of
refractory ascites in decompensated cirrhosis patients with coexisting type 2 HRSL.
Tolvaptan significantly increases urine volume in patients with CKD with liver
cirrhosis without worsening renal dysfunction). However, its diuretic response
gradually diminishes with progression of the CKD stage!*l. Due to the possible risks of
hepatocellular damage identified during a clinical trial involving patients with
autosomal dominant polycystic kidney disease, the United States Food and Drug
Administration issued a warning for tolvaptan use in 2013. However, very high doses
of tolvaptan had been used for a long period of time in this study (120 mg/d for 3
years), and no such adverse effects have been reported from the study on patients with
cirrhosis where the recommended dose was much lower.

Vasoconstrictor therapy

Midodrine is an orally available al-agonist that serves as a vasoconstrictor and has
been found to have an effect on the systemic hemodynamics of cirrhotic patients.
However, midodrine trials in patients with cirrhosis have shown contradictory results.
There is insufficient evidence about its use in patients with CKD. In patients with type
2 HRS, midodrine has only a slight beneficial effect on systemic hemodynamics, with
no effect on renal hemodynamics!®l. Additionally, treatment with terlipressin or
noradrenaline along with albumin appears to have a limited role in patients with
CKD. While there are several cases of reversal of type 2 HRS, recurrence after
withdrawal of therapy is very common. In addition, evidence on the impact of this
treatment on the outcomes of patients is controversial. Few studies have assessed the
efficacy of terlipressin in a limited number of patients with type 2 HRS, and the
findings have been equivocal®’. In a recent study, 46% of treated patients
demonstrated reversal of type 2 HRS; however, nearly half of responders experienced
relapsel”l. Furthermore, reversal of type 2 HRS before LT does not appear to provide a
major benefit over patients who are untreated or who have failed treatment before
LT, Therefore, most of the current guidelines do not recommend vasoconstrictor
treatment in functional CKD.

Transjugular intrahepatic portosystemic shunt

Transjugular intrahepatic portosystemic shunt (TIPS) decreases portal pressure,
improves kidney function and relieves ascites. While it is being used increasingly to
treat patients with refractory ascites and functional renal failure, there is limited
evidence on its use in patients with advanced CKD. In a study on TIPS in 17 patients
with cirrhosis with CKD, Lakhoo et al” found that ascites control occurred in 83% of
patients but at the expense of a high incidence (47%) of new or worsening hepatic
encephalopathy (HE). Michl et al” reported improvement in renal function and a
decrease in the frequency of paracentesis following TIPS in 10 patients with cirrhosis,
including three with structural kidney disease. A recent systematic review and meta-
analysis found a potential survival benefit of TIPS in patients with HRS but with a
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high (49%) incidence of HE. In type 2 HRS, the pooled short-term and 1-year survival
rates after TIPS were 86% and 64%, respectively. Moreover, 83% of patients with HRS
experienced improvement in renal function after TIPS". In summary, TIPS appears to
be very effective in patients with functional CKD, and limited data indicate its
effectiveness in structural CKD as well. However, TIPS may increase the incidence of
HE, so it should be avoided in patients with encephalopathy, cardiopulmonary
disease, and significant hepatic dysfunction.

Cell-free and concentrated ascites reinfusion therapy

Cell-free and concentrated ascites reinfusion therapy (CART) is an apheresis therapy
in which ascitic fluid is filtered to remove unwanted cells, sterilely concentrated, and
then intravenously reinfused””. It was introduced in Japan as a novel treatment for
refractory ascites in patients with cirrhosis. The potential advantages of CART include
its ability to maintain nutritional status, control ascites, and improve quality of life.
Unlike large volume paracentesis, CART is not associated with the risk of
hypoproteinemia, hemodynamic instability, renal dysfunction or fatigue. It has been
used for both cirrhotic and malignant ascites; however, its safety and efficacy need to
be assessed in CLD-CKD patients with refractory ascites. CART has been found to be
equally as effective as large volume paracentesis plus albumin infusion”*. However,
its routine use can be limited by the high cost of the CART apparatus!”.

Concerns related to medications

Since the majority of drugs are metabolized and/or excreted by the hepatorenal
system, it is a challenging task to prescribe medicines in patients with advanced
cirrhosis with renal impairment”. There are no evidence-based guidelines for the use
of medicines in such patients. Drugs with significant hepatotoxic or nephrotoxic
potential or both need to be avoided in such patients. In addition, the dosage of several
antibiotics needs to be modified in accordance with GFR. Nonselective f-blockers can
increase mortality in patients with advanced cirrhosis with renal dysfunction due to
their adverse impact on cardiac compensation”l. Treatment with hepatitis B
nucleos(t)ide analogues can also raise the risk of lactic acidosis if renal dysfunction is
presentl.

Treatment modifications according to the etiology of cirrhosis

There are no large controlled studies available to direct appropriate antiviral therapy
for patients with CKD with HBV cirrhosis. The use of tenofovir disoproxil fumarate
has been associated with a mild risk of CKD progression, but a recent meta-analysis
has shown that such a decrease in renal function is inappreciable compared with
entecavir®?. Nevertheless, entecavir tends to be the most preferred drug for these
patients. However, entecavir therapy may not be as effective in patients with
lamivudine resistance, so tenofovir alafenamide, an orally bioavailable tenofovir
prodrug with a lower risk of renal toxicity, may be considered in such patients. In
patients with HCV-cirrhosis and CKD, high sustained virologic response rates with
glecaprevir/pibrentasvir combination in all genotypes and with elbasvir/ grazoprevir
in genotypes 1 and 4 can be achieved. However, these drugs are largely metabolized in
the liver and are therefore not safe in advanced cirrhosis!*l. Patients with advanced
decompensated cirrhosis and renal dysfunction are a difficult-to-treat category for
which there are no guidelines for treatment; therefore, a treatment decision should be
made on a case-by-case basis. While a treatment based on sofosbuvir is not
recommended for patients with severe renal impairment, it may be used in patients
with mild renal impairment®™. In patients with nonalcoholic steatohepatitis-CKD,
statins have been shown to decrease cardiovascular disease mortality, and sodium-
glucose cotransporter-2 inhibitors have been found to slow the progression of CKD
and minimize all-cause mortality™]. However, it is important to determine the role of
these drugs in nonalcoholic steatohepatitis-cirrhosis patients with CKD.

Renal replacement therapy

The shared symptoms between the two diseases and overestimation of eGFR make it
difficult for patients with cirrhosis with CKD to determine the ideal time for
commencing renal replacement therapy. The hemodynamic alterations of cirrhosis
pose a challenge to maintaining hemodynamic stability during dialysis, where a
sudden decrease in intravascular volume due to ultrafiltration may cause hypotension.
A sharp change in blood osmolarity and electrolyte levels increases the risk of
developing HE. In addition, thrombocytopenia, platelet dysfunction, and
coagulopathy due to combined CKD-cirrhosis may increase the risk of bleeding
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complications. In these patients, peritoneal dialysis may be a better choice because it
will not only resolve many problems associated with intermittent HD but will also
allow ascitic fluid to be regularly evacuated®*. Studies evaluating the survival of
cirrhotic patients on peritoneal dialysis have reported a modest survival rate of 8 to 66
mol*l,

LT vs SLKT

Increased post-LT mortality is associated with any form of renal dysfunction.
However, most studies evaluating the impact of renal function on post-LT survival do
not differentiate between CKD and AKI'*. Few studies have reported the
progression of CKD, including the development of end-stage renal disease and
increased post-LT mortality in cirrhotic patients with CKD receiving LT alonel™. In a
recent study, the presence of CKD at the time of LT increased the risk of post-LT
mortality by 16%!. Thus, there has been a drive to perform more SLKT in patients
with combined cirrhosis-CKD. However, in patients with cirrhosis, predicting renal
recovery post-LT is difficult, and the degree or severity of CKD that warrants SLKT vs
LT remains undefined. The 2012 SLKT summit guidelines indicate that SLKT should
be considered for cirrhosis-CKD patients with an eGFR of < 40 mL/min measured by
the MDRD-6 equation”. Once again, however, the use of SLKT is highly variable, and
the role of kidney transplantation in nondialysis CKD is controversial. Singh et al*!
recently reported the outcome of LT only in nine CKD-cirrhosis patients who had
persistently low eGFR < 40 mL/min for = 12 wk but relatively normal kidney biopsy
findings. Post-LT, eGFR increased in all nine patients within a week and remained
stable afterwards; one patient progressed to ESRD 9 years post-LT, and another patient
expired 7 years after LT. While no definite conclusions can be drawn from this small
study, there is an indication that, in the absence of other indicators of renal injury, low
eGFR alone below an arbitrary cutoff value does not constitute an absolute
requirement for SLKT in patients with liver cirrhosis. Functional CKD is potentially
reversible after LT3, However, prolonged renal ischemia can cause permanent
tubular or glomerular damage that may not recover with LT, leading to post-LT CKD
progression. Because the assessment of renal function may be difficult in patients with
advanced cirrhosis, a renal biopsy should be considered whenever possible for
identifying parenchymal changes and to decide between LT and SLKT. In patients
with low eGFR and kidney biopsy showing > 30% glomerulosclerosis and/or
interstitial fibrosis, SLKT should be considered™. Future prediction models to assist in
decision-making between SLKT and LT should consider integrating kidney injury
markers, including new CKD biomarkers.

CONCLUSION

In conclusion, the incidence of CKD in patients with cirrhosis has increased
significantly as a result of a rise in risk factors and a change in the diagnostic criteria
from a fixed level of serum creatine to a dynamic change in GFR. The available data on
this condition are extremely limited. Future studies on this subject are required to
explain several contentious issues. Taking into account the problems related to the
calculation of GFR in patients with cirrhosis, the main issue to be addressed would be
the refining of diagnostic criteria. The other areas that require future research are the
identification of reliable biomarkers of chronic kidney damage, the formulation of
management strategies based on phenotypic features of CKD in cirrhosis, and the
development of prediction models to assist in decision-making between SLKT and LT.
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Abstract

Chronic infection with hepatitis C virus (HCV) is one of the leading causes of liver
disease globally, affecting approximately 71 million people. The majority of them
are infected with genotype (GT) 1 but infections with GT3 are second in
frequency. For many years, GT3 was considered to be less pathogenic compared
to other GTs in the HCV family due to its favorable response to interferon (IFN)-
based regimen. However, the growing evidence of a higher rate of steatosis, more
rapid progression of liver fibrosis, and lower efficacy of antiviral treatment
compared to infection with other HCV GTs has changed this conviction. This
review presents the specifics of the course of GT3 infection and the development
of therapeutic options for GT3-infected patients in the era of direct-acting
antivirals (DAA). The way from a standard of care therapy with pegylated IFN-
alpha (peglFNa) and ribavirin (RBV) through a triple combination of peglFNa +
RBV and DAA to the highly potent IFN-free pangenotypic DAA regimens is
discussed along with some treatment options which appeared to be dead ends.
Although the implementation of highly effective pangenotypic regimens is the
most recent stage of revolution in the treatment of GT3 infection, there is still
room for improvement, especially in patients with liver cirrhosis and those who
fail to respond to DAA therapies, particularly those containing inhibitors of HCV
nonstructural protein 5A.

Key Words: Hepatitis C virus; Genotype 3; Antiviral treatment; Interferon; Direct-acting
antivirals; Pangenotypic

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

Core Tip: Genotype 3 which is second in frequency worldwide, is unique among
genotypes of hepatitis C virus in its higher rate of steatosis, accelerated fibrosis
progression, and lower cure rates. This paper describes the genotype-specific
mechanisms of liver injury and provides an overview of therapeutic options. Currently,
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available highly potent pangenotypic regimens have revolutionized the treatment of
genotype 3 infection, however, patients with liver cirrhosis and those who fail to
response to direct-acting antiviral therapy still present a therapeutic challenge.

Citation: Zarebska-Michaluk D. Genotype 3-hepatitis C virus’ last line of defense. Worid J
Gastroenterol 2021; 27(11): 1006-1021

URL: https://www.wjgnet.com/1007-9327/full/v27/i11/1006.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i11.1006

INTRODUCTION

Chronic infection with hepatitis C virus (HCV) is assumed to be one of the leading
causes of liver disease globally, affecting approximately 71 million peoplell. Due to the
high genetic diversity of the viral nucleic acid sequence, six major genotypes (GT),
differing from each other by 30% at the nucleotide level, comprising multiple subtypes
of HCV, have been identified”. The majority of patients worldwide are infected with
GT1, but infections of GT3 are also common in some regions. GT3 is defined by a
higher rate of steatosis, increased risk of liver cirrhosis, and different response to
antiviral drugs compared to other GTs. In the era of treatment with pegylated
interferon alpha (IFNa) and ribavirin (RBV), patients infected with GT3 were
considered "easy to treat" due to an efficacy rate of 70%, compared to less than 50% in
GT1 and GT4 infected patients. The introduction of direct-acting antivirals (DAA) has
changed the management of HCV infection, allowing a substantial increase in the
treatment efficacy, however, the improvement for GT3 infection was not as
pronounced as for other GTs, particularly in treatment-experienced patients and those
with liver cirrhosis.

THE GLOBAL SPREAD OF GT3

GT3 infections are widely distributed worldwide and are estimated to be the second in
frequency accounting for approximately 25%-30% of all HCV cases globally™. The
distribution of GT3 varies between different countries and continents. The highest
global prevalence (exceeding 70%) is found in South Asian countries, while a rate of
approximately 20% is reported in Central and Southeast Asia, a few percent in East
Asia, and only 0.4% in the Asia-Pacific region. A relatively high frequency of 36% is
documented in Australia. GT3 infection accounts for 14.2% of HCV cases in South
America, 2.1% in Central America, and 15.7% in North America, ranging from 8.9% in
the United States to 22.3% in Canadal”l. In Europe, the distribution of GT3 infections is
also heterogeneous with the highest frequency exceeding 40% in Scandinavia and
England, over 30% in Ireland, Greece Russia, and Slovenia, and more than 20% of
infections in Germany, Switzerland, Montenegro, Belgium, Bosnia, and France!*.. The
rate of a dozen percent is reported from Spain, Poland, Portugal, Bulgaria, and
Croatia, whereas the lowest prevalence, below 10%, are documented in Italy, Albania,
Hungary, and Romania'’l. The lowest proportional frequency of GT3 infections is
found in Africa at an average of 5.3%, with the highest frequency at 7.4% in East Africa
through 6.3% in North Africa to 0.8% in the central part of the continent!’.

GOOD OR BAD IN THE HCV FAMILY

For many years, GT3 was considered to be less pathogenic compared to other GTs in
the HCV family due to its favorable response to an IFN-based regimen. However, the
growing evidence of a higher rate of steatosis and more rapid progression of liver
fibrosis compared to infection with other HCV GTs has changed this conviction.

Liver steatosis is a frequent histological finding in patients with chronic hepatitis C
(CHC). Although this feature is common among all HCV infected individuals, with an
average rate of 50%, the highest prevalence exceeding 70% is observed in patients
infected with GT3!""'¥, In in-vitro studies, GT3 is also demonstrated to be much more
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likely to induce liver steatosis than other HCV GTs!"”l. The pathogenesis of hepatic
steatosis is complex and related to host and viral factors, as well as to alcohol
consumption. Metabolic steatosis, which is associated with host risk factors including
high body mass index, obesity, dyslipidemia, metabolic syndrome, insulin resistance
and type 2 diabetes, is commonly found in patients infected with non-GT3 HCV,
whereas in the GT3-infected individuals, virus-related hepatic steatosis is described as
predominantly being induced by the direct cytopathic effect of the HCV!'*1. Although
the exact mechanism remains unknown, several pathways are linked to the
pathogenesis of GT3-induced steatosis. A central role is played by the inhibition of
microsomal triglyceride transfer protein function by HCV core protein, resulting in
overall decreased hepatocyte lipid export with intracellular triglycerides accu-
mulation. This effect is documented to be amplified with HCV-3 core proteins.
Another mechanism through which the virus modulates the host lipid metabolic
pathways is inhibition of the peroxisome proliferator associated receptor-a (PPAR-a),
a transcription factor inducing hepatic fatty acid oxidation and ketogenesis. A decrease
in PPAR-a level leads to hepatic lipid collection. In vitro studies document inhibition
of PPAR-a observed in the GT3 infections as being more efficient than in infections
with GT1 HCV™. Viral-induced hepatic steatosis results not only from the reduction
of the lipid excretion with subsequent intracellular lipid accumulation but also from
the promotion of the neolipogenesis with fatty acid synthesis. This activity is proposed
to be a consequence of an increase in function of sterol regulatory element-binding
protein-1c activated by the HCV-3 core protein, however, the exact mode of activation
is unknown). The hypothesis of a pathogenic link between GT3 infection and
steatosis is supported by a significant correlation of the steatosis score and intrahepatic
titer of HCV RNA only in patients infected with GT3["". The improvement in liver
steatosis in GT3-infected patients after successful antiviral therapy, which is not
observed in patients infected with GT1, seems to indirectly confirm this
association*1. GT3 HCV was also identified as an independent predictor for the
accelerated progression of liver fibrosis in addition to established risk factors including
the age of infection, male gender, coinfection with hepatitis B virus and human
immunodeficiency virus, insulin resistance, iron overload, alcohol and drugs intake!.
Precise analysis of the influence of HCV GT on the more advanced liver disease is
difficult due to the coexistence of the aforementioned predictors and the previously
discussed higher prevalence of liver steatosis in GT3 infection, which contributes to
more rapid progression of hepatic fibrosis!'>”*l. However, the pooled analysis
confirmed a significantly more severe liver disease in single-biopsy studies and a trend
towards the faster progression of fibrosis in GT3 patients compared with the other
GTs™\. The strong association between GT3 infection and end-stage liver disease was
documented in HCV-infected drug abusers in France and confirmed by a population-
based study in a cohort of native Alaskans with CHCF?!l.

An increased risk not only of liver cirrhosis but also of hepatocellular carcinoma
(HCC) among GT3 infected individuals compared to those infected with other GTs
was reported in a large cohort (> 110000) of American patients from the Veterans
Affairs Registry™ 1. Consistent results of significantly higher incidence of HCC in GT3
patients were also obtained in French and Korean populations®*. Nevertheless, the
effect of HCV GT3 infection on the higher prevalence of liver cancer remains
controversial because of the data demonstrated for GT1b as a major risk factor for
HCC development!™.

IFN AND RBV COUPLE

The standard of care therapy of pegylated (peg) IFNa and RBV established in 2000 has
resulted in a sustained virologic response (SVR) of approximately 70% in GT3-infected
patientst*1. Such a high effectiveness compared to the SVR below 50% achieved by
patients with GT1 and GT4 infection was the basis for the GT3 being deemed "easy to
treat" and has led to attempts to shorten the treatment course to 16, 14, and even 12
wk. However, the reduction in the SVR rate was reported in patients who did not
achieve the so-called rapid virologic response (RVR) defined as undetectability of
HCV RNA after 4 wk of therapy™****l. The meta-analysis of twelve clinical trials
performed by Andriulli et al*”) documented a wide variance in response to pegIFNa
and RBV in GT3-infected patients depending on the baseline viral load. Individuals
with a high baseline level of HCV RNA demonstrated a significantly lower SVR rate of
58% compared to 75% in those with a low baseline viral load. The strongest predictive
factor for treatment response was RVR and this finding provided the basis for the
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conclusion that patients without RVR may need a longer therapy duration. The
negative impact of cirrhosis on treatment response among subjects infected with GT3,
leading to poor antiviral effectiveness was documented by Powis et al*’}, suggesting
that such patients also require an alternative management strategy. However, the
extension of the treatment course did not result in higher effectiveness, nor was there
an improvement in the SVR rate on increasing the dose of RBV!"-.

THE COUPLE WITH A LITTLE HELP OF DAA

The registration of the first DAAs in 2011, which were inhibitors of the HCV serine
protease (nonstructural protein 3/4A, NS3/4A), started a revolution in the treatment
of CHC. The combination of telaprevir or boceprevir with peglFNa and RBV
significantly increased the SVR rate, but only in patients infected with GT1". Those
infected with other GTs, including GT3, were still treated with peglFNa and RBV
because no significant improvement was demonstrated after the addition of telaprevir
or boceprevir®>l. Therefore, at the beginning of the DAA era GT3 emerged as a
"difficult-to-treat" GT. New hopes for higher effectiveness were raised with the
introduction of the next-generation DA As for possible combination with peglFNa and
RBV. Unfortunately, clinical trials demonstrated that simeprevir, a second-wave
protease inhibitor with documented in-vitro pangenotypic activity has limited efficacy
in GT3-infected patients, and the effectiveness of daclatasvir (DCV), acting through
inhibition of the HCV nonstructural protein 5A (NS5A), has proven to be also
disappointing, with SVR rates of 45% and 74% in GT3 patients with and without liver
cirrhosis, respectively™ . However, the expectations of a higher response rate among
GT3-infected patients have been met by sofosbuvir (SOF), a new DAA class
representative, HCV polymerase (NS5B) inhibitor. The addition of SOF to peglFNa
and RBV (SPR) leads to better outcomes when compared to standard of care therapy,
regardless of liver fibrosis and history of previous antiviral therapy. Phase 2 clinical
trials documented a response of 83% among treatment-experienced patients with liver
cirrhosis participating in the LONESTAR-2 study, while non-cirrhotic, treatment-naive
individuals treated in the QUANTUM study responded in 92% of cases!™l.

Patients included in the BOSON phase 3 clinical trial achieved an SVR of 93%,
specifically 88% among individuals with liver cirrhosis and 95% in those without; the
lowest efficacy of 86% was demonstrated for patients with liver cirrhosis who failed to
respond to previous antiviral therapy™. An open-label clinical study evaluating the
outcome of SOF-containing treatments reported 100% efficacy among GT3-infected
treatment naive patients without cirrhosis treated with triple therapy™!.

Those results from clinical trials were supported by real-world experience (RWE)
data that documented an SVR rate higher than that following dual therapy. The best
response of 93% was reported for non-cirrhotics among Americans treated in the
Veterans Affairs health care system!. Scandinavian patients responded in 96% of
cases, an efficacy of 98% was obtained in the Polish EpiTer-2 study and an SVR
reached 99% in a German cohort!®'*4. The effectiveness of the SPR regimen in cirrhotic
individuals in these RWE studies was also promising, reaching 92%, 81%, 91%, and
88%, respectively®-l,

RWE data revealed a failure of previous therapy, with a history of treatment with
IFN and RBV shown to be a negative prognostic factor of the response to SPR
treatment. This triple regimen was still recommended by the guidelines of the
European Association for the Study of the Liver in 2015 for GT3-infected non-cirrhotic
patients and those with compensated liver cirrhosis, regardless of treatment history!*..
Irrespective of the high effectiveness of SPR, accompanied by reasonable tolerability
due to the short treatment period, any IFN-based therapy was refused by patients!®'.
Therefore, further research on the treatment of GT3 infections has focused on highly
efficient [IFN-free therapeutic options.

DAA HOME ALONE

The first available IFN-free regimen, SOF and RBV, used in GT3-infected patients for
12 wk or 16 wk, did not result in increased efficacy when compared to standard of care
therapy, which demonstrated significantly lower response rates in patients with liver
cirrhosis, especially in those who had previously failed IFN and RBV therapy
(Table T)wosse4,

The extension of treatment duration to 24 wk enabled effectiveness of up to 95%,
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Table 1 Efficacy of interferon-free regimens in genotype 3 patients in clinical trials

SVR
Number of Noncirrhotics Cirrhotics
Ref. Phase GT3 Renen L
et. ase egime duration Treatment- Treatment-
participants Treatment- . Treatment- .
naive (%) experienced naive (%) experienced
0 0
(%) (%)
Lawitz et all"”), 3 173 SOF + RBV 12 wk 61 - 34 -
FISSION
Jacobsonetall®l, 3 98 SOF + RBV 12 wk 68 = 21 5
POSITRON
Jacobsonetall®l, 3 127 SOF + RBV 12 wk . 37 = 19
FUSION
16 wk - 63 = 61
Foster et all™], 3 363 SOF + RBV 16 wk 83 76 57 47
BOSON
24 wk 90 82 82 77
Zeuzemetal®, 3 250 SOF + RBV 24 wk 9% 87 92 62
VALENCE
Nelson et all®, 3 152 SOF + DCV 12 wk 97 94 58 69
ALLY-3
Leroy et all”", 3 50 SOF+DCV+ 12wk 100 100 50 (1/2) 93
ALLY-3+ RBV
16 wk 100 100 100 86
Poordad etal’, 3 78 SOF+DCV + 24wk s = 93 79
ALLY-3C RBV
Esteban et all*'], 2 204 SOF/VEL 12 wk = = 91
NCT02781558
SOF/VE +RBV 12 wk - = 9%
Foster et all™’], 3 552 SOF + RBV 24 wk 90 73 71 58
ASTRAL-3
SOF/VEL 12 wk 98 93 91 89
Bourliere et all'", 3 78 SOF/VEL+ 12 wk . 100" = 93!
POLARIS-1 VOX
Jacobson et all'™, 3 181 SOF/VEL 12 wk 97 = =
POLARIS-2
SOF/VEL+ 8 wk 99 - -
VOX
Jacobson et all'™, 3 219 SOF/VEL 12 wk = = 99 91
POLARIS-3
SOF/VEL+ 8 wk 5 = 9% 97
VOX
Bourliere et all', 3 106 SOF/VEL 12 wk - 85” = 85%
POLARIS-4
SOF/VEL+ 12 wk = 96° = 96”
VOX
Gane et all''¥], 2 41 SOF/VEL+ 6 wk = = 83 =
LEPTON VOX
8 wk - 100 100
Gane et all'"], 2 74 SOF/VEL+ 6 wk 100 = = =
NCT02378961 VOX
8 wk - - 94 -
12 wk . 100 = 94
Zeuzem et all”, 3 505 GLE/PIB 8 wk 95 = = =
ENDURANCE-3
12 wk 9% = = =
SOF + DCV 12 wk 97 - - -
Kwo et all™], 3 53 GLE/PIB 8 wk 97 = = .
SURVEYOR-II
(part 2) 12 wk 5 92 - :
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Wyles et all”], 3 131
SURVEYOR-II

(part 3)

Brown et al”", 3 124
EXPEDITION-8

Wyles et Al 3 14
MAGELLAN-3

Gane et all'], 2 101
ELECTRON-2

Pawlotsky 2 181

et all'), VITAL-1

Lawitz et all'"], 2 21
NAVIGATOR
Shafran et all''", 2 51

QUARTZ II-IIT

Gane et ul[“"»], C- 2 41
WORTHY (part D)

Lawitz et all"’ [], C- 2 41
SWIFT

Foster et all’ 12], Cc- 2 100
ISLE

Lawitz et all ', C- 2 337

CREST-1 and -2

Lawitz et all'™, C- 2 61
BREEZE-2

Zarebska-Michaluk D. GT3 HCV last line of defense

GLE/PIB 12 wk - 91 98 -
16 wk . 95 = 96
GLE/PIB 8 wk - - 98 -
GEL/PIB+SOF 16 wk . 100 = 100
+RBV
SOF/LDV 12 wk 64 = = .
SOF/LDV + 12wk 100 89 - 73
RBV
ALV 24 wk 76 . = .
ALV + RBV 24 wk 93 = = 5
OBV/PIV/r 12wk 40 - - -
OBV/PTV/r+ 12wk 9 = = .
RBV
OBV/PTV/r+ 12wk 98 = = =
SOF
OBV/PTV/r+ 12wk 91 - 100 -
SOF + RBV
GZR/EBR+ 12wk 45 = = .
RBV
18 wk 57 = = 5
GZR/EBR+ 8wk 93 - - -
SOF
12 wk 100 = 91 .
GZR/EBR+ 8wk - - 91 -
SOF )
12 wk . = 9% 100°
16 wk - - - 94
GZR +EBR+ 8wk 95
UPR + RBV
12 wk 97
16 wk 9%
RZR + UPR 12 wk 80 68

INS5A-inhibitor-experienced.

2No detailed information on the response rate in patients with and without liver cirrhosis.

SRecommended by American Association for the Study of Liver Diseases/ Infectious Diseases Society of America as an alternative option for pegylated

interferon + ribavirin-experienced patients with compensated liver cirrhosis. SVR: Sustained virologic response; GT: Genotype; SOF: Sofosbuvir; RVB:
Ribavirin; DCV: Daclatasvir; VEL: Velpatasvir; VOX: Voxilaprevir; GLE: Glecaprevir; PIB: Pibrentasvir; LDV: Ledipasvir; ALV: Alisporivir; OBV:
Ombitasvir; PTV/r: Paritaprevir boosted by ritonavir; GZR: Grazoprevir; EBR: Elbasvir; UPR: Uprifosbuvir; RBV: Ribavirin; RZR: Ruzasvir.

Jaishideng®

however, the difference in response rates between patients without and with liver
cirrhosis was significant®™ .. The results of phase 3 clinical trials confirmed by RWE
data became a basis for treatment guidelines, according to which IFN-ineligible GT3-
infected patients should receive SOF/RBV for 24 wk. However, this regimen was
recognized as suboptimal, due to unsatisfactory effectiveness for those with liver
cirrhosis who had previously failed IFN and RBV therapy!***l.

Searching for the optimal antiviral regimen, the combinations of SOF and another
DAA with a different mechanism of action were studied. Promising results were
obtained with a SOF and DCV combination administered for 12 wk and 24 wk, with or
without RBV*7l. Although the difference in response rates with SOF + DCV + RBV
between non-cirrhotic and cirrhotic patients was still noticeable, this regimen was
recommended for the treatment for GT3-infected patients regardless of liver fibrosis
and history of previous therapy and has been widely used in RWE settings*’*"*. High
efficacy and good tolerability demonstrated in both clinical trials and real-world
cohorts have made this regimen a reasonable choice for therapy for GT3 infection as
long as highly potent pangenotypic options became broadly available!”""1.
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BETTER IS THE ENEMY OF GOOD ENOUGH

The final stage of the revolution in antiviral treatment which improved the outcome
and simplified the management of GT3-infected patients was the implementation of
potent pangenotypic regimens (Table 1).

According to the most recent guidelines, two basic options of DAAs are currently
approved for the treatment of GT3 infection; a fixed-dose combination of SOF and
velpatasvir (VEL), and dual treatment with glecaprevir (GLE), an NS3/4A protease
inhibitor, and pibrentasvir (PIB), an NS5A inhibitor (Table 2)"*”l. A single-tablet
regimen containing SOF and VEL was registered based on the results of the ASTRAL-3
study, which confirmed effectiveness exceeding 93% in non-cirrhotic and 89% in
cirrhotic patients®™). The 12-wk regimen is recommended for non-cirrhotics and
patients with compensated cirrhosis, regardless of the previous treatment history. The
addition of RBV may be considered in compensated individuals.

It is noteworthy that SOF/VEL combined with RBV is the only option recom-
mended for patients with decompensated liver cirrhosis!*?. Data on the high efficacy
and favorable safety profile of SOF/VEL achieved in clinical trials were supported by
RWE studies reporting comparable SVR rates. Prior treatment-experience, as well as
advanced liver fibrosis, were significant predictors of reduced effectiveness!™1. As
resistance-associated substitutions at the NS5A position can be responsible for a
reduction in the efficacy of the NS5A inhibitors, the resistance-associated substitutions
testing at baseline should be considered for treatment-experienced patients and
cirrhotic individuals, irrespective of treatment history, for whom SOF/VEL is being
considered. The identification of the YO3H substitution indicates the need for RBV
addition or an alternative regimen administration”*”’1.

The second potent pangenotypic option is a combination of GLE and PIB, which
was approved for the treatment of patients without or with liver cirrhosis irrespective
of previous therapy. As protease inhibitors containing regimens carry a risk of
decompensation during antiviral treatment, GLE/PIB is not recommended for
decompensated cirrhotic patients®l. This regimen provides the opportunity for
shortening therapy to 8 wk in the majority of patients®). Based on findings from the
ENDURANCE-3, SURVEYOR-II, and EXPEDITION-8 clinical trials, an 8-wk regimen
has been registered for all previously untreated patients, including those with
compensated liver cirrhosis, whereas treatment-experienced GT3-infected individuals
should be treated for 16 wk regardless of liver fibrosis. RWE studies reported
effectiveness for an 8-wk GLE/PIB regimen, which exceeded 96% in treatment-naive
patients without liver cirrhosis™.. Since the shortening of therapy in previously
untreated cirrhotic patients infected with GT3 has been approved very recently, the
available RWE data are very limited and only include a small number of patients!"*""l.
Therefore, further studies are needed to determine the treatment outcome in this
subpopulation. Although the implementation of SOF/VEL and GLE/PIB regimens has
resulted in a high efficacy rate among GT3-infected individuals, there is still room for
improvement, especially in those who did not achieve SVR, particularly following
NS5A containing regimens. For such patients, a 12-wk salvage therapy with a single-
tablet combination of SOF/VEL and next-generation NS3/4A protease inhibitor
voxilaprevir (VOX) is recommended!*. Safety and efficacy of SOF/VEL/VOX in GT3-
infected patients without and with liver cirrhosis, both treatment-naive and treatment-
experienced were demonstrated in the POLARIS studies (Table 1)!'!%1,

The other option to address failed DAA treatment in GT3-infected patients is a
combination of GLE/PIB plus SOF and RBYV, as investigated in the MAGELLAN-3
study. This demonstrated a 100% SVR rate, however, the small number of patients
enrolled may have limited the broad applicability of these findings!'**.

SOMETHING WENT WRONG

On the way to developing highly effective pangenotypic regimens against GT3, there
were multiple paths that appeared to be dead ends. Some of them were not
investigated despite showing encouraging initial results, due to disappointing
treatment outcomes in selected subpopulations of GT3 patients. One good example is
an open-label study of 12-wk treatment with an NS5A inhibitor —ledipasvir and SOF,
plus RBV, which demonstrated a 100% SVR rate among treatment-naive GT3 infected
individuals. Unfortunately, due to limited efficacy in treatment-experienced patients,
especially those with liver cirrhosis, as well as low antiviral potency without RBV
against GT3, that direction of search has proved a blind alley"”.. Alisporivir, a
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Table 2 European Association for the Study of the Liver and American Association for the Study of Liver Diseases/Infectious Diseases

Society of America current recommendations on the treatment of genotype 3-infected patients

Prior
Recommendations Genotype/subtype Cirrhosis status treatment SOF/VEL  GLE/PIB  SOF/VEL/VOX
experience

GZR/EBR +
SOF

European Association GT3 No cirrhosis Treatment- 12 wk 8 wk - -
for the Study of the naive
Liver!”!
Treatment- 12 wk - -
experienced

Compensated Treatment- 12wk with 812 wk’ 12 wk -
cirrhosis naive RBV!

