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Abstract
Neuroendocrine neoplasms (NENs) are a group of rare 
and heterogeneous malignancies, which can develop 
in various organs. The clinical course of NENs is quite 

heterogeneous, with different spontaneous growth rates 
after diagnosis, and different degrees of sensitivity to the 
same therapy even when they have similar characteristics. 
Watch and wait  (W and W), is a term coined to indicate 
observation being conducted to assess the evolution of 
the tumor without administering any anti-tumor therapy. 
It has been applied to NENs since in extremely rare cases 
they tend to remain stable for a long time. Although 
W and W has been reported in several guidelines and 
recommendations it has never been validated, nor has 
it been specifically investigated. Furthermore it is not 
standardized. Therefore its application in clinical practice 
can differ in terms of tumor status assessment, type and 
timing of imaging or other exams utilized. In conclusion, 
while undertaking W and W to delay the first-line therapy 
by some weeks may be justified in good performance 
asymptomatic patients with low-grade NENs in order to 
usefully characterize the disease and patient and thereby 
choose the best therapy and therapeutic strategy, it 
seems to be far more difficult to justify W and W with the 
intent of avoiding an anti-tumor treatment. It should be 
considered that not only do NENs tend to grow even when 
they have very favorable biological characteristics but also 
that the alternative to W and W is most commonly a low 
toxic and effective treatment with somatostatin analogs.

Key words: Observation; Wait and see; Watch and wait ; 
Surveillance; Neuroendocrine tumors

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Watch and wait  (W and W) is a term coined 
to indicate observation without therapy assessing the 
evolution of the tumor. Given that neuroendocrine tumors 
sometimes are radiologically stable over months since 
they tend to grow slowly observation has been reported 
as an option to be considered in several guidelines and 
recommendations. However it has neither validated nor 
specifically investigated so far. Therefore its application 

World Journal of
Clinical OncologyW J C O

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

DOI: 10.5306/wjco.v8.i2.96

World J Clin Oncol 2017 April 10; 8(2): 96-99

ISSN 2218-4333 (online)



97 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

Fazio N. Wait and see in NET

in clinical practice is arbitrary and it differs in terms of 
tumor status assessment, type and timing of imaging or 
other exams utilized. While undertaking W and W to delay 
the first-line therapy by some weeks may be justified in 
good performance asymptomatic patients with low-grade 
neuroendocrine neoplasms (NENs) in order to usefully 
characterize the disease and patient and thereby choose 
the best therapy and therapeutic strategy, it seems to be 
far more difficult to justify W and W with the intent of 
avoiding an anti-tumor treatment. It should be considered 
that not only do NENs tend to grow even when they have 
very favorable biological characteristics but also that the 
alternative to W and W is most commonly a low toxic and 
effective treatment with somatostatin analogs.

Fazio N. Watch and wait policy in advanced neuroendocrine 
tumors: What does it mean? World J Clin Oncol 2017; 8(2): 96-99  
Available from: URL: http://www.wjgnet.com/2218-4333/full/v8/
i2/96.htm  DOI: http://dx.doi.org/10.5306/wjco.v8.i2.96

INTRODUCTION
Neuroendocrine neoplasms (NENs) represent a group 
of rare and heterogeneous malignancies, which can 
develop in various organ. They are classified on the 
basis of their level of aggressiveness into low, inter­
mediate and high grades of malignancy. 

Neuroendocrine neoplasms from the digestive tract, 
are classified on the basis of proliferation index as G1 
(≤ 2% Ki-67), G2 (3%-20% Ki-67) and G3 (> 20% 
Ki-67). Furthermore, based on their morphology they are 
named “tumors” (NETs) when they are well differentiated, 
whereas “carcinomas” (NECs) when they are poorly 
differentiated"[1]. Neuroendocrine neoplasms from the 
thoracic region are classified into typical carcinoid, TC 
(< 2 mitoses/2 mm2 with absence of necrosis), atypical 
carcinoid, AC (2-10 mitoses/2 mm2 with necrosis), large 
cell neuroendocrine carcinoma, LCNEC (> 10 mitoses with 
extensive necrosis) and small cell lung cancer, SCLC (> 10 
mitoses with extensive necrosis)[2].

While high-grade NENs are treated with chemo­
therapy in the vast majority of cases when they are in 
advanced stage of disease, the therapeutic approach to 
advanced low-intermediate grade NENs varies. Soma­
tostatin analogs (SSA), interferon (IFN), molecular 
targeted agents (MTAs), chemotherapy, peptide rece­
ptor radionuclide therapy (PRRT), and liver-directed 
treatments (LDTs), are all potentially effective therapies 
to propose, often in the same clinical setting. Although 
some of these therapies have been approved on the 
basis of positive regulatory phase Ⅲ trials[3-7] in specific 
settings and several guidelines about NENs do exist[8,9], 
no sequencing or priority criteria about the different 
therapies have been validated. Furthermore, the clinical 
course of NETs is quite heterogeneous, with different 
spontaneous growth rates after diagnosis, and different 

degrees of sensitivity to the same therapy even when 
they have similar characteristics. 

“Watch and wait (W and W)”, “watchful waiting”, 
“wait and see”, “observation” and “active surveillance” 
are all terms which are used to describe assessing the 
evolution of the tumor without an anti-tumor therapy. 
These terms have been applied synonymously to NETs 
as in rare cases they have a spontaneous very indolent 
clinical course. Sometimes they are also applied to a 
localized disease, as in the case of so-called pancreatic 
“incidentaloma”, namely a < 2 cm isolated nodule in 
the pancreas. European Neuroendocrine Tumor Society 
(ENETS) 2016 guidelines recommend W and W for a 
< 2 cm pancreatic NET, “G1 or low G2, asymptomatic, 
mainly in the head, with no radiological signs suspicious 
for malignancy”, and suggest that one also consider the 
patient’s attitude, age and comorbidity. It is specified 
that the follow-up should be performed with endoscopic 
ultrasound (EUS), magnetic resonance imaging (MRI) 
(or computed tomography, CT) “every 6 to 12 mo”. 
However, the length of follow-up is not specified[10].

In the ENETS guidelines W and W is also recommended 
for advanced disease, for instance in NETs from the midgut 
when they are “non-functional, G1, low tumor burden, 
no symptoms, stable disease”. This policy is advised even 
for pancreatic NETs, when they are “non-functional, G1, 
≤ 10% Ki-67, low tumor burden, stable disease or initial 
diagnosis, no symptoms”[11].

In both midgut and pancreatic NETs the W and W 
policy is a possible alternative to SSA. However, SSA com­
pared with placebo resulted effective in two phase III 
randomised controlled trials, with octreotide long-acting 
repeatable (LAR) producing a longer time to progression 
(TTP) in midgut NETs in the PROMID trial and lanreotide 
autogel significantly prolonging progression free survival 
(PFS) in enteropancreatic NETs in the CLARINET trial, 
respectively[5,6]. Notably, time to progression (TTP) 
was quite short in the placebo arm of the PROMID trial 
demonstrating that also NETs with < 3% Ki-67, as were 
the vast majority of the tumors included in the PROMID, 
will progress eventually. Interestingly, NETs included in 
the CLARINET trial, which resulted as having a stable 
disease in 96% of cases in accordance with RECIST 
criteria, in fact were progressing at baseline, as showed 
with the so-called tumor growth rate (TGR)[12].

Another report indicating that NETs tend to grow early 
spontaneously, is a retrospective analysis of more than 
200 patients with advanced pancreatic NETs showing 
that those patients who did not receive antitumor 
treatment during follow-up had a significantly shorter 
PFS compared to treated patients, thus confirming that 
anti-tumor therapy can favorably impact on the clinical 
course of the disease[13].

In the ENETS 2016 guidelines it is not specified 
whether radiological or functional imaging or both are 
recommended to monitor the tumor status of a low-grade 
NET; it is not clear whether some biochemical tests, such 
as chromogranin-A, should be performed periodically; 
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timing of follow-up imaging is not specified. 
Furthermore no data exist about the impact of the 

W and W on the patient’s quality of life and costs.
The W and W policy is debated also in other fields 

of oncology. For instance in renal cancer it was inves­
tigated in a phase Ⅱ trial including medical anti-tumor 
treatment-naive patients with advanced disease[14]. The 
decision to choose W and W over immediate systemic 
therapy was made jointly by the patient and treating 
physician. Therefore patients underwent homogeneous 
radiological and clinical follow-up and also filled in 
quality of life questionnaires. Median time to radiological 
progression, RECIST-based, was 9.4 mo (95%CI: 7.4- 
13.4); at progression, patients received a first-line 
systemic therapy; no observed adverse effects on quality 
of life, anxiety and depression, were recorded during 
the observation period. Although this study seems to 
indicate that in some selected patients with metastatic 
renal carcinoma, active surveillance might be a good 
approach, homogeneous criteria for selection of patients 
to undergo W and W, type of follow-up and timing of 
first-line therapy remain debatable.

Further while in renal cancer one of the reasons 
for performing W and W instead of administering treat­
ment to patients is to avoid therapies which may well 
be highly toxic, in NETs the choice is almost always 
between W and W and SSAs, which are a very low-toxic 
therapy.

Finally, in good-performance status asymptomatic 
patients with advanced NETs, the diagnostic work-up, 
morphological and functional staging and characterization 
of the disease require some weeks. Luckily in most 
cases this time without therapy is not detrimental for 
the patient and it allows an assessment to be made of 
clinical behavior and tumor growth, a thorough under­
standing of tumor and patient characteristics, and the 
discussion of the global therapeutic strategy within a 
dedicated multidisciplinary team. All of this may be 
very helpful to patients when compared with starting a 
single first-line therapy right from the time of diagnosis 
of an advanced NET. Proposing a W and W policy after 
completing this initial period of observation to a patient 
with a metastatic NET means waiting for a tumor growth 
or a clinical progression. On the one hand it is arbitrary 
to define whether morphological (radiological), functional 
(receptorial? metabolic?) or biochemical progression 
should be considered and with which threshold; on 
the other hand it could be detrimental to start therapy 
only when tumor-related symptoms arise. Nonetheless 
patients should be informed that no study has specifically 
investigated this topic comparing W and W and anti-
tumor therapy, and therefore we have no evidence 
either for or against. Patients will need to understand 
that follow-up will be life-long even with stable disease, 
that there are data showing that the vast majority of 
advanced NETs tends to grow and that SSAs can be 
active even when the tumor is very indolent.

In conclusion, W and W policy in advanced NENs is 

yet to be well-defined. First of all it should be clarified 
whether W and W means delaying or avoiding an anti-
tumor treatment. Delaying may be justified in an asym
ptomatic good performance status patient with a low-
grade NETs over some weeks in order to thoroughly 
characterize both disease and patient and so make 
a well-informed choice as to the best therapy and 
therapeutic strategy to pursue. This is a quite common 
clinical scenario in the field of NETs. By contrast it is hard 
to justify W and W with the intent to avoid treatment 
considering that low-grade advanced NETs tend to 
grow even when they have very favorable biological 
characteristics. Therefore, also in that case, rather than 
avoiding, it would mean once again delaying the first-
line therapy. Of course the first-line therapy and the 
therapeutic strategy depend on the specific clinical 
context and on the goal of treatment. In other words in 
a patient who is a good candidate for a future absolute 
debulking, then the first-line treatment even more than 
an SSA should be applied even with a stable disease 
without any delay. On the other hand, in a patient with 
a metastatic low grade, really stable NET, when absolute 
debulking is not possible and the goal of the treatment 
is the tumor growth control over time with a systemic 
medical therapy, then a thoughtful analysis needs to 
be made. It is important to bear in mind the cost- 
and risk-benefit of SSA, which is the most commonly 
proposed therapy in such a context, and also the cost, 
invasiveness, impact on quality of life and possible 
detrimental effect of W and W.

I would argue that given the absence of evidence 
and of clinical trials designed to specifically investigate 
this topic, as is currently the case, clinicians should 
consider administering treatment to all patients, wh­
ether their NETs are advanced.
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Abstract
The therapeutic options for patients with metastatic renal 

cell carcinoma (mRCC) have completely changed during 
the last ten years. With the sequential use of targeted 
therapies, median overall survival has increased in daily 
practice and now it is not uncommon to see patients 
surviving kidney cancer for more than four to five years. 
Once treatment fails with the first line targeted therapy, 
head to head comparisons have shown that cabozantinib, 
nivolumab and the combination of lenvatinib plus evero
limus are more effective than everolimus alone and that 
axitinib is more active than sorafenib. Unfortunately, it 
is very unlikely that we will ever have prospective data 
comparing the activity of axitinib, cabozantinib, lenvatinib 
or nivolumab. It is frustrating to observe the lack of 
biomarkers that we have in this field, thus there is no 
firm recommendation about the optimal sequence of 
treatment in the second line. In the absence of reliable 
biomarkers, there are several clinical endpoints that 
can help physicians to make decisions for an individual 
patient, such as the tumor burden, the expected response 
rate and the time to achieve the response to each agent, 
the prior response to the agent administered, the toxicity 
profile of the different compounds and patient preference. 
Here, we propose the introduction of the tumor-growth 
rate (TGR) during first-line treatment as a new tool to 
be used to select the second line strategy in mRCC. 
The rapidness of TGR before the onset of the treatment 
reflects the variability between patients in terms of tumor 
growth kinetics and it could be a surrogate marker of 
tumor aggressiveness that may guide treatment decisions. 

Key words: Axitinib; Everolimus; Cabozantinib; Kidney 
cancer; Nivolumab; Renal cell; Sequence; Second line; 
Sorafenib; Tumor-growth rate
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Core tip: The landscape of renal cell carcinoma has 
dramatically changed in the last decade. Today, at least 
6 agents are approved after failure with cytokines, 
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sunitinib or pazopanib in first line treatment. Lack of 
reliable biomarkers to select the best treatment in daily 
practice is somewhat frustrating. Therefore, our decisions 
in real practice are based on safety profiles, patient’ co-
morbidities and physician experience or preference. Here 
we debate the pros and cons of the tumor-growth rate 
as a tool to select second line systemic treatment after 
failure to a prior tyrosine kinase-inhibitor in patients with 
advanced renal cell carcinoma. 

Grande E, Martínez-Sáez O, Gajate-Borau P, Alonso-Gordoa T. 
Translating new data to the daily practice in second line treatment 
of renal cell carcinoma: The role of tumor growth rate. World J 
Clin Oncol 2017; 8(2): 100-105  Available from: URL: http://www.
wjgnet.com/2218-4333/full/v8/i2/100.htm  DOI: http://dx.doi.
org/10.5306/wjco.v8.i2.100

INTRODUCTION
The increased knowledge about the underlying patho­
genesis of the metastatic renal cell carcinoma (mRCC) 
has led to the development of new therapeutic drugs 
that have completely changed patient prognosis. These 
drugs are targeting the vascular endothelial growth 
factor receptor (VEGFR) axis, the mammalian target 
of rapamycin (mTOR) pathway or the immune system 
and tumor cell interactions (PD1/PDL1). The number of 
patients that are candidates for a second line therapy 
after progressing on a first line varies from 43% to 
79%[1]. The second line treatment is determinant in 
mRCC as patients can also benefit from an improvement 
in overall survival (OS) already achieved with first 
line choice and expand their chances for a longer 
therapeutic sequence. In this regard, a large registry-
based experience in the United Kingdom has shown that 
those patients who received a second line treatment 
lived longer (33 mo; ranging from 30.8-35.2) than 
those who did not receive further treatment after first 
line (20.9 mo; ranging from 16.4-25.3)[2]. Fortunately, 
options for second line therapy have multiplied with 
the recent approval of nivolumab, cabozantinib and the 
combination of everolimus with lenvatinib[3-6]. However, 
there are no head-to-head comparisons between them 
and no predictive biomarker has been validated for the 
second line treatment decision making[7]. Besides, the 
uncertainty regarding the optimal therapeutic sequence, 
there is an urgent need for developing prognostic and 
predictive variables, in order to select patients who will 
benefit from a specific second line treatment[8]. 

There are some clinical and economic-derived factors 
coming from the pivotal trials of each agent that could 
be considered at the time of second line treatment 
decisions (Table 1). The patient’s tumor burden has been 
suggested from retrospective data as being strongly 
correlated with the progression free survival (PFS) and 
OS in patients with mRCC[9-12]. The expected response 

rate from the approved drugs has been reported to be 
different between cabozantinib, nivolumab and axitinib 
that achieve an overall response rate (ORR) of 17% 
to 22%, unlike the combination of everolimus with 
lenvatinib that has been reported to be of 35% in the 
phase II pivotal trial[3-6]. Moreover, the time required 
to achieve a tumor response is a major concern for 
heavily symptomatic patients that need an early tumor 
control. Prior tolerance and duration of response to first 
line treatment may identify those patients harboring a 
kidney tumor that greatly benefits from the angiogenic 
blockade (angiogenesis addiction), but may limit the 
decision in primary refractory patients[13,14]. Finally, we 
also propose the assessment of the tumor-growth rate 
(TGR), as a novel outcome measure that could help in 
the therapeutic sequence decision in the mRCC setting.

Several authors have discussed that the Response 
Evaluation Criteria in Solid Tumors (RECIST) may be 
inadequate to completely evaluate the response of tar­
geted therapies in mRCC as often induce long-lasting 
stable disease rather than tumor shrinkage[15-18]. In 
addition, these criteria do not take into account tumor 
growth kinetics, and might not be relevant in slow-growing 
diseases[19,20]. Therefore, alternate modalities to assess 
the drug response have been proposed to overcome the 
limitations of the RECIST criteria, such as Choi, SACT, 
MASS, ETPIC or iRECIST. These approaches include the 
tumor perfusion evaluation, via the use of CT response 
assessment combining reduction in both, size and arterial 
phase density, changes in tumor CT texture or metabolism 
or the immune component evaluation. However, none of 
them appear to be an adequate surrogate of response 
or clinical outcome for its application in routine clinical 
practice[16,18,21,22]. 

TGR provides a dynamic and quantitative evaluation 
of tumor kinetics; it estimates the percentage of change 
in the tumor volume over one month. TGR is usually 
defined as the ratio between the slope of tumor growth 
before the initiation of treatment and the slope of tumor 
growth during treatment, and between the nadir and 
disease progression[9,23]. We can calculate TGR according 
to the formula shown in Figure 1[24]. The tumor size is 
defined using the sum of the longest diameters (SLD) 
of target lesions only, without considering non-target 
and new lesions. However, the assessment of the TGR 
in clinical practice is easier as there are internet tools 
available (http://ec2-54-218-32-173.us-west-2.compute.
amazonaws.com:3838/tgrShiny/ or http://www.
gustaveroussy.fr/doc/tgr_calculator/index_en.html).

D1 = tumor size at date 1; D2 = tumor size at date 2; 
and time (months) = (date2 - date1 + 1)/30.44

TGR = 100 × [exp(TG) - 1]

TG = 3 × log (D2/D1)

Time (months)

Figure 1  Tumor growth rate calculation formula. TGR: Tumor-growth rate.
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Table 1  Phase Ⅲ clinical trials evaluating approved drugs in second and subsequent treatment lines for metastatic renal cell 
carcinoma

Current evidence from phase Ⅰ studies in solid 
tumors and from phase Ⅲ studies in mRCC (TARGET and 
RECORD trials) and metastatic neuroendocrine tumors 
(NETs) (CLARINET trial), although retrospective, show a 
significant association between prior TGR before the onset 
of the second line approach with the expected PFS and 
OS with the later systemic treatment administered[9,24-28]. 
Moreover, TGR could be an important tool in the evalu­
ation of prognosis during treatment and after the dis­
continuation of VEGFR targeted agents. Iacovelli et al[29] 
showed that those patients with a higher than median 
TGR during treatment had a significantly shorter OS and, 
indeed, those patients with lower than the median TGR 
after discontinuation had longer OS, as compared to TGR 
after discontinuation greater than or equal to the median. 
Therefore, it would be possible to use TGR as a possible 
surrogate for tumor aggressiveness and survival in mRCC 
patients while on VEGFR-directed TKI in the first line. 
In the post hoc analysis from the CLARINET trial, TGR 

seemed to provide more precise information to predict 
pretreatment progression regarding actively growing 
tumors, but considered as stable disease by RECIST 
criteria, and more sensitive to detect early antitumor 
activity from treatment compared with RECIST criteria[28]. 
We consider that the addition of TGR in the assessment 
of individual patients undergoing targeted therapies may 
help clinicians to know if a given agent is modifying or not 
the course of the disease and guide the decision of which 
agent would be preferred in the subsequent line. However, 
for the use of TGR in the clinical setting, a prospective 
clinical trial for its validation would be needed[23].