Treatment- 16 wk -
experienced

Decompensated ~ Treatment- 12wk with - - -
cirrhosis naive and RBV or 24
experienced wk

GT3, subtypeb, gorany  No cirrhosis Treatment- Unknown  Unknown 12wk -

other subtype naturally naive

harbouring one or several

NS5A RASs’ Treatment- -
experienced

Compensated Treatment- -
cirrhosis naive

Treatment- -
experienced

AASLD/IDSA (Ghany  GT3 No cirrhosis Treatment- 12wk 8 wk - -
et al”’l) naive

Treatment- 12 wk 16 wk* 12 wk* -
experienced

SOF+RBV+ - 16 wk 12 wk -
PEGIFN-
experienced

DAA- - - 12 wk, + RBV for -
experienced’ NS5A failures

Compensated Treatment- 12 wk, + 8 wk 12 wk* -
cirrhosis naive RBV for 12
wk*

PEGIEN + +RBV for12 16 wk 12 wk 12 wk*
RBV- wk'
experienced

SOF+RBV+ - 16 wk 12 wk -
PEGIFN-
experienced

DAA- - - 12wk, + RBV for -
experienced’ NS5A failures

Decompensated ~ Treatment- 12wk with - - -
cirrhosis naive and RBV or 24
experienced wk

UIf resistance testing is performed, only patients with the nonstructural protein 5A Y93H resistance-associated substitutions at baseline should be treated
with sofosbuvir/velpatasvir plus ribavirin or with sofosbuvir/velpatasvir/voxilaprevir, whereas patients without the YO3H resistance-associated
substitutions should be treated with sofosbuvir/velpatasvir alone.

’In treatment-naive patients infected with genotype 3 with compensated (Child-Pugh A) cirrhosis, treatment with glecaprevir/pibrentasvir can be
shortened to 8 wk, but more data are needed to consolidate this recommendation.

®As determined by sequence analysis of the nonstructural protein 5A region by means of population sequencing or deep sequencing (cutoff 15%).
4Alternative regimen.

®Including nonstructural protein 5A inhibitors except glecaprevir/pibrentasvir failures. NS5A: Nonstructural protein 5A; SOF: Sofosbuvir; VEL:
Velpatasvir; GLE: Glecaprevir; PIB: Pibrentasvir; VOX: Voxilaprevir; GZR: Grazoprevir; EBR: Elbasvir; EASL: European Association for the Study of the
Liver; GT: Genotype; RBV: Ribavirin; PEGIFN: Pegylated interferon; DAA: Direct-acting antivirals; AASLD/IDSA: American Association for the Study of
Liver Diseases/Infectious Diseases Society of America.
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cyclophilin inhibitor, applied alone or with RBV in treatment-naive non-cirrhotic
patients has resulted in SVR rates of 76% and 93%, respectively, however, research
involving other subgroups of patients was suspended due to a safety issue!'™l. Efficacy
was observed to be below expectations with the combination of the NS3/4A inhibitor
grazoprevir (GZR) and the NS5A inhibitor elbasvir (EBR) with RBV, as well as with a
regimen consisting of the NS5A inhibitor ruzasvir and the NS5B inhibitor
uprifosbuvir! 'l The unsatisfactory outcome of the treatment with NS35A inhibitor
ombitasvir, and NS3/4A inhibitor paritaprevir boosted by ritonavir with or without
RBV, was subsequently improved by the addition of SOF, but ultimately these
regimens were not further evaluated, because there were new potent pangenotypic
options on the horizon!"”'"". For this same reason, investigations into a regimen of
GZR/EBR combined with uprifosbuvir or SOF were discontinued, despite the high
effectiveness demonstrated in phase 2 clinical trials. However, GZR/EBR + SOF is
currently recommended by AASLD/IDSA as an alternative option for the specific
subpopulation of peglFNa+RBV-experienced patients with compensated liver
cirrhosis!"*-171,

CONCLUSION

Despite the high efficacy and safety of pangenotypic therapies, that may sooner or
later cure all or at least almost all identified HCV infections, including GT3, there will
still be many infections that go unrecognized and are therefore impossible to cure with
even the best drug. The major problem that remains to be solved worldwide is
screening people who are unaware of the risk of liver disease progression from a virus
in their body. It is a shame for national governments that, despite having access to the
perfect tool to eliminate a dangerous virus and rule out one of the most difficult-to-
treat cancers, are not doing enough.
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Abstract

Managing inflammatory bowel disease (IBD) during the coronavirus disease 2019
(COVID-19) pandemic has been a challenge faced by clinicians and their patients,
especially concerning whether to proceed with biologics and immunosuppressive
agents in the background of a global outbreak of a highly contagious new
coronavirus (severe acute respiratory syndrome coronavirus 2, SARS-CoV-2). The
knowledge about the impact of this virus on patients with IBD, although it is still
scarce, is rapidly evolving. In particular, concerns surrounding medications’
impact for IBD on the risk of acquiring SARS-CoV-2 infection or developing
COVID-19, and potentially exacerbate viral replication and the COVID-19 course,
are a current thinking of both practicing clinicians and providers caring for
patients with IBD. Managing patients with IBD infected with SARS-CoV-2
depends on both the clinical activity of the IBD and the occasional development
and severity of COVID-19. In this review, we summarize the current data
regarding gastrointestinal involvement by SARS-CoV-2 and pharmacologic and
surgical management for IBD concerning this infection, and the COVID-19 impact
on both the patient's psychological functioning and endoscopy services, and we
concisely summarize the telemedicine roles during the COVID-19 pandemic.
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Core Tip: The knowledge on coronavirus disease 2019 (COVID-19) is rapidly evolving.
Although patients with inflammatory bowel disease (IBD) do not appear to be at
increased risk for COVID-19, the potential impact of immunosuppressive therapies on
patients with IBD infected with severe acute respiratory syndrome coronavirus 2 calls
for concern for clinicians and patients. Several recommendations and guidelines have
recently been published, including the necessary reorganization of gastroenterology
and endoscopy services to attendance of these patients, the growing role played by
telemedicine, and the importance of addressing aspects of mental health in this context.
We provide an overview and practical guidance for managing patients with IBD
medically and surgically in the COVID-19 era.

Citation: Chebli JMF, Queiroz NSF, Damido AOMC, Chebli LA, Costa MHM, Parra RS. How
to manage inflammatory bowel disease during the COVID-19 pandemic: A guide for the
practicing clinician. World J Gastroenterol 2021; 27(11): 1022-1042

URL: https://www.wjgnet.com/1007-9327/full/v27/i11/1022.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i11.1022

INTRODUCTION

Over the past year, the coronavirus disease 2019 (COVID-19) pandemic has evolved as
a public health emergency of international concern. The epidemiological panorama is
constantly evolving, and the data updated to January 12, 2021 have 191 countries
involved, with more than 90947243 confirmed cases and 1947243 confirmed deaths
globally!l. The first opportunity to eradicate the virus over the long term and to
protect specific patients from COVID-19 is by introducing severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) vaccines”. Although efforts to implement mass
vaccination programs are currently in place globally, high rates of COVID-19
infections and fatalities are still expected in the months ahead.

Inflammatory bowel disease (IBD), such as ulcerative colitis (UC) and Crohn’s
disease (CD), are chronic inflammatory conditions of the gastrointestinal (GI) tract
affecting millions of people worldwidel’. Patients with IBD and other immune-
mediated diseases often require treatment with corticosteroids, immunomodulators
(thiopurines, methotrexate), biologics, and Janus kinase inhibitors, which can increase
the risk of infections!**!. However, until now, the incidence of SARS-CoV-2 infection in
patients with IBD and immunosuppressive therapy did not appear to differ from the
general population”. Also, based on data from an international registry developed to
collect information from patients with IBD from all over the world with confirmed
COVID-19 and its outcomes, and the Surveillance Epidemiology of Coronavirus Under
Research Exclusion for Inflammatory Bowel Disease (SECURE-IBD), the evolution of
COVID-19 does not seem to be worse in patients with IBDF.

Notwithstanding, most elective clinical activities involving IBD care were drastically
decreased during the pandemic™'l. Moreover, as suggested by the most qualified
international societies and organizations, outpatient visits, colonoscopies, and non-
urgent surgery have been postponed to prevent patient contact with the hospital and
to enable patients with IBD to maintain social isolation**.

As the world is gradually attempting to normalize, IBD physicians must face new
challenges in terms of both future uncertainty, given the lack of supply of COVID-19
vaccines worldwide, and the ability to reorganize clinical activities for patients with
IBD to provide optimal care while avoiding new outbreaks. Facing this scenario, this
review aims to critically analyze the evidence on the effect of medications commonly
used to treat IBD, as well as the management of the disease in its different degrees of
activity, including the setting of SARS-CoV-2 infection.
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WHAT IS THE RISK OF SARS-CoV-2 INFECTION IN THE IBD
POPULATION?

Data on the incidence of SARS-CoV-2 infection among patients with IBD have been
conflicting. Initial evidence suggested that patients with IBD had a lower risk of
COVID-19 compared to the general population, as subsequent studies reported that no
case of COVID-19 was diagnosed among patients with IBD followed in referral centers
in China and Italy!*”l. However, other studies assessing the risk of COVID-19 among
patients with IBD reported incidence rates of 4.9 cases per 1000 patients with IBD in a
Spanish cohort!! and 2.5 cases per 1000 patients with IBD in France and Italy
cohorts!’l. In a recent systematic review and meta-analysis by Aziz et al"! comprising
six studies that incorporated data from 9177 patients with IBD, the pooled incidence of
COVID-19 in the IBD population was approximately 0.3%, which is greatly reassuring,
as the incidence is on the lower side compared with the general population (0.2%-
4.0%)". Although there is limited evidence available, it seems that patients with IBD
are not at greater risk of acquiring COVID-19, and SARS-CoV-2 infection does not
seem to be more prevalent in patients with IBD than in the general population.
However, this data must be interpreted with caution given that IBD patients might
have better adherence to protection, social distancing and hygiene measures, which
could explain the lower incidence in this population.

MANAGING IBD MEDICATIONS DURING THE COVID-19 PANDEMIC

Managing IBD medications during SARS-CoV-2 infection and COVID-19

Managing IBD during the COVID-19 pandemic has been a challenge faced by
clinicians and their patients, especially concerning whether to carry on with biologics
and immunosuppressive agents in the background of a global outbreak of a highly
SARS-CoV-2. The knowledge about the impact of this virus on patients with IBD,
although it is still scarce, is rapidly evolving!"“.

In particular, concerns surrounding medications” impact for IBD on the risk of
acquiring SARS-CoV-2 infection or developing COVID-19, and potentially exacerbate
viral replication and the COVID-19 course, are a current thinking of both practicing
clinicians and providers caring for patients with IBD. Confounding a systematic
management strategy reveals that evidence-based data are scarcel'’l.

Providers caring for patients with IBD during the COVID-19 outbreak are
opportune to reduce the burden of COVID-19 by assuming or sharing responsibility
for multidisciplinary management of patients with IBD in this common clinical
difficulty. The main goal that must be kept in mind is to treat active disease and
maintain remission”.

Fortunately, the worldwide management of patients with IBD during the COVID-19
pandemic presents considerable agreement. Indeed, gastroenterologists, both adult
and pediatric, and colorectal surgeons were attending the practical recommendations/
guidance and consensus statements from several societies of gastroenterology,
endoscopy, surgery, and from the International Organization for the Study of
Inflammatory Bowel Disease (IOIBD) with adaptations based on local regional
characteristics!®l. For instance, an international survey on this issue showed that most
gastroenterologists reduced clinic visits, restricted steroid use, and postponed elective
endoscopic procedures and surgery. Also, if a patient was diagnosed with COVID-19,
biologics and immunomodulators were mostly held™!.

Understanding the short- and long-term safety of drugs used in patients with IBD
remains an important area of research, especially now in the middle of the COVID-19
pandemic. Preliminary evidence specified that except high-dose systemic steroids,
using aminosalicylates, budesonide, antibiotics, rectal therapies, nutritional therapy,
immunomodulators, and biologics, including anti-tumor necrosis factor (TNF) agents,
anti-integrin, or anti-interleukin (IL)-12/23, were well tolerated without an increased
risk of unfavorable evolution or duration of viral disease in patients with IBD that
develop infection by SARS-CoV-2 and COVID-19¥. However, recent accumulating
evidence from SECURE-IBD registry based on data on over 1400 patients with IBD
suggests that compared with anti-TNF monotherapy, thiopurine monotherapy,
combotherapy of thiopurines with anti-TNF agent, and, surprisingly, aminosalicylates
were associated with significantly increased risk of severe COVID-19, although the
association with latter will require further replication in other IBD populations?. The
authors of this study hypothesized that the influence of combotherapy on increased
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COVID-19 severity appears to be guided by thiopurines, as the estimated impact for
thiopurines monotherapy and combotherapy compared with anti-TNF monotherapy
were similar™. Furthermore, this hypothesis followed previous observations that
found a higher risk of viral infections in patients during treatment with thiopurines
alone or in combotherapy with anti-TNF agents!l. In line with the British Society of
Gastroenterology (BSG) statements!'”, these researchers proposed the withdrawal of
thiopurine while the ongoing COVID-19 pandemic in high-risk patients with IBD, for
instance, those with older age or multiple comorbidities that are in stable remission on
combotherapy with anti-TNF agent?”’. Also, in this international registry in progress,
there are no significant differences between biological classes (anti-TNF, anti-IL12/23,
and integrin antagonists) on the risk of developing severe COVID-19.

Interestingly, some anecdotal reports have shown improvement in pulmonary
symptoms and multisystem inflammatory syndrome related to COVID-19 in patients
with active IBD treated with infliximab™*. However, whether anti-TNF alpha therapy
or other anti-inflammatory agents may protect against cytokine release syndrome in
patients with COVID-19 will require further investigation™!. Moreover, as advances in
IBD therapy broaden the therapeutic arsenal, it will be necessary to maintain
investigations using collaborative multi-center registries for evaluating the possible
impact of novel agents, such as Janus kinase inhibitors, IL-23 antagonists, and others,
on SARS-CoV-2 or COVID-19. It should be highlighted that as the knowledge
regarding SARS-CoV-2 progresses, it is likely that IBD-specific recommendations in
the COVID-19 setting also undergo substantial changes™.

Managing patients with IBD infected with SARS-CoV-2 depends on both the clinical
activity of the IBD and the occasional development and severity of COVID-19!">*"1. For
practical purposes, we will present current recommendations for managing drugs for
IBD concerning the SARS-CoV-2 infectious status into distinct clinical scenarios: (1)
The patient attending outpatient clinic with IBD in remission in the setting of the
asymptomatic SARS-CoV-2 infection or confirmed or suspected COVID-19; (2) The
patient with active IBD undergoing outpatient follow-up in the setting of the
asymptomatic SARS-CoV-2 infection or confirmed or suspected COVID-19; and (3)
The patient with IBD hospitalized with asymptomatic SARS-CoV-2 infection or
COVID-19.

Management of patient attending outpatient clinic with IBD in remission in the
setting of asymptomatic SARS-CoV-2 infection or confirmed or suspected COVID-19

without systemic hyperinflammation syndrome

As the COVID-19 pandemic expands, an increasing number of tests for SARS-CoV-2
are being conducted, including asymptomatic contacts of COVID-19 index cases. Thus,
the situation in which an individual tests positive for the virus but remains
asymptomatic will be more and more frequent.

The IOIBD recommends for quiescent patients with IBD with asymptomatic SARS-
CoV-2 infection — quick withdrawal of prednisone or de-escalating to <20 mg/d or
switch to budesonide or budesonide MMX (Multi Matrix System) when
appropriate”l. Inmunomodulators such as thiopurines, methotrexate, and tofacitinib
(or other Janus kinase inhibitors) should be temporarily held for 2 wk while
monitoring for the appearance of COVID-19 symptoms!’. Similarly, biologic
administration, including anti-TNF drugs, vedolizumab, and ustekinumab, should be
postponed for 2 wk if the dose is due, even recognizing that the half-lives of these
biologics are relatively long, so that immunosuppressive effects of these drugs will
persist for a few additional weeks despite the withdrawal of these agents™!.
Conversely, nonimmune-based anti-inflammatory therapies such as aminosalicylates,
antibiotics, budesonide, or rectal therapy may be continued™*!. However, for patients
with IBD who have had the closest contact with an individual with proven or
suspected COVID-19, it is suggested that they isolate themselves and follow local
recommendations from health managers. In this situation, European Crohn and Colitis
Organization (ECCO) experts recommend that it is unnecessary to hold biologics or
immunomodulators based on exposure only™.

For patient attending outpatient clinic with quiescent IBD but with confirmed or
suspected COVID-19, the approach to drug management is like that adopted for
patients with asymptomatic infection by SARS-CoV-2. The American Gastroenterology
Association (AGA) and IOIBD experts suggest that budesonide, aminosalycilates,
antibiotics, and topical therapy may be maintained while systemic corticosteroids
(prednisone) should be avoided and withdraw speedily, if possible. Likewise, it is
recommended to hold immunomodulators, Janus kinase inhibitors, and biologics until
after disappearance of symptoms, usually for 2 wk during the acute diseasel'>*!.
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Management of patient with active IBD undergoing outpatient follow-up in the
setting of asymptomatic SARS-CoV-2 infection or confirmed or suspected COVID-19

without systemic hyperinflammation syndrome

Currently, in the COVID-19 era, if a patient with IBD presents an apparent flare, it is
important to always question the presence of concomitant symptoms suggestive of
COVID-19, such as fever, cough, anosmia, or dyspnea, because GI symptoms
including diarrhea, nausea, vomiting, and abdominal pain have been reported in 2%-
33% of patients on initial presentation of COVID-19"*l. Moreover, in a few cases, these
digestive symptoms may be the only clinical features of COVID-19™1. This context is a
clinical challenge, compounded by the frequent finding of remarkably elevated serum
inflammatory biomarkers in patients with COVID-19.

When a patient with IBD presents diarrhea, it is doubtful whether this is secondary
to a disease flare or COVID-19, a wait-and-see approach for the next 5-7 d is a
reasonable strategy!”], once the diarrhea due to COVID-19 is mostly mild and self-
limited, usually with an average duration of 5 d (range, 1 d to 14 d ) and a mean
frequency of four bowel movements per day™. Also, follow-up using interval
assessment of fecal calprotectin (FC) may be useful, as FC levels are typically both
transiently raised and mildly elevated in patients with diarrhea caused by COVID-
1991, In contrast, in active IBD, sustained and substantial elevation of FC is commonly
seen. In any case, in the current era of COVID-19, the joint expert consensus from
ECCO recommends that all patients with a suspected IBD flare be tested to exclude
COVID-19 preferably with oropharyngeal and nasopharyngeal swabs reverse
transcription polymerase chain reaction (RT-PCR) assays when the first symptoms
emergell.

In cases where, after initial assessment, diagnostic doubts remain, computed
tomography (CT) scans of the chest, abdominal cross-sectional imaging methods, and,
more restrictively, ileocolonoscopy assessment can allow the real cause of diarrhea to
be established™. Another question that remains unknown is whether SARS-CoV-2 can
cause a flare of or de novo IBD!". Moreover, in patients with apparently active IBD
(especially colonic IBD), it is important to be aware to exclude enteric superinfections,
mainly due to Clostridioides difficile (C. difficile) and cytomegalovirus (CMV), assess
adherence to therapy, and perform therapeutic drug monitoring of biologics®.

If GI symptoms (including diarrhea) are not caused by COVID-19 and other causes
for IBD flare are excluded, such as enteric superinfection, nonsteroidal anti-
inflammatory use, and non-adherence to therapy, the drug management for IBD will
depend on the equilibrium between the severities of the IBD flare and those of the
COVID-19!1. For a flare of mild severity in outpatients with asymptomatic infection
by SARS-CoV-2 or with mild to moderate COVID-19 without systemic hyperin-
flammation syndrome (SHS), it is recommended tapering off prednisone or its
equivalent for < 20 mg/d with complete weaning where possible, balancing with the
potential for possible adrenal insufficiency in the setting of chronic corticosteroid
therapy!>***l. Another option that can be considered in patients using systemic
steroids is converting to oral budesonide or budesonide MMX on adequate dosing,
provided the patient is in the appropriate clinical setting (e.g., mildly to moderately
active ileocecal CD or UC, respectively). Further, it is suggested stopping or avoiding
commencing immunomodulators, tofacitinib (or other Janus kinase inhibitors), and
biologics for at least 2 wk during viral illness, while budesonide, aminosalycilates,
antibiotics, and topical therapy may be initiated or maintained if needed*"..

The approach for a IBD flare-up moderate to severe in patients attending outpatient
clinic with COVID-19 without SHS may include continuation of current biological
therapy for IBD with optimization to rescue a state of remission or starting a new
biological agent if needed, preferably in monotherapy and with subcutaneous
biologics to reduce the risk of exposure to SARS-CoV-2 in infusion units*1.

In this clinical context, if glucocorticosteroids are considered essential, the dose of
prednisone (or its equivalent) should be < 40 mg/d limiting the duration of use, if
practicable™!. Also, it is advised to stop if in use or avoid commencing immuno-
modulators or tofacitinib. If COVID-19 is progressive with significant pulmonary
involvement and hospitalization, consultation with infectious diseases experts for
possible COVID-19 treatment with antiviral or experimental anticytokine therapy may
be interesting!****l. In Tables 1-3, we present an approach for managing IBD
medications in patients attending outpatient clinic who are infected with SARS-CoV-2
with or without COVID-19.
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Table 1 Management of patients attending outpatient clinic with quiescent inflammatory bowel disease in the scenario of asymptomatic

severe acute respiratory syndrome coronavirus 2 infection or confirmed or suspected coronavirus disease 2019!1220%.271

Management

Asymptomatic infection with (1) Budesonide, aminosalycilates, antibiotics, and topical therapy may be maintained; (2) Hold immunomodulators,
SARS-CoV-2 tofacitinib, and biologics for 2 wk; (3) Taper or withdraw systemic corticosteroids (prednisone); and (4) Monitoring for 2
wk for COVID-19 symptoms

Mild COVID-19 (1) Budesonide, aminosalycilates, antibiotics, and topical therapy may be maintained; (2) Hold immunomodulators,
tofacitinib, and biologics for 2 wk; and (3) Taper or withdraw systemic corticosteroids (prednisone)

COVID-19 with pulmonary (1) Budesonide, aminosalycilates, antibiotics, and topical therapy may be maintained; (2) Hold immunomodulators,
involvement without SHS tofacitinib, and biologics for 2 wk; and (3) Taper or discontinue systemic corticosteroids

Immunomodulators refer to thiopurines and methotrexate. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; COVID-19: Coronavirus

disease 2019; SHS: Systemic hyperinflammation syndrome.

Table 2 Management of patients attending outpatient clinic with mildly active inflammatory bowel disease in the scenario of the

asymptomatic severe acute respiratory syndrome coronavirus 2 infection or confirmed or suspected coronavirus disease 201912202271

Management

Asymptomatic infection with (1) Budesonide, aminosalycilates, antibiotics, and topical therapy may be used if needed; (2) Hold immunomodulators,
SARS-CoV-2 tofacitinib, and biologics for 2 wk; (3) Taper or withdraw corticosteroids (prednisone < 20 mg/d); and (4) Monitoring for 2
wk for COVID-19 to present

Mild COVID-19 (1) Budesonide, aminosalycilates, antibiotics, and topical therapy may be used if needed; (2) Hold immunomodulators,
tofacitinib, and biologics for 2 wk; (3) Taper or withdraw systemic corticosteroids); and (4) Monitoring for 2 wk for
COVID-19 symptoms to disappear

COVID-19 with pulmonary (1) Budesonide, aminosalycilates, antibiotics, and topical therapy may be used if necessary; (2) Hold immunomodulators,
involvement without SHS tofacitinib, and biologics for at least 2 wk or until COVID-19 resolves; and (3) Taper or withdraw systemic corticosteroids

Immunomodulators refer to thiopurines and methotrexate. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; COVID-19: Coronavirus

disease 2019; SHS: Systemic hyperinflammation syndrome.

Table 3 Management of patients attending outpatient clinic with moderately to severely active inflammatory bowel disease in the

scenario of asymptomatic severe acute respiratory syndrome coronavirus 2 infection or confirmed or suspected coronavirus disease
2019112.202627]

Management
Asymptomatic infection (1) Restrict the use of prednisone < 40 mg/d if necessary; (2) Avoid immunomodulators and tofacitinib; (3) Escalate to biologics
with SARS-CoV-2 as necessary (preferably in monotherapy); and (4) Thromboprophylaxis
Mild COVID-19 (1) Restrict the use of prednisone < 40 mg/d if necessary; (2) Avoid starting or stopping, if in use, immunomodulators, and
tofacitinib; (3) Escalate to biologics and dose optimization as necessary (preferably in monotherapy); and (4)
Thromboprophylaxis
COVID-19 with (1) Restrict the use of prednisone < 40 mg/d if necessary; (2) Avoid starting or stopping immunomodulators, and tofacitinib;
pulmonary involvement  (3) Escalate to biologics and dose optimization as necessary (preferably) in monotherapy based on balance of benefits and risks;
without SHS consultation with infectious diseases expert for possible COVID-19 treatment with antiviral or experimental anticitokine

therapy; and (4) Thromboprophylaxis

Immunomodulators refer to thiopurines and methotrexate. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; COVID-19: Coronavirus
disease 2019; SHS: Systemic hyperinflammation syndrome.

Management of patients with IBD hospitalized with asymptomatic SARS-CoV-2

infection or COVID-19

Although the ongoing COVID-19 pandemic has substantially impacted the
management of IBD, with unprecedented restriction of hospitalizations, many patients
with IBD will still be hospitalized in the COVID-19 era either because of severely
active or complicated IBD, or because they were infected with SARS-CoV-2 and
developed progressive or severe COVID-19 with SHS requiring supplemental oxygen
or ventilator support, use of vasopressors, or present evidence of end organ
damagel*l. In fact, hospitalization should be restricted to life-threatening
circumstances or complications™.
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For patients hospitalized with severe COVID-19, the priority is life support, while
IBD therapy is likely to have less priority. Nonetheless, when possible, therapy for
COVID-19 should consider the underlying IBD!'">*. Ideally, treatment decisions should
be personalized and decision-making should include a multidisciplinary approach,
involving teams of experts on both conditions. This way, consultation with pulmonary
medicine and infectious disease experts is crucial, with discussion involving the
possibilities of COVID-19 treatment with experimental antiviral drugs or anticytokine
therapy trials, and staying aware of potential interaction with IBD medications™. If
IBD is mildly active, budesonide, aminosalycilates, and rectal therapies may be
initiated while reducing or holding prednisone. Also, stopping biologics,
immunomodulators, and tofacitinib throughout the duration of the COVID-19 is
appropriate**l. For moderately-to-severely active IBD, the limited use of
intravenous corticosteroids for IBD is acceptable, if necessary. Topical therapy may be
ordered if deemed adequate, while immunomodulators, tofacitinib, or biologics that
failed for IBD should be stopped!*"**l. Other therapies for IBD should only be used if
definitely required. Intravenous cyclosporine may be a reasonable option for severe
UC, based on limited evidence of its benefit against coronavirus*.

Interestingly, in a recent trial involving patients without IBD hospitalized with
COVID-19, patients were randomized to therapy with oral or intravenous
dexamethasone at a dose of 6 mg once daily for up to 10 d or until discharge,
whichever was sooner, or to receive usual care only™. The group treated with
dexamethasone presented significantly lower 28-d mortality in patients receiving
either oxygen alone or with invasive mechanical ventilation (23.3% and 29.3% vs 26.2%
and 41.4% with usual care, respectively). Importantly, the same benefit was not found
in subjects receiving no respiratory support™!. Whether other glucocorticoids like
methylprednisolone or hydrocortisone on equivalent doses might also be effective in
this setting is unknown and will require future studies. From the perspective of
pharmacological effects and on the immune system, there is nothing specific about
dexamethasone that other steroids do not offer as well, and so other gluco-
corticosteroids could in theory be used if dexamethasone is unavailablel.. If this
hypothesis is confirmed in prospective studies, this important therapeutic strategy can
help us clarify our approach for suitably managing the challenging and life-
threatening scenario of a patient hospitalized that concomitantly presents with a
severe flare of IBD and moderate-to-severe COVID-19, where intravenous
methylprednisolone or hydrocortisone could be one of the first-line therapies for both
conditions.

However, for patients hospitalized due to severe flare of UC and who also have
asymptomatic infection with SARS-CoV-2 or mild-moderate COVID-19, priority must
be given to address issues pertinent to severe exacerbation of IBD, and usually a
standard approach directed to the care of hospitalized patients with IBD should be
followed™ ! In this clinical setting, expert opinions of the AGA recommend limiting
intravenous steroids to three days and then transitioning to infliximab or cyclo-
sporinel™l. Evaluating enteric superinfections, especially those caused by C. difficile or
CMYV, using fecal toxin A/B enzyme immunoassay and/or PCR for detecting toxins A
and B genes or for detecting CMV DNA by quantitative PCR should be a routine
practice for these patients. In contrast, when CMV superinfection remains suspected
despite the results of non-invasive tests, urgent colonoscopy should be reserved for
patients in whom the procedure may change or target a specific therapy*"**; also,
colorectal surgery expert consultation in the first days of hospitalization of the patient
should also be a standard practice in this context™. Foremost, a recent ‘'RAND
appropriateness panel” adapted from the BSG guidelines for managing acute severe
UC recommended that regarding the COVID-19 pandemic, prophylactic
anticoagulation post-discharge is ordered for patients hospitalized with acute severe
colitis that had a positive SARS-CoV-2 testing due to the predisposition to develop
thromboembolic complications in both conditions. Indeed, the British Thoracic
Society proposes that it is a reasonable approach to consider extended venous
thromboembolism prophylaxis on discharge with low molecular weight heparin or
direct oral anticoagulant during four weeks in high-risk patients with COVID-19""..
Table 4 depicts the suggested approach for managing patients with IBD hospitalized
with severe COVID-19.

When to restart biological and other immunosuppressive agents in patients with IBD

infected with SARS-CoV-2 with or without COVID-19

Considering that patient safety should be a priority in the context of still limited but
rapidly expanding knowledge regarding the management of IBD during the COVID-
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Table 4 Management of patient with inflammatory bowel disease hospitalized with severe coronavirus disease 2019!'21920.2627]

Management

Quiescent IBD (1) Budesonide, aminosalycilates, and rectal therapy may be kept; (2) Taper or withdraw prednisone; (3) Stop immunomodulators,
tofacitinib, and biologics; and (4) Prioritize life support; consultation with infectious diseases expert for possible COVID-19 treatment
with antiviral or experimental anticitokine therapy; thromboprophylaxis

Mildly active (1) Budesonide, aminosalycilates, and rectal therapy may be initiated; (2) Taper or withdraw prednisone; (3) Non starting or stopping if
IBD in use biologics, immunomodulators, and tofacitinib; and (4) Prioritize life support; consultation with infectious diseases expert for
possible COVID-19 treatment with antiviral or experimental anticitokine therapy; thromboprophylaxis

Moderately to (1) Limited use of intravenous steroids for IBD if necessary; (2) Topical therapy may be initiated if needed; (3) Quit immunomodulators,

severely active  tofacitinib, or biologics that failed for the IBD; and (4) Consider other therapies for IBD only if absolutely necessary; intravenous

IBD cyclosporine may be a reasonable option for ulcerative colitis, based on limited evidence of its benefit against coronavirus. Prioritize life
support; consultation with infectious diseases expert for possible COVID-19 treatment with antiviral or experimental anticitokine
therapy; thromboprophylaxis

Immunomodulators refer to thiopurines and methotrexate. IBD: Inflammatory bowel disease; COVID-19: Coronavirus disease 2019; Severe COVID-19:
Patient with systemic hyperinflammation syndrome needing mechanical ventilation + vasopressors or evidence of end organ damage.

19 pandemic, most consensus statements and expert opinions recommend temporarily
holding biologics and other immunosuppressant drugs in patients with IBD with
asymptomatic SARS-CoV-2 infection or in the presence of symptoms suggestive of
COVID-19 until a patient recoverst™. However, if used prolongedly, this practice can
lead some patients to both lose the effectiveness of their therapy and present an IBD
flarel”. Therefore, guidance on when to restart IBD medications in this setting is very
welcome.

Although the timing for treatment restart is nonconsensual, currently, for decision
making, the IOIBD expert panel recommends preferably for most patients a
symptoms-based strategy due to the lack of accuracy of current molecular tests
available for diagnosing SARS-CoV-2 infection, and also because of the clinical
significance still unclear of the prolonged persistence of viral RNA detected by these
tests in individuals that had COVID-19".

In asymptomatic patients with SARS-CoV-2 infection, some experts advise waiting
at least 10 d from the first positive COVID-19 test for restarting immunosuppressive
drugs as long as there is no development of symptoms suggestive of COVID-19 in this
time interval>*l. In patients with COVID-19, the timing of resumed biologics or other
immunosuppressants should be guided by the balance between the severity of both
viral disease and IBD". Thus, based on updated guidelines from the IOIBD, using a
symptom-based strategy, it is recommended to wait at least 10 d since the appearance
of the first symptoms of COVID and at least 3 d since recovery, defined as resolution
of fever and significant improvement in respiratory symptoms, to re-start these
medications™. Having two consecutive negative PCR tests in swab specimens,
collected at least 24 h apart, is no longer required when this strategy is embraced*"l.
In severe COVID-19, a longer time frame for re-initiating immunosuppressant may be
necessary according to the personalized clinical strategy, if possible awaiting full
patient recovery". However, when doctors require a test-based strategy to decide
about restarting IBD medications, in addition to the patient having clinically recovered
based on the described parameters of the symptom-based strategy, he must have two
consecutive negative nasopharyngeal swabs COVID-19 molecular assays collected at
least 24 h apart™l.