Considering all aspects previously discussed, patients 
with mRCC that are candidate for a second line treatment 
could be differentiated into four main subgroups (Figure 
2). Patients with florid symptoms, high tumor burden, 
short time to response to the first line (PFS less than 
6 mo, so called, early progressors) and high TGR, in 
which we would need an early and high response, the 

Axitinib Cabozantinib Lenvatinib + Everolimus Nivolumab

Trial design Phase Ⅲ Phase Ⅲ Phase Ⅱ Phase Ⅲ
Size 361 330 51 410
Patient population 2nd Line (100%) 2L- 71% 2nd Line (100%) 2L- 72%

3L- 29% 3L- 28%
MSKCC risk % (Good/int/poor) 28/37/33 45/42/12 24/37/39 35/49/16
Comparator Sorafenib Everolimus Everolimus Everolimus
ORR% (ICR) 19% 17% 35% 22%
Progression disease (%) 22% 12% 4% 35%
PFS (m) 6.7 (HR 0.66) 7.4 (HR 0.51) 12.8 (HR 0.40) 4.6 (HR 0.88)
PFS (m) in pts with bone mets NR 7.4 (HR 0.33) NR NR
OS (m) 20.1 (HR 0.96) 21.4 (HR 0.66) 25.5 (HR 0.59) 25.0 (HR 0.73)
Dose reductions 30% 60% 71% N/A
Discontinuations due to AEs   7%   9% 25%   8%
Toxicity G3/4 (%) 56% 68% 71% 19%
Average monthly cost (US basis) 9580$ 10229$ 22461$ 12435$

MSKCC: Memorial Sloan Kettering Cancer Center Criteria; ORR: Overall response rate; OS: Overall survival; PFS: Progression free survival; AE: Adverse 
events.
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Figure 2  Hypothetical representation of 
different groups of patients and their patterns 
of response to first line treatment: Primary 
refractory patients with early progression 
and high tumor growth rate, intermediate 
progressors with intermediate tumor growth 
rate, very slow progressors with low tumor 
growth rate and late progressors with high 
tumor growth rate. TGR: Tumor-growth rate.
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combination of everolimus with lenvatinib should be 
considered, as we will target several mechanisms of action 
(VEGFR, fibroblast growing factor receptor, FGFR, and 
m-TOR pathways). In such patients, the expected benefit 
outweighs the increased toxicity of the combination 
therapy. In those patients with a long response to first 
antiangiogenic drug (PFS more than 18 mo, so called 
angiogenesis addicts) and low or intermediate TGR, the 
use of cabozantinib may be considered. Regarding those 
patients that are not responding radiographically but are 
stable for the advanced disease for a long period with 
a very low TGR (increase of less than 4% in the sum of 
the longest diameters per month) and have an adequate 
tolerability, we propose that axitinib could be a reliable 
option to prolong the clinical benefit. Finally, for patients 
with an interval free of progression with first line treatment 
between 6 and 18 mo, as considered intermediate-
progressors, nivolumab may be the treatment of choice as 
an inhibitor of an actionable immune target by introducing 
a different mechanism of action against tumor growth.

Lastly, we highlight the upcoming availability of novel 
immune agents such as ipilimumab, atezolizumab, pem­
brolizumab either as single agent or in combination that 
might impact in the first line setting of patients with 
advanced RCC. Therefore, it is very likely that second 
line landscape of metastatic RCC may change shortly. 
Adaptation to the clinic of the amount of new data that 
are expected in a short term promises to be challenge.

In conclusion, patients with mRCC receiving a second 
line treatment achieve a median OS of more than 2 
years with novel agents. Thus, the optimal treatment 
selection in this setting allows us to provide the maximal 
clinical benefit to our patients, but with no definitive 
biomarker to guide our decision. In this setting, we have 
considered some relevant clinical parameters before 
choosing a certain agent such as the patient’s tumor 
burden, the expected response rate to the different 
drugs and the time to achieve this response, the prior 
response to previous VEGFR-TKIs, the toxicity profile of 
each agent and the patient preference. Thus, we propose 
the employment of the TGR as a new tool that could 
provide useful information in the management of mRCC 
patients in addition to clinical features that could better fit 
with one of the therapeutic alternatives (Figure 3). TGR 
may represent a surrogate of tumor aggressiveness, a 
relevant parameter before choosing a treatment and an 
early biomarker for treatment response and evaluation of 
the ability to interfere in the natural history of the tumor 
growth. TGR could be a valuable endpoint for clinical 
use in treatment decision-making favoring patients with 
mRCC, with more reliable information about prognosis and 
evaluation of response to molecular targeted agents.

REFERENCES
1	 Levy A, Menard J, Albiges L, Loriot Y, Di Palma M, Fizazi 

Primary refractory 
Early progressors
High TGR

Intermediate progressors
Intermediate TGR

Late progressors
High TGR

Very slow progressors
Low TGR

First choice:
Axitinib
Alternative:
Cabozantinib
Nivolumab

First choice:
Cabozantinib 
Alternative:
LENEVE
Nivolumab 
Axitinib

First choice:
Nivolumab
Alternative:
Cabozantinib
Axitinib

First choice:
LENEVE
Alternative:
Cabozantinib
Nivolumab 
Axitinib

Treatment according to TGR Treatment according to patients’ features

Bone 
Metastasis

Cabozantinib

LEN + EVE

Axitinib

Nivolumab

Bulky disease/severe 
symptoms

Favorable risk group

Toxicity to prior TKI

Figure 3  Adapting the study data to our clinic. A proposed algorithm to treat second line metastatic renal cell carcinoma patients according to tumor growth rate 
and patients’ characteristics. TGR: Tumor-growth rate; TKI: Tyrosine kinase inhibitor; LEN: Lenvatinib; EVE: Everolimus.

Grande E et al . Current second line treatment of metastatic RCC patients

Favorable risk

Intermediate risk

Poor risk



104 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

K, Escudier B. Second line treatment of metastatic renal cell 
carcinoma: The Institut Gustave Roussy experience with targeted 
therapies in 251 consecutive patients. Eur J Cancer 2013; 49: 
1898-1904 [PMID: 23490648]

2	 Wagstaff J, Jones R, Hawkins R, Porfiri E, Pickering L, Bahl 
A, Brown J, Buchan S. Treatment patterns and clinical outcomes 
in patients with renal cell carcinoma in the UK: insights from 
the RECCORD registry. Ann Oncol 2016; 27: 159-165 [PMID: 
26489444 DOI: 10.1093/annonc/mdv504]

3	 Motzer RJ, Escudier B, McDermott DF, George S, Hammers 
HJ, Srinivas S, Tykodi SS, Sosman JA, Procopio G, Plimack 
ER, Castellano D, Choueiri TK, Gurney H, Donskov F, Bono 
P, Wagstaff J, Gauler TC, Ueda T, Tomita Y, Schutz FA, 
Kollmannsberger C, Larkin J, Ravaud A, Simon JS, Xu LA, 
Waxman IM, Sharma P. Nivolumab versus Everolimus in 
Advanced Renal-Cell Carcinoma. N Engl J Med 2015; 373: 
1803-1813 [PMID: 26406148 DOI: 10.1056/NEJMoa1510665]

4	 Choueiri TK, Escudier B, Powles T, Mainwaring PN, Rini BI, 
Donskov F, Hammers H, Hutson TE, Lee JL, Peltola K, Roth 
BJ, Bjarnason GA, Géczi L, Keam B, Maroto P, Heng DY, 
Schmidinger M, Kantoff PW, Borgman-Hagey A, Hessel C, 
Scheffold C, Schwab GM, Tannir NM, Motzer RJ. Cabozantinib 
versus Everolimus in Advanced Renal-Cell Carcinoma. N Engl 
J Med 2015; 373: 1814-1823 [PMID: 26406150 DOI: 10.1056/
NEJMoa1510016]

5	 Motzer RJ, Hutson TE, Glen H, Michaelson MD, Molina A, 
Eisen T, Jassem J, Zolnierek J, Maroto JP, Mellado B, Melichar 
B, Tomasek J, Kremer A, Kim HJ, Wood K, Dutcus C, Larkin 
J. Lenvatinib, everolimus, and the combination in patients with 
metastatic renal cell carcinoma: a randomised, phase 2, open-
label, multicentre trial. Lancet Oncol 2015; 16: 1473-1482 [PMID: 
26482279 DOI: 10.1016/S1470-2045(15)00290-9]

6	 Escudier B, Michaelson MD, Motzer RJ, Hutson TE, Clark JI, 
Lim HY, Porfiri E, Zalewski P, Kannourakis G, Staehler M, Tarazi J, 
Rosbrook B, Cisar L, Hariharan S, Kim S, Rini BI. Axitinib versus 
sorafenib in advanced renal cell carcinoma: subanalyses by prior 
therapy from a randomised phase III trial. Br J Cancer 2014; 110: 
2821-2828 [PMID: 24823696 DOI: 10.1038/bjc.2014.244]

7	 Modi PK, Farber NJ, Singer EA. Precision Oncology: Identifying 
Predictive Biomarkers for the Treatment of Metastatic Renal 
Cell Carcinoma. Transl Cancer Res 2016; 5: S76-S80 [PMID: 
27540511 DOI: 10.21037/tcr.2016.06.05]

8	 Sacré A, Barthélémy P, Korenbaum C, Burgy M, Wolter P, Dumez 
H, Lerut E, Loyson T, Joniau S, Oyen R, Debruyne PR, Schöffski 
P, Beuselinck B. Prognostic factors in second-line targeted therapy 
for metastatic clear-cell renal cell carcinoma after progression on 
an anti-vascular endothelial growth factor receptor tyrosine kinase 
inhibitor. Acta Oncol 2016; 55: 329-340 [PMID: 26494607 DOI: 
10.3109/0284186X.2015.1099731]

9	 Staehler M, Haseke N, Stadler T, Zilinberg E, Nordhaus C, Nuhn 
P, Khoder WY, Karl A, Stief CG. The growth rate of large renal 
masses opposes active surveillance. BJU Int 2010; 105: 928-931 
[PMID: 19751265 DOI: 10.1111/j.1464-410X.2009.08840.x]

10	 Iacovelli R, Lanoy E, Albiges L, Escudier B. Tumour burden is an 
independent prognostic factor in metastatic renal cell carcinoma. 
BJU Int 2012; 110: 1747-1753 [PMID: 23106948 DOI: 10.1111/
j.1464-410X.2012.11518.x]

11	 Basappa NS, Elson P, Golshayan AR, Wood L, Garcia JA, 
Dreicer R, Rini BI. The impact of tumor burden characteristics in 
patients with metastatic renal cell carcinoma treated with sunitinib. 
Cancer 2011; 117: 1183-1189 [PMID: 20960527 DOI: 10.1002/
cncr.25713]

12	 Stein WD, Huang H, Menefee M, Edgerly M, Kotz H, Dwyer 
A, Yang J, Bates SE. Other paradigms: growth rate constants 
and tumor burden determined using computed tomography data 
correlate strongly with the overall survival of patients with renal 
cell carcinoma. Cancer J 2009; 15: 441-447 [PMID: 19826366 
DOI: 10.1097/PPO.0b013e3181be1b90]

13	 Stukalin I, Alimohamed N, Heng DY. Contemporary Treatment of 
Metastatic Renal Cell Carcinoma. Oncol Rev 2016; 10: 295 [PMID: 

27471582 DOI: 10.4081/oncol.2016.295]
14	 Malouf GG, Flippot R, Khayat D. Therapeutic Strategies for 

Patients With Metastatic Renal Cell Carcinoma in Whom First-Line 
Vascular Endothelial Growth Factor Receptor-Directed Therapies 
Fail. J Oncol Pract 2016; 12: 412-420 [PMID: 27170687 DOI: 
10.1200/JOP.2016.011809]

15	 Ratain MJ, Eckhardt SG. Phase II studies of modern drugs 
directed against new targets: if you are fazed, too, then resist 
RECIST. J Clin Oncol 2004; 22: 4442-4445 [PMID: 15483011 
DOI: 10.1200/JCO.2004.07.960]

16	 Benjamin RS, Choi H, Macapinlac HA, Burgess MA, Patel SR, 
Chen LL, Podoloff DA, Charnsangavej C. We should desist using 
RECIST, at least in GIST. J Clin Oncol 2007; 25: 1760-1764 
[PMID: 17470866 DOI: 10.1200/JCO.2006.07.3411]

17	 Maitland ML, Schwartz LH, Ratain MJ. Time to tumor growth: 
a model end point and new metric system for oncology clinical 
trials. J Clin Oncol 2013; 31: 2070-2072 [PMID: 23650409 DOI: 
10.1200/JCO.2013.49.3635]

18	 Nathan PD, Vinayan A, Stott D, Juttla J, Goh V. CT response 
assessment combining reduction in both size and arterial phase 
density correlates with time to progression in metastatic renal 
cancer patients treated with targeted therapies. Cancer Biol Ther 
2010; 9: 15-19 [PMID: 20009542 DOI: 10.4161/cbt.9.1.10340]

19	 Le Tourneau C, Servois V, Diéras V, Ollivier L, Tresca P, Paoletti 
X. Tumour growth kinetics assessment: added value to RECIST 
in cancer patients treated with molecularly targeted agents. Br J 
Cancer 2012; 106: 854-857 [PMID: 22281665 DOI: 10.1038/
bjc.2012.10]

20	 Gomez-Roca C, Koscielny S, Ribrag V, Dromain C, Marzouk 
I, Bidault F, Bahleda R, Ferté C, Massard C, Soria JC. Tumour 
growth rates and RECIST criteria in early drug development. Eur 
J Cancer 2011; 47: 2512-2516 [PMID: 21763126 DOI: 10.1016/
j.ejca.2011.06.012]

21	 Goh V, Ganeshan B, Nathan P, Juttla JK, Vinayan A, Miles 
KA. Assessment of response to tyrosine kinase inhibitors in 
metastatic renal cell cancer: CT texture as a predictive biomarker. 
Radiology 2011; 261: 165-171 [PMID: 21813743 DOI: 10.1148/
radiol.11110264]

22	 Frampas E, Lassau N, Zappa M, Vullierme MP, Koscielny S, 
Vilgrain V. Advanced Hepatocellular Carcinoma: early evaluation 
of response to targeted therapy and prognostic value of Perfusion 
CT and Dynamic Contrast Enhanced-Ultrasound. Preliminary 
results. Eur J Radiol 2013; 82: e205-e211 [PMID: 23273822 DOI: 
10.1016/j.ejrad.2012.12.004]

23	 Milella M. Optimizing clinical benefit with targeted treatment in 
mRCC: “Tumor growth rate” as an alternative clinical endpoint. 
Crit Rev Oncol Hematol 2016; 102: 73-81 [PMID: 27129438 DOI: 
10.1016/j.critrevonc.2016.03.019]

24	 Tumor Growth Rate (TGR) as an Indicator of Antitumor Activity 
With Lanreotide Autogel/Depot (LAN) Versus Placebo (Pbo) in 
Intestinal/Pancreatic NET: Post Hoc Analysis of CLARINET Data. 
Clin Adv Hematol Oncol 2016; 14: 6-7 [PMID: 27168103]

25	 Ferté C, Koscielny S, Albiges L, Rocher L, Soria JC, Iacovelli R, 
Loriot Y, Fizazi K, Escudier B. Tumor growth rate provides useful 
information to evaluate sorafenib and everolimus treatment in 
metastatic renal cell carcinoma patients: an integrated analysis of 
the TARGET and RECORD phase 3 trial data. Eur Urol 2014; 65: 
713-720 [PMID: 23993162 DOI: 10.1016/j.eururo.2013.08.010]

26	 Burotto M, Wilkerson J, Stein W, Motzer R, Bates S, Fojo T. 
Continuing a cancer treatment despite tumor growth may be valuable: 
sunitinib in renal cell carcinoma as example. PLoS One 2014; 9: 
e96316 [PMID: 24796484 DOI: 10.1371/journal.pone.0096316]

27	 Stein WD, Yang J, Bates SE, Fojo T. Bevacizumab reduces the 
growth rate constants of renal carcinomas: a novel algorithm 
suggests early discontinuation of bevacizumab resulted in a lack 
of survival advantage. Oncologist 2008; 13: 1055-1062 [PMID: 
18827177 DOI: 10.1634/theoncologist.2008-0016]

28	 Zhang J, Kang SK, Wang L, Touijer A, Hricak H. Distribution of 
renal tumor growth rates determined by using serial volumetric CT 
measurements. Radiology 2009; 250: 137-144 [PMID: 19092093 

Grande E et al . Current second line treatment of metastatic RCC patients



105 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

DOI: 10.1148/radiol.2501071712]
29	 Iacovelli R, Massari F, Albiges L, Loriot Y, Massard C, Fizazi K, 

Escudier B. Evidence and Clinical Relevance of Tumor Flare in 

Patients Who Discontinue Tyrosine Kinase Inhibitors for Treatment 
of Metastatic Renal Cell Carcinoma. Eur Urol 2015; 68: 154-160 
[PMID: 25466943 DOI: 10.1016/j.eururo.2014.10.034]

P- Reviewer: Desai DJ, Iqbal M    S- Editor: Song XX    L- Editor: A    
E- Editor: Lu YJ

Grande E et al . Current second line treatment of metastatic RCC patients



Pierre V Candelaria, Antonio Rampoldi, Adriana Harbuzariu, Ruben R Gonzalez-Perez

FRONTIER

106 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

Leptin signaling and cancer chemoresistance: Perspectives

Pierre V Candelaria, Antonio Rampoldi, Adriana Harbuzariu, 
Ruben R Gonzalez-Perez, Department of Microbiology, Bio­
chemistry and Immunology, Morehouse School of Medicine, 
Atlanta, GA 30310, United States

Author contributions: Candelaria PV, Rampoldi A and Harbuzariu 
A have been involved equally, researched the literature, wrote the 
paper and have read and approved the final manuscript; Gonzalez-
Perez RR researched the literature, analyzed data, wrote and edited 
the paper.

Supported by Department of Defense (DOD), Congressionally 
Direct Medical Research Program (CDMRP), No. W81XWH- 
13-1-0382; National Institute of Health (NIH)/National Cancer 
Institute (NCI), No. 1R41CA183399-01A; Pilot Project Award 
from MSM (Morehouse School of Medicine)/Tuskegee University/
University of Alabama in Birmingham (UAB) Cancer Center 
partnership, No. 5U54CA118638; and the National Institute on 
Minority Health and Health Disparities (NIMHD) of NIH, No. 
5S21MD00101.

Conflict-of-interest statement: The authors declare no potential 
conflicts of interest.

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

Manuscript source: Invited manuscript

Correspondence to: Ruben R Gonzalez-Perez, PhD, Professor, 
Department of Microbiology, Biochemistry and Immunology, 
Morehouse School of Medicine, 720 Westview Drive SW, Hugh 
Gloster Bldg., Room 329, Atlanta, GA 30310, 
United States. rgonzalez@msm.edu
Telephone: +1-404-7521581
Fax: +1-404-7521179

Received: September 29, 2016
Peer-review started: October 7, 2016
First decision: December 1, 2016

Revised: December 20, 2016
Accepted: February 28, 2017
Article in press: February 28, 2017
Published online: April 10, 2017

Abstract
Obesity is a major health problem and currently is endemic 
around the world. Obesity is a risk factor for several 
different types of cancer, significantly promoting cancer 
incidence, progression, poor prognosis and resistance 
to anti-cancer therapies. The study of this resistance is 
critical as development of chemoresistance is a serious 
drawback for the successful and effective drug-based 
treatments of cancer. There is increasing evidence that 
augmented adiposity can impact on chemotherapeutic 
treatment of cancer and the development of resistance 
to these treatments, particularly through one of its 
signature mediators, the adipokine leptin. Leptin is a 
pro-inflammatory, pro-angiogenic and pro-tumorigenic 
adipokine that has been implicated in many cancers 
promoting processes such as angiogenesis, metastasis, 
tumorigenesis and survival/resistance to apoptosis. 
Several possible mechanisms that could potentially be 
developed by cancer cells to elicit drug resistance have 
been suggested in the literature. Here, we summarize and 
discuss the current state of the literature on the role of 
obesity and leptin on chemoresistance, particularly as it 
relates to breast and pancreatic cancers. We focus on the 
role of leptin and its significance in possibly driving these 
proposed chemoresistance mechanisms, and examine its 
effects on cancer cell survival signals and expansion of the 
cancer stem cell sub-populations.

Key words: Obesity-related cancer; Cancer stem cells; 
Leptin; Chemoresistance; Breast cancer; Pancreatic cancer

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Obesity and its main mediator leptin, are 
implicated in many protumorigenic processes, with 
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emerging evidence from both the literature and our 
work pointing to a significant role in the development 
of resistance to chemotherapies. Chemoresistance is a 
major concern in the field of cancer therapy as some 
cancers have no targeted therapies available. As obesity 
reaches epidemic proportions around the world, its 
impact on diseases like cancer and its treatment becomes 
more relevant. In this paper, we will discuss the current 
state of the literature regarding the influence of obesity 
and leptin on cancer treatment and the development of 
chemoresistance.

Candelaria Pv, Rampoldi A, Harbuzariu A, Gonzalez-Perez 
RR. Leptin signaling and cancer chemoresistance: Perspectives. 
World J Clin Oncol 2017; 8(2): 106-119  Available from: URL: 
http://www.wjgnet.com/2218-4333/full/v8/i2/106.htm  DOI: 
http://dx.doi.org/10.5306/wjco.v8.i2.106

INTRODUCTION
Obesity is the state of having excessive adipose tissue 
reserves, commonly defined as having a body mass index 
(BMI) of 30 or more. The global prevalence of obesity 
is high, with 37% of men and 38% of women being 
either overweight or obese[1]. There are significant health 
consequences for being overweight or obese. Obesity is 
closely associated to high rates of morbidity and mortality. 
It is considered responsible for an estimated 3.4 million 
deaths and 4% of years spent with a disability. There is a 
well-documented increased risk in obese and overweight 
people for numerous cancers, including thyroid, 
esophageal, kidney, colon, rectal, melanoma, leukemia, 
endometrial, gallbladder, pancreas and breast cancer[2-6]. 
In addition, weight gain before 50 has been associated 
with greater risk of breast cancer, especially estrogen 
negative breast cancer[7-9]. A contributing factor could be 
complications related to therapy, as obesity is correlated 
with breast cancer recurrence, with increasing BMI being 
correlated with increased risk of breast cancer relapse. 
Obesity impacts on life expectancy, with premenopausal 
and postmenopausal obese women being 1.75 and 1.34 
times, respectively, at increased risk of death from breast 
cancer[10].

A distinctive characteristic of obesity and overweight 
conditions is the high serum level of the main adipokine, 
leptin secreted by adipose tissue. Leptin, from the Greek 
work “leptos”, thin, is a 16 kDa protein, composed of 167 
aminoacids, its gene, Ob, is in humans on chromosome 
7q32. Ob gene is composed by three exons and 2 introns, 
spanning 20 kb. Leptin is the first discovered adipokine, 
a cytokine secreted by adipocytes, both from the white 
adipose tissue and brown adipose tissue. Placenta, ovaries, 
skeletal muscle, bone marrow, stomach, pituitary gland, 
and mammary epithelial cells have been shown to express 
leptin[11]. Several cancer cell types and tumor stroma also 
express leptin[12]. 

Obesity, Leptin/Ob-R and Cancer
The main role of leptin is to regulate energy balance by 
inhibiting hunger. Leptin levels correlate to adiposity. 
Under physiological conditions leptin binds and activates 
receptors in the arcuate nucleus of the hypothalamus, 
which regulate appetite[13]. In obese people a decreased 
sensitivity to leptin was observed resulting in a decreased 
capacity to feel satiety[14]. A result of this resistance is 
overeating that results in obesity and the concomitant 
high serum levels of leptin. In obese individuals serum 
leptin levels are 10 times higher (i.e., 40 ng/ml) than 
normal weight people (i.e., 4 ng/ml)[15]. The upregulation 
of leptin has an important role in carcinogenesis[16]. 

Leptin receptor (Ob-R) is predominantly found in 
the hypothalamus[17], but is expressed at lower level in 
the whole body, including pancreas[18] and mammary 
epithelial cells[19]. Remarkably, cancer cells overexpress 
Ob-R, which enable them to respond to leptin that 
is more prominent in obese individuals showing high 
levels of the adipokine. Ob-R belongs to Class Ⅰ super-
family cytokine receptors. It is a transmembrane protein 
composed by an extra-cellular domain, responsible for 
binding leptin, a transmembrane domain and a cyto
plasmic domain for signaling[20]. Currently six different 
isoforms of the leptin receptor have been identified, Ob-
Ra-f, generated by mRNA splicing or proteolytic processing, 
Ob-R isoforms are divided in three classes, short and 
long (which are bound to the cellular membrane) and 
secreted (a soluble protein that binds leptin in blood). 
The long isoform Ob-Rb (or l) is the predominant one, 
expressed at high levels in different cell types. Ob-Rb 
has full signaling capabilities in contrast to short Ob-R 
isoforms. It is generally accepted that leptin binding to 
Ob-R provokes the formation of a homodimer that is 
responsible for leptin-mediated signals. Leptin and Ob-R 
have absolute specificity for binding. Once leptin binds to 
Ob-Rb, it activates several signaling pathways. Because 
Class Ⅰ cytokine receptors lack auto phosphorylation 
function they need auxiliary kinases to initiate signaling 
upon ligand binding. The first signaling event after 
leptin binding to Ob-Rb is the activation of janus kinase/
signaling transducer and activation of transcription 
factor pathway (JAK/STAT)[21]. JAK2 recruitment to 
Ob-R intracytoplasmatic tail leads to the phosphorylation 
of the kinase, subsequent phosphorylation of Ob-R in 
several intracytoplasmatic sites and recruitment and 
phosphorylation of tyrosine residue on STATs. Phos
phorylated STATs, then form hetero or homodimers and 
translocate to the nucleus to induce the transcription of 
specific genes[22].

Leptin plays roles in other physiological functions, 
as indicated by the presence of its receptor in different 
organs and tissues types besides the hypothalamus[23]. 
Leptin is involved in immunity, proliferation, differentiation, 
apoptosis, angiogenesis, inflammation, fertility and 
oncogenesis[12,16,22]. Leptin is known to inhibit bone for
mation[24]. It can also regulate the ovulatory cycle by 
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stimulating GnRH from the hypothalamus[25,26] and is 
an important factor in embryo implantation[27-29]. Leptin 
is involved in the onset of puberty[30], regulates glucose 
homeostasis[31], hematopoiesis[32], and modulate immunity 
like T cell activity in response to atherosclerosis[33]. Leptin 
has been speculated to be an inflammatory marker that 
responds specifically to adipose-derived inflammatory 
cytokines[34].

Obesity is a significant risk factor for cancer incidence 
and mortality. The effects of obesity on cancer could 
be due in part to leptin’s elevated levels and Ob-R 
over expression in cancer cells, which enable leptin-de
regulated pleiotropic signals in cancer. Leptin has been 
shown to have several pro-tumorigenic effects, such 
as increasing cancer cell proliferation, anti-apoptosis, 
angiogenesis, self-renewal and possibly resistance to 
chemotherapeutic treatment[12,16]. 

Several studies linked the effects of leptin on the 
proliferation of cancer both in vivo and in vitro experi
mental models, and from patient data. Leptin signaling 
has been consistently linked to the development of breast, 
endometrial, pancreatic, colon, prostatic, hepatic, skin, 
brain, oesophagus, stomach, thyroid gland, and ovarian 
cancers, and leukemia and chondrosarcoma[35-43].

Leptin induces breast cancer cell growth in vitro and 
in vivo. Several leptin-induced signaling pathways and 
factors have been linked to the proliferation of breast, 
endometrial and pancreatic cancer cells[12,16,36,37]. Leptin 
induced tumor cell growth and inhibited apoptosis in pa
pillary thyroid cancer (PTC) cells. Serum levels of leptin 
were shown to be higher in patients with PTC than in 
negative controls[42]. An increase in the expression of leptin 
receptor Ob-R was observed in PTC specimens[44]. Leptin 
can induce the development of non-alcoholic fatty liver 
disease (NAFLD), one of the major cause of hepatocellular 
carcinoma, by promoting insulin resistance, steatosis and 
hepatic inflammation by increasing transforming growth 
factor beta (TGF-β) expression[43]. Leptin is overexpressed 
in colon cancer, Ob-R mRNA was found in cancer cell lines 
and colon tumors[45] and Ob-R protein expression was 
confirmed by western blot[46]. Serum leptin levels were 
significantly high in patients with lung cancer, compared 
to healthy individuals. Lung cancer tissues showed higher 
expression of leptin compared to normal lung tissue[47]. 
Leptin was shown to stimulate the proliferation of human 
myeloid leukemia cell lines[48], and it might play a role in 
the development of prostate cancer, it can increase growth 
and survival of prostate cancer cells and Ob-R mRNAs has 
been found in prostate cancer cells through RT-PCR[49]. 
Epithelial ovarian cancer (EOC) is one of the principal 
cause of death in gynecological malignancies, but the role 
of leptin in this disease still needs further investigation as 
Ob-R mRNA was found in several immortalized EOC cell 
lines[50]. Limited data suggested also a link between leptin 
and adrenal cancer[51].

Leptin induced pleiotropic effects in cancer cells. Leptin 
increased breast cancer cell proliferation, which was 
linked to the up regulation of cyclin D[52] and increased 
expression of anti-apoptotic proteins like Bcl-2 in breast 

cancer[53]. Additionally, leptin can down regulate pro-
apoptotic Bax[54]. Leptin induces tumor angiogenesis that 
has a pivotal role in solid tumor growth and metastasis. 
Leptin not only promotes the expression of angiogenic 
factors like vascular endothelial growth factor (VEGF)[55], 
VEGFR-2[52,56], and fibroblast growth factor 2 (FGF-2), but 
also itself induces vascular endothelial cell proliferation in 
vitro with similar effects than VEGF[57]. Moreover, in the 
absence of VEGF, leptin induced Notch signaling pathway 
in endothelial cells that was linked to leptin-induced 
transphosphorylation of VEGFR-1 and VEGFR-2[58]. Leptin 
induces two angiogenic factors: Interleukin (IL)-1[59] 
and Notch[60] that can increase VEGF expression. Mo
reover, leptin induces the secretion and synthesis of 
proteases and adhesion molecules needed for the deve
lopment of angiogenesis. Leptin induces expression of 
metalloproteinases 2 and 9 (MMP-2 and MMP-9) that are 
involved in tissue remodeling, specifically the breakdown 
of extracellular matrix proteins[61,62]. Additionally, leptin 
induces the expression of avB3 integrin that is also 
involved in angiogenesis[37,63]. Leptin induces production of 
inflammatory cytokines like IL-1, IL-6 and tumor necrosis 
factor (TNF)-α, which like leptin can induce the expression 
of metalloproteinases, promoting tumor invasion and 
metastasis. TNF-α acts on adipocytes increasing leptin 
expression[34].

Leptin-induced Notch and RBP-Jk 
affect cancer progression
Gonzalez-Perez’s lab earlier reported that leptin sig
naling crosstalk to Notch in breast cancer[60]. Notch 
signaling is an embryonic conserved pathway involved 
in proliferation, angiogenesis, cell fate and development. 
Notch system is composed by transmembrane pro
teins: Receptors (Notch1-4) and ligands expressed 
in adjacent cells (Delta-like, Dll1-3, and Jagged-like, 
JAG1-2), and molecular targets hairy enhancer of split 
(Hes1-7), hairy/enhancer-of-split related with YRPW 
motif subfamilies (Hey1, Hey2, HeyL, HesL/HelT, Dec1/
BHLHB2, Dec2/BHLHB3) and survivin. Notch receptors 
are all composed of an extracellular domain (NECD) 
where ligands bind, a transmembrane domain (TM) and 
an intracellular domain (NICD). Notch is activated upon 
binding to a ligand that triggers a proteolytic cascade 
producing activated NICD, which is transported to the 
nucleus where it binds to a tumor repressor, DNA-bin
ding protein, recombination signal binding protein for 
immunoglobulin kappa J (RBP-Jk) or CBF1/Su(H)/Lag-1 
(CSL) family of transcription factors[64]. 

RBP-Jk is a DNA binding factor, which mediate either 
transcriptional repression or transcriptional activation. 
RBP-Jk binds to the ubiquitous corepressor proteins 
(Co-R: Silencing mediator of retinoid and thyroid hor
mone receptors, SMRT and Ski-interacting protein, 
SKIP)[65], histone deacetylases (HDACs), CBF1 interacting 
corepressors (CIR), and SAP30 (a linker between CBF1 
and the HDAC complex)[66], which repress transcription 
of some genes. Thus, RBP-Jk is a transcription factor 
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that acts as a repressor in complex with SMRT and 
SKIP when it is not associated with Notch. In contrast, 
activated NICD-RBP-Jk complex displaces co-repressors 
and recruits coactivator (Co-A). When RBP-Jk is asso
ciated with NICD it acts as a transcriptional activator in 
complex with mastermind-like proteins, MAML[67]. This 
process is required for Notch-induced canonical signals 
that increase the transcription of target genes such as 
Hes, Hey, nuclear factor-kappa B (NF-κB), cyclin D, c-Myc 
and others[64]. Additionally, Notch signaling is linked to 
expansion of cancer stem cell populations (CSC), which 
show self-renewal capabilities and can recapitulate tumor 
heterogeneity and are believed to be responsible for 
recurrence and drug resistance[68,69].

Notch signaling is deregulated in many cancers. 
Indeed, deregulation of Notch signaling is a hallmark 
of breast cancer[64]. In breast and pancreatic cancer 
cells leptin upregulates Notch receptors, ligands and 
targets[16,60]. Moreover, latest reports show a positive 
correlation between leptin, Ob-R and Notch components in 
endometrial cancer tissues from obese patients[70]. Leptin 
induces RBP-Jk and Notch that impacts on CSC and self-
renewal[16,60,71]. Moreover, a novel crosstalk between Notch, 
IL-1 and leptin (NILCO) was found in breast cancer[53,60,72]. 
NILCO induces proliferation/migration and upregulation 
of VEGF/VEGFR-2, and could represent the integration 
of developmental, pro-inflammatory and pro-angiogenic 
signals critical for leptin effects in breast cancer[60]. 
Paradoxically, low expression of RBP-Jk has been reported 
in several solid tumors that was associated with increase 
aggressiveness[73]. Our preliminary data indicate that 
knockdown of RBP-Jk in breast cancer cells induces a 
dramatic increase of Notch 3 and Notch 4 expression, CSC 
population (CD24-/CD44+) and N-cadherin (epithelial-
mesenchymal-transformation marker)[74]. These data may 
suggest that tumor repressor activities of RBP-Jk could 
overcome the oncogenic actions of NICD-RBP-Jk complex 
upon activation of Notch, thus, cancer cells downregulate 
RBP-Jk expression in order to proliferate and develop 
tumors. However, this topic deserves follow up and more 
deep mechanistic investigation.

Leptin signaling induces breast 
cancer progression
Leptin and Ob-R are low expressed in human mammary 
glands, yet they play a role in the normal development[75]. In 
contrast, leptin and Ob-R expression is upregulated in breast 
cancer[76]. Obese patients with breast cancer show tumoral 
leptin overexpression that correlated to larger and more 
advanced tumors[77]. The molecular mechanisms involved 
in obesity-related breast carcinogenesis are not very clear. 
The binding of leptin to its receptor on breast cancer cells 
induces the activation of multiple oncogenic pathways, 
including Jak/STAT3, ERK1/2, and phosphoinositide 3-kinase 
(PI-3K) pathways, cyclin D1 expression and retinoblastoma 
protein hyperphosphorylation[78]. Triple negative breast 
cancer (TNBC) showed high level of molecules correlated 
with metastasis and lower survival of patients of leptin (i.e., 

IL-1, Notch and VEGF/VEGFR2). Notch, IL-1 and leptin 
crosstalk outcome (NILCO) seems to play essential roles in 
the regulation of leptin-mediated induction of proliferation/
migration and expression of pro-angiogenic molecules in 
breast cancer[64].

Breast adipose tissue is a source of estrogen, which 
is involved in tumorigenesis. Estrogens promote cell 
proliferation by inhibiting apoptosis and inducing angio
genesis[79]. Therefore, these molecules are breast cancer 
markers and therapeutic targets. A functional crosstalk 
between estrogen and leptin exists and may act to promote 
tumorigenesis[80]. The aromatization of androstenedione in 
adipose tissue is the main source of estrogen[81], a reaction 
catalysed by the enzyme aromatase, whose expression 
is increased by leptin in ER positive breast cancer cells[82]. 
Leptin has been shown to induce resistance in ER positive 
cancer cells to Faslodex[83] and Tamoxifen[84]. Leptin binding 
to ObR was also shown to transactivate HER2/neu[85], which 
is an important oncogenic protein involved in breast cancer 
growth. All these data indicate that leptin is involved in the 
development of breast cancer. Therefore, the use of leptin-
signaling targeting drugs could be a novel strategy in breast 
cancer management.

Leptin signaling promotes the 
expansion of cancer stem cells
Breast cancer stem cells
The cancer stem cell (CSC) theory postulates the existence 
of a sub-population of cancer cells with the ability to 
undergo self-renewal and also tumor differentiation[86]. The 
presence of these cells is a risk factor for carcinogenesis. 
CSC can recreate the bulk of the tumor, and are believed 
to be responsible for tumor initiation, cancer recurrence 
and metastatic progression[87]. CSC in breast cancer 
(BCSC) initiate and drive carcinogenesis and tumor 
differentiation[88]. BCSC can be identified by several mole
cular phenotypic markers. Networks of cytokines and 
growth factors, including leptin, have been implicated in 
BCSC interaction with the tumor micro-environment[89]. 
BCSC exhibit a high sensitized responses to leptin. It was 
reported that leptin mediates microenvironment effects on 
BCSC activity that establishes a self-reinforcing signaling 
circuit. Leptin upregulates several factors considered BCSC 
markers in several breast cancer cell lines like, including 
CD44, ALDH1[60], HER2[90], Oct-4 and Sox2[91]. Leptin 
is also involved in activation of transcriptional factors 
associated with BCSC, like STAT3[92] and NF-κB[93]. BCSC 
markers are shown in Table 1[60,90,91,94-105].

PANCREATIC CANCER STEM CELLS
Characterization of pancreatic cancer stem cells
Pancreatic cancer stem cells (PCSC) are characterized by 
the expression of cell markers, including CD24+CD44+, 
CD133+, CD24+CD44+ and epithelial specific antigen (ESA+ 
or EpCAM+) and aldehyde dehydrogenase (ALDH+)[106-108]. 
PCSC represent a rare cell population of 0.5%-1% of 
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total PC cells (Table 2). Remarkably, when isolated and 
inoculated into nude mice PCSC generate tumors, whereas 
implantation of PC cells negative for these markers could 
not. Rasheed et al[109] showed that a subpopulation of 
PCSC, CD133+CXCR4+ was found in patients with PC 
metastatic disease. Additionally, PC ALDH+ cells showed 
enhanced clonogenic growth, migratory potential and 
affected negatively the overall survival of PC patients. In 
2011, Li et al[106] described a new population of PCSC c-Met+ 
involved in PC growth and metastasis. Recent preclinical 
data suggest PC c-Met+ cells are involved in drug resistance. 
Indeed, the use of a c-Met inhibitor (Cabozantinib) in PC 
patient overcomes Gemcitabine resistance[110]. PCSC could 
also be identified by flow cytometry using Hoechst 33342 
dye. PC side population that can exclude Hoechst 33342 
dye correlated with chemoresistance and poor survival[111]. 
Wang et al[112] described a similar PC side population 
(Hoechst 33342 negative) showing high expression 
for CD133+, ABCG2+ and Notch1+, which were more 
chemoresistant compared to non-side population cells. A 
PCSC population marked by the expression of Doublecortin 
and Ca/Calmodulin- Dependent Kinase-Like 1 (Dclk1) was 
described by Bailey et al[113] in 2014. PCSC Dclk1+ were 
found in PanIN (pancreatic intraepithelial neoplasia) lesions, 
as well as in invasive stages of PC. These findings suggest 
that PCSC populations can be identified at the early stages 
of pancreatic tumorigenesis and may serve as a biomarker 
for early detection of this deadly disease.