MONITORING IBD TREATMENT DURING THE PANDEMIC

The outbreak of the COVID-19 infection forced government authorities to impose
several restrictions, including lockdown!’. Hospitals were then forced to rapidly
restructure their activities to accommodate this critical and emergent situation.
Institutional rearrangements have challenged IBD units worldwide, forcing them to
adapt and generate specific approaches to maintain appropriate IBD carel'’. Referral
IBD centers and Gastroenterology/IBD Societies published their guidance, helping
clinicians tackle this troublesome situation!'"'>"*'°*#*l_ In common, they advised
remote monitoring, drug home delivery whenever possible, infusion unit restrictions,
and patient education concerning protective measures (Table 5). Although necessary,
all these measures and restrictions may negatively impact patients with IBD. A recent
survey among 225 patients with IBD from a referral center showed depressive mood

WJG | https://www.wjgnet.com 1029 March 21,2021 | Volume?27 | Issuell |

Jaishideng®



Chebli JMF et al. IBD and COVID-19

Table 5 Approach to diminish the spread of coronavirus disease 2019 for patients with inflammatory bowel disease!"”!

Approach to diminish the spread of COVID-19 for patients with IBD

Inpatient (1) Hospitalized patients with IBD relocated to an isolated area/building, if possible, minimizing exposure to the virus; and (2) Test for
clinic coronavirus 2019 with nasopharyngeal swabs (PCR) before hospitalization

Outpatient (1) Visits rescheduled if possible; (2) Medical staff monitor patients via telemedicine (e.g., remote video and telephone call); (3) Laboratory

clinic tests strictly limited; use fecal calprotectin (home modality, stool collection kit picked up by express mail services, if possible); (4) Endoscopy
and image procedures only for urgent cases; (5) Patients should be advised to keep hygienic measures, avoid nonessential travels, and stay
at home or work on a home-office basis; (6) Recommendations to maintain adequate hydration and nutrition status; and (7) Advise patients
to continue their therapies, especially if in remission

Infusion (1) No accompanying person permitted; (2) Rearrangement of seats allowing a distance of at least 1.5 m in between; (3) Surgical masks for

center both patients and healthcare professionals; (4) Pre-admission protocol to assess for acute respiratory tract symptoms among patients with
IBD and their contacts; (5) Selection of patients that could have their infusion postponed for 1-2 wk to let more space available for
rearrangements of seats (those with clinical and endoscopic remission); and (6) Preference, if possible, for those biologics that can be offered
subcutaneously, at home, instead of intravenously, to avoid overcrowding in the infusion center

IBD: Inflammatory bowel disease; COVID-19: Coronavirus disease 2019; PCR: Polymerase chain reaction.
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as the most prevalent social impact (80.2%), followed by anxiety/fear of death (58.2%),
insomnia (51.4%), daily activity impairment (48%), sexual dysfunction (46.2%), and
productivity impairment (40%)!""l. These health repercussions in patients with IBD are
essential, and healthcare professionals should be aware of them when talking remotely
with the patients.

A common feature in the various IBD units is that telemedicine has replaced follow-
up visitstl. Although not the ideal way to follow these patients, that was the best way
to do it now. Some authors prefer to term these remote visits video office or telephone
office visits*. They avoid the term “virtual,” which could mistakenly connote that the
visits were not “real”*]. In general, patients found those remote visits worthwhile, but
no doubt, this was exhausting for the healthcare professionals that ended up with the
well-described “zoom-fatigue”™; consequently, the personal visits were reduced by
30%-40%"""***]; for comparison, endoscopic procedures were reduced by 90%-
95%04**1 and were indicated in selected cases****l. Image procedures were also
largely deferred and only indicated in cases of intestinal obstruction or suspected
abscess!*l. There has been a lack of information on the impact of remote monitoring of
patients with IBD during the SARS-CoV-2 pandemic. In a single-center cross-sectional
Italian study with 1083 patients with IBD, telemonitoring of patients by phone or
videoconference was compared with clinical evaluation in person (control group)®l.
Despite fewer relapses in the control group, there were no statistically significant
differences between the groups regarding the quality of life measured by the IBDQ-32
questionnaire!”l. Thus, the possibility of contacting the IBD staff through remote
monitoring, although not ideal, partially contributes to maintaining the quality-of-life
parameter.

FC has been a valuable tool during this pandemic!. Many centers have relied on
commercial labs to send an overnight home stool collection kit for FC that can be
picked up by express mail services, avoiding the patient from leaving home!*l. A home
FC test (IBDoc) was compared with a laboratory test (Quantum Blue®calprotectin test,
BUHLMANN, Schénenbuch, Switzerland) and the correlation between both tests was
good (r = 0.776, P < 0.0001)F". Using 250 png/g as the cutoff, the agreement between the
home and laboratory tests was 80%!"1. Diarrhea can be one of the manifestations of
COVID-19 or an IBD flare. FC can be particularly useful to differentiate these
situations since FC is usually only mildly elevated in patients with COVID-19 with
diarrhea, whereas in patients with IBD and active disease, significant and sustained
elevation may occurl,

ENDOSCOPY IN PATIENTS WITH 1BD IN THE COVID-19 ERA

Endoscopy is not only one fundamental pillar for diagnosing IBD but also plays an
important role in its management, treatment, and colorectal cancer (CRC)/dysplasia
surveillance. Differential diagnosis concerning other etiologies and between UC and
CD as well as full evaluation of disease extension, activity, response to treatment, and
even some therapeutic approaches are some endoscopic indications in a patient with
IBD. Ileocolonoscopy, flexible proctosigmoidoscopy, and esophagogastroduodeno-
scopy are the most commonly used endoscopic methods, but enteroscopy and
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videocapsule endoscopy also play a role in IBD management”>*’. The overcrowded
healthcare system worldwide by the COVID-19 pandemic and the need to control the
spread of infection required restructuring primary care and hospital activities,
including endoscopy unitst* .

Risk of infection during endoscopy

Regardless of being more contagious than the other coronavirus (SARS-CoV and
Middle East respiratory syndrome coronavirus), SARS-CoV-2 has similar ways of
infection and complications™, with aerosolized droplets produced by coughing,
sneezing, or breathing as the main route of infection. SARS-CoV-2 infects the GI
epithelium, and its RNA can be detected in stool samples, sometimes in high
concentrations, even in patients without GI symptoms, lightening the possibility of
fecal-oral transmission!™.. Although this route of transmission is controversial, some
papers proved the presence of live virus in fecal specimens and even a positive PCR in
material collected from the surface of the toilet and sink used by infected patients,
thereby corroborating this route of transmission!™.

Both upper and lower GI endoscopies should be considered as aerosol-generating
procedures. Upper GI endoscopy can generate respiratory droplets by coughing or
gagging induced mainly during endoscopic insertion and lower GI endoscopy by
passing flatus or pathogen-containing stools®l. Therefore, endoscopy can be
considered a high-risk procedure for SARS-COV-2 transmission for both patients and
healthcare professionals, being reasonable to ration the endoscopic resources.

Indications of endoscopy during COVID-19 pandemic

To minimize the exposure and risk of infection, different Societies of Gastroenterology
and Endoscopy worldwide (American Gastroenterological Association”, BSG!'",
European Society of Gastrointestinal Endoscopy and European Society of
Gastroenterology and Endoscopy Nurses and Associates!™], Asian Pacific Society for
Digestive Endoscopy!™’, and Brazilian Society of Digestive Endoscopy®l) agreed to
postpone all the endoscopic procedures during the pandemic period, except for the
emergency ones and on a case-by-case basis, some urgent ones. The emergency and
urgent endoscopic procedures can be resumed and divided into the following three
categories: Emergent, urgent, and elective (Table 6)1Y. The restriction in the indications
for GI endoscopy aimed not only to reduce the risk of patients and healthcare
professional infection but also to save personal protective equipment (PPE) and other
medical supplies.

Endoscopy, especially ileocolonoscopy, plays a fundamental role in the diagnosis
and management of IBD, ruling out some other diagnoses and providing important
information about the extension and activity of the disease, response to treatment, and
even a therapeutic approach to stenosis and other complications. During the COVID-
19 pandemic, these indications for patients with IBD were reviewed and based on
expert opinions, the IOIBDI*! and French Society of Digestive Endoscopy (SFED)
recommendations!*, the advice was again to postpone all endoscopic procedures that
were not urgent and extremely necessary. However, sometimes, this emergent/urgent
indication for endoscopy in patients with IBD is slightly unclear. Thus, next we are
going to discuss some possible scenarios:

Confirm IBD diagnosis: In highly suspected cases with moderate-to-severe symptoms
and grounded by positive biomarkers and cross-sectional imaging findings (bowel
ultrasonography or magnetic resonance enterography) of IBD, lower GI endoscopy
(proctosigmoidoscopy or colonoscopy) with biopsies is still indicated. Depending on
the clinical situation and the presence of rectal symptoms, proctosigmoidoscopy might
be preferable to full colonoscopy, as the former is faster and can be done without
sedation (no need for companion) or oral bowel preparation’. Cases with mild
symptoms can have their endoscopy postponed™ . If an isolated small bowel
disease is the hypothesis, after negative cross-sectional imaging and in the absence of
obstructive symptoms, videocapsule endoscopy should be preferred to enteroscopy
for its lower risk!*'l.

Monitoring IBD treatment: Disease activity monitoring, if possible as mentioned
before, should be made by checking patient report outcomes (PROs) and noninvasive
tests such as FC, C-reactive protein (CRP), or even cross-sectional imaging!**°l.

Acute severe UC: This is an emergency condition with a high morbimortality. A
patient who fulfills the criteria of a stool frequency (= 6 per day), with bloody stools,
heart rate above 90 bpm, temperature exceeding 37.8 °C, hemoglobin levels below 105
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Table 6 Category of endoscopic procedures!’2

Emergent endoscopy Urgent endoscopy Elective endoscopy

Ascending/acute cholangitis; Cancer staging; Stable GI bleeding; Tumor Biliary stent removal; Clinical trials; Colorectal cancer screening;
Foreign body retrieval; GI biopsy; Palliative procedures (stenting, Percutaneous endoscopic gastrostomy; Post-polypectomy
obstruction; Life-threatening GI neurolysis); Planned EMR/ESD for surveillance; Surveillance/follow-up endoscopy (excluding high-
bleeding complex/high-risk lesions risk neoplasia)

GI: Gastrointestinal; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.
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g/L, and high CRP levels (> 30 mg/L) needs to be hospitalized and undergo
investigation to rule out infections other than IBD activity, especially COVID-19, C.
difficile, and CMV"l. Symptoms such as fever, cough, dysosmia, dysgeusia, and
fatigue need to be questioned, and a PCR for SARS-COV-2 asked. If negative, analysis
of stool samples should be performed looking for C. difficile and parasitological
infection and, in this setting, it is advised to perform flexible proctosigmoidoscopy
with biopsies to exclude CMV infection!™ 1,

Postoperative recurrence assessment: Endoscopy plays an important role in the
postoperative management of both CD and UC patients. In CD, mainly in cases of
ileocecal resection, since endoscopic inflammation precedes biological and clinical
activity, ileocolonoscopic findings allow us to tailor therapy. In UC patients,
postoperative endoscopy is mainly indicated for pouchitis and surveillance of this
segment for dysplasia. However, when we consider the risks and benefits of the
procedure during this pandemic period, endoscopy to check postoperative recurrence
and dysplasia could be delayed, and for inflammation, patients should be followed
noninvasively**¢],

Surveillance colonoscopies: It is known that patients with IBD have twice more risk of
CRC than the general population, justifying the importance of its screening and
surveillance. Based on ECCO guidelines, surveillance colonoscopy is indicated for all
patients with UC, except if the disease is restricted to the rectum eight years after the
beginning of the symptoms. Patients with colonic CD with more than 1/3 of the colon
affected should follow the same protocol. If primary sclerosing cholangitis (PSC) is
present, surveillance is recommended to start immediately when the diagnosis is
confirmed and continues yearly. The interval between colonoscopies will depend on
the risk factors and the results obtained in the index exam!*”l. However, for all the risks
listed above, the recommendation is to postpone the colonoscopy in patients without
alarming signs. With the extension of the pandemic period, this recommendation
needs to be reviewed, and probably the patients will be stratified by risk factors for
CRC, as with PSC or previous dysplastic lesions, and will be rescheduled as priorities
for endoscopic examination™ .

Partial GI obstruction: Patients with IBD are at higher risk of some complications,
such as benign or malignant strictures. In cases of a new colonic stricture, a
colonoscopy is indicated to exclude malignancy, and if this hypothesis is confirmed, a
stent or balloon dilatation might be needed if surgery could not be performed. In CD
patients with a known short stricture (< 4 cm) with recurrent obstructive symptoms
(nausea, vomiting, weight loss, and abdominal pain), endoscopic dilatation is a
therapeutic option to avoid future admission to the emergency room, overloaded
during COVID-19 pandemicl”*".

Upper GI endoscopy: The indications for upper GI endoscopy in patients with IBD
during this pandemic period are restricted to acute GI bleeding or dilatation of upper
GI strictures!®l.

Worsening cholangitis and jaundice in patients with IBD and PSC with a dominant
bile duct stricture: Acute cholangitis in a patient with PSC is an emergency, and if
there is a dominant bile duct stricture detected on a magnetic resonance cholangio-
graphy, an urgent endoscopic retrograde cholangiopancreatography (ERCP) will
access the stricture to exclude cholangiocarcinoma and may decompress the bile
duct™,

Endoscopy in industry-sponsored clinical trials: Most of the recruitment of new
patients and screening visits for clinical trials have been discontinued during this
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pandemic period, but the status of monitoring colonoscopies for participants already
recruited should be discussed with trial sponsors and research ethics committees. A
case-by-case discussion might be necessary, as for some patients, the investigational
product is the only therapeutic option to avoid surgery and/or corticosteroids. Trial
visits should occur virtually whenever possiblel”*.

In summary, endoscopy in patients with IBD during the COVID-19 pandemic
should be restricted for the indications listed in Table 7.

Safety measures for protection against COVID-19 infection

Aiming to mitigate the risk of the spread of infection from possible COVID-19 patients,
reduce the risk of cross-infection, and preserve resources and PPE, some measures are
recommended by different GI endoscopy societies**’l. The safety recommendations
can be targeted to the unit structure, patient safety, healthcare professional safety, and
equipment/endoscopy room care.

Unit structure””": Limit the number of patients scheduled; Consider at least a one-
hour interval between exams; Select the indications of endoscopy and postpone the
others; Remote pre-exam evaluation with a questionnaire about COVID-19 symptoms
and contact; Inform the need to wear a mask; Apply social distancing rules in the
waiting room; Avoid physical contact; Limit the waiting room time and number of
people; Reassure that just exams with sedation or anesthesia require a companion;
Relatives and caregivers are forbidden from entering the hospital or endoscopy unit
unless required; Medical and nursing students are restricted in the endoscopy units
during pandemic crises; Allow only essential staff with proper PPE inside the
endoscopic unit; Keep doors closed; Provide information about hand hygiene; Follow-
up call one week after endoscopy: As symptoms of COVID-19 can occur after
infection, patients undergoing endoscopy could develop symptoms after the
procedure if they have contracted the SARS-CoV-2 infection at the community level
just before endoscopy. It is a way to verify whether the protective measures at the unit
are working!*l.

Patient safety™!: Check again for COVID-19 symptoms (fever > 37.5 °C; cough,
dysgeusia, dysosmia, and dyspnea) or contact at admission; Access body temperature;
Provide the patient alcoholic solution to clean hands; Before entering the endoscopy
room, the patient is asked to dress a cotton gown, a hairnet, and a surgical mask; Nasal
swabs are not a routine recommendation, as they are not generally available or
validated.

Healthcare professionals’ safety™’’”: AGA and the SFED recommend the use of
filtering face piece (FFP) respiratory class 2 or 3 (FFP2 or FFP3) instead of surgical
masks to protect Healthcare professionals (HCPs) during upper and lower GI
procedures, regardless of the COVID-19 status of the patient. The suggestion for mask
changing depends on regional recommendations; Limit the number of endoscopy
personnel and operational endoscopy rooms; Endoscopy work teams should comprise
a consultant endoscopist, a highly trained endoscopy nurse, and, if possible, a
consultant anesthesiologist; HCPs should be checked for COVID-19 symptoms and
having their body temperature accessed; HCPs should wear FFP2 mask during the
entire time at endoscopy unit as SARS-CoV-2 remained viable in aerosols for at least 3
h; HCPs should be trained in dressing and undressing the PPE, and hand washing is
mandatory before both phases; HCPs must remove contact lenses and dress: Hairnet, a
long water-resistant gown with back closure, an FFP2 mask, goggles for eye
protection, and over-sleeve gloves over the gown. Over the other layers, a single-use
gown and another pair of gloves; HCPs should change the disposable gown and the
second gloves in each procedure; Hand washing is mandatory before and after every
interaction with patient and other HCPs; Conscious sedation remains the most feasible
option and can be provided and managed even if the patient is wearing a mask.

Equipment/endoscopy room!”>*7?: Negative-pressure room to prevent generated
aerosols from diffusing outside the room is recommended mainly in COVID-19
confirmed or highly suspected cases; Disinfection and decontamination by neutral
detergent and virucidal disinfectant using 0.05% sodium hypochlorite or 70% ethanol
on surfaces and devices are effective in clearing the virus; All used endoscopes must
undergo standardized reprocessing and disinfection; All used accessories must be
disposed of; Beds must be cleaned with specific disinfection products and bed sheets
changed for each patient.
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Table 7 Indications for gastrointestinal endoscopy in patients with inflammatory bowel disease during the coronavirus disease 2019

pandemict" 554

Recommended

Considered case-by-

Postpone
case

Confirm IBD diagnosis in patients with moderate to severe activity; Surveillance Confirm IBD diagnosis in patients with mild

Acute severe ulcerative colitis; Partial GI obstruction; Life-threatening  colonoscopies of high-risk symptoms; Monitoring IBD treatment; Postoperative
GI bleeding; Worsening cholangitis and jaundice in patients with IBD  patients; Specific clinical ~ recurrence assessment; Surveillance colonoscopies of
and PSC with a dominant bile duct stricture trials low-risk patients; Clinical trials

GI: Gastrointestinal; IBD: Inflammatory bowel disease; PSC: Primary sclerosing cholangitis.
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Endoscopy post-pandemic phase

When the COVID-19 pandemic ends, endoscopy units must face a dammed demand
list with the impossibility of returning to a regular agenda, as the interval between the
exams will need to remain longer to prevent new outbreaks. A stratification of
priorities will be necessary!”l. Some algorithms based on available point-of-care tests
considering epidemiological regional data and an accurate clinical risk assessment are
being proposed to stratify the patients™. Whatever method is used to prioritize
endoscopy, it is important to maintain close contact with patients with IBD by phone
or e-mail to monitor for specific symptoms. Planning carefully the post-pandemic
phase is primordial, and a case-by-case analysis with reassessments of patients’
conditions by both clinician and endoscopist will be demanded, and telemedicine
might be a useful tool to help this conversation!..

SURGICAL INTERVENTIONS IN PATIENTS WITH IBD AND COVID-19

Despite significant advances in the medical management of IBD in recent years, many
patients will require surgery. The most common indications for CD surgery include
stenosis, fistulae, and abscesses””. In UC, the most common indications are acute
severe colitis refractory to medical therapy and chronic refractory UC. Other
indications of surgery in UC are dysplasia and CRCl. Many of these situations are
elective or semi-elective surgeries that can be postponed for a few days or weeks in
some patients with confirmed COVID-19. However, emergencies, such as perforation,
acute severe colitis, and uncontrolled hemorrhage, may occur, and the surgery in these
cases cannot be postponed and must be treated promptly. At the peak of the
pandemic, one of the collateral effects was that elective surgeries were canceled or
temporarily suspended””. Elective surgeries in IBD cannot be delayed too long when
they are strictly indicated, mainly due to increased morbidity given the patient’s
weakened condition (e.g., steroids and malnutrition). It is not recommended to delay
surgical treatment for these patients with IBD, regardless of their COVID-19 status.

Conducting emergency surgeries during a pandemic such as COVID-19 is
challenging for IBD surgeons and the entire hospital infrastructure*l. The
information available on COVID-19 and the possibility of contamination through
aerosols and droplets lead to the need for modifications to perform surgery with
success, reducing the risk of contaminating hospital facilities and protecting health
teams and patients!”). It is pivotal to protect all surgical teams (e.g., masks, glasses, face
shields, and surgical caps) to avoid contagion with COVID-19 when they perform
surgery in patients with IBD with suspected or confirmed COVID-19 and protect the
patient to prevent him from contracting COVID-19.

There is a concern among surgeons with minimally invasive techniques (e.g.,
laparoscopy, and robotic surgery) due to a possible risk of viral transmission of the
COVID-19 with the creation of pneumoperitoneum®!. However, minimally invasive
surgery (MIS), including laparoscopic surgery, is feasible and safe in IBD and has
many advantages, such as reduced length of hospital stay, less pain, reduced trauma,
less impact on respiratory movements, reduction of morbidity, and faster
postoperative recovery!*.

There is little evidence of viral transmission through laparoscopic or open
approaches. As shown by Somashekhar et all”}, the risk of infection by COVID-19 for
the healthcare team during MIS (laparoscopic or robotic) is considered low. Therefore,
in IBD, we should not postpone surgery, even if considered “elective,” due to the
COVID-19 pandemic. Thus, the care that must be followed by the surgical, nursing,
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and anesthesia teams must be standardized at the referred hospital and replicated to
other health services referenced in the surgical treatment of IBD.

Precautions to avoid contamination of the surgical team are described in several
studies published during the pandemic and include care with airway management
during the anesthetic procedure and specific care during laparoscopy”**I. There
seems to be a consensus in the literature that intubation and extubation are high-risk
healthcare professionals” procedures and that the maximum amount of PPE is needed.
However, there is little evidence of the real risk of contamination by healthcare
professionals during laparoscopy itself, nor of operating room (OR) pressure, surgical
smoke, tissue extraction, or CO,deflation™!. If surgery is considered necessary, the
surgeon must minimize the risk of exposure to the virus, involving a minimum
number of health professionals and shortening the occupation of the ORs. As said,
there are no absolute contraindications to MIS; however, appropriate PPE for the OR
team and smoke evacuation/filtration systems are unanimously recommended®.

If there is a lack of safety measures to allow safe laparoscopy, open surgery should
be considered™. Nevertheless, previous studies have shown that bacterial and viral
aerosols can be detected in both open and laparoscopic surgical operations“’; then, a
surgical aspirator/smoke evacuation device should also be used in open procedures.
Electrical instruments and energy devices should be used at the lowest energy level to
preclude excessive aerosol and smoke production’.

There are some tips and tricks to make MIS safer during the COVID-19 pandemic,
such as avoid creating a leak for smoke evacuation, use a closed suction system; use
leak-free trocars such as balloon trocars, aspirate the entire pneumoperitoneum before
retrieving the surgical specimen at the end of a procedure before removing the trocars,
or before conversion to open surgery!™l. Hospitals must prepare specific internal
protocols and arrange adequate training of the involved personnel®l.

If possible, postpone elective surgery and consider screening every surgical patient
for COVID-19 either by RT-PCR swab or CT scan of the thorax*l. In emergent (< 24 h)
surgeries, such as perianal abscess, bowel perforation, toxic megacolon, the surgery
must be done without any delay, and all patients must be treated as if they were
COVID-19-positive. All surgical teams must strictly follow all rules related to infection
against COVID-19. The same rules apply to patients under urgent (< 72 h) situations,
such as bowel obstruction (without ischemia). Elective (up to 4 wk to 3 mo) surgeries
must have an individualized approach. Seton replacements, “]J” pouch confection, can
be postponed up to three months. However, colectomy in patients with chronic
refractory UC or dysplasia and CRC in UC should be referred to surgery, preferably
before this period, so that there will be no worsening of the primary clinical condition.

It is important to emphasize that all known or suspected COVID-19-positive
patients requiring surgical intervention must be treated as positive until proven
otherwise to minimize infection spread™. Besides, whenever possible, dedicate
specific OR to patients with COVID-19l. Create negative pressure ORs because they
are considered ideal; yet, most ORs work at positive pressure, and their use is
therefore permitted. An air exchange rate of > 25 cycles/h is considered sufficient to
effectively reduce the OR’s viral load. Only essential staff members should be
admitted into the OR, limiting in/out traffic, and doors should be kept closed. Use
level III PPE during intubation and extubation. Use proper filters and closed systems
for CO, desufflation and do not perform transanal surgery™™l.

There are some critical considerations for transanal surgery during the COVID-19
pandemic™l. Several lines of evidence have supported the possible fecal-oral
transmission of the COVID-19""? It is important to emphasize that positive pressure
transanal surgery, such as transanal MIS and transanal endoscopic microsurgery, are
aerosol-generating procedures. Hence, it is appropriate to perform routine
preoperative fecal testing for SARS-CoV-2, in addition to nasopharyngeal screening, in
patients undergoing transanal surgery under positive pressure. For patients with
confirmed SARS-CoV-2 infection, conventional open and robotic approaches may be
safer alternatives when surgery cannot be postponed.

MENTAL HEALTH AND EDUCATIONAL INITIATIVES

It has been recognized that the pandemic will greatly increase the incidence of severe
psychological problems, such as mood disorders, anxiety disorders, or posttraumatic
stress disorder (PTSD), as a consequence of isolation, human losses, and financial
hardships!™. For patients with IBD, psychological distress is already a common
feature, with studies suggesting that active disease is strongly related to comorbid
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anxiety and depression!”l. A recent cross-sectional survey exploring the emotional
state, perception, and concerns of Saudi patients with IBD during the pandemic found
a diagnosis of anxiety in 48.4% of surveyed patients. In this context, patients with IBD
require greater attention, and clinical or cognitive behavioral treatment should be
offered to all patients who exhibit psychological distress.

Provided that patients with IBD are experiencing substantial changes to the routine
management of their conditions during the pandemic, it seems highly critical to assess
patients’ perceptions and viewpoints. In the earlier phase of the pandemic, the
Federation of Crohn’s and Ulcerative Colitis Associations (EFCCA) conducted an
anonymous online survey to investigate the concerns, fears, and behaviors of patients
with IBD. Based on responses from 3815 participants from 51 countries worldwide, it
was shown that about half of respondents reported receiving COVID-19 information
or specific recommendations from doctors to prevent infection. However, most
patients (60%) would have preferred to receive more recommendations regarding
COVID-19 from their physicians!”. These results emphasized the urgent need for
better communication between physicians and patients and for clear and specific
recommendations for people with chronic conditions in these unprecedented times. In
this context, educational initiatives involving patient associations might play a crucial
role in allowing dissemination of the correct messages regarding patient management.
Also, patient compliance with healthcare providers” guidelines could be achievable by
enhanced collaboration, and long-term, trusted partnerships could also be established.

VACCINATION

The recent availability of vaccines to prevent SARS-CoV-2 infection has raised
concerns regarding the safety and efficacy of immunization in patients with IBD. Until
now, there has been international agreement among the main international IBD expert
groups that the risks of SARS-CoV-2 vaccination in patients with IBD are anticipated
to be very low, and it is strongly recommended that patients with IBD should be given
a COVID-19 vaccine once it is widely available**. All coronavirus vaccines, which
are licensed or in the final stages of testing, are considered suitable for patients on
biologics, steroids, and immunosuppressants, as they are not live vaccines. These
include the mRNA (Pfizer, Moderna), the non-replicating adenovirus vector (Oxford),
and the inactivated SARS-CoV-2 (Coronavac) vaccines. Analogous to other vaccines
used for many years, such as influenza and pneumonia vaccines, there is no indication
of worsening IBD symptoms or flares following vaccination, and immunization
appears improbable to affect IBD activity””l. SARS-CoV-2 vaccines have also been
tested in tens of thousands of patients with safety profiles analogous to other vaccines
commonly used in patients with IBD, such as the flu vaccine.

For patients under immunosuppressive treatments, it is anticipated that the vaccine
may be slightly less effective, as other studies have shown that immunosuppressant
medications may induce some reduction in antibody formation and lower immune
response with other common vaccines. For instance, it has been demonstrated that the
serologic conversion rate to influenza vaccine is lower in immunosuppressed patients
with IBD"'™ and that the immune response to pneumococcal polysaccharide
vaccination is reduced in patients with CD by combining TNF-blockers and
immunomodulators”l. Conversely, treatment with newer biologics, such as
ustekinumab or vedolizumab, does not seem to decrease responses to flu vaccinel*>'*’l,
We still do not know which IBD treatments, if any, will reduce the effectiveness of the
coronavirus vaccine; however, it is important to emphasize that even if the COVID-19
vaccine works slightly less well in immunosuppressed patients, it will still offer
greater protection than not having the vaccine.

It is not advisable that patients should stop their treatments to get vaccinated, as it
can induce an exacerbation, putting patients at a greater risk of serious complications
of COVID-19. Also, patients should avoid receiving their vaccine on the same day of
an infusion/subcutaneous dose of biologic, just in the exceptional circumstance that
the patient develops a reaction or adverse effect. It would be important to identify
which one (vaccine or biologic) has caused it.

CONCLUSION

In this review, we presented a guide for the practicing clinician for managing IBD
during the COVID-19 pandemic. We also reviewed the risk of infection during

WJG | https://www.wjgnet.com 1036 March 21,2021 | Volume?27 | Issuell |



Jaishideng®

Chebli JMF et al. IBD and COVID-19

endoscopy, highlighting the restricted conditions where we still should indicate GI
endoscopy in patients with IBD and the recommendations of the most important
endoscopy societies for a safer procedure. All known or suspected COVID-19-positive
patients requiring surgical intervention must be treated as positive until proven
otherwise to minimize infection spread. It is not advisable that patients should stop
their treatments to get vaccinated, as it can induce an exacerbation, putting patients at
a greater risk of serious complications of COVID-19. In this time of an unprecedented
pandemic, where knowledge about COVID-19 rapidly expands, we suggest that
clinicians caring for patients with IBD should periodically check for updates in the
SECURE-IBD registry and Gastroenterology Societies statements and guidelines to
update knowledge about SARS-CoV-2 and COVID-19 in patients with IBD for better
information and follow the approach to manage medications in IBD in this challenging
context.
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Abstract

BACKGROUND

Recent improvements in the prognosis of patients with esophageal cancer have
led to the increased occurrence of gastric tube cancer (GTC) in the reconstructed
gastric tube. However, there are few reports on the treatment results of
endoscopic submucosal dissection (ESD) for GTC.

AIM
To evaluate the efficacy and safety of ESD for GTC after esophagectomy in a
multicenter trial.

METHODS

We retrospectively investigated 48 GTC lesions in 38 consecutive patients with
GTC in the reconstructed gastric tube after esophagectomy who had undergone
ESD between January 2005 and December 2019 at 8 institutions participating in
the Okayama Gut Study group. The clinical indications of ESD for early gastric
cancer were similarly applied for GTC after esophagectomy. ESD specimens were
evaluated in 2-mm slices according to the Japanese Classification of Gastric
Carcinoma with curability assessments divided into curative and non-curative
resection based on the Gastric Cancer Treatment Guidelines. Patient
characteristics, treatment results, clinical course, and treatment outcomes were
analyzed.

RESULTS

The median age of patients was 71.5 years (range, 57-84years), and there were 34
men and 4 women. The median observation period after ESD was 884 d (range, 8-
4040 d). The median procedure time was 81 min (range, 29-334 min), the en bloc
resection rate was 91.7% (44/48), and the curative resection rate was 79% (38/48).
Complications during ESD were seen in 4% (2/48) of case, and those after ESD
were seen in 10% (5/48) of case. The survival rate at 5 years was 59.5%. During
the observation period after ESD, 10 patients died of other diseases. Although
there were differences in the procedure time between institutions, a multivariate
analysis showed that tumor size was the only factor associated with prolonged
procedure time.

CONCLUSION
ESD for GTC after esophagectomy was shown to be safe and effective.

Key Words: Endoscopic submucosal dissection; Gastric tube; Gastric cancer; Eso-
phagectomy; Multicenter study; Retrospective study

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

Core Tip: Despite increasing occurrence of gastric tube cancer (GTC) after
esophagectomy, there are few reports on the treatment results of endoscopic
submucosal dissection (ESD) for GTC. This multicenter study showed that treatment
results and complications of ESD for GTC were similar to those of standard ESD and
there were not significantly difference between institutions except for procedure time.
ESD for GTC after esophagectomy is a safe and effective treatment.
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INTRODUCTION

Recently, the survival of patients with esophageal cancer after esophagectomy has
improved!~l. However, the risk of a subsequent occurrence of primary cancer is high
in these patients. The most frequent cancer that overlaps with esophageal cancer is
head and neck cancer, while the second most common is gastric cancer, including
gastric tube cancer (GTC)!*”\. Therefore, the improved prognosis of esophageal cancer
patients has led to an increase in the occurrence of GTC in the reconstructed gastric
tube.

For the treatment of GTC after esophagectomy, total gastric tube resection (TGTR)
or partial gastric tube resection (PGTR) has been proposed. However, surgical
resection for GTC, being a secondary operation following esophagectomy, may lead to
high mortality and morbidity!>'l. On the other hand, in recent years, endoscopic
therapy for early gastric cancer (EGC) has developed and become widespread!”.
Endoscopic submucosal dissection (ESD) enables the treatment of large lesions with a
higher rate of en bloc resection that cannot be achieved by using conventional
endoscopic mucosal resection. In addition, ESD is less invasive than surgery. For this
reason, ESD has become widely used as a standard treatment for EGC, and ESD is
often performed for GTC.

However, ESD for GTC after esophagectomy is a technically difficult procedure
compared with that for an unresected stomach because of the limited working space,
unusual fluid-pooling area, food residue, bile reflux, fibrosis, and staples under the
suture linel””l. Therefore, a high degree of skill is required for ESD of GTC. There are
few reports about ESD for GTC after esophagectomy, and most are case reports and
case series of a small number of patients!”"l. A study by Nonaka et al"*! reported the
effectiveness and safety of ESD for GTC in a high-volume national center, which had
largest number of cases but was nonetheless a single-center study. Therefore, the aim
of this study was to evaluate the efficacy and safety of ESD for GTC after
esophagectomy in a multicenter context.

MATERIALS AND METHODS

Patients

We retrospectively investigated patients with GTC in the reconstructed gastric tube
after esophagectomy for esophageal squamous cell carcinoma who had undergone
ESD between January 2005 and December 2019 at 8 institutions participating in the
Okayama Gut Study group (O-GUTS). All of the participating institutions in O-GUTS,
except Okayama University Hospital (OUH), were considered core hospitals in each
area. During the study period, 48 GTC lesions in 38 consecutive patients were treated.
The clinical indications of ESD for EGC were based on the Gastric Cancer Treatment
Guidelines!”!. These indications were similarly applied for GTC after esophagectomy
with gastric tube reconstruction.

Study measurements were as follows: patient characteristics, endoscopic findings,
treatment results, adverse events, histopathological results, and clinical courses. In
addition, we defined OUH as a high-volume center and compared the patients’
background and clinical outcomes between OUH and other facilities.

The institutional review board of each hospital approved this study, and informed
consent was obtained from all patients.

Endoscopic procedures

All endoscopic procedures were performed by experts in ESD who had experience
with more than 500 clinical cases. There were no restrictions on the scopes and devices
used by each endoscopist for ESD. The scopes used were GIF-Q260] or GIF-H260
(Olympus, Tokyo, Japan), and the devices were an insulation-tipped diathermic knife
(IT Knife), IT Knife 2, IT Knife nano, or Dual Knife ] (Olympus, Tokyo, Japan). Other
devices, such as an argon plasma coagulation probe (ERBE, Tubingen, Germany) for
marking dots or a needle knife (ZEON MEDICAL, Tokyo, Japan) for the initial
incision, were occasionally used.

First, marking dots for the incision lines were placed around the lesion. Next,
fructose-added glycerol (Glyceol; TAIYO Pharma CO, Tokyo, Japan) with a minute
amount of indigo carmine dye was injected into the submucosal layer. In some cases,
0.4% sodium hyaluronate (MucoUp; Boston Scientific, Tokyo, Japan) was used. After
submucosal injection, a precut was made with the Dual Knife ] or needle knife,
followed by a circumferential mucosal incision around the lesion using the dots as a
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landmark and submucosal dissection with the IT Knife, IT Knife 2, IT Knife nano, or
Dual Knife J. The resected specimens were evaluated pathologically.

Histopathological assessment of curability

ESD specimens were evaluated in 2-mm slices according to the Japanese Classification
of Gastric Carcinoma with curability assessments divided into curative and non-
curative resection based on the Gastric Cancer Treatment Guidelines™. RO resection
indicated that the lesion was resected en bloc with both the horizontal and vertical
margins tumor-free histopathologically, but did not include findings regarding
lymphovascular infiltration, the type of adenocarcinoma, or an assessment of the
depth of invasion for curability. A curative resection was divided into eCura A and
eCura B. A non-curative resection was defined as not meeting the criteria of curative
resection and was further separated into 2 groups, eCura C-1 and eCura C-2, based on
histopathological results per the Gastric Cancer Treatment Guidelines!"’\.

Statistical analysis

Continuous and categorical variables are expressed as median (range) and n (%),
respectively. Overall survival was calculated according to the Kaplan-Meier method.
Differences in the clinical outcomes of ESD for GTC between institutions were
evaluated using the Mann-Whitney U test for continuous data and the Chi-squared
test for categorical variables. The risk factors for long procedure time were evaluated
using logistic regression analysis. All statistical analyses were performed using the
statistical analysis software JMP Pro, version 15 (SAS Institute Inc., Cary, NC, United
States). P values < 0.05 were considered statistically significant.

RESULTS

Patients’ characteristics and endoscopic findings

A total of 38 consecutive patients with 48 GTC lesions were treated with ESD between
January 2005 and December 2019 (Table 1). The median age of these patients was 71.5
years (range, 57-84 years), and they included 34 men and 4 women. The median period
from esophagectomy to the treatment of GTC was 2106 d (range, 38-9523 d). This
included patients who had a diagnosis of EGC before surgery for esophageal cancer
and had undergone ESD after esophagectomy (5 patients). The reconstruction routes
were antethoracic, retrosternal, and posterior mediastinal in 7, 11, and 20 patients,
respectively. The location of the GTC lesion was upper, middle, and low in 2, 18, and
28 patients, respectively. Regarding the macroscopic type, there were 21 lesions of 0-
Ia, 22 lesions of 0-IIc, 2 lesions of 0-1Ib, 1 lesion of 0-III, and 2 combined lesions. The
median observation period after ESD was 884 d (range, 8-4040 d).

Treatment results of ESD and histopathological findings

Treatment results of ESD for GTC after esophagectomy and pathological findings are
shown in Table 2. The median procedure time was 81 min (range, 29-334 min). En bloc
resection was performed in 44 of 48 lesions (91.7%). The median tumor size of the
resected specimen was 15 mm (range, 4-60 mm). Among the 48 lesions, 43 were
differentiated (90%) and 5 were undifferentiated (10%). Regarding the tumor depth, 40
lesions were intramucosal carcinoma (M, 84%), 4 were submucosal superficial
carcinoma (SM1, 8%), and 4 were submucosal deep invasive carcinoma (SM2 or
deeper, 8%). Ulcerative findings were seen in 6 lesions (13%). Lymphatic infiltration
was seen in 3 lesions (6%), and vascular infiltration was seen in 1 lesion (2%).
According to the Japanese Gastric Cancer Treatment Guidelines, 38 lesions (79%)
achieved curative resection (eCura A) and 10 lesions (21%) were classified as non-
curative resection. The reasons for non-curative resection were as follows: 3 lesions
were horizontal margin positive (HM1) or cutting into the lesion (eCura C-1), 2 were
undifferentiated and showed SM invasion, 2 showed lymphatic infiltration, 2 showed
SM invasion with ulcerative findings, and 1 was undifferentiated and showed SM
invasion and lymphatic and vascular infiltration (eCura C-2).

Adverse events

Complications during ESD were seen in 2 cases (4%), with 1 case of perforation, and 1
case of bleeding. Complications after ESD were seen in 5 cases (10%), with 2 cases of
bleeding, 1 case of subcutaneous abscess, 1 case of liver failure, and 1 case of
respiratory failure (Table 2).
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Table 1 Patients’ characteristics and endoscopic findings

Characteristics

Patients/lesions, n 38/48
Median age, yr (range) 71.5 (57-84)
Sex, 1 (%)

Male 34 (89)
Female 4 (11)

Median period from esophagectomy to ESD for GTC, d (range) 2106 (38-9523)

Reconstruction route of gastric tube, 1 (%)

Antethoracic 7 (18)
Retrosternal 11 (29)
Posterior mediastinal 20 (53)
Median observation period after ESD, d (range) 884 (8-4040)

Location of lesion, 1 (%)

U 2(4)
M 18 (38)
L 28 (58)

Macroscopic type, 1 (%)

0-Ia 21 (44)
0-Ib 2(4)
0-Ilc 22 (46)
0-III 1(2)
Combined 2(4)

ESD: Endoscopic submucosal dissection; GTC: Gastric tube cancer; U: Upper; M: Medium; L: Lower.

It was the same patient who had perforation during ESD and who formed
subcutaneous abscess after ESD (Figure 1). In this case, perforation during ESD was
sealed immediately with endoclips. Nevertheless, 20 d after ESD, the patient was
admitted to the hospital with redness of the skin in the precordial area and excretion of
pus from the skin. Computed tomography showed formation of a subcutaneous
abscess around the gastric tube of the antethoracic reconstruction route. The patient
was treated conservatively with antibiotics and percutaneous drainage and was
discharged on the 16" day after the start of re-admission.

Patients’ clinical courses

Of the 38 cases, 2 had local recurrence and 3 had metachronous recurrence. In the 2
cases with local recurrence, 1 received additional surgery and the other received
additional ESD. In the 3 cases with metachronous recurrence, 1 received additional
surgery and the others received additional ESD. The patients’ overall survival curve is
shown in Figure 2. The survival rate at 5 years was 59.5%. During the observation
period after ESD, no patient died of GTC. However, 10 patients died of other diseases,
including pneumonia, which was the most common and occurred in 4 patients, heart
failure and hepatocellular carcinoma in 1 patient each, and other unknown diseases.

Comparison of clinical outcomes
A comparison of the patients” background and clinical outcomes between OUH and
other hospitals is shown in Table 3. In terms of the patients’ backgrounds, the posterior
mediastinal route was used as a reconstruction route in more cases at other hospitals.
Treatment results were generally similar in both groups; however, procedure time was
significantly longer at other hospitals.

Since there were differences in procedure time between institutions, we divided
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Table 2 Treatment results of endoscopic submucosal dissection for gastric tube cancer and histopathological findings

Lesions, n 48
Median procedure time, min (range) 81 (29-334)
En bloc resection, 1 (%) 44 (91.7)

Adverse events during ESD, n (%)
Bleeding 1(2)
Perforation 1(2)

Adbverse events post ESD, 1 (%)

Bleeding 2(4)
Subcutaneous abscess 12
Liver failure 1(2)
Respiratory failure 12
Median tumor size, mm (range) 15 (4-60)

Histrogical type, n

Differentiated 43
Undifferentiated 5
Tumor depth, n

M 40
SM1 4
SM2 4

Ulcerative findings, n

Absent 41
Present 7
Lymphatic infiltration, n

Negative 3
Positive 45
Lymphatic infiltration, n

Negative 1
Positive 47
Horizontal margin, n

Negative 45
Positive 3
Vertical margin, n

Negative 47
Positive 1

eCura, 11 (%)

A 38 (79)
c1 3(6)
c-2 7 (15)

ESD: Endoscopic submucosal dissection; M: Intramucosal; SM1: Submucosal superficial; SM2: Submucosal deep invasive.

patients into two groups, a short procedure time group (< 90 min) and a long
procedure time group (= 90 min), and examined the factors affecting the procedure
time. In univariate analysis (Table 4), the treatment institution and tumor size showed
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Table 3 Comparison of clinical outcomes between Okayama University Hospital and other hospitals

Institution (patients/lesions) OUH (17/20) Other hospitals (21/28) Pvalue
Median age, yr (range) 70 (57-83) 73 (58-84) 0.28
Male, 1 (%) 15 (88) 19 (79) 0.72
Reconstruction route of gastric tube, n <0.01
Antethoracic 7 0

Retrosternal 7 4

Posterior mediastinal 3 17

Median tumor size, mm (range) 18 (8-60) 15 (4-40) 0.21
depth, M/SM, n 16/4 24/4 0.6
Ulcerative findings positive, n (%) 3 (15) 4 (14) 0.94
Median procedure time, min (range) 50 (20-180) 108 (32-334) <0.01
En bloc resection, 1 (%) 19 (95) 25 (89) 0.48
Curative resection (eCura A or B), 1 (%) 17 (85) 21 (75) 0.4
Adverse events during ESD, 1 (%) 1(5.0) 1(3.6) 0.8
Adverse events post ESD, 1 (%) 3 (15) 2(7.1) 0.37

OUH: Okayama University Hospital; ESD: Endoscopic submucosal dissection; M: Intramucosal; SM: Submucosal.

Table 4 Comparison of short (< 90 min) and long (= 90 min) procedure time groups

<90 min, n=26 290 min, n =22 P value
Okayama University Hospital/other hospitals, 1 15/11 5/17 0.01
Reconstruction route of gastric tube, n
Antethoracic/retrosternal / posterior mediastinal 6/11/9 3/4/15 0.06
Location of lesion, n
U/L/M 0/8/18 2/10/10 0.08
Median tumor size, mm (range) 13 (4-26) 15 (6-60) 0.06
Tumor depth, n
M/SM 23/3 17/5 0.30
Ulcerative findings positive, n 2 5 0.14

U: Upper; M: Medium; L: Lower; M: Intramucosal; SM: Submucosal.

significant differences between the two groups. However, in multivariate analysis
(Table 5), tumor size was the only factor associated with a long procedure time.

DISCUSSION

This study was the first multicenter study on ESD for GTC in the reconstructed gastric
tube after esophagectomy, and it included the second largest number of patients.
According to a systematic review of GTC after esophagectomy, there are two surgical
options for the treatment of GTC: PGTR or TGTR plus lymphadenectomy with colon
or jejunal reconstruction™!. However, surgical treatment for GTC is highly invasive
and carries a certain degree of risk. Sugiura et al"’! reported that 5 of 7 cases of TGTR
had surgical complications (leakage) and 2 died. In addition, 1 of 3 cases of PTGR had
fatal complications. Akita efall'l reported that 1 of 5 cases of TGTR died of
postoperative complications. On the other hand, in previous studies on ESD for GTC,
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Table 5 Multivariate analysis about risk factors for a long procedure time of endoscopic submucosal dissection for gastric tube cancer

Risk ratio (95%Cl) P value
Other hospitals 3.18 (0.59-19.6) NS
Posterior mediastinal route 3.18 (0.61-19.4) NS
Location of lesion, U/M 2.12 (0.52-8.84) NS
Median tumor size = 20 mm 4.90 (1.09-29.6) 0.04

U: Upper; M: Medium; CI: Confidence interval.

Jaishideng®

the proportions of RO resection and curative resection were 87.5%-92% and 65 %-85%,
respectively, and complications were seen in 12.5%-18% of patients!”“l. In the present
study, the proportions of R0 resection and curative resection were 91.7% and 79%,
respectively, and complications were seen in 10%. Overall, the treatment results of
ESD for GTC in this study were similar to those of previous studies. In a previous
study on gastric ESD of the unresected stomach, the proportions of RO resection,
curative resections, and complications were 92%-94.9%, 80.4%-94.7%, and 5.9%-6.3%,
respectively®*l. Furthermore, in gastric ESD of the remnant stomach after
gastrectomy, the proportions of R0 resection, curative resection, and complications
were 84.7%-85%, 70.9%-78%, and 2.8%-21.1%, respectively™*l. ESD for GTC was
considered a minimally invasive, effective, and relatively safe treatment.

There are some points of note in GTC. First, detection of early GTC requires long-
term regular endoscopic surveillance after esophagectomy. GTC is often found long
after esophagectomy; in some cases, GTC is detected after more than 10 years and the
risk of metachronous GTC is high!***l. Second, GTC may be difficult to diagnose. The
reasons are as follows: Food residue and bile reflux are often seen in the gastric tube,
and the lumen of the gastric tube is long and narrow and can constrain endoscopic
observation!l. Therefore, it is necessary to pay attention to these points during
endoscopy for patients with gastric tube reconstruction after esophagectomy. Third,
when performing ESD for GTC, it is necessary to pay attention to complications
specific to GTC. For example, in our study, a subcutaneous abscess formed after
treatment in a case with perforation during ESD for GTC in the antethoracic
reconstruction route. This case was cured by conservative treatment with antibiotics
and percutaneous drainage. Moreover, Miyagi et al*! reported that post-treatment
precordial skin burns occurred in 5 of 8 patients with GTC in the antethoracic
reconstruction route. In this report, all burns were diagnosed as first-degree burns
based on the clinical classification of burn depth, developed on postoperative day 1-2,
and took 4-7 d to heal.

In this study, since approximately half of the patients were treated at OUH, we
defined it as a high-volume center and compared clinical outcomes with those of other
institutions. As a result, there were no significant differences in the clinical outcomes
of ESD between institutions. In addition, lesion size was the only factor related to long
procedure time in multivariate analysis. We believe these results were attributable to
the fact that all of the participating institutions specialized in gastrointestinal diseases
with more than 500 cases of ESD for EGC. Moreover, ESD for GTC may have been
performed by leading specialists given the relative rarity of GTC. For these reasons,
ESD for GTC seems safe if performed by specialists with sufficient ESD experience.

Previously, not a few patients had complications or died of other diseases during
the course after esophagectomy®”*1. However, due to the widespread use of minimally
invasive esophagectomy, such as thoracoscopic and laparoscopic surgery, the
incidence of postoperative complications, including respiratory complications, has
decreased and the general condition of patients after esophagectomy has improved in
recent years”?. With continued improvements in the prognosis of esophageal cancer,
the number of cases of GTC after esophagectomy will likely increase in the future and
the demand for ESD for GTC is expected to increase further.

There were several limitations to this study. First, as this was a retrospective study,
the ESD indications and devices used for treatment were not standardized. However,
treatment was performed according to the typical standards. Second, since data on
Helicobacter pylori infection status were missing in some patients, the association
between GTC and Helicobacter pylori could not be evaluated. Third, as some patients
were observed for only a short time, the assessment of long-term prognosis after ESD
for GTC was insufficient. Further follow-up studies are needed in the future.
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Figure 1 A case of subcutaneous abscess formation after perforation during endoscopic submucosal dissection for gastric tube cancer.
A: Gastric tube cancer located at the anterior wall of gastric body; B: Marking dots were placed around the lesion, and endoscopic submucosal dissection (ESD) was
performed as usual; C: Perforation occurred during ESD; D: Perforation was sealed immediately with 4 endoclips; E: Redness of the skin in the precordial area, 20 d
after ESD; F: Computed tomography performed 20 d after ESD. A subcutaneous abscess (yellow arrow) had formed around the gastric tube of the antethoracic
reconstruction route (orange arrow).

CONCLUSION

In conclusion, ESD for GTC after esophagectomy is a safe and effective treatment that
can be performed without significant variability in treatment results at any specialized
institution where standard gastric ESD can be performed with sufficient expertise.
Further accumulation and follow-up of cases of GTC are necessary in the future.
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Figure 2 Overall survival curve after endoscopic submucosal dissection for gastric tube cancer. The survival rate at 5 year was 59.5%. ESD:

Endoscopic submucosal dissection.
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ARTICLE HIGHLIGHTS

Research background
Recent improvements in the prognosis of patients with esophageal cancer have led to
the increased occurrence of gastric tube cancer (GTC) in the reconstructed gastric tube.

Research motivation

There are few reports on the treatment results of endoscopic submucosal dissection
(ESD) for GTC.

Research objectives
This retrospective study aimed to evaluate the efficacy and safety of ESD for GTC after
esophagectomy in a multicenter trial.

Research methods

We retrospectively investigated 48 GTC lesions in 38 consecutive patients with GTC in
the reconstructed gastric tube after esophagectomy who had undergone ESD between
January 2005 and December 2019 at 8 institutions participating in the Okayama Gut
Study group. Patient characteristics, treatment results, clinical course, and treatment
outcomes were analyzed.

Research results

The median age of patients was 71.5 years (range, 57-84years), and there were 34 men
and 4 women. The median observation period after ESD was 884 d (range, 8-4040 d).
The median procedure time was 81 min (range, 29-334 min), the en bloc resection rate
was 91.7% (44/48), and the curative resection rate was 79% (38/48). Complications
during ESD were seen in 4% (2/48) of case, and those after ESD were seen in 10%
(5/48) of case. The survival rate at 5 years was 59.5%. During the observation period
after ESD, 10 patients died of other diseases. Although there were differences in the
procedure time between institutions, a multivariate analysis showed that tumor size
was the only factor associated with prolonged procedure time.

Research conclusions
ESD for GTC after esophagectomy was shown to be safe and effective.

Research perspectives

As some patients were observed for only a short time, the assessment of long-term
prognosis after ESD for GTC was insufficient. Further accumulation and follow-up of
cases of GTC are necessary in the future.
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Abstract

BACKGROUND

Constipation is one of the most important nonmotor symptoms in Parkinson's
disease (PD) patients, and constipation of different severities is closely related to
the pathogenesis of PD. PD with constipation (PDC) is considered a unique type
of constipation, but its mechanism of formation and factors affecting its severity
have been less reported. Understanding the gastrointestinal motility
characteristics and constipation classification of PDC patients is essential to guide
the treatment of PDC. In this study, the colonic transit test and high-resolution
anorectal manometry were used to identify the intestinal motility of PDC to
provide a basis for the treatment of PDC.

AIM

To investigate the clinical classification of PDC, to clarify its characteristics of
colonic motility and rectal anal canal pressure, and to provide a basis for further
research on the pathogenesis of PDC.

METHODS

Twenty PDC patients and 20 patients with functional constipation (FC) who were
treated at Xuanwu Hospital of Capital Medical University from August 6, 2018 to
December 2, 2019 were included. A colonic transit test and high-resolution
anorectal manometry were performed to compare the differences in colonic transit
time, rectal anal canal pressure, and constipation classification between the two
groups.

RESULTS
There were no statistically significant differences in sex, age, body mass index, or
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duration of constipation between the two groups. It was found that more patients
in the PDC group exhibited difficulty in defecating than in the FC group, and the
difference was statistically significant. The rectal resting pressure, anal sphincter
resting pressure, intrarectal pressure, and anal relaxation rate in the PDC group
were significantly lower than those in the FC group. The proportion of
paradoxical contractions in the PDC group was significantly higher than that in
the FC group. There was a statistically significant difference in the type
composition ratio of defecatory disorders between the two groups (P < 0.05). The
left colonic transit time, rectosigmoid colonic transit time (RSCTT), and total
colonic transit time were prolonged in PDC and FC patients compared to normal
values. The patients with FC had a significantly longer right colonic transit time
and a significantly shorter RSCTT than patients with PDC (P < 0.05). Mixed
constipation predominated in PDC patients and FC patients, and no significant
difference was observed.

CONCLUSION

Patients with PDC and FC have severe functional dysmotility of the colon and
rectum, but there are certain differences in segmental colonic transit time and
rectal anal canal pressure between the two groups.

Key Words: Parkinson's disease; Parkinson's disease with constipation; Colonic transit
time; High-resolution anorectal manometry

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

Core Tip: In this study, we used the colonic transit test and rectal anal manometry to
subtype constipation and detect corresponding indicators in patients with Parkinson's
disease with constipation (PDC) and functional constipation, with the aim of clarifying
the colonic and rectal motility characteristics of PDC and providing a basis for the
treatment of PDC. It was found that the segmental colonic transit time and the
constituent ratio of types of defecation disorders were statistically different between the
two groups.

Citation: Zhang M, Yang S, Li XC, Zhu HM, Peng D, Li BY, Jia TX, Tian C. Study on the
characteristics of intestinal motility of constipation in patients with Parkinson's disease. World J
Gastroenterol 2021; 27(11): 1055-1063

URL: https://www.wjgnet.com/1007-9327/full/v27/i11/1055.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i11.1055

INTRODUCTION

Parkinson's disease (PD) is a common neurodegenerative disease, with a prevalence of
1% in the elderly and about 10% in patients before the age of 50. The pathological
signs of PD are abnormal deposition of a-synuclein and progressive degeneration and
loss of dopamine neurons in the substantia nigra compacta”. The main clinical
manifestations are resting tremor, myotonia, bradykinesia, and abnormal postural gait.
Over the past 15 years, non-motor symptoms (NMS), mainly autonomic dysfunction,
have attracted much attention in patients with PD, including gastrointestinal
dysfunction (dysphagia, delayed gastric emptying, and constipation), hypo olfaction,
and sleep disorders, which are caused by neuronal loss in other areas of the brain’l.
Among them, constipation is one of the most common NMS in patients with PD.
Studies have shown that 20%-89% of PD patients experience constipation, and the
incidence gradually increases with the progression of the disease!. Compared with
non-PD subjects, the frequency of constipation in PD patients increased by 2 to 4
timesl], and the degree of constipation was positively correlated with PD. Autopsy of
constipated patients revealed a significant decrease in neuronal density in the
substantia nigra, which also provided pathological evidence that constipation
increased the risk of PD. Constipation can occur more than 10 years earlier than motor
symptoms, making it one of the earliest indicators in the process of PD formation;
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recently, constipation has been included in the predecessor diagnostic criteria for
PDI. PD with constipation (PDC) is considered a unique type of constipation, but its
mechanism of formation and factors affecting its severity have been less reported, and
the conclusions are not uniformt’. It is likely that there is a causal relationship between
PD and constipation, such that they exacerbate one another and form a vicious cycle.
To stop constipation, this cycle may be terminated to prevent or delay the occurrence
of PD. However, PDC treatment is very difficult and prone to drug resistance®’.
Compared with functional constipation (FC), it is not clear whether the clinical
characteristics and influencing factors of PDC are unique. Understanding the
gastrointestinal motility characteristics and constipation classification of PDC patients
is essential to guide the treatment of PDC.

MATERIALS AND METHODS

Patient recruitment

A total of 20 patients with PDC and 20 patients with FC who visited Xuanwu Hospital
of Capital Medical University between August 6, 2018 and December 2, 2019 were
recruited as test and control groups, respectively. All patients underwent a colonic
transit test (CTT) and high-resolution anorectal manometry (HRAM) to compare the
differences in colonic transit time, rectal anal canal pressure, and constipation
classification between the two groups. Inclusion criteria were: (1) Age older than 18
years; (2) Fulfilled the diagnostic criteria for PD and Rome IV functional constipation;
and (3) Symptom onset of more than 6 mo. Exclusion criteria were: (1) Presence of
chronic diseases such as hypertension, diabetes mellitus, and coronary heart disease;
(2) Organic diseases of the colon; (3) Diseases that may affect gastrointestinal motility
function, such as thyroid disease, renal dysfunction, connective tissue disease, mental
disorders, etc.; (4) History of abdominal surgery; and (5) Taking drugs that affect
gastrointestinal motility in the last 2 wk.

Colon functional assessment

HRAM: The ManoScan™High Resolution Anorectal Manometry System (given,
United States) was used for all patients to measure rectal resting pressure, anal
sphincter resting pressure, rectal maximum squeeze pressure, anal canal maximum
squeeze pressure, intrarectal pressure, anal relaxation rate, residual anal pressure, and
rectoanal pressure difference. According to the results, conditions can be divided into
either defecatory impetus deficiency, or pelvic floor muscle synergism disorders.

CTT: Radiopaque markers (Sitzmarks, Konsyl Pharmaceuticals, United States) were
used for detection. Each capsule contained 24 radiopaque markers, measuring 1 mm x
4.5 mm, of three different shapes: The O-Ring shape, the Double D shape, and the Tri-
chamber shape. On day 1, subjects took one capsule containing the Double D shape
under supervision, and swallowed the second capsule containing the O-Ring shape
and the third capsule containing the Tri-chamber shape after 24 h and 48 h,
respectively. After 72 h, a kidney, ureter, and bladder examination of the abdomen
was performed. If the transverse colon could not be fully displayed, an X-ray of the
upper abdomen was taken. The transit time of the whole colon and segmented colon
was then calculated according to Metcalfe's method"” (Figure 1).

Statistical analysis

IBM SPSS 22.0 was used to analyze all data. Continuous variables were analyzed using
a t-test (normally distributed) and expressed as mean * SD. Data with a non-normal
distribution were expressed as percentiles, and the Kruskal-Wallis test was used to
compare groups. Categorical data were calculated using the Chi-square test and
expressed as a ratio (%). A P < 0.05 was considered statistically significant.

RESULTS

Twenty patients with PDC and 20 patients with FC were included in the study, and
there were no statistically significant differences in sex, age, body mass index (BMI), or
duration of constipation between the two groups. The chief complaints of constipation
across the two groups were compared, and it was found that more patients in the PDC
group exhibited difficulty in defecating than in the FC group, and the difference was
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Figure 1 A line is made from the thoracic spinous process to the fifth lumbar spinous process; tangent lines are then made from the fifth
lumbar spinous process to both sides of the pelvic outlet. The dashed lines from the fifth lumbar spine to the right pelvic outlet and the left ilium are
distinguished as projections into the right colon, left colon, and rectosigmoid colon. R: Right; L: Left; RS: Rectosigmoid colon.
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statistically significant (Table 1).

Comparison of HRAM results

The rectal resting pressure and anal sphincter resting pressure in the PDC group were
significantly lower than those in the FC group. The intrarectal pressure and anal
relaxation rate in the PDC group were significantly lower than those in the FC group.
The proportion of paradoxical contractions in the PDC group was significantly higher
than that in the FC group. These results are shown in Table 2. The study found that the
proportion of defecatory impetus deficiency was 50% (10/20) in the PDC group and
40% (8/20) in the FC group; the proportion of pelvic floor muscle dyssynergia was
35% (7/20) in the PDC group and 20% (4/20) in the FC group. In addition, 10% (2/20)
of patients in the PDC group demonstrated inadequate defecatory propulsion
combined with pelvic floor muscle dyssynergia. Rectal anal manometry was normal in
40% (8/20) of the FC group and in only 5% (1/20) of the PDC group, with a
statistically significant difference in the composition type ratio of defecatory disorders
between the two groups (P < 0.05) (Table 3).

Comparison of colonic transit time between the two groups

Left colonic transit time (LCTT), rectosigmoid colonic transit time (RSCTT), and total
colonic transit time (TCTT) were prolonged in PDC and FC patients when compared
with normal values. A comparison of the segmented colonic transit time between the
two groups revealed that the patients with FC had a significantly longer right colonic
transit time (RCTT) and a significantly shorter RSCTT than the patients with PDC (P <
0.05), whereas there were no significant differences in the LCTT and TCTT between
the two groups (Table 4).

Comparison of constipation classification between the two groups

Patients with PDC were divided into three subtypes based on CTT and HRAM: (1)
Slow transit constipation: Prolonged CTT only (1, 5%); (2) Defecatory disorder: Altered
HRAM only (4, 20.0%); and (3) Mixed constipation: Prolonged CTT and altered HRAM
(15, 75.0%). Patients with FC were divided into four subtypes: (1) Slow transit
constipation: (7, 35.0%); (2) Defecatory disorder: (2, 10.0%); (3) Mixed constipation: (10,
50.0%); and (4) Normal transit constipation: No functional abnormality (1, 5.0%). There
were no statistically significant differences in constipation subtypes between the two
groups, as seen in Table 5.
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Table 1 Comparison of clinical data between the Parkinson's disease with constipation and functional constipation groups

FC PDC P value

Male 7 (35.0%) 12 (60.0%) 0.205
Female 13 (65.0%) 8 (40.0%)

Age, years 70.80 (6.24) 72.32 (4.80) 0.402
BMI 23.32 (2.47) 22.25 (4.32) 0.343
Decreased defecation frequency 10 (50.0%) 16 (80.0%) 0.097
Dry stools 9 (45.0%) 6 (30.0%) 0.514
Defecatory difficulties 13 (65.0%) 20 (100.0%) 0.013
Manual assisted defecation 7 (35.0%) 12 (60.0%) 0.205
Constipation duration, years 10.00 (5.00, 20.00) 5.00 (2.75, 6.50) 0.051

PDC: Parkinson's disease with constipation; FC: Functional constipation; BMI: Body mass index.

Table 2 Comparison of high-resolution anorectal manometry results between the Parkinson's disease with constipation and functional

constipation groups

FC PDC P value
Rectal resting pressure (mmHg) 82.36 (20.18) 63.98 (30.94) 0.032
Anal sphincter resting pressure (mmHg) 89.55 (16.25) 66.50 (19.35) <0.001
Rectal maximum squeeze pressure (mmHg) 189.50 (159.95,250.68) 188.95 (139.60,234.00) 0.516
Anal canal maximum squeeze pressure (mmHg) 222.16 (86.26) 195.25 (63.62) 0.269
Intrarectal pressure (mmHg) 43.08 (20.74) 21.73 (14.61) 0.001
Anal relaxation rate (%) 23.00 (16.00, 42.58) 0.16 (-0.07, 0.22) <0.001
Residual anal pressure (mmHg) 75.83 (33.55) 69.70 (30.92) 0.551
Rectoanal pressure difference (mmHg) -36.77 (36.56) -47.98 (27.38) 0.279
Paradoxical contraction 1(5.0%) 8 (40.0%) 0.023

PDC: Parkinson's disease with constipation; FC: Functional constipation.

Table 3 Comparison of the composition type of defecatory disorders between the Parkinson's disease with constipation and functional

constipation groups, n (%)

FC PDC P value
Defecatory impetus deficiency 8 (40.0) 10 (50.0) 0.037
Pelvic floor muscle dyssynergia 4 (20.0) 7 (35.0)
Inadequate defecatory propulsion combined with pelvic floor muscle dyssynergia 0 (0.0) 2 (10.0)
Normal 8 (40.0) 1 (5.0)

PDC: Parkinson's disease with constipation; FC: Functional constipation.

DISCUSSION

Constipation is one of the most important nonmotor symptoms in PD patients, and
can occur several years or even decades before the onset of exercise symptoms'*?.
Taiwanese scholars” conducted a follow-up survey of the relationship between the
severity of constipation and the risk of PD over 5 years. The study showed that the
incidence rate of PD was 1.57/100000 for those without constipation. The incidence
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Table 4 Comparison of colonic transit time between the two groups

FC PDC P value
RCTT (h) 10.50 (3.12) 8.40 (3.28) 0.045
LCTT (h) 19.50 (6.07) 20.15 (5.07) 0.715
RSCTT (h) 24.45 (4.56) 27.60 (3.68) 0.021
TCTT (h) 55.10 (7.46) 56.00 (8.31) 0.721

Normal reference values: right colon transit time < 17.4 h; left colon transit time < 16.8 h; rectosigmoid transit time < 22.9 h; total colonic transit time <39 h
for men and < 50 h for women. PDC: Parkinson's disease with constipation; FC: Functional constipation; RCTT: Right colonic transit time; LCTT: Left
colonic transit time; RSCTT: Rectosigmoid colonic transit time; TCTT: Total colonic transit time.

Table 5 Comparison of constipation classification between the Parkinson's disease with constipation and functional constipation

groups, n (%)

FC PDC P value
Slow transit constipation 7 (35.0) 1(5.0) 0.067
Defecatory disorder 2 (10.0) 4 (20.0)
Mixed constipation 10 (50.0) 15 (75.0)
Normal transit constipation 1(5.0) 0 (0.0)

PDC: Parkinson's disease with constipation; FC: Functional constipation.

rate of PD in patients with mild, moderate, and severe constipation increased 5 years
later, to 4.04/100000, 5.28/100000, 12.67/100 000, and 12.67/100000, respectively.
Therefore, constipation of different severities is closely related to the pathogenesis of
PD. Although constipation may be the first symptom of PD, the incidence rate of
constipation is high and is influenced by many factors. It is not specific for predicting
PDI™l. Thus, this study compared PDC and FC and analyzed the constipation
symptoms of the two groups of patients. At the same time, the colonic transit test and
HRAM were used to classify constipation and detect the corresponding indicators, in
order to find more sensitive and specific indicators to predict which constipation
patients will eventually develop PD and to identify the gastrointestinal motility of
PDC. It is expected to provide a basis for the treatment of PDC.