PCSC show self-renewal and multipotency, and can 
initiate and propagate the parental tumor while serial 
passage into immunocompromised mice[114]. CSC inclu
ding PCSC have retained the expression of at least three 
of the transcription factors that are characteristic to 
embryonic stem cells (ESC) (Oct-4, Sox-2 and Nanog). 
Increased levels of Oct-4 and Nanog are correlated with 
early stages of carcinogenesis and worse prognosis. 
Oct-4 and Nanog play important roles in embryonic 
development, and also in maintaining the stemness of 
PCSC. In contrast, PCSC double knockdown of Oct-4 and 
Nanog show reduced proliferation, migration, invasion 
and tumorigenesis[115]. Additionally, Oct-4 contributes to 
metastasis and cancer multidrug resistance[116]. De novo 
Sox2 expression alone in PC is sufficient to promote 
self-renewal, differentiation and stemness. Although 
ESC and PCSC share the property of self-renewal, ESC 

favors differentiation, while PCSC act more toward pro
liferation and inhibition of apoptosis. Targeting PCSC may 
be a viable therapeutic strategy against PC. A better 
understanding of Oct-4, Sox-2 and Nanog regulation 
could facilitate the design of individualized therapies for 
PC patients[117].

Current studies demonstrate that PCSC determine 
tumor relapse and metastasis following chemotherapy[118]. 
From a clinical perspective, targeting PCSC populations 
would ensure tumor eradication. However, PCSC possess 
escape mechanisms shared with normal stem cells, such 
as over-expression of multi-drug transporters. These 
transporters increase the efflux of anticancer drugs, 
thereby reducing their accumulation inside the cancer 
cells[118]. ABCB1 protein was significantly augmented 
in CD44+ cells during acquisition of PC cells resistance 
to Gemcitabine. CD44 expression in PC was correlated 
with histologic grade and poor prognosis. These data 
indicate that cancer stem cells were expanded during 
the acquisition of Gemcitabine chemoresistance[119]. In 
line with these findings, the administration of anti-CD44 
monoclonal antibody to a human PC xenograft mouse 
model increased Gemcitabine sensitivity[120]. Additionally, 
Metformin enhanced the capacity of Gemcitabine to inhibit 
the proliferation of PC cells by inhibiting the proliferation 
of CD133+ cells[121]. Side population PCSC identified by 
Van der Broeck in 2012[111] are resistant to Gemcitabine. 
Side population PC cells isolated from Panc-1 cell line 
have been found to express both ABCB1 and ABCG2, 
which contribute to chemoresistance[122]. Identification of 
enhanced stem cell populations within PC tumors might 
be used as biomarkers for personalized therapy. 

Pancreatic cancer stem cell regulators
Several factors could affect PCSC. Accumulated evi
dence suggested that microRNAs are involved in the 
regulation of PCSC. Specifically, miRNA34 affects the 
maintenance and survival of PCSC[123]. Obesity is asso
ciated with increased severity of acute pancreatitis[124] 
and decreased survival of PC patients. In obese mice, 
IL-6 contributes to prolonging inflammation and altering 
resolution from pancreatic damage, possibly contributing 
to a microenvironment favorable to tumorigenesis[125]. 
Cigarette smoking and nicotine, a major risk factor in PC, 
increase monocyte chemoattractant protein 1 (MCP-1) 

Table 1  Breast cancer stem cells markers

Markers Localization Ref. Markers Localization Ref.

CD44 Cell surface Guo et al[60], 2011 MET Cell surface Baccelli et al[100], 2013
CD24 Cell surface Kakarala et al[94], 2008 CD133 Cell surface Tume et al[101], 2016
Epcam Cell surface Chiotaki et al[95], 2015 CD338 Cell surface Leccia et al[102], 2014
CD49f Cell surface Chiotaki et al[95], 2015 ALDH1 Cytoplasm Guo et al[60], 2011
MUC1 Cell surface Nigam[96], 2013 Bmi I Cytoplasm Kim et al[103], 2015
CD29 Cell surface Yeo et al[97], 2016 GLI I Cytoplasm Fernandez-Zapico[104], 2013
CD61 Cell surface Yeo et al[97], 2016 Sox2 Cytoplasm Feldman et al[91], 2012
CD47 Cell surface Zhang et al[98], 2015 4-Oct Cytoplasm Feldman et al[91], 2012
HER2 Cell surface Korkaya et al[90], 2008 NANOG Cytoplasm McClements et al[105], 2013
eHSP90 Cell surface Stivarou et al[99], 2016
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expression in PC cells. MCP-1 was found in 60% of 
invasive PC lesions, of whom 66% were smokers[126]. The 
concentration of six cytokines (IL-1β; IL-6, IL-8, VEGF, 
TGF, IL-10) were consistently reported to be increased in 
pancreatic ductal adenocarcinoma (PDAC) patients. These 
molecules were associated with the severity of PDAC 
(i.e., metastasis, tumor size, and advanced stage) that 
suggest these cytokines have prognostic biomarker for 
PC[127]. Additionally, IL-8/CXCR1 axis was associated with 
cancer stem cell properties in PC[128]. CXCR1 expression 
in PC patients correlates with lymph node metastasis and 
poor survival. MMP-13 has been shown to help mediate 
the effect of leptin on invasiveness and metastasis of 
PC. In addition, there was a positive correlation between 
the expression of PCSC markers CD133 and CD44, and 
CXCR1[129]. 

P300 is a tumor suppressor gene. However, this fa
ctor is also upregulated in various cancer types and 
associated with worse prognosis. In PC, P300 is associated 
with chemoresistance from apoptosis upon Gemcitabine-
induced DNA damage[130]. TGF-β negatively regulates 
ALDH1 expression (a PCSC marker) in a SMAD dependent 
manner in PC cells. This regulatory mechanism might 
be disrupted by SMAD4 mutations and deletions in 
PC cells[131]. The binding of stem cell factor (SCF, a 
protein involved in PC progression) to its receptor, c-kit, 
determines an increase in HIF-1α synthesis that affects 
cancerous transformation, chemoradiotherapy resistance, 
and tumor progression[132]. 

Additionally, high levels of leptin receptor, Ob-R, are 
associated with PC stage and lymph node metastasis 
and overall shorter survival. Ob-R and HIF-1α expression 
was highly associated in PC tissues. HIF-1α regulated 
the expression of Ob-R in PC[133]. Leptin binding to Ob-R 
was earlier found to induce HIF-1α in breast cancer cells. 
Leptin-induced HIF-1α was involved in the upregulation 
of VEGFR2 in these cells[55]. Therefore, it is possible that 
a leptin-induced HIF-1α feedback regulating Ob-R is 
present in PC. Moreover, robust expression of Ob-R is a 
characteristic of tumor initiating stem cells and pluripotent 
stem cells that was mediated directly by Oct-4 and 
Sox2[91]. Furthermore, the expression of leptin in gastro-
esophageal adenocarcinomas was associated with 
chemoresistance. The use of leptin receptor antagonist 
SHLA increased the sensitivity to Cisplatin in the resistant 
gastric cancer cell line, AGS Cis5, and the oesophageal 

adenocarcinoma cell line, OE33[134]. 

Chemoresistance and cancer stem cells 
In the absence of targeted therapeutic options, chemo
therapy, along with surgery and radiotherapy are usually 
the last and only options for cancer treatment. Thus, 
resistance to chemotherapy is a vital area of research. 
Investigations on the mechanisms involved in chemo
resistance are essential to overcome this issue. There are 
several mechanisms related to chemoresistance that have 
been identified in cancer cells, which include reduction or 
inhibition of drug-induced apoptosis, overexpression of 
detoxification and efflux proteins, increased expression of 
survival factor and pathways as nuclear factor kappa-light-
chain-enhancer of activated B cells (NFĸB) and PI-3K/Akt, 
hypoxia and hypoxia inducible factor HIF, and expansion of 
chemoresistant CSC among others[135-138]. 

Inhibition of apoptosis
Numerous chemotherapies target the increased DNA 
synthesis that cancer cells undergo. Classes of chemo
therapeutics such as platinum agents (Cisplatin), alkylating 
agents (Cytoxane) and anthracyclines (Adriamycin or 
Doxorubicin) inhibit DNA synthesis. A consequence of 
the action of these agents is increased apoptosis due to 
DNA damage. The p53 pathway plays an important role 
in cancer cell avoidance of apoptosis, with mutations in 
the p53 gene associated with increased drug resistance in 
cancer cell lines and poor survival in cancer patients[135,139]. 
In addition, cancer cells have been known to competitively 
inhibit Caspase 3, a central molecule in the apoptosis 
pathway. These cells show increased expression of B cell 
lymphoma 2 (BCL-2) and B cell lymphoma extra-large 
(BCL-xL) anti apoptotic proteins[140-143]. 

Detoxification and efflux proteins
Aldehyde dehydrogenases (ALDH) are a class of enzymes 
that oxidise aldehydes. ALDH isoforms have been 
implicated in CSC and resistance to chemotherapeutics. 
ALDH1 is a marker of CSC and progenitor cells[144], whose 
expression correlated with poor response to Docetaxel 
therapy in advanced breast cancer[145]. Increased 
expression of ALDH1A1 and ALDH3A1 lead to greater 
inactivation of Cyclophosphamide in breast cancer[136]. 

ATP binding cassette (ABC) transporters are a 
family of transmembrane proteins involved in the efflux 
of drugs from cancer cells. ABC (ABCB1, ABCC1 and 
ABCG2) family of proteins are mainly found on CSC side-
population (SP, Hoechst negative). ABCB1, also known 
as p-glycoprotein, CD243 or MDR1, is an efflux pump 
protein with broad substrate specificity. It is known to 
pump out chemotherapeutics such as Doxorubicin and 
Paclitaxel. ABCC1 is known to give cancer cell resistance to 
anthracyclines such as Doxorubicin. ABCG2 also called the 
breast cancer resistance protein or CDw338, allows cancer 
cell resistance to Mitoxantrone and Doxorubicin[146]. 

NFkB pathway
NFkB signaling pathway is a survival mechanism that 

Table 2  Pancreatic cancer stem cells markers

Stem cell population Localization Ref.

CD24+CD44+ Extracellular Li et al[106], 2007
CD24+CD44+ESA+ Extracellular Li et al[106], 2007
CD133+CXCR4+ Extracellular Hermann et al[107], 2007
CD133+CD44+ Extracellular Ji et al[123], 2011
C-Met Extracellular Li et al[106], 2007
DCLK1 Intracellular Bailey et al[113], 2014
ABCB1 Extracellular Van den broeck et al[111], 2013
Sox2 Intracellular Herreros-Villanueva et al[117], 

2014
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controls DNA transcription of several genes. In non-
malignant cells NFκB signaling plays a central role in im
mune response to infection. It is responsible for cellular 
responses to a wide range of stimuli which include reactive 
oxygen species, ionising radiation, bacterial lipopoly
saccharide, IL-β and TNF-α. To drive oncogenesis, NFkB 
signaling cooperates or crosstalks with signaling pathways, 
oncogenic or cancer-related proteins such as STAT3, p53, 
ALDH1, glycogen synthase kinase (GSK-3β), PI-3K, MAPK, 
PKC, and others[147].

NFkB signaling is a critical mediator of chemoresistance 
in cancer. Glioblastoma multiforme’s resistance to Gem
citabine involves NFkB, ALDH and ROS actions[148]. Anti-
ovarian cancer effects of MK5108 compound relied on the 
inhibition of the Aurora-A kinase and NFkB signaling, which 
induced polyploidy and cell cycle arrest[149]. In breast cancer, 
targeting NFkB signaling increased apoptosis and reduced 
proliferation in drug resistant breast cancer cell lines[150]. 
In mesothelioma, the STAT3-NFkB signaling crosstalk is 
essential in ALDH-mediated chemoresistance[151]. Abnormal 
activation of NFkB signaling is also implicated in cancer 
resistance to Paclitaxel therapy[152]. 

HIF and tumor hypoxia
Hypoxia is a term which describes deficient oxygen supply 
to tissues due to poor vasculature, as it is in the case of 
obesity and cancer. Proliferation and expansion of adipose 
tissue induce tissue hypoxia and the expression of HIF. 
Hypoxia in cancer is associated with poor outcomes and 
chemoresistance[137,153]. In TNBC, chemotherapeutic 
treatment with Paclitaxel and Gemcitabine results in 
expression of HIF, and enrichment of CSC through IL-6 
and IL-8 actions. Chemical inhibition of HIF results in the 
depletion of CSC and tumour abrogation in vitro and in 
vivo[154]. 

In addition, hypoxia promotes survival of TNBC MDA-
MB231 from Paclitaxel-induced apoptosis via mTOR/JNK 
pathway[155].

CSC resistance to chemotherapy
The presence of CSC within tumors make them resistant 
to chemotherapy. CSC are commonly more resistant to 
chemotherapeutics which target the bulk of the tumour 
that allow the proliferation of CSC[156]. The CSC stemness 
phenotype and chemoresistance involve TGF-β signaling, 
which plays a prominent role in stem biology, facilitating 
epithelial to mesenchymal transition in mammary cancer 
cells, which is a property of CSC[138]. TNBC cell lines 
treated with Paclitaxel showed an enrichment of cancer 
cells with stem like properties and increased TGF-β 
signaling both in vitro and in vivo. Chemical inhibition 
of TGF-β signaling abrogates tumor formation[157]. CSC 
show higher expression of ABC family of proteins that 
increase their capability to efflux chemotherapeutics 
from cells. CSC also show diminished apoptosis rate, 
and over activation of detoxification proteins and survival 
pathways as NFkB and PI-3K[158].

Obesity, leptin and drug 

resistance
Obesity and leptin signaling have been implicated in 
enhance capabilities of cancer cells to avoid apoptosis. 
Leptin expression was associated with higher expression 
of BCL-2 and BCL-xL expression in breast cancer cells[159]. 
Furthermore, leptin signaling has been reported to activate 
the PI-3K/Akt pathway that antagonizes apoptosis in 
various cancers such as colon cancer, liver cancers, endo
metrial cancers and lymphomas[44,160-163]. Additionally, 
obesity has been shown to influence breast cancer response 
to Doxorubicin therapy. Indeed, obese mice treated with 
Doxorubicin showed more proliferative tumors that also had 
more CSC as compared with non-obese mice[164]. Leptin 
increases the expression of ABC protein transporters in 
glioblastoma[165]. Our preliminary data further show that 
leptin increases the expression of ABCB1 in breast and 
pancreatic cancer cells. 

Another mechanism involved in obesity-induced chemo
resistant is NFkB signaling. It is known that NFkB is 
activated by leptin signaling and that can increase survival 
of cancer cells under chemotherapeutic treatment[55]. 
An additional link between obesity (via leptin signaling) 
and cancer chemoresistance is HIF, which correlates with 
activation of leptin signaling in several cancers including 
endometrial, pancreatic, breast and colon cancers[133,166-168]. 
A potential mechanism involved in obesity-mediated 
drug resistant is TGF-β signaling. Leptin and TGF-β are 
commonly co-expressed in breast cancer[34]. It is known 
that TGF-β signaling induces leptin expression. However, 
the connection between leptin and TGF-β signaling in 
breast cancer is still unclear[169]. 

Leptin increased proliferation and survival of breast 
cancer estrogen receptor positive cells, MCF-7 cells 
treated with Cisplatin. These data further assessed that 
leptin is a survival factor that induces drug resistant 
in breast cancer[170]. Moreover, leptin was found able 
to induce CSC expansion in breast[60] and pancreatic 
cancer[16]. Furthermore, our preliminary data suggest 
that leptin induces the expression of Oct-4 and Nanog 
in breast cancer cells. These factors are essential for the 
upregulation of Ob-R in cancer cells[91]. Thus, leptin can 
induce a feedback mechanism through Oct-4/Nanog to 
sustain Ob-R expression and its pro-oncogenic signals 
in breast cancer.

Leptin antagonists and cancer 

progression
Leptin signaling has numerous protumorigenic effects, 
including the increase chemoresistance found in several 
tumors. Therefore, leptin antagonism could be a new 
strategy to overcome drug resistance in cancer. Several 
molecules have been described as potential new ag
ents to target leptin-induced cancer growth and drug 
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resistance. Majority of the leptin antagonists reported 
are mutated or truncated versions of leptin molecule: 
Leptin muteins, Allo-aca and D-ser, LDFI, and leptin 
peptide receptor antagonists (LPrA).

SMLA and SHLA
Leptin muteins or mutant proteins, were generated using 
random mutagenesis of the leptin sequence and screened 
for high affinity variants using a yeast surface display. This 
resulted in the creation and identification of high affinity 
muteins. Two mutein antagonists named superactive 
mouse leptin antagonist (SMLA) and superactive human 
leptin antagonist (SHLA) were made by the introduction 
of an Asp23 mutation. These antagonists showing 4 
aminoacid residue mutations (D23L/L39A/D40A/F41A) 
were reported to have 60-fold increased affinity for Ob-R 
and 14 fold greater antagonistic activity as compared with 
the original leptin antagonist showing 3 mutations (L39A/
D40A/F41A)[171]. These muteins were pegylated at the N 
terminus to increase bioavailability and stability. However, 
the pegylated muteins increased BW in mice. Pegylated 
SMLA induced higher BW gain as compared with the 
pegylated SHLA[171]. No effects of muteins on leptin-
induced chemoresistance in cancer have been reported to 
date.

Allo-aca and D-ser
Allo-aca is a non-toxic, 9-residue peptide leptin anta
gonist based on the C terminal Ob-R binding leptin site Ⅲ. 
Allo-aca was reported to increase survival of CD1 nude 
mouse hosting TNBC. The effective dose of the peptide 
was found after 9 to 13 d of treatment by injecting 
intraperiotoneally between 0.1 and 1 mg Allo-Aca/kg 
body weight (BW)/day. Allo-aca was nontoxic in C57Bl/6 
and CD1 nude mice, but showed hepatotoxicity at 0.2 
mg/kg BW/day in SCID mice[172]. Additionally, it induced 
weight gain of 6% to 10% of BW[172]. Treatment of TNBC 
MDAMB231 cell line with Allo-aca 50 pM inhibited leptin-
induced proliferation in vitro[172]. D-ser, peptide inhibitor 
is an analogue of Allo-aca that at 1 nM concentration 
inhibited leptin-induced proliferation in Ob-R positive 
breast and colon cancer cells in vitro without exhibiting 
agonist activity[173]. However, no data on the effects of 
these antagonists on leptin-induced drug resistance and 
CSC are available.

LDFI
LDFI is a leptin peptide antagonist composed by amino 
acid 39 to 42 on the leptin binding site I (Leu-Asp-Phe-
Ile). LDFI was reported to inhibit leptin-induced growth 
of breast cancer cells in vitro and in vivo[174]. This peptide 
antagonist inhibited proliferation, colony formation on soft 
agar and Boyden chamber transmigration of estrogen 
receptor positive as well as estrogen receptor negative 
breast cancer cells. LDFI effects correlated with reduced 
expression of key downstream leptin effectors such as 
JAK2, STAT3, AKT and MAPK. In vivo, the pegylated 
peptide (LDFI-PEG) was shown to inhibit tumour growth in 
a murine mammary xenograft model. LDFI-PEG showed 

no toxicity or effects on BW of mice[174]. No reports on 
potential effects of LDFI on drug resistance in breast or 
other cancer types are available.