The rectal anal manometry classification in this study identified that the incidence of
rectoanal dysfunction in the PDC group was 95%, suggesting that anal dysfunction
plays an important role in the formation of PDC. In addition, this study compared the
rectal and anal dynamics of patients with PDC and FC and found that the resting
rectal and anal canal pressures of the PDC group were significantly lower than those
of the FC group. This is mainly derived from the internal anal sphincter tension,
accounting for about 70%-85% of resting pressure!, suggesting that patients with
PDC have internal sphincter dysfunction. Some previous!'*"”l neuropathological
studies have found Lewy bodies in the central nervous system, peripheral autonomic
system, and enteric nervous system (ENS) of PD patients. The latter can cause
neurodegenerative changes in the ENS. It is speculated that neuropathy may involve
the autonomic nerves innervating the internal anal sphincter, causing low resting
pressure in the rectum and anal canal. In simulated defecation, the rectal defecation
pressure and anal relaxation rate of the PDC group were significantly lower than those
of the FC group. Rectal defecation pressure is mainly produced by abdominal
pressure. Fontana ef al"! has found that the increase in abdominal pressure in patients
with PD is significantly lower than that in healthy controls. Fontana et al"! believed
that the mechanism of impaired abdominal pressure may be due to increased axial
muscle tension and decreased contractility. In this study, patients with PDC had an
insufficient rectal defecation driving force, such that the anus could not be effectively
relaxed resulting in abnormal contraction. This is considered a local dystonia in
patients with PD, where rectal contraction is reduced during defecation and the
abdominal tension becomes weak. A coordinated movement disorder results due to
reduced rectoanal muscle contraction and puborectal and pelvic smooth muscle
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dysfunction. The performance of this dystonia is aggravated during the "close" phase
of PD and lessened during the "open" phase!'’.

Our results showed that the LCTT, RSCTT, and TCTT were significantly prolonged
in PDC patients, and the distribution of colonic transmission time in each segment of
PDC patients was not uniform, especially in the left semicolon and rectum sigmoid
colon, which was consistent with previous studies!"**"l. However, to our knowledge, no
study has compared the segmental colon transmission time between PDC and FC
patients. Our results suggest that the RSCTT of PDC patients was significantly longer
than that of FC patients while the RCTT was significantly shorter than that of FC
patients; this revealed the similarities and differences in the mechanism of slow colon
transmission between patients with PDC and those with FC. The common mechanism
may be explained as follows: (1) Compared with healthy individuals, vasoactive
intestinal peptide (VIP) and VIP receptors in the colon mucosa of PDC and FC patients
were downregulated™. VIP is a non-adrenergic non-cholinergic neuroinhibitory
neurotransmitter, and its reduction could increase colon segment peristalsis,
weakening the effective promotion of movement. At the same time, through abnormal
colon secretion, VIP could reduce the fecal water content and lead to stool sclerosis,
thus prolonging colon transmission time; and (2) ENS degeneration, a decrease in the
number of intermuscular plexuses of the colonic wall, and the formation of ganglion
cell vacuoles may all cause a decrease in the peristaltic function of the colon. The
differences between PDC patients and FC patients are as follows: (1) PD leads to the
loss of dopaminergic neurons between intestinal muscles, which may lead to
decreased colonic transport function®!. The ENS is rich in cholinergic neurons,
including intestinal intermuscular motor neurons, primary transmission neurons,
intermediate neurons, and other neurons projecting to the prevertebral sympathetic
ganglion. Dopamine is a reactant of tyrosine hydroxylase in 4%-11% of enteric muscle
neurons. Therefore, dopamine plays an important role in regulating gastrointestinal
motility. Moreover, the innervation of the digestive tract gradually decreases from
proximal to distal, and the motor function reduction caused by the loss of
dopaminergic neurons is more serious in the distal colon segment?’; and (2) PDC
patients have more abnormal rectal-anal manometry results than FC patients. Some
researchers believe that PD patients may have an independent "pelvic floor
cooperative motion disorder" which is an element of extrapyramidal disease and a
sequelae of neurodegeneration. These are also the reasons why the RSCTT of those
with PDC was significantly longer than that of FC patients in this study.

In this study, mixed constipation was dominant in both PDC patients and FC
patients, suggesting that both groups of patients had severe functional dyspraxia in
the colon and rectum. There was no statistical difference between the two groups.
According to the results of HRAM, the rectal sensorimotor dysfunction in patients
with PDC was mainly caused by insufficient bowel movement impetus, which may in
turn be caused by autonomic neuropathy innervating the rectum. A small number of
patients with pelvic floor muscle synergy disorder may also have pelvic floor muscle
dystonia caused by PD.

This study has several limitations. The overall sample size of this study was small.
In addition, a sample of healthy individuals were not included in the study. Increasing
the sample size of patients with PD and including healthy subjects will help us to
better understand the pathophysiological mechanism of PDC.

In conclusion, cases of PDC and FC were associated with a prolonged CTT and
abnormal HRAM. However, the rectal resting pressure, anal sphincter resting
pressure, intrarectal pressure, and anal relaxation rate in the PDC group were
significantly lower than those in the FC group. The proportion of paradoxical
contractions in the PDC group was significantly higher than that in the FC group. The
different segments of the CTT were also significantly different. The RSCTT of PDC
patients was significantly longer than that of FC patients, and the RCTT was
significantly shorter. The above indexes can be helpful for further studies of the
mechanism of PDC and FC and for early diagnosis and treatment of patients with PD.

CONCLUSION

Patients with PDC and FC have severe functional dysmotility of the colon and rectum,
but there are certain differences in segmental colonic transit time and rectal anal canal
pressure between the two groups.
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Research background

Parkinson's disease (PD) is a common neurodegenerative disease characterized
clinically by typical motor symptoms such as tremor, bradykinesia and myotonia and
non motor symptoms such as constipation, depression and dysmetria. Constipation is
one of the most common clinical manifestations of PD patients. Investigations have
shown that the incidence of constipation among PD patients is up to 88%, and
constipation is regarded as one of the independent risk factors for PD. PD constipation
(PDCQ) is considered a unique type of constipation that is clinically inadequately
treated, severely affecting patient quality of life. Current studies on the characteristics
of intestinal motility in patients with Parkinson's disease with constipation are less
frequently reported, and the control groups are mostly healthy subjects, and the
conclusions are not uniform.

Research motivation

It is likely that there is a causal relationship between PD and constipation, such that
they exacerbate one another and form a vicious cycle. However, PDC treatment is very
difficult and prone to drug resistance. Compared with functional constipation, it is not
clear whether the clinical characteristics and influencing factors of PDC are unique.
Understanding the gastrointestinal motility characteristics and constipation
classification of PDC patients is essential to guide the treatment of PDC.

Research objectives

To identify the gastrointestinal motility of PDC and provide a basis for its treatment.
Moreover, to find more sensitive and specific indicators to predict which constipation
patients will eventually develop PD.

Research methods

A colonic transit test and high-resolution anorectal manometry were performed to
compare the differences in colonic transit time, rectal anal canal pressure, and
constipation classification between Patients with PDC and functional constipation
(FQ).

Research results

The study found that the rectal resting pressure, anal sphincter resting pressure,
intrarectal pressure, and anal relaxation rate in the PDC group were significantly
lower than those in the FC group. The proportion of paradoxical contractions in the
PDC group was significantly higher than that in the FC group. The different segments
of the colonic transit test (CTT) were also significantly different. The rectosigmoid
colonic transit time of PDC patients was significantly longer than that of FC patients,
and the right colonic transit time was significantly shorter.

Research conclusions

Cases of PDC and FC were associated with a prolonged CTT and abnormal high-
resolution anorectal manometry. There are certain differences in segmental colonic
transit time, rectal anal canal pressure and composition type ratio of defecatory
disorders between the two groups.

Research perspectives
This study can be helpful for further studies of the mechanism of PDC and FC and for
early diagnosis and treatment of patients with PD.
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Abstract

BACKGROUND
Hepatitis C virus (HCV) infection is responsible for a chronic liver inflammation,
which may cause end-stage liver disease and hepatocellular carcinoma.
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Nascimento JCR et al. Apolipoprotein E influences outcomes in liver transplantation

Apolipoprotein E (protein: ApoE, gene: APOE), a key player in cholesterol
metabolism, is mainly synthesized in the liver and APOE polymorphisms may
influence HCV-induced liver damage.

AIM
To determine whether APOE alleles affect outcomes in HCV-infected patients
with liver cirrhosis following orthotopic liver transplantation (OLT).

METHODS

This was a cohort study in which 179 patients, both genders and aged 34-70 years,
were included before or after (up to 10 years follow-up) OLT. Liver injury severity
was assessed using different criteria, including METAVIR and models for end-
stage liver disease. APOE polymorphisms were analyzed by quantitative real-time
polymerase chain reaction.

RESULTS

The APOE3 allele was the most common (67.3%). In inflammation severity of
biopsies from 89 OLT explants and 2 patients in pre-transplant, the degree of
severe inflammation (A3F4, 0.0%) was significantly less frequent than in patients
with minimal and moderate degree of inflammation (< A2F4, 16.2%) P = 0.048, in
patients carrying the APOE4 allele when compared to non-APOE4. In addition, a
significant difference was also found (< A2F4, 64.4% vs A3F4, 0.0%; P = 0.043) and
(A1F4, 57.4% vs A3F4, 0.0%; P = 0.024) in APOE4 patients when compared to
APOES3 carriers. The fibrosis degree of the liver graft in 8 of 91 patients and the
lack of the E4 allele was associated with more moderate fibrosis (F2) (P = 0.006).

CONCLUSION
Our results suggest that the E4 allele protects against progression of liver fibrosis
and degree of inflammation in HCV-infected patients.

Key Words: Apolipoprotein E; Polymorphism; Liver cirrhosis; Hepatitis C virus;
Hepatocellular carcinoma; Liver transplantation

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

Core Tip: Hepatitis C virus (HCV) infection is responsible for a chronic liver
inflammation, which may cause end-stage liver disease. Apolipoprotein E (protein:
ApoE, gene: APOE) is key for lipid metabolism. In this study, the APOE4 allele, which
has been associated with increased risk of acquiring late-onset Alzheimer’s disease,
was found to have a protective effect against the progression of inflammation and/or
fibrosis in liver damage induced by HCV pre- and post-liver transplantation. Further
studies are needed to unravel the possible contribution of ApoE from the donor liver to
this protection.

Citation: Nascimento JCR, Pereira LC, Régo JMC, Dias RP, Silva PGB, Sobrinho SAC, Coelho
GR, Brasil IRC, Oliveira-Filho EF, Owen JS, Toniutto P, Oria RB. Apolipoprotein E
polymorphism influences orthotopic liver transplantation outcomes in patients with hepatitis C
virus-induced liver cirrhosis. World J Gastroenterol 2021; 27(11): 1064-1075

URL: https://www.wjgnet.com/1007-9327/full/v27/i11/1064.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i11.1064

INTRODUCTION

The World Health Organization reported in 2015, that around 71 million people had
chronic hepatitis C virus (HCV) infection worldwide, with a global prevalence of 1%
and that 399,000 died of hepatocellular carcinoma (HCC) or cirrhosis!'.

HCV infection causes a chronic liver inflammatory condition leading to chronic
hepatitis*’. The evolution from acute to chronic hepatitis C occurs in up to 80% of
cases when HCV infection lasts for more than six months. Without characteristic
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symptoms, HCV evolves slowly, for years, with approximately 20% of those
chronically infected progressing to cirrhosis, and between 1% to 5% to HCC .

Human apolipoprotein E (protein: ApoE, gene: APOE) is a 34-KDa glycoprotein of
299 amino acids. ApoE is an important protein constituent of very-low-density
lipoproteins (LDL), high-density lipoproteins, and chylomicrons in plasma, and a
ligand for the LDL receptor®. ApoE is synthesized mainly in the liver (90%), but also
in spleen, kidney, lungs, gonads, monocyte-macrophages, and in the nervous
system!”l.

The human APOE gene is polymorphic with three common APOE alleles on
chromosome 19 (19q13), named E2, E3 and E4, giving six possible genotypes: E2/E2,
E2/E3, E2/E4, E3/E3, E3/E4 and E4/E4P. These alleles form different ApoE isoforms
due to amino acid substitutions at positions 112 and 158: E2 = Cys-112/Cys-158; E3 =
Cys-112/ Arg-158; and E4 = Arg-112/ Arg-158!""1.

Several studies have documented the association between ApoE isoforms and
chronic illnesses such as Alzheimer's disease!'', atherosclerosis!'?, herpes simplex virus
infection!”! and early childhood diarrheal™™. The ApoE4 allele has been recently
associated with a high risk for severe coronavirus disease 2019 infection, independent
of preexisting cardiovascular disease, type-2 diabetes and demential'l. In addition, the
APOE3/3 genotype is implicated in fibrosis progression in HCV-infected patients,
likely through mechanisms of competition for viral entry and replication!.

Although some studies report that APOE4 exerts a protective effect in HCV-induced
liver damage, no studies have investigated the role of APOE genotypes in modifying
the natural history of HCV-induced liver injury in liver transplanted patients in a
Brazilian setting. Our aim, therefore, was to establish whether APOE4 genotype
recipients were associated with more benign HCV-related liver injuries compared to
patients with other APOE genotypes.

MATERIALS AND METHODS

Study design

This is a cohort study conducted at the University Hospital Walter Cantidio and the
Fortaleza General Hospital (HGF). A total of 179 consecutive patients were enrolled
from May 2017 to July 2019 for the collection of buccal cells and medical record data.
Medical records from liver transplant recipients before May 2017 were also collected
retrospectively and prospectively each year. Patients in the orthotopic liver
transplantation (OLT) queue, or liver transplanted from May 2017 onwards, had data
collected prospectively and annually during the study period.

The study included 179 patients of both genders and aged 34-70 years, with HCV-
related end-stage liver disease, 105 of them complicated with HCC and 74 without
HCC, in pre- and/or post-OLT. At enrolment, 143 known HCV-infected patients were
on antiviral treatment, 126 with direct-acting antivirals and 17 treated with the
combination of interferon & ribavirin or pegylated interferon & ribavirin; 36 patients
had not received any treatment. The HCV status of all patients was confirmed by
identification of serum HCV-RNA and HCV genotypes. Exclusion criteria were:
patient refusal, coinfection with HBV or HIV, and HCC associated with metastases.

The study protocol was approved by the Research Ethics Committee of the Federal
University of Ceard, Protocol No 2.018.768 and the HGF, Protocol No 2.062.278. The
research team explained the study protocol to all patients and clarified that failure to
participate in the study would not cause discontinuation of care or medical treatment.
Patients then read and signed the informed consent form. All protocols of this study
were in accordance with the Helsinki Declaration.

APOE polymorphisms

Of 179 patients, oral cells for DNA extraction were obtained at single time points from
56 (31.3%) pre-OLT patients, and from 123 (68.7%) who underwent liver
transplantation. Oral cell DNA was extracted using the Gentra Puregene system
(Qiagen, MD, United States)!'?l.

APOE genotyping was detected by quantitative real-time polymerase chain reaction
(qRT-PCR), through enhancement of a fluorescent signal (SYBR® Green) interspersed
in the double strand of the amplified DNA!'"!. The primers were combined in three
PCR amplification mixtures according to Calero et all'l in a Light Cycler® Nano (Roche)
with a 32-well RT-PCR system.

March 21,2021 | Volume?27 | Issuell |



Jaishideng®

Nascimento JCR et al. Apolipoprotein E influences outcomes in liver transplantation

Data and statistical analysis

Demographic, clinical and laboratory data were collected after thorough reviews of
medical records during the preoperative period (179 patients) and after OLT with
follow-up of the 144 transplanted patients over 10 years (Supplementary Figure 1).
Data included serological markers such as anti-HCV antibodies to define the agent and
quantitative HCV-RNA; severity markers of liver cirrhosis [models for end-stage liver
disease (MELD)]; liver imaging (computed tomography, nuclear magnetic resonance,
and ultrasonography) for identification of liver tumor and classification according to
the Milan criteria. Out of 144 patients who underwent OLT based on Milan
classification, 24 (16.7%) were subjected to one or more sessions of chemoembolization
to reduce tumor size before Milan criteria were reached.

Staging the degree of liver damage and hepatic fibrosis

Liver damage severity was categorized into different criteria. Less severe cases were
identified by Milan scores (single nodule < 5 cm, or up to 3 nodules < 3 cm), METAVIR
(£ A2 and < F2), and MELD < 25. Patients with more severe liver injury were scored
according to the Milan expanded criteria of the University of San Francisco! (1
nodule < 6.5 cm; < 3 nodules, each < 4.5 cm with total diameter < 8 cm), METAVIR
score (A3 and > F3), and MELD > 25. METAVIR scoring was categorized to assess liver
inflammation/fibrosis severity (Supplementary Table 1).

Liver fibrosis was assessed by using aminotransferase-platelet ratio index (APRI)
and fibrosis-4 (FIB4) scores. APRI = [AST (U/L)/35 (ULN, the upper limit of normal
AST is estimated at 35)]/platelets count (10°/L) x 100 and FIB4 = AST (U/L) x age
(years)/[platelets count (10°/L) x ALT"?(U/L)]. The cut-off points of severity are: for
significant liver fibrosis (APRI = 1.5, METAVIR F3-F4, and FIB4 > 3.25) and for low-
degree fibrosis (APRI < 0.5, METAVIR F0-F1, and FIB4 < 1.45)!"L.

Liver biopsy data were obtained from liver explants patients in pre-OLT and of
post-OLT liver grafts. Liver biopsies were performed post-transplant in 91 of the 144
transplant recipients, who presented positive HCV viral load, or high risk of viral
recurrence or rejection. All recipients had a minimum 1-year follow-up period post-
OLT, and donated at least one liver biopsy more than 1 year after their OLT.

Data were analyzed with the SPSS statistical 22.0 software. For normality,
D’Agostino and Kolmogorov-Smirnov tests were performed. The absolute and
relative frequencies were calculated for the categorical variables and mean + SD for the
numerical variables. Fisher’s exact test or the Mann-Whitney test was used to compare
frequencies or means, respectively, when appropriate. Multilinear regression and
correlation analyses were performed to avoid other potential confounders. Either one-
way or two-way ANOVA test followed by Bonferroni's or Kruskal-Wallis, and Dunn's
test were used for multiple comparisons. P < 0.05 was considered significant.

RESULTS

A total of 179 patients (145 males, 34 females) were enrolled in this study with a
median age of 61 (range = 34-70). All patients were diagnosed with HCV-induced
chronic liver cirrhosis; 105 of them (58.6%) complicated with HCC.

Analysis of pre-OLT data in the overall population

Demographic and clinical data were collected from all patients only in pre-OLT. Their
APOE allele stratification is reported in Table 1; no statistical difference was found in
any comparisons.

The APOE allele frequency according to group, HCV viral load and liver
inflammation by the METAVIR score are depicted in Table 2. The APOE allele
frequencies were 67.3%, 17.1% and 15.6% for E3, E2 and E4, respectively. The most
frequent genotype was E3/E3 (51.4%).

APOE allele frequencies were associated with liver inflammation based on
METAVIR score, assessed in biopsies of liver explants from 89 patients and from 2
patients in pre-OLT. The degree of severe inflammation (A3F4, 0.0%) was significantly
less frequent than in patients with minimal and moderate degree of inflammation (<
A2F4,16.2%) P = 0.048, in patients carrying the APOE4 allele when compared to non-
APOE4. In addition, a significant difference was also found regarding METAVIR score
(< A2F4, 64.4% vs A3F4,0.0%; P = 0.043) and (A1F4, 57.4% vs A3F4, 0.0%; P = 0.024) in
APOE4 patients compared to APOE3 carriers (Table 3). All patients with advanced
liver inflammation (A3) were treated with antivirals only in the post-OLT period.

Among patients with less severe liver disease (MELD < 25), the degree of severe
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Table 1 Demographic and clinical profile of all candidate patients for liver transplant according to E2, E3 and E4 allele stratification

Variables APOE2 APOE3 APOE4 Pvalue
Age (yr) (mean + SD) 60.8 +7.26 60.3+7.19 60.3+7.44 0.956
BMI (mean + SD) 27.6 +4.36 26.4+5.01 27.0+4.81 0.167

Gender (1! =179; n? = 358), n? (%)

Male (n! = 145; n? = 290) 52 (17.9) 193 (66.6) 45 (15.5) 0.650
Female (n' = 34; n>= 68) 9(13.2) 48 (70.6) 11 (16.2)

BMI (1! = 179; n? = 358), n* (%)

Non-obese (1! = 137; n* = 274) 49 (17.9) 185 (67.5) 40 (14.6) 0.519
Obese (1! = 42; n* = 84) 12 (14.3) 56 (66.7) 16 (19.0)

Etiology (n' = 179; %= 358), n% (%)

HCV (n!=74; n*= 148) 24 (16.2) 96 (64.9) 28 (18.9) 0.357
HCV + HCC (1! = 105; n?= 210) 37 (17.6) 145 (69.0) 28 (13.3)

HCC Milan (1} = 105; n?= 210), n* (%)

Within the criteria (" = 83; n%= 166) 29 (17.5) 115 (69.3) 22 (13.2) 0.885

Outside the criteria (1! = 22; 1% = 44) 8 (18.2) 29 (65.9) 7 (15.9)

Of 105 patients complicated with hepatocellular carcinoma. n': Number of subjects; n% Number of alleles; APOE: Apolipoprotein E gene; BMI: Body mass
index; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

Table 2 Genotypic and allele distribution of apolipoprotein E according to group, hepatitis C virus serology/viral load and severity of

liver inflammation by the METAVIR score of the total population

Group HCV-RNA METAVIR METAVIR

APOE genotype All HCV HCV +HCC Positive Negative < A2F4 A3F4 A1F4 A3F4

n'(179)  n'(74) n' (105) n'(33) n' (146) n'(80) n'(11) n'(27) n'(11)
E2/E2 15 (8.4) 6(8.1) 9 (8.6) 7 (21.2) 8 (5.5) 9 (11.2) 1(9.1) 4(14.8) 1(9.1)
E2/E3 25 (14.0) 9(12.2) 16 (15.2) 3(9.1) 22 (15.1) 11 (13.8) 2(18.2) 4(14.8) 2(18.2)
E2/E4 6(33) 3(41) 3(29) 0(0.0) 6 (4.1) 2(2.5) 0(0.0) 1(3.7) 0(0.0)
E3/E3 92 (51.4) 36 (48.6) 56 (53.3) 16 (48.5) 76 (52.0) 39 (48.8) 8 (72.7) 12 (445)  8(727)
E3/E4 32 (17.9) 15(203)  17(16.2) 5 (15.1) 27 (18.5) 14 (17.5) 0(0.0) 3 (11.1) 0(0.0)
E4/E4 9 (5.0) 5(6.7) 4(3.8) 2(6.1) 7 (4.8) 5(6.2) 0(0.0) 3 (11.1) 0(0.0)
APOE alleles n* (%) n? (%) 1 (%) 1 (%) n” (%) n* (%) 1 (%) n? (%) n? (%)
E2 61 (17.1) 24(162)  37(17.6) 17 (25.8) 44 (15.1) 31 (19.4) 4(182) 13 (241)  4(182)
E3 241(67.3) 96 (649) 145 (69.1) 40 (60.6) 201 (68.8) 103 (644)  18(81.8)  31(57.4) 18 (81.8)
E4 56 (15.6) 28(189)  28(13.3) 9 (13.6) 47 (16.1) 26 (16.2) 0(0.0) 10 (18.5) 0(0.0)
All 358 148 210 66 292 160 22 54 22

METAVIR score of biopsies liver explants from 89 patients and from 2 patients in pre-transplant. n': Number of subjects; n% Number of alleles; APOE:
Apolipoprotein E gene; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

inflammation (A3F4, 0.0%) was significantly less frequent in APOE4 carriers when
compared to non-APOE4 patients with minimal and moderate degree of inflammation
(£ A2F4,15.7%, P = 0.046), and with minimal degree of inflammation (A1F4, 18.2%, P =
0.044). These results were also significant in APOE4 patients when compared to
APOES3, as categorized by their METAVIR scores [< A2F4, 65.7% vs A3F4, 0.0% (P =
0.042) and A1F4, 61.4% vs A3F4, 0.0% (P = 0.040)] (Table 4).

Logistic regression model predicting moderate and severe (A2A3) vs minimal (A1)
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Table 3 METAVIR scores for liver inflammation in pre-orthotopic liver transplantation patients according to E2, E3 and E4 alleles

stratification

APOE2 APOE3 APOE4
METAVIR score Yes No Yes No Yes No

n*(%) n? (%) Pvalue  n*(%) n? (%) Pvalue  n*(%) n? (%) P value
METAVIR (1 = 38; n* =
76)
ATF4 (n' = 27; n* = 54) 13 (24.1) 41 (75.9) 0.764 31 (57.4)° 23 (42.6)  0.064 10 (18.5) 44 (81.5) 0.055
A3F4 (n' =11; n?=22) 4(18.2) 18 (81.8) 18 (81.8) 4(18.2) 0 (0.0)* 22 (100.0)
METAVIR (1 = 91; n* =
182)
< A2F4 (n'=80; ni*=160) 31 (19.4) 129 (80.6)  1.000 103 (64.4)' 57 (35.6)  0.148 26(162) 134 (83.8)  0.048°
A3F4 (n'=11; n® = 22) 4(18.2) 18 (81.8) 18 (81.8) 4(18.2) 0 (0.0)2 22 (100.0)

n': Number of subjects; n*: Number of alleles.
3APOE3 vs APOEA4 allele frequency, P = 0.024.
*APOE3 vs APOFA4 allele frequency, P = 0.043.
2P < 0.05. METAVIR Al: Minimal degree of inflammation; METAVIR A1A2: Minimal and moderate degree of inflammation; METAVIR A3: High degree of
inflammation; APOE: Apolipoprotein E gene.

JBaishideng®

degree of liver inflammation included as significant predictors male-gender (P =
0.032), and mean-BMI (P = 0.017). In the other analyses, there was no significance
without adjustment or with adjustment for potential confounders (MELD, age and
BMI) (Table 5).

Analysis of the post-OLT data

With respect to the fibrosis degree, using METAVIR scores, of liver grafts in 91 non-
APOE4 patients undergoing OLT, the frequency of patients with a moderate degree of
fibrosis (F2) was significantly higher in up to 1 year when compared to those between
1 and 5 years (P = 0.006) (Figure 1D). No other significant differences were found
(Figure 1). Of note, patients who progressed to moderate (F2) fibrosis in the post-OLT
follow-up were treated with antiviral therapy only in the post-OLT period.

In a 10-year follow-up post-OLT, based on non-invasive tests (APRI and FIB4) of the
total transplanted population, a significant higher mean of the 1% year APRI score was
found when compared to the 4™ and 5" years (P < 0.001), as well as between the 1%
year FIB4 and the 5% year scores (P < 0.001) (Figure 2A). APRI and FIB4 scores over the
follow-up time did not significantly change regardless of the E2 and E4 alleles
(Figure 2).

DISCUSSION

Increasing evidence associates APOE polymorphisms with progression of chronic liver
diseasel”l. Here, we evaluate the impact of ApoE genetic background in patients with
HCV-induced liver cirrhosis, with or without HCC, transplanted or non-transplanted,
and with positive or negative viral loads; in particular, in a Brazilian population and
with a focus on the influence of E2, E3, and E4 alleles. We related E2, E3, and E4
carriers with the degree of liver inflammation, fibrosis and severity of the disease
assessed by MELD scores, using liver biopsy and/or non-invasive indices, such as
APRI and FIB4, and the METAVIR score. In addition, we also associated APOE alleles
with co-morbidities and lipid blood levels.

As expected, we found E3 the most common APOE allele (67.3%), though slightly
lower than the expected 70%-80% seen in the general Brazilian population™ and in
other countries"*! The E2 allele frequency was 17.1%, higher than in the Brazilian
general population™ and even greater than the E4 allele (15.6%). This E2 frequency in
our study population was also higher than that reported by Wozniak et al*1 (7.7%).

Our liver biopsies from 89 liver explants and from 2 pre-OLT patients showed that
cirrhotic E4 carriers were less likely to present with severe inflammation. These results
were also evident in patients with MELD score < 25. All these patients with severe
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Table 4 Association of the models for end-stage liver disease score and variables in pre-orthotopic liver transplantation patients according to E2, E3 and E4 allele stratification

MELD< 25 MELD> 25 MELD< 25 MELD> 25
APOE4 APOE4
Variables APOE2 APOE3 APOE4 APOE2 APOE3 APOE4
(Yes) (No) (Yes) (No)
n* (%) n? (%) n*(%) Pvalue n*(%) n? (%) n*(%) Pvalue n*(%) n?* (%) Pvalue n*(%) n?* (%) P value
METAVIR (1! = 38; n” = 76)
A1F4 (n' = 27; n? = 54) 9 (20.4) 27 (61.4)° 8 (18.2) 0.085 4 (40.0) 4 (40.0) 2(20.0) NA 8(182) 36 (81.8) 0.044° 2(20.0) 4 (80.0) NA
A3F4 (n'=11; n*= 22) 4(18.2) 18 (81.8) 0(0.0)° 0(0.0) 0(0.0) 0(0.0) 0(0.0) 22 (100.0) 0(0.0) 0(0.0)
METAUVIR (' = 91; n® =
182)
< A2F4 (n'=80; i’ =160) 26 (18.6) 92 (65.7)" 22 (15.7) 0.123 5 (25.0) 11 (55.0) 4(20.0) NA 22 (15.7) 118 (84.3) 0.046° 4(20.0) 16 (80.0) NA
A3F4 (n=11; n?=22) 4(18.2) 18 (81.8) 0 (0.0)* 0(0.0) 0(0.0) 0(0.0) 0(0.0) 22 (100.0) 0(0.0) 0 (0.0)

n': Number of subjects; n% Number of alleles.
SAPOE3 vs APOFA4 allele frequency, P = 0.040.
*APOE3 vs APOEA4 allele frequency, P = 0.042.
4P < 0.05. METAVIR F4: Cirrhosis; METAVIR Al: Minimal degree of inflammation; METAVIR A1A2: Minimal and moderate degree of inflammation; METAVIR A3: High degree of inflammation; APOE: Apolipoprotein E gene; MELD:

Model for end-stage liver disease; NA: Not applicable.

hepatic inflammation were treated with antivirals only post-OLT. In agreement, others
identified a protective role of APOE4 against severe HCV-related liver damage, when
comparing to patients with mild liver disease”], while another study found that
APOEH4 allele was under-represented in 996 patients chronically infected with HCV®l.
Other researchers have also noted a higher frequency of the E4 allele among patients
with chronic non-cirrhotic hepatitis C, suggesting that the E4 allele is protective
against severe HCV infection™ However, somewhat inconsistent with these findings a
2003 report by Mueller et al*! was unable to associate the E4 allele in chronic HCV-
infected patients with a strong antiviral treatment response, although a later study by
Price et al* found an association of the E2 and E4 alleles with reduced likelihood of
chronic infection in HCV patients.

In 2012, Ahn et al®™ suggested that high ApoE serum levels in patients with liver
cirrhosis may be due to liver inflammation. ApoE is known to modulate immune
function by inhibiting CD4 and CD8 lymphocyte proliferation, reducing lymphocyte-
derived production of IL-2, a key cytokine in regulating lymphocyte differentiation!*.
We speculate that a reduction in ApoE plasma levels, which is recognized for APOE4
carriers!, could be protective to support OLT and to reduce over-inflammation and
fibrosis caused by chronic HCV infection.
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Table 5 Logistic regression model predicting moderate and severe (A2A3) degree of liver inflammation

Variables Odds ratio 95%Cl P value
Alcohol consumption 0.636 0.188-2.148 0.466
Gender-male 7.609 1.195-48.447 0.032"
Mean MELD 0.932 0.829-1.049 0.244
Mean age 0.969 0.893-1.051 0.446
Mean BMI 0.874 0.782-0.976 0.017%
APOE2 1.519 0.059-39.334 0.801
APOE3 2.850 0.121-66.917 0.516
APOE4 2.868 0.112-73.560 0.524

P < 0.05. MELD: Model for end-stage liver disease; BMI: Body mass index; APOE: Apolipoprotein E gene; CI: Confidence interval.

A METAVIR (FOF1) B METAVIR (FOF1) C METAVIR (F2)
100 s 100 — E4+ 10 .
~ 80 - E2- < 80 - E4- ~ 8 - E2-
S ) X
s " P=0359 T P=NA
= 60 P=0676 g ©0 £
Q =
5 40 S 40 S o4
o [=9
20 ‘\—\ 20 2
0 T T T 0 T T T 0
<1 >1and<5 =25 <1 >land<5 25 <1 >tland<5 =25
Time (yr) Time (1) Time (yr)
D METAVIR (F2) E METAVIR (F3F4) F METAVIR (F3F4)
10 5 - E2+ 8 -+ E4+
a -+ E4+ E2- = E4-
-
< 8 - E4- . 4 < 6
< g P=0223 & P=0.054
2 6 P=0006 < 3 o
Q - c 4
o g o
9 4 o 2 3]
& & 2
2 1
0 t T t 0 . . + 0 t T t
<1 >land<5 25 <1 >iand<5 25 <1 >tand<5 25
Time (yr) Time (yr) Time (yr)

Figure 1 Follow-up of liver fibrosis in liver transplanted patients in the presence or absence of the E2 and E4 allele. A: METAVIR (FOF1) in the
presence or absence of the E2 allele; B: METAVIR (FOF1) in the presence or absence of the E4 allele; C: METAVIR (F2) in the presence or absence of the E2 allele;
D: METAVIR (F2) in the presence or absence of the E4 allele; E: METAVIR (F3F4) in the presence or absence of the E2 allele; F: METAVIR (F3F4) in the presence
or absence of the E4 allele. P < 0.01. E2- and E4-: Absence of the respective alleles; E2+ and E4+: Presence of the respective alleles. Fisher chi-square test; F:
Degree of fibrosis; NA: Not applicable.

In the follow-up of our 144 liver transplanted patients, we identified the E4 allele as
protective against the progression of liver fibrosis in 91 (63.2%) recipients. This
protection of APOE4 against severe HCV-related liver fibrosis agrees with an early
report”l. Other investigators also showed a benefit of the APOE4 allele against fibrosis
progression in liver transplanted patients diagnosed with HCV recurrence.
Additionally, it is reported that liver transplanted patients carrying at least one E4
allele may present with reduced graft fibrosis progression during HCV recurrence.
Indeed, ApoE polymorphism can be an important tool to monitor fibrosis progression
in patients with hepatitis C and normal values of alanine aminotransferase, as there
may be competition mechanisms for viral entry and replication in cells"".