LPrAs
LPrA1 and LPrA2 were earlier designed and tested in 
vitro and in vivo in mouse models[52,53,56,72,175,176]. LPrAs 
are composed by aminoacid sections of the binding 
site Ⅰ (LPrA1) and Ⅲ (LPrA2) of the leptin molecule[63]. 
LPrA2 was conjugate to polyethylene glycol 20 kDa (PEG-
LPrA2) or to iron-oxide nanoparticles (IONP-LPrA2) to 
increase its bioavaibility and effectiveness to block leptin 
signaling in cancer cells. Unconjugated and conjugated 
LPrA2 effectively inhibited leptin-induced protumorigenic 
actions in breast and pancreatic cancer cells[52,53,56,72,175,176]. 
LPrA2 showed potent effects for the reduction of leptin-
induced growth of tumors and expression of inflammatory 
(IL-1/IL-1R tI), proliferation (Ki67, PCNA), angiogenic 
factors (VEGF/VEGFR2) and Notch in tumors and 
endothelial cells[53,56,58,72]. The antagonist effects of LPrA2 
on tumor growth and angiogenesis were more evident in 
obese than in lean mice[53,72]. However, unconjugated or 
conjugated LPrA2 showed no toxicity and did not affect 
energy balance (BW or food intake) or general health 
when it was applied (0.1 mM/i.v. per twice weekly) to 
many lean and obese mice for two months. Remarkably, 
LPrA2 negatively impact on leptin-induced expansion 
of CSC and Notch expression in breast and pancreatic 
cancer cells, derived tumorspheres and xenografts[16,74]. 
Moreover, LPrA2 significantly reduced the leptin-induced 
effects on drug resistance (Cisplatin, Sunitinib, Paclitaxel, 
Doxorubicin) in breast cancer cells[16,176]. 

Conclusion
Combination of poor dietary habits and low physical 
activity, which are reinforced by accessibility of low-
cost high caloric and fat foods have led to the obesity 
pandemic. Accumulated evidence supports a negative role 
of obesity on cancer risk, progression and management. 
Despite many efforts and social programs to tackle obesity, 
its effects on morbidity and mortality and its influences 
on cancer incidence and treatment are in crescendo[1-5]. It 
is known that obesity and leptin signaling not only affect 
cancer cells, but also tumor stroma. Moreover, leptin and 
paracrine factors secreted from cancer and stroma cells 
(adipocytes, fibroblasts, endothelial cells and inflammatory 
cells) could affect tumor progression, CSC and chemo
resistance[16,176]. In this regards, the use of nontoxic 
leptin antagonists that do not affect energy balance could 
be a novel adjuvant therapy for cancer drugs. These 
compounds can increase chemotherapeutic effectiveness 
and allow reducing their dosage and undesired side effects 
in cancer patients.

REFERENCES
1	 Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, 

Mullany EC, Biryukov S, Abbafati C, Abera SF, Abraham JP, Abu-

Candelaria P et al . Leptin and cancer chemoresistance



114 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

Rmeileh NM, Achoki T, AlBuhairan FS, Alemu ZA, Alfonso R, Ali 
MK, Ali R, Guzman NA, Ammar W, Anwari P, Banerjee A, Barquera 
S, Basu S, Bennett DA, Bhutta Z, Blore J, Cabral N, Nonato IC, 
Chang JC, Chowdhury R, Courville KJ, Criqui MH, Cundiff DK, 
Dabhadkar KC, Dandona L, Davis A, Dayama A, Dharmaratne SD, 
Ding EL, Durrani AM, Esteghamati A, Farzadfar F, Fay DF, Feigin 
VL, Flaxman A, Forouzanfar MH, Goto A, Green MA, Gupta R, 
Hafezi-Nejad N, Hankey GJ, Harewood HC, Havmoeller R, Hay S, 
Hernandez L, Husseini A, Idrisov BT, Ikeda N, Islami F, Jahangir E, 
Jassal SK, Jee SH, Jeffreys M, Jonas JB, Kabagambe EK, Khalifa SE, 
Kengne AP, Khader YS, Khang YH, Kim D, Kimokoti RW, Kinge JM, 
Kokubo Y, Kosen S, Kwan G, Lai T, Leinsalu M, Li Y, Liang X, Liu 
S, Logroscino G, Lotufo PA, Lu Y, Ma J, Mainoo NK, Mensah GA, 
Merriman TR, Mokdad AH, Moschandreas J, Naghavi M, Naheed A, 
Nand D, Narayan KM, Nelson EL, Neuhouser ML, Nisar MI, Ohkubo 
T, Oti SO, Pedroza A, Prabhakaran D, Roy N, Sampson U, Seo H, 
Sepanlou SG, Shibuya K, Shiri R, Shiue I, Singh GM, Singh JA, 
Skirbekk V, Stapelberg NJ, Sturua L, Sykes BL, Tobias M, Tran BX, 
Trasande L, Toyoshima H, van de Vijver S, Vasankari TJ, Veerman JL, 
Velasquez-Melendez G, Vlassov VV, Vollset SE, Vos T, Wang C, Wang 
X, Weiderpass E, Werdecker A, Wright JL, Yang YC, Yatsuya H, Yoon 
J, Yoon SJ, Zhao Y, Zhou M, Zhu S, Lopez AD, Murray CJ, Gakidou 
E. Global, regional, and national prevalence of overweight and obesity 
in children and adults during 1980-2013: a systematic analysis for the 
Global Burden of Disease Study 2013. Lancet 2014; 384: 766-781 
[PMID: 24880830 DOI: 10.1016/S0140-6736(14)60460-8]

2	 Baer HJ, Tworoger SS, Hankinson SE, Willett WC. Body fatness at 
young ages and risk of breast cancer throughout life. Am J Epidemiol 
2010; 171: 1183-1194 [PMID: 20460303 DOI: 10.1093/aje/kwq045]

3	 Llewellyn A, Simmonds M, Owen CG, Woolacott N. Childhood 
obesity as a predictor of morbidity in adulthood: a systematic review 
and meta-analysis. Obes Rev 2016; 17: 56-67 [PMID: 26440472 DOI: 
10.1111/obr.12316]

4	 Jarvis D, Mitchell JS, Law PJ, Palin K, Tuupanen S, Gylfe A, 
Hänninen UA, Cajuso T, Tanskanen T, Kondelin J, Kaasinen E, Sarin 
AP, Kaprio J, Eriksson JG, Rissanen H, Knekt P, Pukkala E, Jousilahti 
P, Salomaa V, Ripatti S, Palotie A, Järvinen H, Renkonen-Sinisalo 
L, Lepistö A, Böhm J, Meklin JP, Al-Tassan NA, Palles C, Martin L, 
Barclay E, Farrington SM, Timofeeva MN, Meyer BF, Wakil SM, 
Campbell H, Smith CG, Idziaszczyk S, Maughan TS, Kaplan R, Kerr 
R, Kerr D, Buchanan DD, Win AK, Hopper JL, Jenkins MA, Lindor 
NM, Newcomb PA, Gallinger S, Conti D, Schumacher F, Casey 
G, Taipale J, Aaltonen LA, Cheadle JP, Dunlop MG, Tomlinson IP, 
Houlston RS. Mendelian randomisation analysis strongly implicates 
adiposity with risk of developing colorectal cancer. Br J Cancer 2016; 
115: 266-272 [PMID: 27336604 DOI: 10.1038/bjc.2016.188]

5	 Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass 
index and incidence of cancer: a systematic review and meta-analysis 
of prospective observational studies. Lancet 2008; 371: 569-578 
[PMID: 18280327 DOI: 10.1016/S0140-6736(08)60269-X]

6	 Troy JD, Hartge P, Weissfeld JL, Oken MM, Colditz GA, Mechanic 
LE, Morton LM. Associations between anthropometry, cigarette 
smoking, alcohol consumption, and non-Hodgkin lymphoma in the 
Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. Am 
J Epidemiol 2010; 171: 1270-1281 [PMID: 20494998 DOI: 10.1093/
aje/kwq085]

7	 Emaus MJ, van Gils CH, Bakker MF, Bisschop CN, Monninkhof 
EM, Bueno-de-Mesquita HB, Travier N, Berentzen TL, Overvad K, 
Tjønneland A, Romieu I, Rinaldi S, Chajes V, Gunter MJ, Clavel-
Chapelon F, Fagherazzi G, Mesrine S, Chang-Claude J, Kaaks R, 
Boeing H, Aleksandrova K, Trichopoulou A, Naska A, Orfanos P, Palli 
D, Agnoli C, Tumino R, Vineis P, Mattiello A, Braaten T, Borch KB, 
Lund E, Menéndez V, Sánchez MJ, Navarro C, Barricarte A, Amiano P, 
Sund M, Andersson A, Borgquist S, Olsson A, Khaw KT, Wareham N, 
Travis RC, Riboli E, Peeters PH, May AM. Weight change in middle 
adulthood and breast cancer risk in the EPIC-PANACEA study. Int 
J Cancer 2014; 135: 2887-2899 [PMID: 24771551 DOI: 10.1002/
ijc.28926]

8	 Rosner B, Eliassen AH, Toriola AT, Hankinson SE, Willett WC, 
Natarajan L, Colditz GA. Short-term weight gain and breast 

cancer risk by hormone receptor classification among pre- and 
postmenopausal women. Breast Cancer Res Treat 2015; 150: 643-653 
[PMID: 25796612 DOI: 10.1007/s10549-015-3344-0]

9	 Vrieling A, Buck K, Kaaks R, Chang-Claude J. Adult weight gain in 
relation to breast cancer risk by estrogen and progesterone receptor 
status: a meta-analysis. Breast Cancer Res Treat 2010; 123: 641-649 
[PMID: 20711809 DOI: 10.1007/s10549-010-1116-4]

10	 Chan DS, Vieira AR, Aune D, Bandera EV, Greenwood DC, 
McTiernan A, Navarro Rosenblatt D, Thune I, Vieira R, Norat T. Body 
mass index and survival in women with breast cancer-systematic 
literature review and meta-analysis of 82 follow-up studies. Ann 
Oncol 2014; 25: 1901-1914 [PMID: 24769692 DOI: 10.1093/annonc/
mdu042]

11	 Casabiell X, Piñeiro V, Tomé MA, Peinó R, Diéguez C, Casanueva 
FF. Presence of leptin in colostrum and/or breast milk from lactating 
mothers: a potential role in the regulation of neonatal food intake. J 
Clin Endocrinol Metab 1997; 82: 4270-4273 [PMID: 9398752 DOI: 
10.1210/jc.82.12.4270]

12	 Guo S, Liu M, Wang G, Torroella-Kouri M, Gonzalez-Perez RR. 
Oncogenic role and therapeutic target of leptin signaling in breast 
cancer and cancer stem cells. Biochim Biophys Acta 2012; 1825: 
207-222 [PMID: 22289780 DOI: 10.1016/j.bbcan.2012.01.002.
Oncogenic]

13	 Brennan AM, Mantzoros CS. Drug Insight: the role of leptin 
in human physiology and pathophysiology--emerging clinical 
applications. Nat Clin Pract Endocrinol Metab 2006; 2: 318-327 
[PMID: 16932309 DOI: 10.1038/ncpendmet0196]

14	 Pan H, Guo J, Su Z. Advances in understanding the interrelations 
between leptin resistance and obesity. Physiol Behav 2014; 130: 
157-169 [PMID: 24726399 DOI: 10.1016/j.physbeh.2014.04.003]

15	 Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens 
TW, Nyce MR, Ohannesian JP, Marco CC, McKee LJ, Bauer TL. 
Serum immunoreactive-leptin concentrations in normal-weight and 
obese humans. N Engl J Med 1996; 334: 292-295 [PMID: 8532024 
DOI: 10.1056/NEJM199602013340503]

16	 Lipsey CC, Harbuzariu A, Daley-Brown D, Gonzalez-Perez RR. 
Oncogenic role of leptin and Notch interleukin-1 leptin crosstalk 
outcome in cancer. World J Methodol 2016; 6: 43-55 [PMID: 
27019796 DOI: 10.5662/wjm.v6.i1.43]

17	 Margetic S, Gazzola C, Pegg GG, Hill RA. Leptin: a review of its 
peripheral actions and interactions. Int J Obes Relat Metab Disord 
2002; 26: 1407-1433 [PMID: 12439643 DOI: 10.1038/sj.ijo.0802142]

18	 Emilsson V, Liu YL, Cawthorne MA, Morton NM, Davenport M. 
Expression of the functional leptin receptor mRNA in pancreatic islets 
and direct inhibitory action of leptin on insulin secretion. Diabetes 
1997; 46: 313-316 [PMID: 9000710 DOI: 10.2337/diabetes.46.2.313]

19	 Laud K, Gourdou I, Bélair L, Keisler DH, Djiane J. Detection and 
regulation of leptin receptor mRNA in ovine mammary epithelial cells 
during pregnancy and lactation. FEBS Lett 1999; 463: 194-198 [PMID: 
10601666 DOI: 10.1016/S0014-5793(99)01616-6]

20	 Tsiotra PC, Pappa V, Raptis SA, Tsigos C. Expression of the long and 
short leptin receptor isoforms in peripheral blood mononuclear cells: 
implications for leptin’s actions. Metabolism 2000; 49: 1537-1541 
[PMID: 11145113 DOI: 10.1053/meta.2000.18519]

21	 Mullen M, Gonzalez-Perez RR. Leptin-Induced JAK/STAT Signaling 
and Cancer Growth. Vaccines (Basel) 2016; 4: pii: E26 [PMID: 
27472371 DOI: 10.3390/vaccines4030026]

22	 Ghilardi N, Ziegler S, Wiestner A, Stoffel R, Heim MH, Skoda RC. 
Defective STAT signaling by the leptin receptor in diabetic mice. 
Proc Natl Acad Sci USA 1996; 93: 6231-6235 [PMID: 8692797 DOI: 
10.1073/pnas.93.13.6231]

23	 Huang L, Li C. Leptin: a multifunctional hormone. Cell Res 2000; 10: 
81-92 [PMID: 10896170 DOI: 10.1038/sj.cr.7290038]

24	 Ducy P, Amling M, Takeda S, Priemel M, Schilling AF, Beil FT, 
Shen J, Vinson C, Rueger JM, Karsenty G. Leptin inhibits bone 
formation through a hypothalamic relay: a central control of bone 
mass. Cell 2000; 100: 197-207 [PMID: 10660043 DOI: 10.1016/
S0092-8674(00)81558-5]

25	 Comninos AN, Jayasena CN, Dhillo WS. The relationship between 
gut and adipose hormones, and reproduction. Hum Reprod Update 

Candelaria P et al . Leptin and cancer chemoresistance



115 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

2014; 20: 153-174 [PMID: 24173881 DOI: 10.1093/humupd/dmt033]
26	 Garonna E, Botham KM, Birdsey GM, Randi AM, Gonzalez-Perez 

RR, Wheeler-Jones CP. Vascular endothelial growth factor receptor-2 
couples cyclo-oxygenase-2 with pro-angiogenic actions of leptin on 
human endothelial cells. PLoS One 2011; 6: e18823 [PMID: 21533119 
DOI: 10.1371/journal.pone.0018823]

27	 González RR, Caballero-Campo P, Jasper M, Mercader A, Devoto L, 
Pellicer A, Simon C. Leptin and leptin receptor are expressed in the 
human endometrium and endometrial leptin secretion is regulated by 
the human blastocyst. J Clin Endocrinol Metab 2000; 85: 4883-4888 
[PMID: 11134157 DOI: 10.1210/jcem.85.12.7060]

28	 Ramos MP, Rueda BR, Leavis PC, Gonzalez RR. Leptin serves as an 
upstream activator of an obligatory signaling cascade in the embryo-
implantation process. Endocrinology 2005; 146: 694-701 [PMID: 
15539553 DOI: 10.1210/en.2004-1186]

29	 Gonzalez RR, Rueda BR, Ramos MP, Littell RD, Glasser S, Leavis 
PC. Leptin-induced increase in leukemia inhibitory factor and its 
receptor by human endometrium is partially mediated by interleukin 
1 receptor signaling. Endocrinology 2004; 145: 3850-3857 [PMID: 
15142989 DOI: 10.1210/en.2004-0383]

30	 Sanchez-Garrido MA, Tena-Sempere M. Metabolic control of 
puberty: roles of leptin and kisspeptins. Horm Behav 2013; 64: 
187-194 [PMID: 23998663 DOI: 10.1016/j.yhbeh.2013.01.014]

31	 Denroche HC, Huynh FK, Kieffer TJ. The role of leptin in glucose 
homeostasis. J Diabetes Investig 2012; 3: 115-129 [PMID: 24843554 
DOI: 10.1111/j.2040-1124.2012.00203.x]

32	 Fantuzzi G, Faggioni R. Leptin in the regulation of immunity, 
inflammation, and hematopoiesis. J Leukoc Biol 2000; 68: 437-446 
[PMID: 11037963]

33	 Taleb S, Herbin O, Ait-Oufella H, Verreth W, Gourdy P, Barateau V, 
Merval R, Esposito B, Clément K, Holvoet P, Tedgui A, Mallat Z. 
Defective leptin/leptin receptor signaling improves regulatory T cell 
immune response and protects mice from atherosclerosis. Arterioscler 
Thromb Vasc Biol 2007; 27: 2691-2698 [PMID: 17690315 DOI: 
10.1161/ATVBAHA.107.149567]

34	 Newman G, Gonzalez-Perez RR. Leptin-cytokine crosstalk in breast 
cancer. Mol Cell Endocrinol 2014; 382: 570-582 [PMID: 23562747 
DOI: 10.1016/j.mce.2013.03.025]

35	 Zhao L, Shen ZX, Luo HS, Shen L. Possible involvement of leptin 
and leptin receptor in developing gastric adenocarcinoma. World J 
Gastroenterol 2005; 11: 7666-7670 [PMID: 16437696 DOI: 10.3748/
wjg.v11.i48.7666]

36	 Garofalo C, Surmacz E. Leptin and cancer. J Cell Physiol 2006; 207: 
12-22 [PMID: 16110483 DOI: 10.1002/jcp.20472]

37	 Carino C, Olawaiye AB, Cherfils S, Serikawa T, Lynch MP, Rueda 
BR, Gonzalez RR. Leptin regulation of proangiogenic molecules 
in benign and cancerous endometrial cells. Int J Cancer 2008; 123: 
2782-2790 [PMID: 18798554 DOI: 10.1002/ijc.23887]

38	 Gogas H, Trakatelli M, Dessypris N, Terzidis A, Katsambas A, 
Chrousos GP, Petridou ET. Melanoma risk in association with serum 
leptin levels and lifestyle parameters: a case-control study. Ann Oncol 
2008; 19: 384-389 [PMID: 17925285 DOI: 10.1093/annonc/mdm464]

39	 Yeh WL, Lu DY, Lee MJ, Fu WM. Leptin induces migration and 
invasion of glioma cells through MMP-13 production. Glia 2009; 57: 
454-464 [PMID: 18814267 DOI: 10.1002/glia.20773]

40	 Long E, Beales IL. The role of obesity in oesophageal cancer 
development. Therap Adv Gastroenterol 2014; 7: 247-268 [PMID: 
25364384 DOI: 10.1177/1756283X14538689]

41	 Yang WH, Chang AC, Wang SW, Wang SJ, Chang YS, Chang TM, 
Hsu SK, Fong YC, Tang CH. Leptin promotes VEGF-C production 
and induces lymphangiogenesis by suppressing miR-27b in human 
chondrosarcoma cells. Sci Rep 2016; 6: 28647 [PMID: 27345723 
DOI: 10.1038/srep28647]

42	 Akinci M, Kosova F, Cetin B, Aslan S, Ari Z, Cetin A. Leptin levels 
in thyroid cancer. Asian J Surg 2009; 32: 216-223 [PMID: 19892624 
DOI: 10.1016/S1015-9584(09)60397-3]

43	 Chitturi S, Farrell G, Frost L, Kriketos A, Lin R, Fung C, Liddle C, 
Samarasinghe D, George J. Serum leptin in NASH correlates with 
hepatic steatosis but not fibrosis: a manifestation of lipotoxicity? 
Hepatology 2002; 36: 403-409 [PMID: 12143049 DOI: 10.1053/

jhep.2002.34738]
44	 Uddin S, Bu R, Ahmed M, Hussain AR, Ajarim D, Al-Dayel F, Bavi 

P, Al-kuraya KS. Leptin receptor expression and its association with 
PI3K/AKT signaling pathway in diffuse large B-cell lymphoma. Leuk 
Lymphoma 2010; 51: 1305-1314 [PMID: 20443680 DOI: 10.3109/10
428191003802365]

45	 Attoub S, Noe V, Pirola L, Bruyneel E, Chastre E, Mareel M, 
Wymann MP, Gespach C. Leptin promotes invasiveness of kidney and 
colonic epithelial cells via phosphoinositide 3-kinase-, rho-, and rac-
dependent signaling pathways. FASEB J 2000; 14: 2329-2338 [PMID: 
11053255 DOI: 10.1096/fj.00-0162]

46	 Hardwick JC, van den Brink GR, Offerhaus GJ, van Deventer SJ, 
Peppelenbosch MP. NF-kappaB, p38 MAPK and JNK are highly 
expressed and active in the stroma of human colonic adenomatous 
polyps. Oncogene 2001; 20: 819-827 [PMID: 11314016 DOI: 
10.1038/sj.onc.1204162]

47	 Song CH, Liao J, Deng ZH, Zhang JY, Xue H, Li YM, Liang C, Han 
M, Zhang K, Yan GT. Is leptin a predictive factor in patients with lung 
cancer? Clin Biochem 2014; 47: 230-232 [PMID: 24355691 DOI: 
10.1016/j.clinbiochem.2013.12.003]

48	 Konopleva M, Zhao S, Xie Z, Segall H, Younes A, Claxton DF, 
Estrov Z, Kornblau SM, Andreeff M. Apoptosis. Molecules and 
mechanisms. Adv Exp Med Biol 1999; 457: 217-236 [PMID: 
10500797]

49	 Somasundar P, Frankenberry KA, Skinner H, Vedula G, McFadden 
DW, Riggs D, Jackson B, Vangilder R, Hileman SM, Vona-Davis LC. 
Prostate cancer cell proliferation is influenced by leptin. J Surg Res 
2004; 118: 71-82 [PMID: 15093720 DOI: 10.1016/j.jss.2004.01.017]

50	 Choi JH, Park SH, Leung PC, Choi KC. Expression of leptin 
receptors and potential effects of leptin on the cell growth and 
activation of mitogen-activated protein kinases in ovarian cancer cells. 
J Clin Endocrinol Metab 2005; 90: 207-210 [PMID: 15522945 DOI: 
10.1210/jc.2004-0297]

51	 Glasow A, Bornstein SR, Chrousos GP, Brown JW, Scherbaum WA. 
Detection of Ob-receptor in human adrenal neoplasms and effect 
of leptin on adrenal cell proliferation. Horm Metab Res 1999; 31: 
247-251 [PMID: 10333078 DOI: 10.1055/s-2007-978726]

52	 Gonzalez RR, Cherfils S, Escobar M, Yoo JH, Carino C, Styer AK, 
Sullivan BT, Sakamoto H, Olawaiye A, Serikawa T, Lynch MP, Rueda 
BR. Leptin signaling promotes the growth of mammary tumors and 
increases the expression of vascular endothelial growth factor (VEGF) 
and its receptor type two (VEGF-R2). J Biol Chem 2006; 281: 
26320-26328 [PMID: 16825198]

53	 Gillespie C, Quarshie A, Penichet M, Gonzalez-Perez RR. Potential 
Role of Leptin Signaling in DMBA induced Mammary Tumors by 
Non-Responsive C57BL/6J Mice Fed a High-Fat Diet. J Carcinog 
Mutagen 2012; 3: 132 [DOI: 10.4172/2157-2518.1000132]

54	 Brown JE, Dunmore SJ. Leptin decreases apoptosis and alters BCL-2 
: Bax ratio in clonal rodent pancreatic beta-cells. Diabetes Metab Res 
Rev 2007; 23: 497-502 [PMID: 17318810 DOI: 10.1002/dmrr.726]

55	 Gonzalez-Perez RR, Xu Y, Guo S, Watters A, Zhou W, Leibovich 
SJ. Leptin upregulates VEGF in breast cancer via canonic and non-
canonical signalling pathways and NFkappaB/HIF-1alpha activation. 
Cell Signal 2010; 22: 1350-1362 [PMID: 20466060 DOI: 10.1016/
j.cellsig.2010.05.003]

56	 Rene Gonzalez R, Watters A, Xu Y, Singh UP, Mann DR, Rueda BR, 
Penichet ML. Leptin-signaling inhibition results in efficient anti-tumor 
activity in estrogen receptor positive or negative breast cancer. Breast 
Cancer Res 2009; 11: R36 [PMID: 19531256 DOI: 10.1186/bcr2321]

57	 Bouloumié A, Drexler HC, Lafontan M, Busse R. Leptin, the product 
of Ob gene, promotes angiogenesis. Circ Res 1998; 83: 1059-1066 
[PMID: 9815153 DOI: 10.1161/01.RES.83.10.1059]

58	 Lanier V, Gillespie C, Leffers M, Daley-Brown D, Milner J, Lipsey C, 
Webb N, Anderson LM, Newman G, Waltenberger J, Gonzalez-Perez 
RR. Leptin-induced transphosphorylation of vascular endothelial 
growth factor receptor increases Notch and stimulates endothelial cell 
angiogenic transformation. Int J Biochem Cell Biol 2016; 79: 139-150 
[PMID: 27590851 DOI: 10.1016/j.biocel.2016.08.023]

59	 Zhou W, Guo S, Gonzalez-Perez RR. Leptin pro-angiogenic signature 
in breast cancer is linked to IL-1 signalling. Br J Cancer 2011; 104: 

Candelaria P et al . Leptin and cancer chemoresistance



116 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

128-137 [PMID: 21139583 DOI: 10.1038/sj.bjc.6606013]
60	 Guo S, Gonzalez-Perez RR. Notch, IL-1 and leptin crosstalk outcome 

(NILCO) is critical for leptin-induced proliferation, migration and 
VEGF/VEGFR-2 expression in breast cancer. PLoS One 2011; 6: 
e21467 [PMID: 21731759 DOI: 10.1371/journal.pone.0021467]

61	 Gonzalez RR, Devoto L, Campana A, Bischof P. Effects of leptin, 
interleukin-1alpha, interleukin-6, and transforming growth factor-
beta on markers of trophoblast invasive phenotype: integrins and 
metalloproteinases. Endocrine 2001; 15: 157-164 [PMID: 11720241 
DOI: 10.1385/ENDO: 15: 2: 157]

62	 Park HY, Kwon HM, Lim HJ, Hong BK, Lee JY, Park BE, Jang 
Y, Cho SY, Kim HS. Potential role of leptin in angiogenesis: leptin 
induces endothelial cell proliferation and expression of matrix 
metalloproteinases in vivo and in vitro. Exp Mol Med 2001; 33: 
95-102 [PMID: 11460888 DOI: 10.1038/emm.2001.17]

63	 Gonzalez RR, Leavis PC. A peptide derived from the human leptin 
molecule is a potent inhibitor of the leptin receptor function in rabbit 
endometrial cells. Endocrine 2003; 21: 185-195 [PMID: 12897384 
DOI: 10.1385/ENDO: 21: 2: 185]

64	 Guo S, Liu M, Gonzalez-Perez RR. Role of Notch and its oncogenic 
signaling crosstalk in breast cancer. Biochim Biophys Acta 2011; 1815: 
197-213 [PMID: 21193018 DOI: 10.1016/j.bbcan.2010.12.002]

65	 Zhou S, Fujimuro M, Hsieh JJ, Chen L, Miyamoto A, Weinmaster 
G, Hayward SD. SKIP, a CBF1-associated protein, interacts with the 
ankyrin repeat domain of NotchIC To facilitate NotchIC function. 
Mol Cell Biol 2000; 20: 2400-2410 [PMID: 10713164 DOI: 10.1128/
MCB.20.7.2400-2410.2000]

66	 Hsieh JJ, Zhou S, Chen L, Young DB, Hayward SD. CIR, a 
corepressor linking the DNA binding factor CBF1 to the histone 
deacetylase complex. Proc Natl Acad Sci USA 1999; 96: 23-28 [PMID: 
9874765 DOI: 10.1073/pnas.96.1.23]

67	 Kovall RA. More complicated than it looks: assembly of Notch 
pathway transcription complexes. Oncogene 2008; 27: 5099-5109 
[PMID: 18758478 DOI: 10.1038/onc.2008.223]

68	 Dontu G, Jackson KW, McNicholas E, Kawamura MJ, Abdallah 
WM, Wicha MS. Role of Notch signaling in cell-fate determination of 
human mammary stem/progenitor cells. Breast Cancer Res 2004; 6: 
R605-R615 [PMID: 15535842 DOI: 10.1186/bcr920]

69	 Harrison H, Farnie G, Howell SJ, Rock RE, Stylianou S, Brennan 
KR, Bundred NJ, Clarke RB. Regulation of breast cancer stem 
cell activity by signaling through the Notch4 receptor. Cancer Res 
2010; 70: 709-718 [PMID: 20068161 DOI: 10.1158/0008-5472.
CAN-09-1681]

70	 Daley-Brown D, Oprea-Ilies GM, Lee R, Pattillo R, Gonzalez-
Perez RR. Molecular cues on obesity signals, tumor markers and 
endometrial cancer. Horm Mol Biol Clin Investig 2015; 21: 89-106 
[PMID: 25781554 DOI: 10.1515/hmbci-2014-0049]

71	 Giordano C, Chemi F, Panza S, Barone I, Bonofiglio D, Lanzino M, 
Cordella A, Campana A, Hashim A, Rizza P, Leggio A, Győrffy B, 
Simões BM, Clarke RB, Weisz A, Catalano S, Andò S. Leptin as a 
mediator of tumor-stromal interactions promotes breast cancer stem 
cell activity. Oncotarget 2016; 7: 1262-1275 [PMID: 26556856 DOI: 
10.18632/oncotarget.6014]

72	 Battle M, Gillespie C, Quarshie A, Lanier V, Harmon T, Wilson K, 
Torroella-Kouri M, Gonzalez-Perez RR. Obesity induced a leptin-
Notch signaling axis in breast cancer. Int J Cancer 2014; 134: 
1605-1616 [PMID: 24114531 DOI: 10.1002/ijc.28496]

73	 Kulic I, Robertson G, Chang L, Baker JH, Lockwood WW, Mok 
W, Fuller M, Fournier M, Wong N, Chou V, Robinson MD, Chun 
HJ, Gilks B, Kempkes B, Thomson TA, Hirst M, Minchinton AI, 
Lam WL, Jones S, Marra M, Karsan A. Loss of the Notch effector 
RBPJ promotes tumorigenesis. J Exp Med 2015; 212: 37-52 [PMID: 
25512468 DOI: 10.1084/jem.20121192]

74	 Rampoldi A, Harbuzariu A, Harmon TL, Gonzalez-Perez RR. Abstract 
1006: Novel adjuvants in triple negative breast cancer chemotherapy. 
Cancer Res 2016; 1006-1006 [DOI: 10.1158/1538-7445.AM 
2016-1006]

75	 Smith-Kirwin SM, O’Connor DM, De Johnston J, Lancey ED, 
Hassink SG, Funanage VL. Leptin expression in human mammary 
epithelial cells and breast milk. J Clin Endocrinol Metab 1998; 83: 

1810-1813 [PMID: 9589698 DOI: 10.1210/jc.83.5.1810]
76	 Ishikawa M, Kitayama J, Nagawa H. Enhanced expression of leptin 

and leptin receptor (OB-R) in human breast cancer. Clin Cancer Res 
2004; 10: 4325-4331 [PMID: 15240518 DOI: 10.1158/1078-0432.
CCR-03-0749]

77	 Porter GA, Inglis KM, Wood LA, Veugelers PJ. Effect of obesity 
on presentation of breast cancer. Ann Surg Oncol 2006; 13: 327-332 
[PMID: 16485153 DOI: 10.1245/ASO.2006.03.049]

78	 Frankenberry KA, Skinner H, Somasundar P, McFadden DW, Vona-
Davis LC. Leptin receptor expression and cell signaling in breast 
cancer. Int J Oncol 2006; 28: 985-993 [PMID: 16525650]

79	 Yue W, Yager JD, Wang JP, Jupe ER, Santen RJ. Estrogen 
receptor-dependent and independent mechanisms of breast cancer 
carcinogenesis. Steroids 2013; 78: 161-170 [PMID: 23178278 DOI: 
10.1016/j.steroids.2012.11.001]

80	 Catalano S, Mauro L, Marsico S, Giordano C, Rizza P, Rago V, 
Montanaro D, Maggiolini M, Panno ML, Andó S. Leptin induces, via 
ERK1/ERK2 signal, functional activation of estrogen receptor alpha in 
MCF-7 cells. J Biol Chem 2004; 279: 19908-19915 [PMID: 14985328 
DOI: 10.1074/jbc.M313191200]

81	 MacDonald PC, Edman CD, Hemsell DL, Porter JC, Siiteri PK. 
Effect of obesity on conversion of plasma androstenedione to estrone 
in postmenopausal women with and without endometrial cancer. Am J 
Obstet Gynecol 1978; 130: 448-455 [PMID: 629289]

82	 Catalano PM, Thomas A, Huston-Presley L, Amini SB. Increased 
fetal adiposity: a very sensitive marker of abnormal in utero 
development. Am J Obstet Gynecol 2003; 189: 1698-1704 [PMID: 
14710101 DOI: 10.1016/S0002-9378(03)00828-7]

83	 Garofalo C, Sisci D, Surmacz E. Leptin interferes with the effects 
of the antiestrogen ICI 182,780 in MCF-7 breast cancer cells. 
Clin Cancer Res 2004; 10: 6466-6475 [PMID: 15475434 DOI: 
10.1158/1078-0432.CCR-04-0203]

84	 Chen HY, Yang YM, Stevens BM, Noble M. Inhibition of redox/
Fyn/c-Cbl pathway function by Cdc42 controls tumour initiation 
capacity and tamoxifen sensitivity in basal-like breast cancer cells. 
EMBO Mol Med 2013; 5: 723-736 [PMID: 23606532 DOI: 10.1002/
emmm.201202140]

85	 Eisenberg A, Biener E, Charlier M, Krishnan RV, Djiane J, Herman 
B, Gertler A. Transactivation of erbB2 by short and long isoforms of 
leptin receptors. FEBS Lett 2004; 565: 139-142 [PMID: 15135067 
DOI: 10.1016/j.febslet.2004.03.089]

86	 McDermott SP, Wicha MS. Targeting breast cancer stem cells. Mol 
Oncol 2010; 4: 404-419 [PMID: 20599450 DOI: 10.1016/j.molonc. 
2010.06.005]

87	 Kleffel S, Schatton T. Tumor dormancy and cancer stem cells: two 
sides of the same coin? Adv Exp Med Biol 2013; 734: 145-179 [PMID: 
23143979 DOI: 10.1007/978-1-4614-1445-2_8]

88	 Pang LY, Argyle DJ. Using naturally occurring tumours in dogs 
and cats to study telomerase and cancer stem cell biology. Biochim 
Biophys Acta 2009; 1792: 380-391 [PMID: 19254761 DOI: 10.1016/
j.bbadis.2009.02.010]

89	 Andò S, Barone I, Giordano C, Bonofiglio D, Catalano S. The 
Multifaceted Mechanism of Leptin Signaling within Tumor 
Microenvironment in Driving Breast Cancer Growth and Progression. 
Front Oncol 2014; 4: 340 [PMID: 25505738 DOI: 10.3389/fonc. 
2014.00340]

90	 Korkaya H, Paulson A, Iovino F, Wicha MS. HER2 regulates the 
mammary stem/progenitor cell population driving tumorigenesis and 
invasion. Oncogene 2008; 27: 6120-6130 [PMID: 18591932 DOI: 
10.1038/onc.2008.207]

91	 Feldman DE, Chen C, Punj V, Tsukamoto H, Machida K. 
Pluripotency factor-mediated expression of the leptin receptor (OB-R) 
links obesity to oncogenesis through tumor-initiating stem cells. Proc 
Natl Acad Sci USA 2012; 109: 829-834 [PMID: 22207628 DOI: 
10.1073/pnas.1114438109]

92	 Zhou J, Wulfkuhle J, Zhang H, Gu P, Yang Y, Deng J, Margolick 
JB, Liotta LA, Petricoin E, Zhang Y. Activation of the PTEN/mTOR/
STAT3 pathway in breast cancer stem-like cells is required for viability 
and maintenance. Proc Natl Acad Sci USA 2007; 104: 16158-16163 
[PMID: 17911267 DOI: 10.1073/pnas.0702596104]

Candelaria P et al . Leptin and cancer chemoresistance



117 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

93	 Pratt MA, Tibbo E, Robertson SJ, Jansson D, Hurst K, Perez-Iratxeta 
C, Lau R, Niu MY. The canonical NF-kappaB pathway is required 
for formation of luminal mammary neoplasias and is activated in the 
mammary progenitor population. Oncogene 2009; 28: 2710-2722 
[PMID: 19483731 DOI: 10.1038/onc.2009.131]

94	 Kakarala M, Wicha MS. Implications of the cancer stem-
cell hypothesis for breast cancer prevention and therapy. J Clin 
Oncol 2008; 26: 2813-2820 [PMID: 18539959 DOI: 10.1200/
JCO.2008.16.3931]

95	 Chiotaki R, Polioudaki H, Theodoropoulos PA. Cancer stem cells 
in solid and liquid tissues of breast cancer patients: characterization 
and therapeutic perspectives. Curr Cancer Drug Targets 2015; 15: 
256-269 [PMID: 25669721]

96	 Nigam A. Breast cancer stem cells, pathways and therapeutic 
perspectives 2011. Indian J Surg 2013; 75: 170-180 [PMID: 24426422 
DOI: 10.1007/s12262-012-0616-3]

97	 Yeo SK, Wen J, Chen S, Guan JL. Autophagy Differentially Regulates 
Distinct Breast Cancer Stem-like Cells in Murine Models via EGFR/
Stat3 and Tgfβ/Smad Signaling. Cancer Res 2016; 76: 3397-3410 
[PMID: 27197172 DOI: 10.1158/0008-5472.CAN-15-2946]

98	 Zhang H, Lu H, Xiang L, Bullen JW, Zhang C, Samanta D, Gilkes 
DM, He J, Semenza GL. HIF-1 regulates CD47 expression in breast 
cancer cells to promote evasion of phagocytosis and maintenance of 
cancer stem cells. Proc Natl Acad Sci USA 2015; 112: E6215-E6223 
[PMID: 26512116 DOI: 10.1073/pnas.1520032112]

99	 Stivarou T, Stellas D, Vartzi G, Thomaidou D, Patsavoudi E. 
Targeting highly expressed extracellular HSP90 in breast cancer stem 
cells inhibits tumor growth in vitro and in vivo. Cancer Biol Ther 
2016; 17: 799-812 [PMID: 27259689 DOI: 10.1080/15384047.2016.1
195041]

100	 Baccelli I, Schneeweiss A, Riethdorf S, Stenzinger A, Schillert 
A, Vogel V, Klein C, Saini M, Bäuerle T, Wallwiener M, Holland-
Letz T, Höfner T, Sprick M, Scharpff M, Marmé F, Sinn HP, Pantel 
K, Weichert W, Trumpp A. Identification of a population of blood 
circulating tumor cells from breast cancer patients that initiates 
metastasis in a xenograft assay. Nat Biotechnol 2013; 31: 539-544 
[PMID: 23609047 DOI: 10.1038/nbt.2576]

101	 Tume L, Paco K, Ubidia-Incio R, Moya J. CD133 in breast cancer cells 
and in breast cancer stem cells as another target for immunotherapy. 
Gac Mex Oncol 2016; 15: 22-30 [DOI: 10.1016/j.gamo.2016.01.003]

102	 Leccia F, Del Vecchio L, Mariotti E, Di Noto R, Morel AP, Puisieux 
A, Salvatore F, Ansieau S. ABCG2, a novel antigen to sort luminal 
progenitors of BRCA1- breast cancer cells. Mol Cancer 2014; 13: 213 
[PMID: 25216750 DOI: 10.1186/1476-4598-13-213]

103	 Kim SH, Singh SV. The role of polycomb group protein Bmi-1 and 
Notch4 in breast cancer stem cell inhibition by benzyl isothiocyanate. 
Breast Cancer Res Treat 2015; 149: 681-692 [PMID: 25663545 DOI: 
10.1007/s10549-015-3279-5]