ApoE is a component of several lipoprotein classes and important for lipid
transport. ApoE isoforms have several effects on lipoprotein entry into cells, and this
mechanism might explain our results, supporting previous investigations in which
ApoE4 protects against HCV infection*.

In the follow-up of liver fibrosis progression evaluated between 1 to 10 years post-
OLT of our transplanted population, the average score of APRI and FIB4, tended to
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Figure 2 Follow-up using non-invasive methods (aspartate aminotransferase to platelet ratio index and fibrosis 4) of liver transplant
patients in the presence or absence of the E2 and E4 alleles. A: Post-orthotopic liver transplantation (OLT) apolipoprotein E gene (APOE) curve for mean
aspartate aminotransferase to platelet ratio index (APRI) and fibrosis 4 (FIB4); B: Post-OLT curve considering the presence or absence of APOE2 for mean APRI; C:
Post-OLT curve considering the presence or absence of APOE4 for mean APRI; D: Post-OLT curve considering the presence or absence of APOE2 for mean FIB4;
E: Post-OLT curve considering the presence or absence of APOE4 for mean FIB4. Two-way ANOVA, results are shown in mean = SEM. P < 0.01. °P < 0.01. E2-
and E4-: Absence of the respective alleles; E2+ and E4+: Presence of the respective alleles. APOE: Apolipoprotein E gene; OLT: Orthotopic liver transplantation;
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decrease significantly over the years, implying liver graft survival without progression
to fibrosis. Thus, non-invasive methods are now widely used in clinical practice to
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stage the degree of fibrosis"*.

Our findings suggest that APOE4 can be important tool in the medical management

Time (yr)

of patients following inflammation and liver fibrosis, since the carriage of APOE4 may
select patients with a more benign clinical course of liver disease. Of note, patients
with a degree of severe inflammation and moderate degree of fibrosis (F2) were cured

for HCV only in the post-OLT period.

This study has some limitations: Data from liver transplanted patients were
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obtained retrospectively from medical records; no data from liver graft donors,
including APOE genotypes, were collected. The sample size, may have been
insufficient to draw strong, robust conclusions. Isoform studies have previously
shown that transplanted donor livers supply > 90% of plasma ApoE!"". The remainder
is synthesized by circulating macrophages and immune cells, or by tissues such as
kidney, adipose and muscle, and hence retains the phenotype of the recipient.
However, to date, there are no reports of how each source, hepatic ApoE or circulating
non-liver ApoE, particularly that of macrophages, might affect the inflammation and
fibrosis status of the transplanted liver.

CONCLUSION

Our results indicate that APOE4 genotype may protect against HCV-induced severe
hepatic inflammation and fibrosis in pre- and post-OLT patients. Additionally, the
APOE? allele was over-represented in these patients, suggesting that E2 carriers have
increased risk and worse outcomes following HCV infection. Further studies are
needed to better understand how ApoE levels via liver and extrahepatic derived
sources, and biochemical activities, are affected by donor and recipient genetic
backgrounds after liver transplantation.

ARTICLE HIGHLIGHTS

Research background

Hepatitis C virus (HCV) can cause chronic liver inflammation, end-stage liver disease
and hepatocellular carcinoma (HCC). Apolipoprotein E (protein: ApoE, gene: APOE) is
mainly liver synthesized and APOE polymorphisms may affect HCV-induced liver
damage after orthotopic liver transplantation (OLT).

Research motivation
Although APOE4 may protect against HCV-induced liver damage, the role of APOE
genotypes in modifying HCV-induced liver injury in post-OLT has not been reported.

Research objectives
To establish if APOE4 genotype OLT recipients have more benign HCV-related liver
injuries compared to patients with APOE2 or APOE4 genotypes.

Research methods

Patients with HCV-related end-stage liver disease, 105 of 179 complicated with HCC,
were assessed pre-OLT (179) and post-OLT (144; with a 1-year follow-up for 132
patients). Liver injury analyses included METAVIR and models for end-stage liver
disease scores, while APOE genotype was determined by qRT-PCR.

Research results

HCV positive recipients with severe hepatic inflammation had low APOE4 genotype
frequency, compared to those with minimal and moderate inflammation. In addition,
liver fibrosis was lower in patients carrying APOE4 genotype compared to those
carrying the most common APOE3 genotype.

Research conclusions
We found that carriage of APOE4 genotype protects pre-OLT patients against HCV-
induced severe hepatic inflammation, and against fibrosis progression post-OLT.

Research perspectives

We propose that carriage of APOE4 genotype protects against progression of
inflammation and liver fibrosis in recurrent HCV hepatitis after OLT, but additional
studies are needed to assess whether donor-derived ApoE4 protein directly affects
these processes.
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Abstract

BACKGROUND

Fatigue is a very common but relatively neglected problem in patients with
inflammatory bowel disease (IBD). The prevalence rate of IBD in China is the
highest in Asia, but there is little research on fatigue in patients with IBD. Neither
the relationship between fatigue and quality of life (QoL) nor the relationship
between fatigue and work productivity (WP) in Chinese IBD patients has been
reported.

AIM

To investigate the prevalence of fatigue related to IBD in Eastern China, to
identify the risk factors associated with fatigue, to assess the impact of fatigue on
QoL, and to evaluate the relationship between fatigue and WP.

METHODS

A cross-sectional study was conducted in a Regional Tertiary IBD Diagnostic and
Treatment Center in Eastern China. Clinical data of patients were collected, and
disease activity was evaluated. Blood samples were analyzed to assess anemia,
albumin, and inflammation. Fatigue was assessed using the multidimensional
fatigue inventory. QoL and WP were measured using the short inflammatory
bowel disease questionnaire and the work productivity and activity impairment
general health questionnaire, respectively. The patients also completed
assessments of depression (Patient Health Questionnaire-9) and anxiety
(Generalized Anxiety Disorder 7-item Scale).

RESULTS
A total of 311 IBD patients, comprising 168 Crohn's disease patients and 143
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ulcerative colitis patients, were enrolled. The prevalence of fatigue in patients
with IBD was 60.77%. In a univariate logistic regression analysis, factors such as
disease activity, depression, anxiety, anemia, and IBD-related surgery were
individually related to a significantly increased risk of fatigue in IBD patients.
Multivariate logistic regression analysis indicated that depression [odds ratio
(OR) = 8.078, 95% confidence interval (CI): 4.113-15.865], anxiety (OR = 2.373,
95%ClI: 1.100-5.119), anemia (OR = 2.498, 95%CI: 1.290-4.834), and IBD-related
surgery (OR = 2.035, 95%CI: 1.084-3.819) were related to fatigue in IBD patients.
There was a negative correlation between fatigue and QoL (r = -0.831; P < 0.0001)
but a positive correlation between fatigue and WP loss.

CONCLUSION

The prevalence of fatigue in IBD patients in Eastern China is remarkably high
even in clinical remission. Factors such as depression, anxiety, anemia, and IBD-
related surgery are major risk factors for fatigue in IBD patients. In addition,
fatigue has a negative impact on QoL and is positively correlated with WP loss.

Key Words: Inflammatory bowel disease; Fatigue; Quality of life; Work productivity; Risk
factors; Eastern China

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

Core Tip: Fatigue is a highly prevalent and burdensome symptom in patients with
inflammatory bowel disease (IBD), with an important impact on quality of life and
(indirect) health expenditures. The prevalence rate of IBD in China is the highest in
Asia, but there is little research on fatigue in patients with IBD. In addition, the
relationships of fatigue with quality of life and work productivity in Chinese IBD
patients have not been reported.

Citation: Gong SS, Fan YH, Lv B, Zhang MQ, Xu Y, Zhao J. Fatigue in patients with
inflammatory bowel disease in Eastern China. World J Gastroenterol 2021; 27(11): 1076-1089
URL: https://www.wjgnet.com/1007-9327/full/v27/i11/1076.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i11.1076

INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic, nonspecific inflammation of the
gastrointestinal tract with an unknown etiology that can be classified as ulcerative
colitis (UC) and Crohn's disease (CD)!". IBD has a high prevalence in young adults and
is characterized by a long course, high recurrence rate, and severe complications (such
as toxic megacolon, intestinal perforation, intestinal obstruction, intestinal bleeding,
and cancer)”. Mucus-bloody stools, diarrhea, abdominal pain, weight loss, and anemia
are the main clinical manifestations of IBDF!, which seriously impact the quality of life
(QoL) of patients and increase the financial burden.

Fatigue is expressed as an overwhelming experience of mental and/or physical
exhaustion that affects daily living and is unrelieved by rest or sleep!*’. Studies in
several countries have shown that fatigue is common in patients with IBDI*'’. Some
studies have found that fatigue is associated with active enteritis!''l, especially with
mucosal healing in patients with IBDI'". In addition, fatigue also has a negative
psychological impact on patients with IBD, exacerbating clinical symptoms and
promoting disease progression!”l. Even as a result of fatigue, IBD patients have to
adjust their daily activities and work, and some even choose to resign, which seriously
affects their QoL!"! and increases their financial burden. Fatigue is a very common
but relatively neglected problem in IBD patients, especially in China. The prevalence
rate of IBD in China is the highest in Asia""l, but there is little research on fatigue in
patients with IBD. In addition, the relationship between fatigue and QoL and work
productivity (WP) in Chinese IBD patients has not been reported.

In this study, we aimed to investigate the prevalence and risk factors for fatigue in
patients with IBD in Eastern China through a cross-sectional study. We also
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determined the relationships between fatigue and QoL and WP to evaluate the impact
of fatigue on IBD patients in Eastern China.

MATERIALS AND METHODS

Study population

This cross-sectional study was conducted at the First Affiliated Hospital of Zhejiang
Chinese Medical University, a Regional Tertiary IBD Diagnostic and Treatment Center
in Eastern China, from February 2018 to August 2020. The inclusion criteria were a
confirmed diagnosis of IBD and signed informed consent. The diagnostic criteria for
IBD were based on the Chinese consensus on the diagnosis and treatment of IBD!'"\.
The exclusion criteria were the inability to understand or complete the questionnaires,
refusal to give written informed consent before participation, and concomitant
diseases with fatigue as the main symptoms, such as cancer, heart disease, or liver
cirrhosis. This study was registered at the Chinese Clinical Trials Registry
(ChiCTR1900025890).

Ethics

This study was approved by the ethics committee of the First Affiliated Hospital of
Zhejiang Chinese Medical University, and informed consent was obtained from all
participants. Patients under the age of 16 were admitted to our study with consent
from their parents or guardians.

Clinical and sociodemographic data

The demographic characteristics of the patients were collected, including age, sex,
body mass index (BMI), course of the disease, current smoking habits, IBD-related
surgery (such as colectomies, other bowel surgery, and perianal surgery), disease
activity, type of IBD, location of disease, and current medications. Blood samples were
collected (within one week before and after completion of the questionnaires) and
analyzed for hemoglobin, albumin, and erythrocyte sedimentation rate.

Definitions

Disease activity and severity were assessed using the following clinical indices:
Harvey-Bradshaw activity index™ was used for CD. Mayo score and Truelove and
Witts criteria!"”! were used for UC. Anemia was defined as hemoglobin < 130 g/L for
males and <120 g/L for females. Hypoalbuminemia was defined as albumin <35 g/L.
BMI was based on the Chinese criteria of weight for adults™!. Underweight was
defined as BMI < 18.5 kg/m? normal weight was defined as 18.5 kg/m? < BMI < 24.0
kg/m? overweight was defined as 24.0 kg/m?< BMI < 28.0 kg/m? and obesity was
defined as BMI 2 28.0 kg/m?”.

The significance level of coefficients is indicated only when they reach the 0.001
criterion. The following cutoffs were used to define the magnitude of the correlation
coefficients: < 0.25, low correlation; 0.25 to 0.5, fair correlation; 0.5 to 0.75, moderate-to-
good correlation; and > 0.75, good-to-excellent correlation!*!l.

Questionnaires

Fatigue was analyzed using the multidimensional fatigue inventory (MFI; ranging
from 20 to 100, with higher scores indicating more severe fatigue). This questionnaire,
previously validated in Chinese and for IBD patients*’, comprises 20 items divided
into five subscales: General fatigue, physical fatigue, reduced activity, reduced
motivation, and mental fatiguel™!. The definition of fatigue was complicated by a lack
of clear cutoff scores. Several studies have found that scales of general fatigue are more
psychometrically useful than the use of numerical rating scales, so the MFI of general
fatigue can be called "fatigue"™*1. Combining the values reported in a domestic
study®! and foreign studies™ ! on the MFI, fatigue was defined as general fatigue
score > 12.

Depression was analyzed using the Patient Health Questionnaire-9 (PHQ-9), which
has been validated in Chinese IBD patients®l. The PHQ-9 scores each of the 9 DSM-IV
criteria on a scale ranging from "0" (not at all) to "3" (nearly every day). The total PHQ-
9 score that categorizes depression is as follows: Nondepression as 0 < PHQ-9 < 4, mild
depression as 5 < PHQ-9 < 9, moderate depression as 10 < PHQ-9 < 14, moderate-
severe depression as 15 < PHQ-9 <19, and severe depression as 20 < PHQ-9 < 2711,

The generalized anxiety disorder 7-item scale was completed to measure symptoms
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of anxiety and has been validated in Chinese patients with IBD"'. The generalized
anxiety disorder 7-item scale is a 7-item self-report instrument that is scaled from 0-3
(not at all, several days, more than half the days, and nearly every day), with total
scores ranging from 0 to 21, and it is interpreted as follows: The absence of anxiety (0-
4), mild anxiety (5-9), moderate anxiety (10-14), and severe anxiety (15-21)1.

The Short Inflammatory Bowel Disease Questionnaire (SIBDQ) was used to assess
IBD-specific QoL The SIBDQ includes 10 items, each with a score from 1 (worst) to 7
(best), with the total score ranging from 10 to 70 (the higher the score, the better the
QoL). Furthermore, the SIBDQ has four domains: Bowel symptoms, systemic
symptoms, emotional function, and social function.

The work productivity and activity impairment general health questionnaire™
measures time missed from work and work impairment because of IBD in the past
week. The work productivity and activity impairment general health questionnaire
includes four items: Work time missed (absenteeism), impaired productivity at work
(presenteeism), overall work impairment (OWI; combined absenteeism and
presenteeism), and impairment in non-work-related activities due to health problems
(activity impairment). Absenteeism was calculated as [hours missed due to health
problems/ (hours missed due to health problems + hours worked)] x 100;
presenteeism was calculated as (degree health affected productivity while
working/10) x 100; OWI was calculated as absenteeism + [(1-absenteeism) x
presenteeism]; and (4) daily activity impairment was calculated as (degree of health
affected daily activities/10) x 100.

Statistical analysis

Quantitative variables are expressed as the mean * SD or as medians and interquartile
range (IQR), and qualitative variables are expressed as frequencies and percentages.
After transforming fatigue from a quantitative to a qualitative variable (with/without
fatigue), logistic regression analyses were performed. Variables with P < 0.05 in the
univariate analysis were included in the multivariate analysis, and the results are
expressed as odds ratios (ORs) with their corresponding 95% confidence intervals
(CIs). Correlations between fatigue and QoL and WP were measured with Spearman's
rank correlation coefficient. Statistical analyses were performed using Statistic Package
for Social Science 24 (Statistic Package for Social Science Inc., Chicago, IL, United
States), and P < 0.05 was considered statistically significant.

RESULTS

IBD patients’ demographic and clinical characteristics

A total of 311 IBD patients, including 168 CD and 143 UC patients, were enrolled in
this study. The participants had a median age of 42 (IQR: 31-53) years. Most of the
participants had health insurance (90.35%, n = 281) and were married (74.28%, n =
231). There were 212 (68.17%) patients who had a job, of whom 208 (66.88%) were
working full-time. Regarding the duration of disease, the participants reported a
median of 5 (IQR: 2-12) years. A total of 51.45% of IBD patients were in the active
phase of the disease, and 32.80% of participants had IBD-related surgery. The
demographic and clinical characteristics of IBD patients are summarized in Table 1.

Prevalence and score of fatigue in patients with IBD

The prevalence of fatigue in patients with IBD was 60.77%, including 71.88% in
patients with active IBD and 49.01% in patients in remission. The median fatigue total
score was 43 (IQR: 33-59) in IBD patients, and the median general fatigue, physical
fatigue, mental fatigue, reduced activity, and reduced motivation scores were 12 (IQR:
9-15), 8 (IQR: 6-12), 9 (IQR: 6-12), 7 (IQR: 4-9), and 7 (IQR: 4-12), respectively (Figure 1).

Factors associated with fatigue
The univariate analysis showed that disease activity (P < 0.001, OR = 2.659; 95%CI:
1.663-4.253), depression (P < 0.001, OR = 13.722; 95%CI: 7.608-24.749), anxiety (P <
0.001, OR = 8.134; 95%CI: 4.351-15.204), anemia (P < 0.001, OR = 3.792; 95%CI: 2.232-
6.440), and IBD-related surgery (P < 0.05, OR = 1.654; 95%CI: 1.004-2.727) were
associated with the presence of fatigue (Figure 2A).

Multivariate logistic regression analysis indicated that depression (P < 0.001, OR =
8.078, 95%ClI: 4.113-15.865), anxiety (P = 0.028, OR = 2.373, 95%CI: 1.100-5.119), anemia
(P =10.007, OR = 2.498, 95%ClI: 1.290-4.834), and IBD-related surgery (P = 0.027, OR =
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Table 1 Demographic and clinical characteristics of inflammatory bowel disease patients

CD (n=168) UC (n = 143)
Age, yr, median (IQR) 39 (IQR: 28-52.75) 45 (IQR: 33-54)
Gender, 1 (%)

Female 71 (42.26) 64 (44.76)
Male 97 (57.74) 79 (55.24)
BMI, n (%)

Normal 94 (55.95) 81 (56.64)
Thinnish 60 (35.71) 37 (25.88)
Overweight 11 (6.55) 25 (17.48)
Obesity 3 (1.79) 0(0)
Marital status, 1 (%)

Unmarried 58 (34.52) 14 (9.79)
Married 105 (62.50) 126 (88.11)
Divorced 3 (1.79) 3 (2.10)
Death of a spouse 2 (1.19) 0(0)
Employment status, n (%)

No work 16 (9.52) 13 (9.09)
Full time 117 (69.64) 91 (63.64)
Retired 15 (8.93) 35 (24.48)
Long-term sick leave 1 (0.60) 3 (2.10)
Students 19 (11.31) 1 (0.69)
Medical insurance, 1 (%)

Yes 151 (89.88) 130 (90.91)
No 17 (10.12) 13 (9.09)
Education, n (%)

Primary school or below 14 (8.33) 20 (13.99)
Junior high school 34 (20.24) 36 (25.17)
Senior high school 32 (19.05) 41 (28.67)
Junior college or Undergraduate 81 (48.21) 42 (29.37)
Master degree or above 7 (4.17) 4 (2.80)
Montreal classification, 1 (%)

L1 ileal 38 (22.62)

L2 colonic 14 (8.33)

L3 ileocolonic 72 (42.86)

L4 upper gastrointestinal tract 11 (6.55)

L1+14 13 (7.74)

L3+14 20 (11.90)

E1 proctitis 37 (25.88)
E2 left-sided UC 40 (27.97)
E3 extensive UC 66 (46.15)
Disease activity: 1 (%)

Remission 100 (59.52) 51 (35.66)
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Mild activity 26 (15.48) 43 (30.07)
Moderate activity 31 (18.45) 37 (25.88)
Severe activity 11 (6.55) 12 (8.39)
Duration of disease, yr, median (IQR) 5.50 (IQR, 2-11) 5 (IQR, 2.3-13)

Current medication, 1 (%)

5-ASA 19 (11.31) 88 (61.54)
IS 42 (25) 30 (20.98)
5-ASA +1S 22 (13.09) 8 (5.59)
Biological preparation 45 (26.79) 5 (3.50)
Biological preparation + IS 34 (20.24) 8 (5.59)
Other 6 (3.57) 4 (2.80)

IBD related surgery, n (%)
No 80 (47.62) 129 (90.21)

Yes 88 (52.38) 14 (9.79)

CD: Crohn's disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; 5-ASA: 5-aminosalisylic acid; IQR: Interquartile range; IS:
Immunosuppressant.
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Figure 1 Fatigue score in the inflammatory bowel disease patients. The solid line indicates the median, and the dotted line indicates the interquartile
range. The small insert within the graphs in Figure 1 enlarges the scores of the five subscales of multidimensional fatigue inventory (general fatigue, physical fatigue,
reduced activity, reduced motivation, and mental fatigue) in the inflammatory bowel disease patients.

2.035, 95%ClI: 1.084-3.819) were related to fatigue in IBD patients (Figure 2B).

Fatigue and QoL

The median QoL total score was 53 (IQR: 44-62), and the median scores of bowel
symptoms, social function, emotional function, and systemic symptoms were 17 (IQR:
13-20), 12 (IQR: 9-13), 9 (IQR: 6-12), 15 (IQR: 11-19), and 11 (IQR: 10-13), respectively
(Figure 3). Fatigue was negatively correlated with QoL (r = - 0.831; P < 0.0001),
particularly with emotional function (r = -0.721; P < 0.0001) (Figure 4A). Further
analysis revealed that general fatigue (r = -0.785; P < 0.0001) showed a good-to-
excellent correlation with negative QoL, and reduced activity (r = -0.731; P < 0.0001)
and psychological fatigue (r = -0.704; P < 0.0001) showed a moderate-to-good
correlation with negative QoL (Figure 4B).

Fatigue and WP

There were 208 (66.88%) patients who were working full-time, and their prevalence of
fatigue was 58.65%. Further analysis found that their median total fatigue score was 41
(IQR: 32.25-58), with median general fatigue, physical fatigue, mental fatigue, reduced
activity, and reduced motivation scores of 12 (IQR: 9-15), 9 (IQR: 7-12), 9 (IQR: 6-11), 6
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2.659 (1.663-4.253) <0.01
13.722 (7.608-24.749) < 0.001

8.134 (4.351-15.204) < 0.001

3.792 (2.232-6.440) < 0.001

1.654 (1.004-2.727) < 0.05

4 1 6 11 16 21 26

8.078 (4.113-15.865) < 0.001

2.373 (1.100-5.119) 0.028

2.498 (1.290-4.834) 0.007

2.035 (1.084-3.819) 0.027

Figure 2 Factors associated with the presence of fatigue. A: Univariate analysis; B: Multivariate analysis. OR: Odds ratio; IBD: Inflammatory bowel
disease.

QoL score

Figure 3 Quality of life score in the inflammatory bowel disease patients. The solid line indicates the median, and the dotted line indicates the
interquartile range. The small insert within the graphs in Figure 3 enlarges the scores of the four domains of short inflammatory bowel disease questionnaire (bowel
symptoms, systemic symptoms, emotional function, and social function) in the inflammatory bowel disease patients.

(IQR: 4-9), and 6 (IQR: 4-11), respectively (Figure 5). Fatigue had the strongest positive
correlation with OWI (r = 0.605; P < 0.0001), followed by activity impairment (r =
0.566; P < 0.0001), presenteeism (r = 0.543; P < 0.0001), and absenteeism (r = 0.480; P <
0.0001) (Figure 6A). Compared with physical fatigue, mental fatigue, reduced activity,
and reduced motivation, general fatigue was the most strongly associated with WP
loss (OWI: r = 0.552, P < 0.0001; activity impairment: r = 0.549, P < 0.0001;
presenteeism: r = 0.519, P < 0.0001; absenteeism: r = 0.442, P < 0.0001) (Figure 6B).
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Figure 4 Fatigue and quality of life. A: Correlation between total fatigue scores and quality of life scores (total quality of life scores: Spearman’s r=-0.831, P <
0.0001; emotional function: Spearman’s r = -0.721, P < 0.0001) in the inflammatory bowel disease patients; B: Correlation between total quality of life scores and
fatigue (general fatigue: Spearman’s r = -0.785, P < 0.0001; reduced activity: Spearman’s r = -0.731, P < 0.0001; psychological fatigue: Spearman’s r = -0.704, P <
0.0001) in the inflammatory bowel disease patients.
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Figure 5 Fatigue score in inflammatory bowel disease patients with full-time jobs. The solid line indicates the median, and the dotted line indicates
the interquartile range. The small insert within the graphs in Figure 5 enlarges the scores of the five subscales of multidimensional fatigue inventory (general fatigue,
physical fatigue, reduced activity, reduced motivation, and mental fatigue) in the inflammatory bowel disease patients.

DISCUSSION

In the present study, we found that the prevalence of fatigue in patients with IBD in
Eastern China was 60.77%, including 71.88% in the active stage and 49.01% in the
remission stage. Major factors associated with fatigue were depression, anxiety,
anemia, and IBD-related surgery. Female sex, disease activity, and hypoalbuminemia
do not increase the risk of fatigue. In addition, fatigue had a negative impact on QoL
and was positively correlated with WP loss.

Multifactorial analysis showed that depression and anxiety were risk factors for
fatigue, and depression, in particular, is the strongest risk factor for fatigue. Several
previous studies are consistent with our findings"**. In chronic diseases, fatigue and
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Figure 6 Fatigue and work productivity. A: Correlation between total fatigue scores and work productivity loss [overall work impairment: Spearman’s r =
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0.0001] in inflammatory bowel disease patients with full-time jobs; B: Correlation between general fatigue and work productivity loss (overall work impairment:
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psychiatric disorders such as depression and anxiety coexist””, including IBD""l. The
immune-inflammatory pathway and gut-brain axis may be possible pathways for the
coexistence of fatigue and psychological disorders in IBD"-. One of the reasons for
such a high prevalence of fatigue and psychiatric comorbidity in patients with IBD in
Eastern China may be due to limited therapeutic drug options. The use of biologics as
an effective treatment for IBD in China is very limited. First, the options are limited,
with only infliximab entering the Chinese market. When IBD patients fail to respond
to infliximab therapy, they are faced with the situation of either having no drugs
available or using hormones with more side effects. Second, it is expensive, as only CD
is reimbursed by health insurance, which increases the financial burden of patients.
The limited availability of medication, the recurrence of disease symptoms, the side
effects of hormone therapy, and the heavy financial burden contribute to the
development of fatigue and psychiatric disorders in Chinese patients with IBD.
Anemia is the most common extraintestinal manifestation of IBD, which occurs in up
to 20% of outpatients and up to 68% of inpatients with IBD"**!.. The major causes of
anemia in IBD are iron!*, vitamin B12, and folic acid deficiency!". The side effects or
complications of some drugs for IBD are anemia. For example, methotrexate can lead
to folic acid deficiency and megaloblastic anemial”l. One of the side effects of
azathioprine and 6-mercaptopurine is myelosuppressionl. Sulfadiazine and 5-
aminosalicylate have rare hemolytic complications!*’*\. The relationship between
fatigue and IBD-related surgery has rarely been reported. In our study, IBD-related
surgery was found to be a risk factor for fatigue in IBD patients, which may be related
to postoperative complications, postoperative pain, fear of stoma care, environmental
(especially family) reactions, and acceptance of new conditions™””'*?. However, a
clinical study in Poland that included 60 IBD patients concluded that surgical
treatment reduced fatigue symptoms™], which was contrary to the findings of our
study. The difference may be due to different sample sizes, and our study has a larger
sample size. In addition, the study in Poland compared the fatigue scores at one day
before surgery and three months after surgery. The clinical symptoms of patients at 3
mo after operation were improved, but the postoperative complications were not fully
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exposed. Our study included not only patients at 3 mo after the operation but also
patients many years after operation and repeated surgery. Postoperative
complications, disease activity, the annoyance of anastomotic care, and fear of
reoperation were fully exposed. All of these factors will lead to fatigue in IBD patients.
Surprisingly, female sex, disease activity, and hypoalbuminemia did not significantly
increase fatigue among IBD patients in Eastern China. In previous studies "], female
sex was found to be a strong predictor of fatigue, but no good explanation for this
association was found. Our study, however, found that female sex was not a risk factor
for fatigue. This may have been because of the small sample size in our study. The
association between fatigue and disease activity in IBD is controversial. Fatigue scores
were higher and more frequent among IBD patients with active disease than in the
reference population and among those with quiescent IBD, but contrasts with the
findings of others””*”’l. In this study, univariate analysis showed that disease activity
was a risk factor for fatigue but not in multivariate analyses. Therefore, more research
is needed to clarify the relationships between female sex and disease activity and
fatigue in Chinese patients with IBD. The common symptom of hypoalbuminemia is
fatigue, but our findings suggest that it is not a risk factor for fatigue in patients with
IBD in Eastern China. This may have been because of the small number of patients
affected (29.3% of all those studied) or because fatigue was strongly associated with
other factors, such as depression, anemia, anxiety, or IBD-related surgery.

Risk factors for fatigue, such as depression, anxiety, anemia, and IBD-related
surgery, were found to decrease QoL in IBD patients in previous studies"’], which
explained why fatigue also leads to a decrease in QoL in IBD patients. Our further
analysis found that psychological factors are particularly important in the relationship
between fatigue and QoL. To improve the QoL of patients with IBD, the risk factors for
fatigue should be identified and corrected in time to prevent the occurrence of fatigue.
In addition to the impact on the QoL of the patient, fatigue can also lead to WP loss or
even unemployment, which has significant economic consequences. Our study found
that fatigue had an impact on the OWI, activity impairment, presenteeism, and
absenteeism, among which general fatigue had the strongest impact. The appeal
conclusion showed that the effect of fatigue on WP loss was also the result of a
comprehensive effect, in which physical and psychological factors played an
important role.

Although fatigue and its negative consequences are common in patients with IBD,
the issue is rarely discussed in China. The underlying cause may be fatigue, especially
during remission, which is considered a difficult and frustrating symptom, and the
risk factors for fatigue are unclear, so there is little opportunity to help patients.
Indeed, in China, there are few studies on the relationship between IBD and fatigue,
which cannot provide clinical guidance. It is hoped that our findings will draw the
attention of clinicians and patients to the role of fatigue in patients with IBD, improve
the QoL of patients with IBD, and reduce the loss of WP by intervening in risk factors
that contribute to fatigue. For example, in clinical practice, the joint management of
patients' fatigue and psychological disorders is very important. Patients with
depression and anxiety should pay close attention to their fatigue through targeted
psychological counseling and intervention, such as health lectures, psychological
counseling, individual counseling, and other ways to reduce patients' depression and
anxiety, improve patients' fatigue, promote patients' health, and improve their QoL.
IBD patients with anemia should correct their anemia in time. For IBD patients who
have undergone surgery, postoperative complications, postoperative pain, and
patients' fear of colostomy nursing should be properly addressed.

There are several limitations to our study. First, the size of the study sample was too
small. Further large sample size studies are warranted for a more accurate estimation
of the prevalence of fatigue and definitive identification of risk factors for fatigue.
Second, our study was a single-center clinical study, which cannot represent the
overall situation of IBD patients in China.

CONCLUSION

In conclusion, we have shown that the prevalence of fatigue is considerably high in
patients with IBD in Eastern China, even in clinical remission, and the risk factors for
fatigue are depression, anxiety, anemia, and IBD-related surgery. Female sex, disease
activity, and hypoalbuminemia do not increase the risk of fatigue. In addition, fatigue
reduces the QoL of IBD patients in Eastern China and damages WP. The results of our
study provide a scientific basis for effectively preventing and improving fatigue in IBD

WJG | https://www.wjgnet.com 1085 March 21,2021 | Volume?27 | Issuell |



Gong SS et al. Fatigue in patients with IBD in Eastern China

Jaishideng®

patients.

ARTICLE HIGHLIGHTS

Research background

Fatigue is frequent and disabling in patients with inflammatory bowel disease (IBD),
but the prevalence and risk factors for fatigue in Chinese patients with IBD are
unknown. In addition, neither the relationship between fatigue and quality of life
(QoL) nor the relationship between fatigue and work productivity (WP) has been
reported in Chinese IBD patients.

Research motivation

Fatigue is a very common but relatively neglected problem in patients with IBD. The
prevalence rate of IBD in China is the highest in Asia, but there is little research on
fatigue in patients with IBD. Neither the relationship between fatigue and QoL nor the
relationship between fatigue and WP in Chinese IBD patients has been reported.

Research objectives

Our primary aim was to investigate the prevalence of fatigue related to IBD in Eastern
China, and to identify the risk factors associated with fatigue. Our second objective
was to assess the impact of fatigue on QoL and to evaluate the relationship between
fatigue and WP.

Research methods

A cross-sectional study was conducted in a Regional Tertiary IBD Diagnostic and
Treatment Center in Eastern China. Clinical data of patients were collected, and
disease activity was evaluated. Blood samples were analyzed to assess anemia,
albumin, and inflammation. Fatigue was assessed using the multidimensional fatigue
inventory. QoL and WP were measured using the short inflammatory bowel disease
questionnaire and the work productivity and activity impairment general health
questionnaire, respectively. The patients also completed assessments of depression
(Patient Health Questionnaire-9) and anxiety (Generalized Anxiety Disorder 7-item
Scale).

Research results

A total of 311 IBD patients were enrolled in this study, 168 of whom were Crohn's
disease patients, and 143 of whom were ulcerative colitis patients. The prevalence of
fatigue in patients with IBD was 60.77%, including 71.88% in the active stage and
49.01% in the remission stage. The median fatigue total score was 43 (IQR: 33-59) in the
full study population. In a univariate logistic regression analysis, factors such as
disease activity, depression, anxiety, anemia, and IBD-related surgery were
individually related to a significantly increased risk of fatigue in IBD patients.
Multivariate logistic regression analysis indicated that depression [odds ratio (OR) =
8.078, 95% confidence interval (CI): 4.113-15.865], anxiety (OR = 2.373, 95%CI: 1.100-
5.119), anemia (OR = 2.498, 95%CI: 1.290-4.834), and IBD-related surgery (OR = 2.035,
95%CI: 1.084-3.819) were related to fatigue in IBD patients. There was a negative
correlation between fatigue and QoL (r =-0.831; P < 0.0001) but a positive correlation
between fatigue and WP loss.

Research conclusions

The prevalence of fatigue in IBD patients in Eastern China is remarkably high even in
clinical remission. Factors such as depression, anxiety, anemia, and IBD-related
surgery are major risk factors for fatigue in IBD patients. In addition, fatigue has a
negative impact on QoL and is positively correlated with WP loss.

Research perspectives

The prevalence of fatigue is considerably high in IBD patients in Eastern China even in
clinical remission. In addition, fatigue reduces the QoL of IBD patients in Eastern
China and damages WP. Clinicians and patients should be aware of and prevent the
incidence of fatigue. The future research direction is to conduct a multicenter study to
evaluate the incidence of fatigue in Chinses IBD patients, and more accurately screen
out the risk factors leading to the incidence of fatigue in Chinese IBD patients, to
effectively prevent the incidence of fatigue.
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Abstract

BACKGROUND

Colonoscopy remains the gold standard for detection of colonic disease. An
optimal evaluation depends on adequate bowel cleansing. Patients with
inflammatory bowel disease (IBD), require frequent endoscopic assessment for
both activity and dysplasia assessment. Two commonly used bowel preparations
in Australia are Prep Kit-C (Pc) and Moviprep (Mp). Little is known about
tolerability, efficacy and safety of split protocols of Mp and Pc in both IBD and
non-IBD patients.

AIM

To primary aim was to compare the tolerability, efficacy and safety of split
protocols of Mp and Pc in patients having a colonoscopy. The secondary aim was
to compare the efficacy, tolerability and safety of either preparation in patients
with or without IBD.

METHODS
Patients were randomized to Pc or Mp bowel preparation. Patients completed a
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questionnaire to assess tolerability. Efficacy was assessed using the Ottawa Bowel
Preparation Score. Serum electrolytes and renal function were collected one week
prior to colonoscopy and on the day of colonoscopy.

RESULTS

Of 338 patients met the inclusion criteria. Of 168 patients randomized to Mp and
170 to Pc. The efficacy of bowel preparation (mean Ottawa Bowel Preparation
Score) was similar between Mp (5.4 + 2.4) and Pc (5.1 £ 2.1) (P = 0.3). Mean
tolerability scores were similar in Mp (11.84 + 5.4) and Pc (10.99 £5.2; P = 0.17).
125 patients had IBD (73 had Crohn’s Disease and 52 had Ulcerative colitis). Sixty-
four IBD patients were allocated to Mp and 61 to Pc. In non-IBD patients, 104
were allocated to Mp and 109 to Pc. The mean tolerability score in the IBD group
was lower than the non-IBD group (mean tolerability scores: IBD: 10.3 £ 5.1 and
non-IBD: 12.0 + 5.3; P = 0.01). IBD patients described more abdominal pain with
Mp when compared with Pc; (Mp: 5.7 £ 4.4 vs Pc: 3.6 £ 2.6, P = 0.046). Serum
magnesium level increased with Pc compared with Mp in all patients (mean
increase in mmol/L: Mp: 0.03 £ 0.117 and Pc: 0.11 £ 0.106; P < 0.0001).

CONCLUSION
In this study, the efficacy, tolerability and safety of Mp and Pc were similar in all
patients. However, patients with IBD reported lower tolerability with both
preparations. Specifically, IBD patients had more abdominal pain with Mp. These
results should be considered when recommending bowel preparation especially
to IBD patients.

Key Words: Bowel preparation; Inflammatory bowel disease; Tolerability; Efficacy;
Moviprep; Prep Kit-C

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

Core Tip: When comparing Moviprep (Mp) and Prep-Kit C (Pc) in patients with and
without inflammatory bowel disease (IBD): (1) Efficacy, tolerability and safety of Mp
and Pc are similar; (2) Participants with IBD reported lower tolerability with both
preparations; (3) IBD participants described more abdominal pain with Mp.
Consideration of these results are important when discussing bowel preparation with
IBD patients.

Citation: Mohsen W, Williams AJ, Wark G, Sechi A, Koo JH, Xuan W, Bassan M, Ng W,
Connor S. Prospective single-blinded single-center randomized controlled trial of Prep Kit-C
and Moviprep: Does underlying inflammatory bowel disease impact tolerability and efficacy?
World J Gastroenterol 2021; 27(11): 1090-1100

URL: https://www.wjgnet.com/1007-9327/full/v27/i11/1090.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i11.1090

INTRODUCTION

Colonoscopy remains the gold standard for detection of colonic disease. An optimal
evaluation depends on adequate bowel cleansing. Suboptimal preparation occurs in
up to 25% of colonoscopies and results in aborted or incomplete examinations in up to
7% of procedures!”. Suboptimal preparation is associated with longer procedural
time, increased need for repeat procedures, lower overall polyp detection rates,
including detection of flat (non-polypoid) lesions, small polyps (< 10 mm) and large
polyps (> 10 mm)!"”. The American Society for Gastrointestinal Endoscopy
recommends the rate of inadequate bowel preparation should not exceed 15%.

Efficacious bowel preparation is not solely dependent on the type of preparation
used. Preparation is enhanced when instructions regarding bowel preparation are
explained thoroughly, interpreters are used (when required), a split regime is used
and when the type of preparation is individualized to the patient’s age and
comorbidities™.
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Adequate bowel preparation is particularly important in patients with
inflammatory bowel disease (IBD). These patients have an increased risk of developing
colonic dysplasia and neoplasia. The increasingly adopted technique of
chromoendoscopy is also highly dependent on excellent bowel cleansing”. With the
increasing annual incidence (24 per 100000) and prevalence (345 per 100000) of IBD in
Australial”, efficacious colonoscopy is crucial. Low tolerability of bowel preparation is
reported in IBD patients, although this has not been prospectively validated”. The
exact mechanism driving such low tolerability is unclear. It may relate to abdominal
pain, nausea and vomiting!"”l. Additional factors that have been reported include
previous surgery, intestinal stenosis, altered motility, anxiety, or heightened visceral
sensitivity and pre-procedure dietary recommendations!).

In the general population, poor bowel preparation is more commonly seen in males,
smokers, the elderly, patients with a history of stroke, dementia, diabetes, previous
colonic resection and in patients who take opioids, psychotropic drugs and calcium
channel blockers!*'**?l. Tolerability is one of the most significant factors contributing to
efficacy of preparation. Efficacy and tolerability are related, and synergistically both
contribute to “effectiveness” of a preparation’. If the preparation is not well tolerated,
even if otherwise efficacious, it will not be consumed, leading to reduced effectiveness.

In Australia, several bowel cleansing agents are available. Bowel preparations are
usually based on solutions of polyethylene glycol (PEG)!"""l. Prep Kit-C (Pc) is a
combination of Picoprep (Sodium picosulphate/magnesium citrate) and glycoprep
(PEG). Picoprep is a small volume, hyperosmotic solution, primarily exerting its action
through osmotically drawing fluid into the intestinal lumen. Moviprep (Mp) is a
combination of low volume PEG solution with ascorbic acid. The ascorbic acid has
osmotic laxative effects and a pleasant tastel'"'*. Both Pc and Mp are approved for use
under the Australian therapeutic goods administration.

At present, there are no prospective studies which examine tolerability, efficacy and
safety of Pc when compared with Mp in both the general and IBD populations. This
study’s primary aim was to compare tolerability, efficacy and safety of split protocols
of Mp with Pc in participants having a colonoscopy. The secondary aim was to
compare the efficacy and tolerability of either preparation in participants with or
without IBD.

MATERIALS AND METHODS
Methods

A prospective, randomized, single blinded trial was conducted at a single tertiary
referral center. Recruitment of patients occurred from March 2013 to December 2016.
Approval was obtained from the Institutional Human Ethics and Research Office
(reference HREC/12/LPOOL/108).

Inclusion criteria

All patients aged between 18-75 years requiring an outpatient colonoscopy were
invited to participate in this study. Patients identified as having IBD required
histological evidence of Crohn’s disease or ulcerative colitis from a previous
colonoscopy.

Exclusion criteria

The following were exclusion criteria: non-English speaking, renal insufficiency
(defined as an estimated Glomerular Filtration Ratio of less than 50 mL/min), cardiac
failure (New York Heart Association Class greater than two), advanced liver disease
(Child-Pugh B or C), poorly controlled diabetes mellitus (uninterrupted Hbalc > 8.0%
for greater than one year and/or end organ complications from diabetes mellitus),
bowel obstruction, total or limited colonic resection, megacolon, dysphagia and
pregnancy or planning to become pregnant during the trial period. Patients with IBD
who had a preceding colectomy or ileocolonic resection (that involved or extended
beyond the hepatic flexure) were also excluded from this study.

Randomization

All participants were randomly allocated to a bowel preparation regime (Mp or Pc) at
time of study recruitment in a 1:1 ratio. The allocation sequence was provided by the
coordinating investigator. The investigator drew the patient allocated preparation out
of an envelope which had equal numbers of both preparations. Patients were provided
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with their assigned bowel cleansing preparation at the time of randomization. The
cohort was then stratified according to presence of IBD. Patients were unable to be
blinded to their allocated preparation due to associated packaging and the differences
in administration. Written information about the bowel preparation including
appropriate diet and timing of consumption was provided and explained in detail at a
clinic review prior to colonoscopy. These instructions are provided in Supplementary
material 1 . All assessing endoscopists were blinded to the assigned bowel
preparation.

Outcomes

The primary endpoint was the tolerability and efficacy of each bowel preparation in
the entire cohort. The secondary endpoints were comparison of the tolerability and
efficacy of the allocated bowel preparation in patients with and without IBD, as well as
overall safety of bowel preparation.

Tolerability and side effects

Tolerability was assessed using a Tolerability Questionnaire modified from Lawrance
et al'! (Supplementary material 2). Patients received the questionnaire at their pre-
assessment visit and completed it after finishing their bowel preparation on the day of
their colonoscopy. The questionnaire included a five-point Likert scale to assess
tolerability (ranging from 0 to 5) and palatability (ranging from 0 to 5) of the
preparation. A lower score indicated poorer tolerance. Common side effects
(abdominal discomfort, abdominal pain, nausea, vomiting, abdominal distension,
dizziness and shortness of breath) were also measured on a five-point Likert scale
(ranging from 0 to 5). A higher score indicated worse reported side effects.

Colonoscopy

Patients were provided with written instructions and the bowel preparation explained
in detail by the recruiting investigator at the time of study recruitment (full
preparation instructions are available in Supplementary material 2). Apart from the
preparation agent, preparation was standardized between the two groups including
split dosing and 24 h of clear fluids. Colonoscopies were performed by experienced
consultant colonoscopists (n = 4) or advanced gastroenterology trainees under the
direct supervision of one of the colonoscopists. All procedures were performed using
intravenous sedation administered by an anesthetist.

Efficacy

Efficacy of colon cleansing was assessed using the validated Ottawa Bowel
Preparation Score (OBPS)!'*l. All colonoscopists attended calibrating sessions prior to
study commencement. Two colonoscopists were blinded to the allocated bowel
preparation, independently assessed the efficacy of bowel cleansing regime during
insertion of the colonoscope, prior to washing. The OBPS grades the quality of bowel
preparation (0 to 4, with 0 being no fluid and 4 pertaining to fluid/fecal material
unable to be cleared) in three colonic segments (right, left, recto-sigmoid) in addition
to an overall fluid score. The total score out of 14 was provided for each patient and an
average score calculated from both scores. A score of zero represents excellent
preparation and 14 represents solid stool in each segment and excessive fluid.

Inadequate bowel preparation is defined as an OBPS score equal to or greater than
819,201

Safety: Electrolyte analysis

Safety of each bowel preparation included determination of electrolyte alteration.
Blood was collected from each patient within one week before bowel preparation and
on the day of colonoscopy prior to the procedure for serum electrolytes. Changes in
serum sodium, chloride, potassium, bicarbonate, urea, creatinine, magnesium, calcium
and phosphate were measured.

Statistical analyses

For the primary analysis in the entire cohort, an estimated sample size of 127 patients
in each group was calculated to detect a 15% difference in the tolerability of bowel
preparation between Mp and Pc, with 95% confidence and 90% power. Preliminary
data using the same Tolerability Questionnaire which reported the mean tolerability of
Moviprep of 13.3 (standard deviation 4.9) in patients undergoing colonoscopy was
used to guide the sample size calculation. The difference in tolerability of 15%
between bowel preparation regimes was selected as this was also used in another
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study assessing tolerability of different bowel preparations!'”. Assuming a completion
rate of 80%, a target of at least 159 participants for recruitment in each group was
sought, giving a sample size of at least 318. The student ¢-test was used to compare the
differences in mean scores of tolerability and efficacy. Associations between
categorical variables and outcomes were assessed using Chi-square test. The IBM
Statistical Package for the Social Sciences for Windows version 25.0 (IBM corporation,

Armonk, NY, United States) was used to analyze the data.

RESULTS

Participant characteristics

From March 2013 to December 2016, 338 patients were enrolled in the study. 168
patients were randomized to Mp and 170 to Pc (Figure 1). One hundred and twenty-
five patients had a pre-existing diagnosis of IBD (58% patients with Crohn’s disease
and 42% with ulcerative colitis). In the IBD group, 64 patients had Mp and 61 had Pc.
In the non-IBD group, 104 patients had Mp and 109 had Pc (Figure 1). Within both the
IBD and non-IBD groups, there was no difference in age or gender distribution across
the allocated bowel preparation groups (Table 1). Forty percent (n = 86) of the non-IBD
cohort were male, compared with 52% (1 = 65) in the IBD cohort. The mean ages of the

IBD and non-IBD groups were 40.3 + 14.7 and 50.3 + 13.4 years respectively (P = 0.65).

Tolerability and side effects

Of the 338 patients, 288 (85%) completed the questionnaire assessing tolerability
(Figure 1), this proportion was similar in both the Mp and Pc groups. There were no
significant differences in the mean scores for tolerability between Mp (11.84 + 5.4) and
Pc groups (10.99 + 5.2; P = 0.17). Thirty and 20 patients from the IBD and non-IBD
groups respectively did not complete the tolerability questionnaire. The tolerability
score in the IBD (n = 95) group was significantly lower than the non-IBD group (n =
193) (10.3 £5.1 v5 12.0 £ 5.3, P = 0.01) (Figure 2), indicating poorer tolerability in this

group of patients.

The IBD group reported higher score (indicating worse) for abdominal pain (mean
4.78 vs 3.39; P = 0.031) and lower mean score for dizziness (0.37 vs 0.78; P = 0.03), and
shortness of breath (mean 0.09 vs 0.39; P = 0.042) compared with the non-IBD group.
The mean scores for nausea/vomiting were similar in both groups (mean 1.15 vs 1.65;
P =0.14) (Figure 3). Within the IBD group, patients who had Mp reported more
abdominal pain when compared with Pc (mean 5.7 vs 3.62; P = 0.046). There were no
other significant differences in the mean scores for other symptoms within the non-

IBD or IBD group.

When comparing the overall tolerability of Pc (n = 145) with Mp (n = 143) in both
the IBD and non-IBD groups, there was no statistically significant difference in mean
tolerability scores between the two bowel preparations, although the study may not

have been powered to detect a significant difference (Table 2).

Efficacy

Data on efficacy of the bowel preparation was available in 320 patients (95%). There
was no difference in the efficacy within the entire group when comparing Mp to Pc
[mean OBPS: Mp (n =158; 5.4 + 2.4) and Pc (n = 162; 5.1 £ 2.1; P = 0.73)], nor within
both the IBD [mean OBPS: Mp (n = 58; 4.8 + 2.9) and Pc (n = 56; 5.2+ 3.3; P = 0.53)] and
non-IBD [mean OBPS: Mp (n = 100; 5.5 £ 2.4) and Pc (n = 106; 5.4 £ 2.1; P = 0.84)]

groups.

Efficacy of bowel preparation when comparing the IBD (n = 114) to the non-IBD (n =
206) group was not significantly different (P = 0.26). Inadequate bowel preparation
(defined as an OBPS of greater than or equal to 8)I""*l was present in 8.9% (n = 29) of
all patients: 10.5% (n = 12) of the IBD group and 8% (n =17) of the non-IBD group.

Safety: Electrolyte analysis

Electrolyte data was available for 256 patients (78%). There was a statistically
significant increase in magnesium in patients who received Pc compared with Mp
(mean increase in mmol/L: Mp 0.03 + 0.117 and Pc 0.11 £ 0.106; P < 0.0001) (Figure 4).
There were no additional differences detected in the remaining electrolytes. There
were no reported clinical concerns attributed to electrolyte abnormalities during the
peri-procedural period, such as arrhythmias, exacerbation of congestive cardiac failure

or acute pulmonary edema.
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Table 1 Baseline characteristics

IBD cohort (n = 125) Non-IBD cohort (n = 213) Pvalue
mean age +/-SD (yr) 403 +14.7 503 +13.4 0.65
Prep Kit -C Moviprep P value Prep Kit -C Moviprep P value
mean * SD, age (yr) 39.7 £14.27 40.9+15.1 0.65 5298 £12.97 53.65 +13.98 0.72
Male () B5) 30 0.13 39 47 0.93

SD: Standard deviation; IBD: Inflammatory bowel disease.

Table 2 Tolerability Scores in the inflammatory bowel disease and non-inflammatory bowel disease cohorts

Prep Kit-C (n = 145) Moviprep (n = 143) Pvalue
IBD, n =95 9.67 £4.87, n=47 10.89+£5.21; n =48 0.25
Non-IBD, n =193 11.61 +5.32;n =98 12,32 £5.35;n =95 0.36
IBD: Inflammatory bowel disease.
Total
n =338
Eligible
Mp Pc
n =168 n=170
n =125
1BD Non-IBD IBD Non-IBD
n==64 n =164 n =61 n =109
a=48 a=98 a=47 a=95
b =58 b =100 b =56 b =106

Figure 1 Randomization of bowel preparation. a: Number of patients who completed tolerability questionnaire; b: Number of patients with validated Ottawa
Bowel Preparation Scores; Mp: Moviprep; Pc: Prep Kit-C; IBD: Inflammatory bowel disease.

DISCUSSION

This study has demonstrated no significant differences in the tolerability and efficacy
of bowel preparation when comparing Mp with Pc. However, subgroup analysis
revealed IBD patients were less tolerant of bowel preparation when compared with
patients without IBD. IBD patients reported more abdomen pain with both
preparations when compared with the non-IBD group. Within the IBD group, Mp
produced more abdomen pain compared with Pc. Safety was comparable for IBD and
non-IBD patients, although Pc resulted in a higher magnesium level than Mp.

The influence of effective bowel preparation on the quality of colonoscopy is
substantial, as recently highlighted by the inclusion of bowel preparation adequacy
and safety in the Australian Colonoscopy Care Standards formulated by the
Commission on Safety and Quality in Health Carel. Systematic reviews have not
demonstrated superiority of any specific bowel preparation regimes when assessing
efficacy in both the non-IBD population as well as in those with IBDI'**1. At our
center, as well as many in Australia, Mp and Pc are commonly recommended bowel
preparations. Prior to this study, there have been no prospective studies which
compare the efficacy of Pc with Mp in non-IBD or IBD populations. Consistent with
systematic reviews for other bowel preparations, our study demonstrated no
significant difference in bowel preparation efficacy between Mp and Pc in both IBD
and non-IBD populations. Our findings supported both Pc and Mp as suitable choices
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Figure 2 Total tolerability scores when comparing inflammatory bowel disease and non-inflammatory bowel disease cohorts. Of 95
inflammatory bowel disease and 193 non- inflammatory bowel disease participants included. Higher score indicates better tolerability where 0 = poorly tolerated and 5
= well tolerated. Total score is out of 20 (0-5 for taste; 0-5 ease of ingestion; 0-5 for palatability; 0-5 for amount). IBD: Inflammatory bowel disease.

‘P =0.031
5 .
n =255
4 .
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g
7
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Figure 3 Tolerability scores according to specified symptom. Of 56 inflammatory bowel disease and 93 non-inflammatory bowel disease participants
compared. 0 = well tolerated and 5 = poorly tolerated. Maximum score for abdominal pain is 15 (0-5 points abdominal discomfort; 0-5 points for abdominal pain; 0-5
points for abdominal distension). Maximum score for nausea and vomiting is ten (0-5 points for nausea; 0-5 points for vomiting). The maximum points for dizziness or
shortness of breath are 5 points. IBD: Inflammatory bowel disease.
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when considering efficacy of bowel preparation regimes in patients with and without
IBD!**1. Nine percent of our overall study population had inadequate bowel
preparation, which falls within the American Society for Gastrointestinal Endoscopy
guidelines for adequate bowel preparation in at least 85% of patients!".

Our study was unique in that both our IBD and non-IBD patients prospectively
completed tolerability questionnaires at the time of bowel preparation ingestion. It
was observed that IBD patients were less tolerant of bowel preparation when
compared with patients without IBD, though the type of bowel preparation did not
affect the total tolerability score when comparing IBD with the non-IBD groups. IBD
patients also reported more abdominal pain when compared to non-IBD patients.

Poorer tolerability of bowel preparation within IBD cohorts is consistent with
previously published literature. Denters et al™ reported significantly more
psychological and physical burden from bowel preparation in patients with IBD when
compared with other patient groups. In another study, IBD patients most commonly
cited difficulty with bowel preparation as the most important reason for failed
compliance with scheduled colonoscopies for colorectal cancer surveillancel’.
Tolerability of bowel preparation in IBD patients may not be entirely related to
luminal pathology. In another study, tolerance of bowel preparation was similar when
comparing IBD and non-IBD cohorts, however co-morbid anxiety played a role in
symptom development during bowel preparation in IBD patientsl.
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n =113
Ph n =103 Bl PrepkitC
o = 104 [ ] Moviprep
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Figure 4 Changes in electrolyte levels (n = 256) measured in mmol/L. Levels compared between one week prior to procedure and day of the procedure.
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Our study provides further impetus to reinforce the importance of educating IBD
patients about bowel preparation, including the possibility for reduced tolerance and
more abdomen pain. IBD patient awareness about potentially poor tolerance prior to
ingestion may positively impact on the bowel preparation quality and compliance
with surveillance protocols. Dietary liberalization, specifically using the white or low
residue diet has been shown to be better tolerated and as efficacious as a clear fluid
diet”]. Tolerability of the white diet in comparison with the clear fluid diet, prior to
colonoscopy, within the IBD population is a future research area.

Our study supports the safety of both Mp and Pc. There were no reported adverse
clinical outcomes. A statistically significant increase in serum magnesium level with
the use of Pc when compared with Mp was identified but it was of a small magnitude
and unlikely to be clinically significant. Whilst there have been no prospective studies
comparing electrolyte changes or adverse outcomes in patients taking Mp compared
with Pc, our study is in line with other studies which have shown that Pc can cause
electrolyte derangement™l. Thus, Pc should be avoided in the elderly and patients
with renal impairment.

Our study has several limitations. In relation to assessment of bowel preparation
tolerability, our study utilized a modified, un-validated questionnaire developed by
our study team based on an existing questionnaire!”. Whilst we acknowledge this
limitation, the same questionnaire was used in all study arms (Mp and Pc; IBD and
non-IBD), and the questionnaire completion rate was equivalent amongst all study
arms. Furthermore, tolerability of bowel preparation may have been influenced by the
volume of fluid (e.g., water) replacement consumed by each participant in addition to
the actual bowel preparation. This was not standardized between groups (
Supplementary material 1). The tolerability questionnaire was completed just prior to
the colonoscopy. As a result, delayed tolerability side effects from the allocated
preparation may have been missed. Lastly, we did not collect data about variables
which may influence bowel preparation efficacy. These variables include smoking
history, medication history, history of Diabetes Mellitus or disease activity in IBD.

CONCLUSION

Our prospective, randomized controlled study has compared the tolerability, efficacy
and safety of Mp and Pc in non-IBD and IBD patients. We demonstrated that both Mp
and Pc had similar efficacy of bowel preparation in either the non-IBD or IBD cohorts.
However, IBD patients were less tolerant of bowel preparation and reported more
abdomen pain compared with patients without IBD. Furthermore, IBD patients
reported more abdominal pain with Mp compared with Pc. Future research
opportunities in this field include assessing factors contributing to poor bowel
preparation tolerability in IBD patients is required.
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Research background

Colonoscopy remains the gold standard for detection of colonic disease. An optimal
evaluation depends on adequate bowel cleansing. Patients with inflammatory bowel
disease (IBD), require frequent endoscopic assessment for both activity and dysplasia
assessment. Two commonly used bowel preparations in Australia are Prep Kit-C (Pc)
and Moviprep (Mp). Little is known about tolerability, efficacy and safety of split
protocols of Mp and Pc in both IBD and non-IBD patients.

Research motivation

To determine which bowel preparation is tolerable and effective in both IBD and non-
IBD patients. Efficacy and tolerability are related, and both contribute to effectiveness.
By maximizing effectiveness we minimise the chances of inadequate bowel cleansing
and incomplete colonoscopy. This ensures that hospital and patient resources are not
wasted.

Research objectives

This study’s primary aim was to compare tolerability, efficacy and safety of split
protocols of Mp with Pc in participants having a colonoscopy. The secondary aim was
to compare the efficacy and tolerability of either preparation in participants with or
without IBD.

Research methods

Patients were randomized to Pc or Mp bowel preparation. Patients completed a
questionnaire to assess tolerability. Efficacy was assessed using the Ottawa Bowel
Preparation Score. Serum electrolytes and renal function were collected one week prior
to colonoscopy and on the day of colonoscopy.

Research results

Of 338 patients met the inclusion criteria. Of 168 patients randomized to Mp and 170 to
Pc. The efficacy of bowel preparation (mean Ottawa Bowel Preparation Score) was
similar between Mp and Pc. Mean tolerability scores were similar in Mp and Pc. The
mean tolerability score in the IBD group was lower than the non-IBD group. IBD
patients described more abdominal pain with Mp when compared with Pc. Serum
magnesium level increased with Pc compared with Mp in all patients.

Research conclusions

In this study, the efficacy, tolerability and safety of Mp and Pc were similar in all
patients. However, patients with IBD reported lower tolerability with both
preparations. Specifically, IBD patients had more abdominal pain with Mp.

Research perspectives
These results should be considered when recommending bowel preparation especially
to IBD patients. More prospective studies are required in this field.
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Abstract

BACKGROUND

China has a high prevalence of hepatitis B virus (HBV), but most chronic hepatitis
B (CHB) patients do not receive standardized antiviral therapy. There are few
relevant reports addressing the outcomes of the large number of CHB patients
who do not receive antiviral therapy.

AIM
To observe the outcomes of long-term follow-up of patients with CHB without
antiviral treatment.

METHODS

This study included 362 patients with CHB and 96 with hepatitis B cirrhosis
without antiviral treatment and with only liver protection and anti-inflammatory
treatment from 1993 to 1998. The median follow-up times were 10 and 7 years,
respectively. A total of 203 CHB and 129 hepatitis B cirrhosis patients receiving
antiviral therapy were selected as the control groups. The median follow-up times
were 8 and 7 years, respectively. Kaplan-Meier curves were used to analyze the
cumulative incidence of hepatocellular carcinoma (HCC), and the Cox regression
model was used to analyze the risk factors for HCC.

RESULTS
Among the patients in the non-antiviral group, 16.9% had spontaneous decreases
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in HBV DNA to undetectable levels, and 32.8% showed hepatitis B e antigen
(HBeAg) seroconversion. In the antiviral group, 87.2% of patients had
undetectable HBV DNA, and 52% showed HBeAg seroconversion. Among CHB
and hepatitis B cirrhosis patients, the cumulative incidence rates of HCC were
14.9% and 53.1%, respectively, in the non-antiviral group and were 10.7% and
31.9%, respectively, in the antiviral group. There was no difference between the
two groups regarding the CHB patients (P = 0.842), but there was a difference
between the groups regarding the hepatitis B cirrhosis patients (P = 0.026). The
cumulative incidence rates of HCC were 1.6% and 22.3% (P = 0.022) in the groups
with and without spontaneous HBeAg seroconversion, respectively. The
incidence rates of HCC among patients with and without spontaneous declines in
HBV DNA to undetectable levels were 1.6% and 19.1%, respectively (P = 0.051).
There was no difference in the cumulative incidence of HCC between the two
groups regarding the patients with drug-resistant CHB (P = 0.119), but there was
a significant difference between the two groups regarding the patients with
cirrhosis (P = 0.004). The Cox regression model was used for regression of the
corrected REACH-B score, which showed that alanine aminotransferase > 400
U/L, history of diabetes, and family history of liver cancer were risk factors for
HCC among men aged > 40 years (P < 0.05). Multifactorial analysis showed that a
family history of HCC among men was a risk factor for HCC.

CONCLUSION

Antiviral therapy and non-antiviral therapy with liver protection and anti-
inflammatory therapy can reduce the risk of HCC. Antiviral therapy may mask
the spontaneous serological response of some patients during CHB. Therefore, the
effect of early antiviral therapy on reducing the incidence of HCC cannot be
overestimated.

Key Words: Chronic hepatitis B; Anti-inflammatory therapy; Hepatoprotective therapy;
Cumulative incidence; Hepatocellular carcinoma; Antiviral therapy

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

Core Tip: According to the status quo of antiviral therapy for chronic hepatitis B (CHB)
in China, we conducted long-term follow-up of patients with CHB who were
recommended to receive nucleoside antiviral therapy in accordance with the guidelines,
but did not receive antiviral therapy. We found that early antiviral therapy in patients
with CHB did not yield greater benefits in the incidence of hepatocellular carcinoma
than hepatoprotective anti-inflammatory therapy. It is suggested that early antiviral
therapy with nucleosides may mask spontaneous viral clearance and hepatitis B e
antigen clearance in patients with CHB.

Citation: Jiang XY, Huang B, Huang DP, Wei CS, Zhong WC, Peng DT, Huang FR, Tong GD.
Long-term follow-up of cumulative incidence of hepatocellular carcinoma in hepatitis B virus
patients without antiviral therapy. World J Gastroenterol 2021;27(11): 1101-1116

URL: https://www.wjgnet.com/1007-9327/full/v27/i11/1101.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i11.1101
INTRODUCTION

Approximately 45% of hepatocellular carcinomas (HCCs) in patients worldwide and
80% of HCCs in patients in China are caused by hepatitis B virus (HBV) infection!l.
According to the World Cancer Report published by the World Health Organization in
2014, the number of new cases of and deaths from HCC in China accounted for more
than half of the total global number in 2012, The high prevalence of HCC in China is
mainly due to HBV infection™.

Early studies suggest that effective antiviral therapy can reduce the incidence of
HCC in patients with hepatitis B cirrhosis. A clinical study in Hong Kong included
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1446 patients with chronic hepatitis B (CHB) (including 482 patients with cirrhosis)
who received entecavir treatment. The control group included 424 untreated patients
(including 69 with cirrhosis). The cumulative incidence rates of HCC in patients with
cirrhosis at 3 and 5 years were reduced in the treatment group. Two studies in Japan
showed similar results!”*‘.

However, there is no consistent conclusion regarding the effect of antiviral therapy
on reducing the incidence of HCC among patients with CHB without cirrhosis who
have a low risk of HCC!"?l, Many studies have found no significant reduction in the
incidence of HCC in patients with CHB who benefit from antiviral therapy!”l. A Greek
study followed up 818 patients with CHB. The results showed that 49 patients
developed HCC and that the cumulative incidence of HCC at 5 years was 3.2%. The
incidence rates of HCC among patients aged < 50 years, 50-60 years and > 60 years
were 0.7%, 6.7% and 11.7%, respectively. Antiviral therapy did not reduce the
incidence of HCC associated with age. Multivariate analysis showed that age, sex and
cirrhosis were independent risk factors for HCC, regardless of antiviral therapy!. A
recent Caucasian study found that among 1666 patients with CHB who received
entecavir or tenofovir antiviral therapy, the incidence rates of HCC at 1, 3 and 5 years
were 1.3%, 3.4% and 8.7%, respectively!"”l. The cumulative incidence of HCC has been
increasing even with HBV suppression. With the prolongation of follow-up, the
incidence of HCC is predicted to increase.

The occurrence of HCC is related to a high viral load and to a long-term and
continuous increase in alanine aminotransferase (ALT). The REVEAL study suggested
that HCC is associated with a sustained increase in serum ALT levels!"’. Elevated ALT
is an indicator of hepatocyte injury or inflammation. Liver fibrosis and cirrhosis
caused by chronic liver inflammation are the pathophysiological and histological bases
for HCC progression in patients with hepatitis BI'1. Patients with CHB and persistent
or repeated elevations in ALT have significantly higher risks of cirrhosis, hepatic
decompensation, and HCC than those with persistently normal ALT levels or with
fluctuations that return to normal™**1,

Anti-inflammatory and hepatoprotective therapy is an important approach for CHB
in China™ and effectively inhibits the inflammatory response of the liver and
promotes repair of damaged hepatocytes. Studies have shown that anti-inflammatory
and hepatoprotective therapy can delay or even prevent the development of CHB into
cirrhosis, indicating its high clinical value”*’.. Antiviral therapy is also effective in
controlling liver inflammation, but the ALT levels of 20% of patients still fail to return
to normal afterwards™. Abnormal ALT levels during the first year of treatment in
patients with CHB are associated with an increased risk of HCCP.

In China, there are approximately 30 million patients with CHB, but only 11% of
these patients receive standardized antiviral therapy™l. Currently, there are few
relevant reports addressing the outcomes of the large number of CHB patients who do
not receive antiviral therapy. In our observation group, we included 362 patients with
CHB and 96 with hepatitis B cirrhosis who were not treated with antiviral therapy but
had been treated with anti-inflammatory and hepatoprotective drugs for a long time.
The median follow-up times were 10 and 7 years, respectively. A total of 203 patients
with CHB and 129 patients with hepatitis B cirrhosis receiving antiviral therapy were
included as the control group. The median follow-up times were 8 and 7 years,
respectively.

MATERIALS AND METHODS

Observation group

This study comprised 3500 patients with CHB who were hospitalized for the first time
in the Department of Hepatology, Shenzhen Hospital of Traditional Chinese Medicine
between January 1993 and December 1998 due to abnormal liver function (ALT > 40
U/L). According to the inclusion and exclusion criteria, we enrolled 362 patients with
CHB and 96 patients with cirrhosis who were treated with anti-inflammatory and
hepatoprotective drugs without antiviral therapy. The median HBV-DNA (log) load
was 7.14, and the median ALT level was 188.62 U/L. These patients should have been
treated with antiviral therapy, but for various reasons, they did not receive antiviral
therapy.

Control group
We collected data for 3897 patients with CHB who received antiviral therapy when
they were admitted to the Department of Shenzhen Hospital of Traditional Chinese
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Medicine between January 1999 and December 2007 and who received antiviral
therapy at the initial visit. According to the inclusion and exclusion criteria, we
enrolled 203 patients with CHB and 129 patients with hepatitis B cirrhosis.