104	 Fernandez-Zapico ME. GLI1 finds a new role in cancer stem cell 
biology. EMBO Mol Med 2013; 5: 483-485 [PMID: 23505092 DOI: 
10.1002/emmm.201302505]

105	 McClements L, Yakkundi A, Papaspyropoulos A, Harrison H, Ablett 
MP, Jithesh PV, McKeen HD, Bennett R, Donley C, Kissenpfennig 
A, McIntosh S, McCarthy HO, O’Neill E, Clarke RB, Robson T. 
Targeting treatment-resistant breast cancer stem cells with FKBPL and 
its peptide derivative, AD-01, via the CD44 pathway. Clin Cancer Res 
2013; 19: 3881-3893 [PMID: 23741069 DOI: 10.1158/1078-0432.
CCR-13-0595]

106	 Li C, Heidt DG, Dalerba P, Burant CF, Zhang L, Adsay V, Wicha M, 
Clarke MF, Simeone DM. Identification of pancreatic cancer stem 
cells. Cancer Res 2007; 67: 1030-1037 [PMID: 17283135 DOI: 
10.1158/0008-5472.CAN-06-2030]

107	 Hermann PC, Huber SL, Herrler T, Aicher A, Ellwart JW, Guba 
M, Bruns CJ, Heeschen C. Distinct populations of cancer stem cells 
determine tumor growth and metastatic activity in human pancreatic 
cancer. Cell Stem Cell 2007; 1: 313-323 [PMID: 18371365 DOI: 
10.1016/j.stem.2007.06.002]

108	 Lee CJ, Dosch J, Simeone DM. Pancreatic cancer stem cells. J 
Clin Oncol 2008; 26: 2806-2812 [PMID: 18539958 DOI: 10.1200/
JCO.2008.16.6702]

109	 Rasheed ZA, Yang J, Wang Q, Kowalski J, Freed I, Murter C, Hong 
SM, Koorstra JB, Rajeshkumar NV, He X, Goggins M, Iacobuzio-
Donahue C, Berman DM, Laheru D, Jimeno A, Hidalgo M, Maitra 
A, Matsui W. Prognostic significance of tumorigenic cells with 
mesenchymal features in pancreatic adenocarcinoma. J Natl Cancer 
Inst 2010; 102: 340-351 [PMID: 20164446 DOI: 10.1093/jnci/djp535]

110	 Hage C, Rausch V, Giese N, Giese T, Schönsiegel F, Labsch S, 
Nwaeburu C, Mattern J, Gladkich J, Herr I. The novel c-Met inhibitor 
cabozantinib overcomes gemcitabine resistance and stem cell signaling 
in pancreatic cancer. Cell Death Dis 2013; 4: e627 [PMID: 23661005 
DOI: 10.1038/cddis.2013.158]

111	 Van den Broeck A, Vankelecom H, Van Delm W, Gremeaux L, 
Wouters J, Allemeersch J, Govaere O, Roskams T, Topal B. Human 
pancreatic cancer contains a side population expressing cancer stem 
cell-associated and prognostic genes. PLoS One 2013; 8: e73968 
[PMID: 24069258 DOI: 10.1371/journal.pone.0073968]

112	 Wang YH, Li F, Luo B, Wang XH, Sun HC, Liu S, Cui YQ, Xu XX. 
A side population of cells from a human pancreatic carcinoma cell line 
harbors cancer stem cell characteristics. Neoplasma 2009; 56: 371-378 
[PMID: 19580337]

113	 Bailey JM, Alsina J, Rasheed ZA, McAllister FM, Fu YY, Plentz 
R, Zhang H, Pasricha PJ, Bardeesy N, Matsui W, Maitra A, Leach 
SD. DCLK1 marks a morphologically distinct subpopulation of 
cells with stem cell properties in preinvasive pancreatic cancer. 
Gastroenterology 2014; 146: 245-256 [PMID: 24096005 DOI: 
10.1053/j.gastro.2013.09.050]

114	 Sancho P, Alcala S, Usachov V, Hermann PC, Sainz B. The ever-
changing landscape of pancreatic cancer stem cells. Pancreatology 
2016; 16: 489-496 [PMID: 27161173 DOI: 10.1016/j.pan.2016.04.004]

115	 Lu Y, Zhu H, Shan H, Lu J, Chang X, Li X, Lu J, Fan X, Zhu S, Wang 
Y, Guo Q, Wang L, Huang Y, Zhu M, Wang Z. Knockdown of Oct4 
and Nanog expression inhibits the stemness of pancreatic cancer cells. 
Cancer Lett 2013; 340: 113-123 [PMID: 23872274 DOI: 10.1016/
j.canlet.2013.07.009]

116	 Quint K, Tonigold M, Di Fazio P, Montalbano R, Lingelbach S, 
Rückert F, Alinger B, Ocker M, Neureiter D. Pancreatic cancer 
cells surviving gemcitabine treatment express markers of stem cell 
differentiation and epithelial-mesenchymal transition. Int J Oncol 
2012; 41: 2093-2102 [PMID: 23026911 DOI: 10.3892/ijo.2012.1648]

117	 Herreros-Villanueva M, Bujanda L, Billadeau DD, Zhang JS. 
Embryonic stem cell factors and pancreatic cancer. World J Gastro­
enterol 2014; 20: 2247-2254 [PMID: 24605024 DOI: 10.3748/wjg.
v20.i9.2247]

118	 Misra S, Ghatak S, Toole BP. Regulation of MDR1 expression and 
drug resistance by a positive feedback loop involving hyaluronan, 
phosphoinositide 3-kinase, and ErbB2. J Biol Chem 2005; 280: 
20310-20315 [PMID: 15784621 DOI: 10.1074/jbc.M500737200]

119	 Hong SP, Wen J, Bang S, Park S, Song SY. CD44-positive cells are 
responsible for gemcitabine resistance in pancreatic cancer cells. Int 
J Cancer 2009; 125: 2323-2331 [PMID: 19598259 DOI: 10.1002/
ijc.24573]

120	 Molejon MI, Tellechea JI, Moutardier V, Gasmi M, Ouaissi M, 
Turrini O, Delpero JR, Dusetti N, Iovanna J. Targeting CD44 as a 
novel therapeutic approach for treating pancreatic cancer recurrence. 
Oncoscience 2015; 2: 572-575 [PMID: 26244163 DOI: 10.18632/
oncoscience.172]

121	 Chai X, Chu H, Yang X, Meng Y, Shi P, Gou S. Metformin Increases 
Sensitivity of Pancreatic Cancer Cells to Gemcitabine by Reducing 
CD133+ Cell Populations and Suppressing ERK/P70S6K Signaling. 
Sci Rep 2015; 5: 14404 [PMID: 26391180 DOI: 10.1038/srep14404]

122	 Moitra K, Lou H, Dean M. Multidrug efflux pumps and cancer stem 
cells: insights into multidrug resistance and therapeutic development. 
Clin Pharmacol Ther 2011; 89: 491-502 [PMID: 21368752 DOI: 
10.1038/clpt.2011.14]

123	 Ji Q, Hao X, Zhang M, Tang W, Yang M, Li L, Xiang D, Desano JT, 
Bommer GT, Fan D, Fearon ER, Lawrence TS, Xu L. MicroRNA miR-34 
inhibits human pancreatic cancer tumor-initiating cells. PLoS One 2009; 4: 
e6816 [PMID: 19714243 DOI: 10.1371/journal.pone.0006816]

124	 Evans AC, Papachristou GI, Whitcomb DC. Obesity and the risk of 
severe acute pancreatitis. Minerva Gastroenterol Dietol 2010; 56: 

Candelaria P et al . Leptin and cancer chemoresistance



118 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

169-179 [PMID: 20485254]
125	 Pini M, Rhodes DH, Castellanos KJ, Hall AR, Cabay RJ, Chennuri R, 

Grady EF, Fantuzzi G. Role of IL-6 in the resolution of pancreatitis in 
obese mice. J Leukoc Biol 2012; 91: 957-966 [PMID: 22427681 DOI: 
10.1189/jlb.1211627]

126	 Lazar M, Sullivan J, Chipitsyna G, Aziz T, Salem AF, Gong Q, 
Witkiewicz A, Denhardt DT, Yeo CJ, Arafat HA. Induction of 
monocyte chemoattractant protein-1 by nicotine in pancreatic ductal 
adenocarcinoma cells: role of osteopontin. Surgery 2010; 148: 
298-309 [PMID: 20579680 DOI: 10.1016/j.surg.2010.05.002]

127	 Yako YY, Kruger D, Smith M, Brand M. Cytokines as Biomarkers 
of Pancreatic Ductal Adenocarcinoma: A Systematic Review. PLoS 
One 2016; 11: e0154016 [PMID: 27170998 DOI: 10.1371/journal.
pone.0154016]

128	 Chen L, Fan J, Chen H, Meng Z, Chen Z, Wang P, Liu L. The IL-8/
CXCR1 axis is associated with cancer stem cell-like properties and 
correlates with clinical prognosis in human pancreatic cancer cases. 
Sci Rep 2014; 4: 5911 [PMID: 25081383 DOI: 10.1038/srep05911]

129	 Fan Y, Gan Y, Shen Y, Cai X, Song Y, Zhao F, Yao M, Gu J, Tu H. 
Leptin signaling enhances cell invasion and promotes the metastasis 
of human pancreatic cancer via increasing MMP-13 production. 
Oncotarget 2015; 6: 16120-16134 [PMID: 25948792 DOI: 10.18632/
oncotarget.3878]

130	 Hoshino Y, Nishida J, Katsuno Y, Koinuma D, Aoki T, Kokudo N, 
Miyazono K, Ehata S. Smad4 Decreases the Population of Pancreatic 
Cancer-Initiating Cells through Transcriptional Repression of 
ALDH1A1. Am J Pathol 2015; 185: 1457-1470 [PMID: 25769430 
DOI: 10.1016/j.ajpath.2015.01.011]

131	 Gao C, Li S, Zhao T, Chen J, Ren H, Zhang H, Wang X, Lang M, Liu 
J, Gao S, Zhao X, Sheng J, Yuan Z, Hao J. SCF, regulated by HIF-1α, 
promotes pancreatic ductal adenocarcinoma cell progression. PLoS 
One 2015; 10: e0121338 [PMID: 25799412 DOI: 10.1371/journal.
pone.0121338]

132	 Ren H, Jia L, Zhao T, Zhang H, Chen J, Yang S, Liu J, Yu M, Hao J. 
Hypoxia inducible factor (HIF)-1α directly activates leptin receptor 
(Ob-R) in pancreatic cancer cells. Cancer Lett 2014; 354: 172-180 
[PMID: 25130171 DOI: 10.1016/j.canlet.2014.08.001]

133	 Bain GH, Collie-Duguid E, Murray GI, Gilbert FJ, Denison 
A, McKiddie F, Ahearn T, Fleming I, Leeds J, Phull P, Park K, 
Nanthakumaran S, Grabsch HI, Tan P, Welch A, Schweiger L, 
Dahle-Smith A, Urquhart G, Finegan M, Matula KM, Petty RD. 
Tumour expression of leptin is associated with chemotherapy 
resistance and therapy-independent prognosis in gastro-oesophageal 
adenocarcinomas. Br J Cancer 2014; 110: 1525-1534 [PMID: 
24569475 DOI: 10.1038/bjc.2014.45]

134	 Ono H, Basson MD, Ito H. P300 inhibition enhances gemcitabine-
induced apoptosis of pancreatic cancer. Oncotarget 2016; 7: 
51301-51310 [PMID: 27322077 DOI: 10.18632/oncotarget.10117]

135	 Biglia N, Peano E, Sgandurra P, Moggio G, Pecchio S, Maggiorotto 
F, Sismondi P. Body mass index (BMI) and breast cancer: impact on 
tumor histopathologic features, cancer subtypes and recurrence rate 
in pre and postmenopausal women. Gynecol Endocrinol 2013; 29: 
263-267 [PMID: 23174088 DOI: 10.3109/09513590.2012.736559]

136	 Sládek NE, Kollander R, Sreerama L, Kiang DT. Cellular levels of 
aldehyde dehydrogenases (ALDH1A1 and ALDH3A1) as predictors 
of therapeutic responses to cyclophosphamide-based chemotherapy 
of breast cancer: a retrospective study. Rational individualization of 
oxazaphosphorine-based cancer chemotherapeutic regimens. Cancer 
Chemother Pharmacol 2002; 49: 309-321 [PMID: 11914911 DOI: 
10.1007/s00280-001-0412-4]

137	 Wilson WR, Hay MP. Targeting hypoxia in cancer therapy. Nat Rev 
Cancer 2011; 11: 393-410 [PMID: 21606941 DOI: 10.1038/nrc3064]

138	 Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, Brooks 
M, Reinhard F, Zhang CC, Shipitsin M, Campbell LL, Polyak K, 
Brisken C, Yang J, Weinberg RA. The epithelial-mesenchymal 
transition generates cells with properties of stem cells. Cell 2008; 133: 
704-715 [PMID: 18485877 DOI: 10.1016/j.cell.2008.03.027]

139	 O'Connor PM, Jackman J, Bae I, Myers TG, Fan S, Mutoh M, 
Scudiero DA, Monks A, Sausville EA, Weinstein JN, Friend S, 
Fornace AJ, Kohn KW. Characterization of the p53 tumor suppressor 

pathway in cell lines of the National Cancer Institute anticancer drug 
screen and correlations with the growth-inhibitory potency of 123 
anticancer agents. Cancer Res 1997; 57: 4285-4300 [PMID: 9331090]

140	 Abdullah LN, Chow EK. Mechanisms of chemoresistance in cancer 
stem cells. Clin Transl Med 2013; 2: 3 [PMID: 23369605 DOI: 
10.1186/2001-1326-2-3]

141	 Keitel U, Scheel A, Thomale J, Halpape R, Kaulfuß S, Scheel 
C, Dobbelstein M. Bcl-xL mediates therapeutic resistance of a 
mesenchymal breast cancer cell subpopulation. Oncotarget 2014; 5: 
11778-11791 [PMID: 25473892 DOI: 10.18632/oncotarget.2634]

142	 Real PJ, Sierra A, De Juan A, Segovia JC, Lopez-Vega JM, Fer
nandez-Luna JL. Resistance to chemotherapy via Stat3-depen
dent overexpression of Bcl-2 in metastatic breast cancer cells. 
Oncogene 2002; 21: 7611-7618 [PMID: 12400004 DOI: 10.1038/
sj.onc.1206004]

143	 Végran F, Boidot R, Oudin C, Riedinger JM, Bonnetain F, Lizard-
Nacol S. Overexpression of caspase-3s splice variant in locally 
advanced breast carcinoma is associated with poor response to 
neoadjuvant chemotherapy. Clin Cancer Res 2006; 12: 5794-5800 
[PMID: 17020986 DOI: 10.1158/1078-0432.CCR-06-0725]

144	 Douville J, Beaulieu R, Balicki D. ALDH1 as a functional marker 
of cancer stem and progenitor cells. Stem Cells Dev 2009; 18: 17-25 
[PMID: 18573038 DOI: 10.1089/scd.2008.0055]

145	 Alamgeer M, Ganju V, Kumar B, Fox J, Hart S, White M, Harris 
M, Stuckey J, Prodanovic Z, Schneider-Kolsky ME, Watkins DN. 
Changes in aldehyde dehydrogenase-1 expression during neoadjuvant 
chemotherapy predict outcome in locally advanced breast cancer. 
Breast Cancer Res 2014; 16: R44 [PMID: 24762066 DOI: 10.1186/
bcr3648]

146	 Klein I, Sarkadi B, Váradi A. An inventory of the human ABC 
proteins. Biochim Biophys Acta 1999; 1461: 237-262 [PMID: 
10581359 DOI: 10.1016/S0005-2736(99)00161-3]

147	 Hoesel B, Schmid JA. The complexity of NF-κB signaling in 
inflammation and cancer. Mol Cancer 2013; 12: 86 [PMID: 23915189 
DOI: 10.1186/1476-4598-12-86]

148	 Liu P, Brown S, Goktug T, Channathodiyil P, Kannappan V, Hugnot 
JP, Guichet PO, Bian X, Armesilla AL, Darling JL, Wang W. 
Cytotoxic effect of disulfiram/copper on human glioblastoma cell lines 
and ALDH-positive cancer-stem-like cells. Br J Cancer 2012; 107: 
1488-1497 [PMID: 23033007 DOI: 10.1038/bjc.2012.442]

149	 Chefetz I, Holmberg JC, Alvero AB, Visintin I, Mor G. Inhibition 
of Aurora-A kinase induces cell cycle arrest in epithelial ovarian 
cancer stem cells by affecting NFĸB pathway. Cell Cycle 2011; 10: 
2206-2214 [PMID: 21623171 DOI: 10.4161/cc.10.13.16348]

150	 Antoon JW, White MD, Slaughter EM, Driver JL, Khalili HS, 
Elliott S, Smith CD, Burow ME, Beckman BS. Targeting NFĸB 
mediated breast cancer chemoresistance through selective inhibition 
of sphingosine kinase-2. Cancer Biol Ther 2011; 11: 678-689 [PMID: 
21307639]

151	 Canino C, Luo Y, Marcato P, Blandino G, Pass HI, Cioce M. A 
STAT3-NFkB/DDIT3/CEBPβ axis modulates ALDH1A3 expression 
in chemoresistant cell subpopulations. Oncotarget 2015; 6: 
12637-12653 [PMID: 25868979 DOI: 10.18632/oncotarget.3703]

152	 Yip NC, Fombon IS, Liu P, Brown S, Kannappan V, Armesilla AL, 
Xu B, Cassidy J, Darling JL, Wang W. Disulfiram modulated ROS-
MAPK and NFκB pathways and targeted breast cancer cells with 
cancer stem cell-like properties. Br J Cancer 2011; 104: 1564-1574 
[PMID: 21487404 DOI: 10.1038/bjc.2011.126]

153	 Harris AL. Hypoxia--a key regulatory factor in tumour growth. Nat 
Rev Cancer 2002; 2: 38-47 [PMID: 11902584 DOI: 10.1038/nrc704]

154	 Samanta D, Gilkes DM, Chaturvedi P, Xiang L, Semenza GL. 
Hypoxia-inducible factors are required for chemotherapy resistance 
of breast cancer stem cells. Proc Natl Acad Sci USA 2014; 111: 
E5429-E5438 [PMID: 25453096 DOI: 10.1073/pnas.1421438111]

155	 Notte A, Ninane N, Arnould T, Michiels C. Hypoxia counteracts 
taxol-induced apoptosis in MDA-MB-231 breast cancer cells: role of 
autophagy and JNK activation. Cell Death Dis 2013; 4: e638 [PMID: 
23681233 DOI: 10.1038/cddis.2013.167]

156	 Dalerba P, Cho RW, Clarke MF. Cancer stem cells: models and 
concepts. Annu Rev Med 2007; 58: 267-284 [PMID: 17002552 DOI: 

Candelaria P et al . Leptin and cancer chemoresistance



119 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

10.1146/annurev.med.58.062105.204854]
157	 Bhola NE, Balko JM, Dugger TC, Kuba MG, Sánchez V, Sanders 

M, Stanford J, Cook RS, Arteaga CL. TGF-β inhibition enhances 
chemotherapy action against triple-negative breast cancer. J Clin Invest 
2013; 123: 1348-1358 [PMID: 23391723 DOI: 10.1172/JCI65416]

158	 Visvader JE, Lindeman GJ. Cancer stem cells in solid tumours: 
accumulating evidence and unresolved questions. Nat Rev Cancer 
2008; 8: 755-768 [PMID: 18784658 DOI: 10.1038/nrc2499]

159	 Koda M, Sulkowska M, Kanczuga-Koda L, Jarzabek K, Sulkowski S. 
Expression of leptin and its receptor in female breast cancer in relation 
with selected apoptotic markers. Folia Histochem Cytobiol 2007; 45 
Suppl 1: S187-S191 [PMID: 18292831]

160	 Singel SM, Cornelius C, Zaganjor E, Batten K, Sarode VR, Buckley 
DL, Peng Y, John GB, Li HC, Sadeghi N, Wright WE, Lum L, Corson 
TW, Shay JW. KIF14 promotes AKT phosphorylation and contributes 
to chemoresistance in triple-negative breast cancer. Neoplasia 2014; 
16: 247-256, 256.e2 [PMID: 24784001 DOI: 10.1016/j.neo.2014. 
03.008]