Inclusion criteria

CHB without cirrhosis: (1) Patients were positive for hepatitis B surface antigen
(HBsAg) for at least 6 mo; (2) Aged 18-75 years; (3) No treatment with interferon; (4)
Patients with anti-inflammatory and hepatoprotective drug treatment had ALT = 2
upper limit of normal, HBV-DNA positivity and follow-up times > 2 years; and (5)
Patients with antiviral treatment had voluntary acceptance of nucleoside antiviral
therapy, follow-up time of > 2 years, and treatment with anti-inflammatory and
hepatoprotective drugs for < 6 mo. Hepatitis B cirrhosis patients: (1) Cirrhosis
diagnosed by imaging or histology at enrollment; and (2) Child-Turcotte-Pugh score >
7 points defined as decompensated.

Exclusion criteria

The exclusion criteria were as follows: (1) CHB complicated by drug-induced liver
damage, alcoholic liver disease, autoimmune liver disease or other liver diseases; (2)
HCGC; (3) Liver cancer diagnosed within 1 year after treatment; (4) Patients with anti-
inflammatory and hepatoprotective therapy who were followed up for < 2 years after
treatment; and (5) Patients with antiviral treatment who were followed up for < 2
years or who received anti-inflammatory and hepatoprotective treatment for > 6 mo.

Study design

This was an ambispective cohort study, with retrospective analyses before December
31, 2007, and prospective cohort analyses thereafter. The study was conducted and
reported according to the study protocol, conforming to the ethical guidelines of the
1975 Declaration of Helsinki, which was approved by the Ethics Committee of
Shenzhen Hospital of Traditional Chinese Medicine. All of the included patients were
required to give signed informed consent.

Treatment

Observation group: Treatment consisted of glycyrrhizin preparation (oral or
intravenous injection), glutathione (oral or intravenous injection), schisandra
preparation (oral bicyclol, wuzhi capsule or tablet), and Silymarin. Control group:
monotherapy consisted of lamivudine (LAM) 100 mg/d (Galans history Ke
Pharmaceutical Company), adefovir (ADV) 10 mg/d (GlaxoSmithKline
Pharmaceuticals), telbivudine (LDT) 600 mg/d (Beijing Novartis Pharmaceutical Co.,
Ltd.), or entecavir (ETV) 0.5 mg/d (China-US Shanghai Squibb Pharmaceutical Co.,
Ltd.), and combination therapy consisted of an initial combination or salvage
treatment, namely, LAM + ADV, LDT + ADV, or ETV + ADV.

Follow-up procedure

The starting point was the time when each patient was enrolled for the first time, and
the endpoint of follow-up was the time of study discontinuation or last follow-up visit
before the patient was lost to follow-up. All patients were followed up at least every 6
mo. The follow-up times of the patients with anti-inflammatory and hepatoprotective
treatment were 2 2 years. The addition of or switching between antiviral drugs was
considered to be the endpoint of follow-up. Patients with antiviral therapy alone were
not treated with anti-inflammatory or hepatoprotective therapy for = 6 mo. The anti-
inflammatory and hepatoprotective therapy patients were followed up for 2-23 years
(1993-2016), and antiviral patients were followed up for 2-17 years (1999-2016)
(Figure 1). Follow-up observation indicators were: (1) Liver function: ALT, aspartate
aminotransferase (AST), and total bilirubin (TB); (2) HBV-DNA quantification; (3) HBV
markers such as HBsAg and hepatitis B e antigen (HBeAg); (4) Routine blood tests; (5)
B-mode Doppler imaging, computed tomography (CT) or magnetic resonance imaging
(MRI); and (6) a-fetoprotein (AFP) detection.

Laboratory tests

(1) Liver function was tested with an Olympus 2700 automatic biochemical analyzer,
and routine analysis of blood was performed with an XS-500i automatic analyzer; (2)
HBV marker detection was performed using an ELISA method, with reagents
provided by Shanghai Kehua Bioengineering Co., Ltd; (3) HBV-DNA quantitative
analysis was performed using real-time fluorescent quantitative polymerase chain
reaction (PCR) and COBASTaqMan HBV diagnostic reagents, and the reagents were
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Data for 2908 eligible patients with liver

protection and anti-inflammatory treatment
were collected (January 1993-December 1998)

Data for 3013 eligible patients with antiviral therapy
were collected (January 1999-December 2007)

l

\d

500 patients with hepatitis B cirrhosis

2408 patients with chronic hepatitis B and

2410 patients with chronic hepatitis B and
603 patients with hepatitis B cirrhosis

According to the criteria

Y

A 4

362 patients with chronic hepatitis B and
96 patients with hepatitis B cirrhosis were
followed up for no less than 2 yr

203 patients with chronic hepatitis B and
129 patients with hepatitis B cirrhosis
were followed up for no less than 2 yr

Y

29 patients with chronic hepatitis B, and
27 patients with hepatitis B cirrhosis
developed hepatocellular carcinoma

9 patients with chronic hepatitis B,
31 patients with hepatitis B cirrhosis
developed hepatocellular carcinoma

Figure 1 Flow chart of the control group.
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provided by Shenzhen Piji Bioengineering Co., Ltd. and Roche Diagnostics Co., Ltd.
The instruments used were the ABI PRISM 7000 fluorescence quantitative PCR
instrument and COBAS Tagman48analyzer real-time quantitative PCR analyzer; (4)
AFP measurements were performed using enzyme immunoassays, with a normal
detection value of 20 ng/L; (5) B-mode Doppler imaging was performed using the
Fynergy-type color dual-function Doppler produced by the Tyson Corporation. The B-
ultrasound diagnostic criteria for cirrhosis were as follows: according to the integral
classification standard of liver ultrasound parameters, the score was = 10 points™™}; (6)
Lesions in the liver were observed by B-ultrasound, CT and MRI. The CT spiral
scanner was the Siemens Picker UltraZ super, and the MRI diagnostic instrument was
the Philips intera2.0T, 3.0T high magnetic field superconducting magnetic resonance
machine; and (7) For the liver biopsy specimens, the lengths were > 1.5 cm,
conventional paraffin sections were prepared for hematoxylin and eosin staining and
Masson and reticulum fiber staining, and each specimen contained at least six junction
areas.

Statistical analysis

This study used HCC as the endpoint of observation. The study deadline was
December 31, 2016. The analysis of all patients with follow-up data and of those who
were lost to follow-up was ended with the last clinical datapoints. For statistical
analysis of differences between groups, qualitative data were analyzed using the c? test
or Fisher’s exact probability method, and continuous variables were analyzed using
the Mann-Whitney test. The cumulative incidence of liver cancer was analyzed by
Kaplan-Meier curves, and statistical significance was determined using the log-rank
test. The Cox risk regression model was used to analyze the factors influencing liver
cancer. All data were analyzed by SPSS version 22.0. P < 0.05 was considered
statistically significant.

RESULTS

Clinical baseline data of enrolled patients

There were 291 men and 71 women among the 362 patients with CHB in the
observation group. There were 175 men and 28 women in the control group.
According to the statistical analysis, there were significant differences in sex between
the two groups (P < 0.05). There were 198 HBeAg-positive patients in the observation
group and 123 in the control group. The difference in the proportions of HBeAg-
positive patients in the two groups was significant (P < 0.05). In the observation group,
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the median age was 33 years, and the median follow-up time was 10 years; in the
control group, the median age was 39 years, and the median follow-up time was 8
years. There were significant differences in age and follow-up between the two groups
(P < 0.05). However, there were no significant differences in the remaining indicators
(Table 1).

In the observation group, there were 74 men and 22 women among the 96 patients
with hepatitis B cirrhosis. In the control group, there were 119 men and 10 women
among 129 patients with hepatitis B cirrhosis, and there were significant differences in
sex between the two groups (P < 0.05). In the observation group, the median TB level
was 39.10 mmol/L, and the median platelet count was 99.50 x 10°/L. In the control
group, the median TB level was 37.0 mmol/L, and the median platelet count was 107 x
10°/L. There were significant differences in the TB and platelet levels between the two
groups (P < 0.05). There were no significant differences in the other indicators
(Table 1).

HBV-DNA, HBeAg, HBsAg and ALT testing at the end of follow-up

At the end of follow-up of the 362 CHB patients, HBV DNA was undetectable in 61
patients (16.6%) and decreased by no less than 2 Log in 216 patients (59.7%). Sixty-five
patients (32.8%) were negative for HBeAg, three (0.8%) were negative for HBsAg, and
275 (76.0%) had normal ALT levels. However, among the 203 patients in the control
group, 179 were HBV-DNA negative (87.2%), 194 (95.6%) had decreased HBV-DNA
levels by no less than 2 Log, 64 (52.0%) were negative for HBeAg, two (0.6%) were
negative for HBsAg, and 191 (94.1%) had normal ALT levels (Table 2).

At the end of the follow-up of the 96 patients with hepatitis B cirrhosis, 19 (19.8%)
were negative for HBV DNA. Fifty-seven patients (59.37%) showed decreases in HBV-
DNA of no less than 2 Log, 12 (40.0%) had HBeAg negative conversion, one had
HBsAg negative conversion (1.0%), and 68 patients (70.8%) had normal ALT levels. In
the control group of 129 patients, 116 (89.9%) were HBV-DNA negative, 124 (96.1%)
had decreases in HBV DNA of no less than 2 Log, 19 (59.4%) had HBeAg negative
conversion, one (1.6%) had HBsAg negative conversion, and 110 patients (85.3%) had
normal ALT levels (Table 2).

Comparison of cumulative incidence of HCC in CHB patients

Among 362 patients with CHB, the cumulative incidence rates of HCC (n = 29) in years
2,4,6,8,10,12, 14, 16 and 18 were 0, 0.008, 0.027, 0.045, 0.067, 0.096, 0.111, 0.135 and
0.149, respectively. The cumulative incidence rates of HCC (n = 9) among the 203
patients in the control group in years 2, 4, 6, 8, 10, 12, 14 and 16 were 0, 0.005, 0.022,
0.029, 0.066, 0.107, 0.107 and 0.107, respectively. After the Kaplan-Meier log-rank
analysis, there was no significant difference in the cumulative incidence of HCC
between the two groups (P = 0.842) (Figure 2A).

Comparison of cumulative incidence of HCC in patients with hepatitis B cirrhosis
Among the 96 patients with hepatitis B cirrhosis, the cumulative incidence rates of
HCC (n = 27) in years 2, 4, 6, 8 and 10 in the observation group were 0, 0.065, 0.189,
0.446 and 0.531, respectively. The cumulative incidence rates of HCC (1 = 31) in years
2,4,6,8,10,12 and 14 among the 129 patients with cirrhosis were 0, 0.071, 0.138, 0.264,
0.319, 0.319 and 0.319, respectively. The incidence of HCC accumulation in the control
group was lower than that in the observation group, and the results of the
Kaplan-Meier log-rank analysis showed that there was a significant difference (P =
0.026) (Figure 2B).

Cumulative incidence of HCC after HBeAg negative conversion in HBeAg-positive

CHB patients

Among 362 patients with CHB, 198 were HBeAg positive, 65 had HBeAg negative
conversion, and one developed HCC after HBeAg negative conversion. The
cumulative incidence rates of HCC (n = 1) among the 65 patients in years 2, 4 and 6-20
were 0, 0.016 and 0.016-0.016, respectively. Among the 133 patients without HBeAg
negative conversion, 12 developed HCC. The cumulative incidence rates of HCC (n =
12) in years 2, 4, 6, 8, 10, 12, 14 and 16-20 were 0, 0.050, 0.062, 0.088, 0.104, 0.132, 0.167
and 0.223, respectively. The cumulative incidence rate of HCC in patients with CHB
who did not have HBeAg negative conversion was higher than that in patients with
HBeAg negative conversion. The cumulative incidence rates of HCC in the two groups
were significantly different (P = 0.022) (Figure 3A).
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Chronic hepatitis B patients

Hepatitis B cirrhosis patients

Observation group (n =

Control group (n =

Observation group (n = 96)

Control group (n =

362) 203) 129)
Sex: Males (%) 291 (80.38) 175 (86.20)" 74 (77.08) 119 (92.24)°
E antigen-positive patients (%) 198 (54.69) 123 (60.59)" 30 (31.25) 32 (24.80)
Age (yr) 33 (25-40) 39 (32-46)" 59.50 (48-67) 48 (41-58)
Median follow-up time 10 (7-14) 8 (6-9)" 7 (5-8) 7 (6-8)
HBV-DNA (log) 7.14 (5.92-7.70) 6.76 (5.63-7.29) 4.77 (4.37-5.53) 4.92 (4.06-5.57)
ALT 188.62 (141.70-296.55) 185.50 (135.01-260.25) 98.73 (75.91-121.73) 110.00 (78.10-202.00)
AST 132.14 (100.00-173.57) 135.00 (110.00-215.00)  53.15 (40.77-122.58) 76.00 (49.00-105.00)
TB 27.00 (21.30-36.50) 28.50 (21.00-41.25) 39.10 (33.00-45.00) 37.00 (18.00-51.00)"
ALB 32.00 (26.00-37.70) 36.00 (33.50-37.00)
PLT 99.50 (58.00-120.00) 107.00 (102.00-119.00)"
Diabetes (%) 39 (10.77) 21 (10.34) 21 (21.87) 26 (20.15)
Hypertension (%) 29 (8.01) 18 (8.86) 23 (23.95) 25 (19.37)
Family history of hepatocellular 21 (5.80) 10 (4.97) 19 (19.76) 27 (20.93)
carcinoma (%)
REACH-B score 10 (8-12) 10 (8-12)

P < 0.05 compared with the observation group. HBV: Hepatitis B virus; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TB: Total
bilirubin; ALB: Albumin; PLT: Platelet.

Table 2 Changes in hepatitis B virus-DNA, hepatitis B e antigen, hepatitis B surface antigen and alanine aminotransferase after anti-

inflammatory and hepatoprotective treatment and antiviral therapy in patients with chronic hepatitis B and cirrhosis, n (%)

Chronic hepatitis B

Hepatitis B cirrhosis

Variable g:zs)ervatlon group (n = Control group (n=203) Observation group (n=96)  Control group (n = 129)
HBV-DNA undetectable 61 (16.85) 179 (87.19) 19 (19.79) 116 (89.92)

HBV-DNA drops no less than 216 (59.66) 194 (95.56) 57 (59.37) 124 (96.12)

2log

HBeAg negative conversion 65 (32.82) 64 (52.03) 12 (40) 19 (59.37)

HBsAg negative conversion 3(0.82) 2 (0.55) 1(1.04) 2 (1.55)

ALT returns to normal 275 (75.96) 191 (94.08) 68 (70.83) 110 (85.27)

Undetectable hepatitis B virus-DNA was defined as hepatitis B virus-DNA < 500 copies/mL; a return of alanine aminotransferase to normal was defined as
alanine aminotransferase < 40 mmol/L after treatment. HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HBsAg:

Hepatitis B surface antigen.
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Cumulative incidence of HCC after spontaneous decreases in HBV DNA to

undetectable levels in patients with CHB

Among the 362 patients with CHB, 61 had undetectable HBV DNA, and one
developed HCC after undetectable HBV DNA. The cumulative incidence rates of HCC
(n =1) in years 2 and 4-20 were 0.016 and 0.016, respectively. A total of 301 patients
did not have undetectable HBV DNA, and 28 of them developed HCC. The
cumulative incidence rates of liver cancer in years 2, 4, 6, 8, 10, 12, 14 and 16-20 were
0.013, 0.034, 0.047, 0.068, 0.089, 0.135, 0.157 and 0.191, respectively. The incidence of
HCC in patients without undetectable HBV DNA was higher than that of HCC in
those with HBV-DNA negative conversion. There was no significant difference in the
cumulative incidence of liver cancer between the two groups (P = 0.051) (Figure 3B).
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Figure 2 Cumulative incidence of hepatocellular carcinoma. A: Comparison of the incidence of hepatocellular carcinoma over time in two groups of
chronic hepatitis B patients (patients with liver protection and anti-inflammatory treatment and patients with antiviral therapy); B: Comparison of the incidence of
hepatocellular carcinoma over time in patients with hepatitis B cirrhosis. HCC: Hepatocellular carcinoma.
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Figure 3 Cumulative incidence of hepatocellular carcinoma. A: Incidence of hepatocellular carcinoma after hepatitis B e antigen negative conversion in
hepatitis B e antigen-positive chronic hepatitis B patients; B: Cumulative incidence of hepatocellular carcinoma after hepatitis B virus-DNA negative conversion in
patients with chronic hepatitis B. HCC: Hepatocellular carcinoma; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus.

Cumulative incidence of HCC among patients with antiviral resistance in CHB
Among the 203 patients with CHB who received direct antiviral therapy, 79 developed
antiviral resistance; of whom, 47 received LAM, 22 ADV, and 10 LDT. Seven of 79
patients developed HCC. The cumulative incidence rates of HCC among the 79
patients with drug resistance at years 2, 4, 6, 8, 10 and 12 were 0.000, 0.000, 0.027, 0.043,
0.130 and 0.185, respectively. The cumulative incidence rates of HCC (n = 2) among the
124 nonresistant patients at years 2, 4 and 6-12 were 0.000, 0.008 and 0.018,
respectively. There was no significant difference in the cumulative incidence of HCC
between the two groups according to the Kaplan-Meier log-rank test (P = 0.119)
(Figure 4A).

Cumulative incidence of HCC in patients with antiviral resistance in hepatitis B
cirrhosis

Of the 129 patients with direct antiviral cirrhosis, 30 developed antiviral resistance
(HCC = 14); 17 of whom received LAM, eight ADV, and five LDT. The cumulative
incidence rates of HCC among the 30 patients with drug resistance at years 2, 4, 6 and
8 were 0, 0.033, 0.240 and 0.506, respectively. The cumulative incidence rates of HCC (n
=16) among the 99 patients who did not develop antiviral resistance at years 2, 4, 6, 8
and 10 were 0, 0.083, 0.105, 0.167 and 0.255, respectively. The cumulative incidence of
HCC among patients with antiviral-resistant hepatitis B cirrhosis was higher than that
among nonresistant patients. The difference was significantly different according to
the Kaplan-Meier log-rank test (P = 0.004) (Figure 4B).
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Figure 4 Cumulative incidence of hepatocellular carcinoma. A: Cumulative incidence of hepatocellular carcinoma in patients with antiviral resistance in
chronic hepatitis B; B: Cumulative incidence of hepatocellular carcinoma in patients with antiviral resistance in hepatitis B cirrhosis. HCC: Hepatocellular carcinoma.

Jaishideng®

Cox regression analysis of risk factors for HCC in patients with CHB who were
calibrated with REACH-B

We used the Cox regression model of the corrected REACH-B score to determine
whether HCC occurred as the endpoint of observation, after adjusting for sex, age,
HBeAg, ALT, AST, DNA, and other related parameters. The results showed that men
aged > 40 years, ALT > 400 U/L, history of diabetes, and family history of HCC were
risk factors for HCC (P < 0.05). Multivariate analysis showed that male sex and HCC
family history were risk factors for HCC (Table 3).

DISCUSSION

In China, HCC is mainly HBV-associated, and this form of HCC has a worse prognosis
than hepatitis-C-virus-associated HCC. Therefore, the effect of antiviral therapy
should be discussed based on the incidence of HBV-related HCC rather than on the
disappearance of HBV viral markers or serological conversion as the main target of
treatment.

The antiviral mechanism of nucleoside analogs (NAs) is propagated mainly through
their inhibition of the polymerase of HBV replication, thereby controlling the HBV
load in the serum and the circulating pool, thus reducing the pathogenic factors of
HBV-related HCC*.. However, NAs cannot completely eradicate covalently closed
circular DNAs, and they cannot block the occurrence of HBV-related HCC. This is
mainly related to the carcinogenic mechanism of HBV. It is generally believed that
there are three factors contributing to HBV carcinogenesis: the integration of HBV and
host genes; accumulation of HBX protein in cells; and the persistence of inflammation.
HBV destroys the genes of host cells, and the trans-binding carcinogenesis of HBX
proteins leads to a series of carcinogenic factors that cannot be countered by NA
drugs. It is important to note that persistent liver inflammation is also an important
factor in the development of HCC. The causes of HBV inflammation include: (1)
Induction of the host immune response by HBV infection; and (2) Uncontrollable
inflammatory factors. Specifically, under uncertain conditions, inflammation cannot
change from an anti-infection/tissue damage mode to a balanced and stable statel],
leading to continuous progression of inflammation. Proinflammatory cytokines and
reactive oxygen species produced in the process of inflammation lead to gene
mutations or phenotypic modifications that promote canceration!”’l.

Antiviral therapy reduces HCC mainly by decreasing the HBV-DNA load, thereby
reducing immune-related injury to the body™-" and the levels of carcinogenic factors
associated with inflammation. NA antiviral therapy can effectively decrease the HBV-
DNA load, but it cannot achieve effective immune control. Immunoregulation is
generally divided into positive and negative regulation. NA antiviral therapy mainly
acts as a negative regulatory factor, but it does not affect positive regulatory factors;
thus, it is difficult to achieve true immune functional recovery™l. Therefore, 50%-70%
of patients relapse after stopping drug treatment™, which confirms the lack of
immune recovery.

Current, relevant, long-term follow-up studies that have been published adopted a
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Table 3 Cox regression analysis of risk factors for hepatocellular carcinoma in patients with chronic hepatitis B who were calibrated

with REACH-B
Variable Rate ratio (95%Cl)
Single factor Multiple factors
Sex
Female 1.0 (referent) 1.0 (referent)
Male 2.859 (1.835-6.112)" 3.076 (1.975-8.437)"
Age (yr)
<40 1.0 (referent)
> 40 2.677 (1.089-6.579)"
HBeAg
- 1.0 (referent)
+ 0.614 (0.288-1.310)
DNA level, IU/L (log)

<3 (1x10°TU/L)
3-6.30 (2 x 10° IU/L)
>6.30

ALT level, U/L
<50

50-200

200-400

> 400

AST level, U/L
<40

40-200

200-400

> 400

TBlevel, U/L

<23

23-46

46-115

>115

Treatment
Anti-inflammatory
Antiviral

Antiviral after anti-inflammatory treatment
Diabetes

No

Yes

Hypertension

No

Yes

Family history of liver cancer

Bishidengs WIG | https://www.wjgnet.com

1.0 (referent)
1.130 (0.543-1.602)

2.604 (0.749-3.854)

1.0 (referent)
1.140 (0.728-6.676)
3.310 (0.173-11.112)

4.036 (1.678-7.234)°

1.0 (referent)
0.592 (0.184-1.904)
1.565 (0.124-2.581)

8.059 (0.689-11.968)

1.0 (referent)
0.525 (0.211-1.308)
1.349 (0.078-1.572)

1.605 (0.125-2.936)

1.0 (referent)

0.701 (0.207-1.313)

0.874 (0.283-1.467)

1.0 (referent)

2.469 (1.079-5.649)"

1.0 (referent)

1.932 (0.650-5.748)
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1.0 (referent) 1.0 (referent)

30.924 (12.709-75.561)" 23.463 (9.372-47.564)"

4P < 0.05 vs the observation group. HBeAg: Hepatitis B e antigen; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TB: Total bilirubin.
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retrospective or database observation comparative design, but these studies all had
many shortcomings regarding intergroup confounding factors!™l. The present study is
a real-world clinical study, lasting 2-23 years, of CHB patients in China. The aim of the
study was to evaluate the real clinical outcomes, particularly the occurrence of HCC,
in patients who did not receive antiviral therapy but received only anti-inflammatory
and hepatoprotective therapy. Notably, a large number of data reported that it
generally took 6-12 mo for HCC to be detected by B-ultrasound screening. In order to
ensure the reliability and the objectivity of the results, we excluded patients with HCC
occurring within 1 year of follow-up. We restricted the follow-up period to at least 2
years, and patients who developed detectable liver cancer within 1 year after
enrollment were excluded. Considering that the time to find HCC takes 1-2 years, the
follow-up period was determined to be > 2 years. Our results showed that no patient
in the CHB group and six patients in the cirrhosis group developed HCC within 1 year
and we subsequently excluded these patients in the following observation.

Our results showed that among 362 patients with CHB who were not treated with
antiviral therapy but treated only with anti-inflammatory and hepatoprotective
therapy, after an average follow-up of 10 years, 16.9% had undetectable HBV DNA,
32.8% had HBeAg seroconversion, and 76.0% had ALT levels that returned to normal.
Our results are similar to those of a previous study in Taiwan™. In addition, in the
antiviral treatment group, 87.2% of patients were HBV-DNA negative, 52.0% had
HBeAg seroconversion, and 94.1% had ALT levels that returned to normal. After
antiviral treatment, the virological response of patients was significantly higher than
that of patients without antiviral treatment; however, neither group showed
significant differences.

At present, in China, anti-inflammatory and hepatoprotective drugs, such as
glycyrrhizin, glutathione, polyethylene phosphatidylcholine, silymarin, and dicyclol,
are classified into multiple categories, including anti-inflammatory, antioxidative and
antifibrotic drugs™™. When patients first present with elevated ALT, over the
following 5-10 years, approximately 17% of patients may have spontaneous decreases
in HBV DNA to undetectable levels, and approximately 33% may have spontaneous
HBeAg seroconversion. The results of our study showed that the cumulative incidence
of HCC was significantly different between patients with and those without HBeAg
seroconversion. As long as the liver inflammatory response is effectively controlled in
such patients, once spontaneous HBeAg serological transformation occurs, immune
control can be achieved, thereby leading to entry into the inactive HBsAg carrier
period, stabilization of the disease for a long time, and a significant reduction of
HCCM™.. Although antiviral therapy can significantly inhibit the replication of HBV
DNA, 50%-70% of patients relapse after drug withdrawal; even when the serological
conversion of HBeAg occurs, it is temporary and unstable, and the cumulative
recurrence rate is 44% after a 4-year follow-up period following drug withdrawal™l.
Thus, although these relapsed patients achieve HBV-DNA negative conversion, they
do not achieve true immune control, and only 30%-50% of patients have true immune
control. There were no significant differences between patients with antiviral therapy
who achieved true immune control and spontaneous seroconversion. Therefore, we
suggest that antiviral therapy masks the spontaneous relief process of CHB. Several
studies have confirmed that the incidence of HCC after interferon therapy is
significantly lower than that in patients who benefit from NA antiviral therapy™-*,
which also demonstrates why patients with CHB without cirrhosis who benefit from
NA antiviral therapy do not have the advantage of better prevention of HCC. The key
is that anti-inflammatory and hepatoprotective treatment can effectively improve the
inflammatory response of the liver, slow down the progression of liver fibrosis during
spontaneous seroconversion, and thus effectively reduce the incidence of HCC*L.

For patients with CHB complicated by cirrhosis, our results show that effective
antiviral therapy can significantly reduce the cumulative incidence of HCC in patients
with HBV-related cirrhosis. For hepatitis B cirrhosis patients who are positive for HBV
DNA, taking antiviral therapy in a timely manner is important for controlling the
persistent inflammatory response in the liver and eliminating the virus®l. However,
the cumulative incidence of HCC in patients with cirrhosis is still increasing with the
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prolongation of follow-up, and there is no plateau phase. This shows that antiviral
therapy can only delay but not eliminate the occurrence of HCC. Notably, even if
patients with cirrhosis are treated with antiviral drugs in a timely manner, the
cumulative incidence of HCC is still higher than that of patients with CHB without
liver cirrhosis. This indicates that cirrhosis remains the most important factor in the
development of HCCIL

Drug resistance is common in CHB patients receiving antiviral therapy, especially in
those treated with LAM and ADV in the early stage. However, will the incidence of
HCC be further increased in patients with antiviral resistance? At present, there are
still few reports suggesting that drug resistance may offset the benefit of antiviral
therapy in patients with cirrhosis!*l. The results of our study showed that there was no
significant difference in the cumulative incidence of drug-resistant and nonresistant
HCC after antiviral therapy in patients with CHB without cirrhosis. This finding may
be related to effective control of the HBV-DNA load in these patients with a low risk of
HCC through timely rescue treatment, even when drug resistance occurred. However,
in patients with cirrhosis, the incidence of HCC in drug-resistant patients was
significantly higher than that in nonresistant patients, and the difference was
significantly different. For patients with cirrhosis, the reserve function of the liver
decreases, and the effective liver tissue decreases; drug resistance can lead to
virological breakthroughs or rebounds, accelerate the progression of the disease, and
further aggravate liver injury, thus increasing the risk of cirrhosis and HCC*1. HBV
mutation tends to increase gradually with infection time and disease progression'*,
and the selection of antiviral drugs with high resistance barriers is an important factor
in preventing viral mutation and reducing the occurrence of HCC in patients with
liver cirrhosis.

Taiwanese scholars used data from the Reveal-HBV cohort to quantify HCC risk
factors, and they established and preliminarily verified the first HBV-related HCC
prediction model, REACH-B. The HCC scoring system includes host factors such as
sex, age, family history of HCC, serum ALT levels, and virological indicators such as
HBeAg levels, HBV-DNA levels, HBsAg quantification, and HBV genotypes!*l. The
optimal cutoff point is 8 points, which is more suitable for the Asian population. Many
guidelines recommend this model. The higher the score of this model, the higher the
incidence of HCC. In this study, the REACH-B score did not indicate that non-antiviral
therapy was an independent factor in the occurrence of HCC, while the occurrence of
HCC was closely related to age, sex and family history of HCC.

This study was a single-center, pre-retrospective study, and further prospective
cohort studies will be conducted when patients are identified as research subjects.
Because antiviral therapy patients were enrolled after 2001 and the enrollment time of
each group was different, the results of the study were biased to some extent. In this
study, LAM, ADV and other high-resistance and low-potency drugs were used in the
early stage of antiviral therapy, which affected the effectiveness of antiviral therapy.
The evaluation criteria of the patients with liver cirrhosis were mainly based on B-
mode ultrasound, while only 10% of patients were assessed by histopathology, which
may have led to an underestimation in diagnosing the degree of liver fibrosis and
early cirrhosis.

This study shows that in addition to viruses being the main carcinogenic factor in
patients with CHB, inflammation or uncontrollable inflammation of the liver are
important carcinogenic factors. Whether it is antiviral therapy or anti-inflammatory
and hepatoprotective therapy alone, controlling liver inflammation is one of the
mechanisms for improving liver histology. Therefore, once ALT elevation occurs in
patients with CHB without cirrhosis, as long as liver inflammation is effectively
controlled and immune control is achieved, the incidence of long-term HCC can be
reduced to a certain extent. Our results showed that patients with liver cirrhosis had a
higher cumulative incidence of HCC, so it was important to prevent patients
developing cirrhosis. Patients with cirrhosis must receive antiviral therapy. Antiviral
therapy can be implemented at the stage of progressive liver fibrosis to prevent the
rapid occurrence of cirrhosis, which will be beneficial to the long-term prevention of
HCC. Early NA antiviral therapy for low-HCC-risk patients with CHB without
cirrhosis may mask the spontaneous serological response of some patients; therefore,
the role of early antiviral therapy in reducing the occurrence of HCC cannot be
overestimated.
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CONCLUSION

In conclusion, antiviral therapy and non-antiviral therapy with liver protection and
anti-inflammatory therapy can reduce the risk of HCC. Antiviral therapy may mask
the spontaneous serological response of some patients during CHB. Therefore, the
effect of early antiviral therapy on reducing the incidence of HCC cannot be
overestimated.

ARTICLE HIGHLIGHTS

Research background

China is one of the leading countries for hepatitis B virus (HBV) prevalence, but most
chronic hepatitis B (CHB) patients do not receive standardized antiviral therapy. There
are few relevant reports addressing the outcomes of the large number of CHB patients
who do not receive antiviral therapy.

Research motivation

The purpose of this study was to provide clinical evidence on the outcomes of CHB
patients without antiviral treatment and evaluate the efficacy of antiviral therapy in
the development and progression of CHB.

Research objectives
To observe the outcomes of long-term follow-up of patients with CHB without
antiviral treatment.

Research methods

This study included 362 patients with CHB and 96 with hepatitis B cirrhosis, without
antiviral treatment and with only hepatoprotective and anti-inflammatory treatment in
1993-1998. The median follow-up period was 10 and 7 years, respectively. A total of
203 CHB and 129 hepatitis B cirrhosis patients receiving antiviral therapy were
selected as the control groups. The median follow-up period was 8 and 7 years,
respectively. Kaplan-Meier curves were used to analyze the cumulative incidence of
hepatocellular carcinoma (HCC), and the Cox regression model was used to analyze
the risk factors of HCC.

Research results

Among the patients in the non-antiviral group, 16.9% showed spontaneous decreases
in HBV DNA to undetectable levels, and 32.8% showed hepatitis B e antigen (HBeAg)
seroconversion. In the antiviral group, 87.2% of patients had undetectable HBV DNA,
and 52% showed HBeAg seroconversion. Among CHB and hepatitis B cirrhosis
patients, the cumulative incidence rates of HCC were 14.9% and 53.1%, respectively, in
the non-antiviral group, and were 10.7% and 31.9%, respectively, in the antiviral
group. There was no difference between the two groups CHB, but there was a
difference between the groups with hepatitis B cirrhosis. The cumulative incidence
rates of HCC were 1.6% and 22.3% in the groups with and without spontaneous
HBeAg seroconversion, respectively. The incidence rates of HCC among patients with
and without spontaneous declines in HBV DNA to undetectable levels were 1.6% and
19.1%, respectively. There was no difference in the cumulative incidence of HCC
between the two groups with drug-resistant CHB, but there was a significant
difference between the two groups with cirrhosis. The Cox regression model was used
for regression of the corrected REACH-B score, and alanine aminotransferase > 400
U/L, history of diabetes, and family history of liver cancer were risk factors for HCC
in men aged > 40 years. Multifactor analysis showed that a family history of HCC
among men was a risk factor for HCC.

Research conclusions

Antiviral therapy and non-antiviral therapy with hepatoprotective and anti-
inflammatory therapy both reduced the risk of HCC. Antiviral therapy may mask the
spontaneous serological response of some patients during CHB.

Research perspectives
Our study initially verified the outcomes of patients with CHB without antiviral
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treatment. The effect of early antiviral therapy on reducing the incidence of HCC
cannot be overestimated. More evidence-based studies are needed to validate the
relationship between HCC incidence and antiviral therapy.
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