161	 Hoda MR, Keely SJ, Bertelsen LS, Junger WG, Dharmasena D, 
Barrett KE. Leptin acts as a mitogenic and antiapoptotic factor for 
colonic cancer cells. Br J Surg 2007; 94: 346-354 [PMID: 17212381 
DOI: 10.1002/bjs.5530]

162	 Saxena NK, Sharma D, Ding X, Lin S, Marra F, Merlin D, Anania 
FA. Concomitant activation of the JAK/STAT, PI3K/AKT, and 
ERK signaling is involved in leptin-mediated promotion of invasion 
and migration of hepatocellular carcinoma cells. Cancer Res 2007; 
67: 2497-2507 [PMID: 17363567 DOI: 10.1158/0008-5472.
CAN-06-3075]

163	 Sharma D, Saxena NK, Vertino PM, Anania FA. Leptin promotes the 
proliferative response and invasiveness in human endometrial cancer 
cells by activating multiple signal-transduction pathways. Endocr 
Relat Cancer 2006; 13: 629-640 [PMID: 16728588 DOI: 10.1677/
erc.1.01169]

164	 Montales MT, Melnyk SB, Liu SJ, Simmen FA, Liu YL, Simmen 
RC. Metabolic history impacts mammary tumor epithelial hierarchy 
and early drug response in mice. Endocr Relat Cancer 2016; 23: 
677-690 [PMID: 27402613 DOI: 10.1530/ERC-16-0136]

165	 Han G, Wang L, Zhao W, Yue Z, Zhao R, Li Y, Zhou X, Hu X, Liu J. 
High expression of leptin receptor leads to temozolomide resistance 
with exhibiting stem/progenitor cell features in gliobalastoma. Cell 
Cycle 2013; 12: 3833-3840 [PMID: 24131927 DOI: 10.4161/cc.26809]

166	 Koda M, Lenczewski A, Sulkowska M, Kanczuga-Koda L, Wincewicz 
A, Tomaszewski J, Sulkowski S. The effect of chemotherapy on status 
of estrogen receptors in primary tumors and lymph node metastases 
of human ductal breast cancer. Oncol Rep 2007; 17: 385-391 [PMID: 
17203178]

167	 Koda M, Sulkowska M, Wincewicz A, Kanczuga-Koda L, 

Musiatowicz B, Szymanska M, Sulkowski S. Expression of leptin, 
leptin receptor, and hypoxia-inducible factor 1 alpha in human 
endometrial cancer. Ann N Y Acad Sci 2007; 1095: 90-98 [PMID: 
17404022 DOI: 10.1196/annals.1397.013]

168	 Koda M, Kanczuga-Koda L, Sulkowska M, Surmacz E, Sulkowski 
S. Relationships between hypoxia markers and the leptin system, 
estrogen receptors in human primary and metastatic breast cancer: 
effects of preoperative chemotherapy. BMC Cancer 2010; 10: 320 
[PMID: 20569445 DOI: 10.1186/1471-2407-10-320]

169	 Sarraf P, Frederich RC, Turner EM, Ma G, Jaskowiak NT, Rivet DJ, 
Flier JS, Lowell BB, Fraker DL, Alexander HR. Multiple cytokines 
and acute inflammation raise mouse leptin levels: potential role in 
inflammatory anorexia. J Exp Med 1997; 185: 171-175 [PMID: 
8996253]

170	 Nadal-Serrano M, Sastre-Serra J, Valle A, Roca P, Oliver J. Chronic-
leptin attenuates Cisplatin cytotoxicity in MCF-7 breast cancer cell 
line. Cell Physiol Biochem 2015; 36: 221-232 [PMID: 25967962 DOI: 
10.1159/000374066]

171	 Shpilman M, Niv-Spector L, Katz M, Varol C, Solomon G, Ayalon-
Soffer M, Boder E, Halpern Z, Elinav E, Gertler A. Development and 
characterization of high affinity leptins and leptin antagonists. J Biol 
Chem 2011; 286: 4429-4442 [PMID: 21119198 DOI: 10.1074/jbc.
M110.196402]

172	 Otvos L, Kovalszky I, Riolfi M, Ferla R, Olah J, Sztodola A, Nama 
K, Molino A, Piubello Q, Wade JD, Surmacz E. Efficacy of a leptin 
receptor antagonist peptide in a mouse model of triple-negative breast 
cancer. Eur J Cancer 2011; 47: 1578-1584 [PMID: 21353530 DOI: 
10.1016/j.ejca.2011.01.018]

173	 Beccari S, Kovalszky I, Wade JD, Otvos L, Surmacz E. Designer 
peptide antagonist of the leptin receptor with peripheral antineoplastic 
activity. Peptides 2013; 44: 127-134 [PMID: 23567149 DOI: 10.1016/
j.peptides.2013.03.027]

174	 Catalano S, Leggio A, Barone I, De Marco R, Gelsomino L, 
Campana A, Malivindi R, Panza S, Giordano C, Liguori A, Bonofiglio 
D, Liguori A, Andò S. A novel leptin antagonist peptide inhibits 
breast cancer growth in vitro and in vivo. J Cell Mol Med 2015; 19: 
1122-1132 [PMID: 25721149 DOI: 10.1111/jcmm.12517]

175	 Harmon T, Gonzalez-Perez RR. Evaluation of Nanoparticle-Based 
Therapy for Triple-Negative Breast Cancer using Cellometer Vision 
CBA - Nexcelom Blog. Nexcelom 2014; Available from: URL: http://
www.nexcelom.com/Nexcelom-Blog/evaluation-of-sanoparticle-
based-therapy-for-triple-negative-breast-cancer-using- cellometer-
vision-cba/ 

176	 Harmon T, Harbuzariu A, Lanier V, Lipsey CC, Kirlin W, Yang 
L, Gonzalez-Perez RR. Nanoparticle-linked antagonist for leptin 
signaling inhibition in breast cancer. World J Clin Oncol 2017; 8: 
54-66 [DOI: 10.5306/wjco.v8.i1.54]

P- Reviewer: Tu H, Vetvicka V, Zhou WQ    S- Editor: Gong ZM    
L- Editor: A    E- Editor: Lu YJ  

Candelaria P et al . Leptin and cancer chemoresistance



Viviana Masoud, Gilles Pagès

REVIEW

120 April 10, 2017|Volume 8|Issue 2|WJCO|www.wjgnet.com

Targeted therapies in breast cancer: New challenges to 
fight against resistance

Viviana Masoud, Gilles Pagès, University Nice Sophia Antipolis, 
Institute for Research on Cancer and Aging of Nice CNRS 
UMR7284/INSERM U 1081, 06189 Nice, France

Author contributions: Masoud V and Pagès G wrote the paper; 
Pagès G designed the outline and coordinated the writing of the 
paper.

Supported by The French Association for Cancer Research 
(ARC); the Fondation de France; the French National Institute 
for Cancer Research (INCA); the Fondation Estée Lauder (Pink 
Ribbon Award); Roche France and “Cordon de Vie” Monaco. 

Conflict-of-interest statement: There is no conflict of interest 
to declare.

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

Manuscript source: Unsolicited manuscript

Correspondence to: Gilles Pagès, PhD, Director of Research 
INSERM, University Nice Sophia Antipolis, Institute for Research 
on Cancer and Aging of Nice CNRS UMR7284/INSERM U 1081, 
Centre Antoine Lacassagne 33 Avenue de Valombrose, 06189 Nice, 
France. gpages@unice.fr
Telephone: +33-4-92031231
Fax: +33-4-92031235

Received: July 19, 2016 
Peer-review started: July 21, 2016 
First decision: September 5, 2016
Revised: September 16, 2016 
Accepted: October 17, 2016
Article in press: October 18, 2016
Published online: April 10, 2017 

Abstract
Breast cancer is the most common type of cancer found 
in women and today represents a significant challenge 
to public health. With the latest breakthroughs in 
molecular biology and immunotherapy, very specific tar
geted therapies have been tailored to the specific patho
physiology of different types of breast cancers. These 
recent developments have contributed to a more efficient 
and specific treatment protocol in breast cancer patients. 
However, the main challenge to be further investigated 
still remains the emergence of therapeutic resistance 
mechanisms, which develop soon after the onset of 
therapy and need urgent attention and further elucidation. 
What are the recent emerging molecular resistance 
mechanisms in breast cancer targeted therapy and what 
are the best strategies to apply in order to circumvent 
this important obstacle? The main scope of this review 
is to provide a thorough update of recent developments 
in the field and discuss future prospects for preventing 
resistance mechanisms in the quest to increase overall 
survival of patients suffering from the disease.

Key words: Breast cancers; Resistance; Human epidermal 
growth factor receptor 2; Angiogenesis; Triple negative; 
Immune tolerance
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dedicated to breasts cancers. However, our manuscript 
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therapeutic strategies. Our manuscript represents a 
working document for researchers/oncologists in the field 
of breast cancers.
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INTRODUCTION
Breast cancer targeted therapies involve substances or 
drugs which block the growth of cancer by interfering 
with the function of specific molecules responsible for 
tumor cell proliferation and survival[1-21]. Breast cancer 
cells may overexpress specific receptors which, when 
activated can initiate downstream signaling resulting 
in the expression of genes for cancer cell proliferation, 
growth, survival, migration, angiogenesis and other vital 
cell cycle pathways[22,23].

There are various types of breast cancer, some have 
hormone receptors like estrogen or progesterone (some 
have both) and are called ER+ or PR+ breast cancer 
respectively.

The estrogen receptor ER is a major driver of the 
majority of breast cancers as it is expressed in 75% of 
breast cancers overall. It is more frequently related with 
postmenopausal women and there is a 99% survival 
rate at ten years. Hormone sensitive breast cancer has 
a strong correlation with lower tumor grade; lower levels 
of amplification of the human epidermal growth factor 
receptor 2 (HER2) oncogene and concomitant loss of 
p53 tumor suppressor gene; expression of progesterone 
receptor (PR), soft tissue and bone metastases and 
slower rates of disease recurrence. In cases of hormone 
positive breast cancer along with the expression of ER, 
multigene tests may be carried out to make treatment 
decisions particularly for adjuvant therapy and screen 
those patients who would benefit more from combination 
of endocrine plus chemotherapy[24-26].

The most common receptors that are overexpressed 
in breast cancer cells are part of the epidermal growth 
factor receptor (EGFR) family of receptor tyrosine kinases: 
EGFR and HER2 are overexpressed in approximately 
40% and 25% of breast cancers respectively and are 
believed to be responsible for more aggressive tumor 
behavior and poor prognosis[27].

Triple negative breast cancer (TNBC) is defined by the 
lack of expression of both estrogen and progesterone as 
well as the HER2 protein and is often associated with an 
unfavorable prognosis as no treatment is yet available for 
this particular breast cancer subtype[28]. 

The rapid acquisition of resistance in breast cancer 
targeted therapies seems to limit the effectiveness of 
treatment and even though some of the genetic mutations 
and epigenetic changes in molecular pathways have 
been understood, it is sometimes necessary to combine 
several pathway blockades in order to achieve successful 
treatment results[29-35].

The identification of new target molecules in breast 
cancer and the use of combination therapies may have 
improved the understanding of compensatory pathways 
which lead to the emergence of resistance mechanisms, 
nevertheless, breast cancer subtypes like TNBCs seem 
to exploit alternative proliferative pathways which are 
not yet fully understood and need urgent attention and 
elucidation[11] (Figure 1).

TARGETED THERAPIES IN BREAST 
CANCER
Estrogen and estrogen receptors are key drivers in breast 
cancer progression. This is the reason why targeting 
estrogen has been used for many years to inhibit the 
estrogen signaling pathway in women with estrogen 
positive breast cancer. Selective estrogen receptor 
modulators or SERM have been used to suppress tumor 
growth in estrogen dependent breast cancers and tamo
xifen was the first drug to be approved for estrogen 
positive metastatic breast cancer reducing recurrences 
by approximately 40%-50%[36].

Aromatase inhibitors (anastrozole, letrozole, exe
mestane) are also used as an alternative therapy to 
treat estrogen dependent breast cancers as they block 
the biosynthesis of androgens through inhibition of the 
aromatase enzyme resulting in reduction of estrogen 
levels in tumor cells[36].

Other therapies are available for other forms of breast 
cancer that are not hormone dependent. The HER2 
protein represents the most common overexpressed 
receptor signature in breast cancer and is considered a 
relevant biomarker for treatment.

The recombinant antibody trastuzumab ( Herceptin) 
targets HER2 and is the first drug that was approved 
by the FDA in 1998 for the treatment of HER2 positive 
breast cancers[37,38].

Other agents that followed such as pertuzumab and 
lapatinib have not shown immunity to the development 
of resistance mechanisms with significant side effects for 
the patients[7,39,40].

The conjugated monoclonal antibody TDM1 (tras
tuzumab emtansine) may be used in HER2 positive 
breast cancers as trastuzumab efficiently transports the 
DM1 drug, a microtubule inhibitor, directly into the breast 
cancer cells to inhibit growth.

Triple negative cancers lacking hormone receptors 
and HER2 may respond to agents like PARP1 inhibitors 
and may have HER1 as a potential target. The mono
clonal antibody cetuximab combined with cisplatin 
chemotherapy has shown promising results in a Phase Ⅱ 
study, suggesting some subtypes of TNBC may be EGFR 
inhibition sensitive[41].

The conventional route to treat TNBC patients by taxol 
derivatives and anthracycline chemotherapy is still widely 
used until more “druggable” targets are identified[41]. 
Recent studies suggest that the microtubule-stabilizing 
agent ixabepilone in combination with capecitabine may 
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be effective in TNBC that are resistant to anthracycline 
and taxane drugs and the PACS08 Phase Ⅲ trial is 
evaluating this possible treatment strategy[28].

Targeted therapies have also been approved against 
the vascular endothelial growth factor (VEGF) and the 
drug bevacizumab has proven effective in the treatment 
of advanced metastatic breast cancer when used in as
sociation with paclitaxel or docetaxel[42,43].

Inhibitors of downstream pathways like PI3K/AKT/ 
mTOR and RAS/MEK/ERK are also available for ther
apeutic purpose as well as agents directed against other 
tyrosine kinases like SRC, insulin-like-growth-factor 
[IGF/IGF-receptor (IGFR)], poly-ADP ribose polymerase 
(PARP) Inhibitors and also matrix metalloproteases 
(MMPs) which are involved in cancer cell invasion and 
metastasis[8,29,31,44-48].

Compensatory survival pathways, increased phos
phatydil-inositol-3-kinase (PI3K)[49-52] signaling, receptor 
tyrosine kinase signaling outside the ErbB/HER family 
and involvement of other HER receptors[53], may all play 
a key role in the development of alternative molecular 
pathways responsible for the development of therapeutic 
resistance in breast cancer cells.

Indications of breast cancer targeted therapies
Breast cancer targeted therapies are used to treat patients 

whose breast cancer cells overexpress certain characteristic 
proteins on their surface allowing an abnormal growth 
pattern. Antibodies are sometimes used as they work in a 
similar way as the human immune system.

The most efficient breast cancer targeted therapy 
today is the one targeting the HER2 protein overexpression 
on the surface of breast cancer cells. At present, there are 
seven widely used breast cancer targeted therapies which 
are effective in blocking several molecular pathways: 
Afinitor or everolimus, an m-TOR inhibitor, stops cancer 
cells from getting energy supplies[54-57]; Avastin or beva
cizumab inhibits the growth of new blood vessels which 
supply oxygen and nutrients to cancer cells for growth 
and function[14,58]; Herceptin or trastuzumab blocks the 
ability of cancer cells to receive signals which tell them 
to grow[12,59]; Kadcyla or T-DM1 is a combination of 
Herceptin and emtansine[7,60]. In this case Herceptin is 
used as a transport method to deliver the emtansine 
chemotherapy to cancer cells; Perjita or pertuzumab 
works by stopping cancer cells from receiving growth 
signals[12,61]; Tykerb or lapatinib is a HER2 inhibitor that 
blocks signals of cell growth[4,42].

The HER2 protein
The HER2 proto-oncogene is overexpressed in 10%-12% 
of over 2500 cases of human breast cancers and this 
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Figure 1  A schematic diagram of the most common resistance mechanisms to targeted therapies. (1) Alteration of the drug target (Treat.): This type of 
resistance involves mutations as well as amplifications of drug targets such as kinases; (2) Upstream and downstream pathway effect through the activation of 
receptor tyrosine kinase (RTK) (a) and/or the mutation/amplification of upstream (b) or downstream (c) components; (3) Bypass mechanisms occur as a result of a 
second receptor tyrosine kinase activation (a), through a mutation of a parallel kinase (b) or modulation of mRNA binding proteins (c). These alternative mechanisms 
of resistance especially through kinases activation result in the modification of gene expression via the phosphorylation or transcription factors (TF).
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is associated with malignant transformation and poorer 
overall survival rates particularly in breast tumors with 
lymph node metastasis[62].

The HER2 or neu oncogene (erbB2) is part of the EGFR 
family of tyrosine kinases and is located on chromosome 17 
(17q12). It represents the most common overexpressed 
receptor in breast cancers and is considered a relevant 
therapeutic target[59,63-69].

The EGFR family is composed of four receptors: 
EGFR/HER1, ErbB2/HER2, ErbB3/HER3 and ErbB4/
HER4. These receptors share common domains: an extra
cellular region characterized by leucine-rich repeats; 
cysteine rich repeats in the intracellular domain; a single 
transmembrane spanning region; a short juxtamembrane 
region; a kinase region and a cytoplasmic tail with various 
tyrosine phosphorylation sites[5,10]. Binding of ligands to 
the extracellular domain of EGFR, HER3 and HER4 allows 
for the formation of kinase active homo- and hetero-
dimers to which HER2 is recruited as a preferential partner. 
Heterodimer formation between HER2/HER3 is the most 
common occurrence in these receptors’ preferences. HER3 
is often responsible for the activation of the PI3K/AKT 
signaling pathway via six docking sites for the p85 adaptor 
subunit of PI3K. The HER3/PI3K axis plays a key role in 
the survival of HER2-dependent cells as the loss of HER3 
inhibits the survival of HER2-overexpressing breast cancer 
cells[70,71].

Trastuzumab resistance mechanisms
The first recombinant antibody approved by the FDA to 
target HER2-positive breast cancers was trastuzumab or 
Herceptin followed by other agents like pertuzumab and 
lapatinib.

Trastuzumab binds to the juxtamembrane region 
of the HER2 receptor tyrosine kinase resulting in the 
uncoupling of the HER2/HER3 heterodimers and con
sequent inhibition of downstream signaling and cyto
toxicity.

Resistance mechanisms to trastuzumab develop 
often as a result of HER2 gene amplification and RNA/
protein overexpression. HER2 overexpressing tumor cells 
continue to depend on the HER2 oncogene even after 
bypassing trastuzumab action possibly due to signaling 
from receptor tyrosine kinases (RTK) outside the ErbB 
family, increased PI3K signaling and the presence of 
alternative forms of HER2 which are not detected by 
trastuzumab. Also, the modulation of Cdk inhibitor p27 
by IGF-1 may be a key player in resistance to trastu
zumab as overexpressed IGF-1 is responsible for the 
activation of the PI3K downstream signaling pathway 
and further effects on Akt[72,73]. One of the key players 
in trastuzumab-resistance in HER2 positive breast 
cancer was the inhibition of expression of miR-375, a 
tumor suppressor gene which targets IGF1R[74]. Also, 
molecular pathway crosstalk may have resulted in 
increased cell survival and division by interference with 
HER2 accessibility, independent downstream signaling 
activation as well as HER2 mutations, particularly the 

expression of p95HER2, an active truncated form of 
HER2. Blocking IGFR1 completely resulted in restored 
sensitivity of HER2 positive cancer cells to trastuzumab 
in vitro. The loss of miR-375 with consequent epigenetic 
changes such as DNA methylation and histone deace
tylation may drive the upregulation of IGFR1 and hence 
the development of trastuzumab-resistant cancer cells; 
in this case, targeting miR-375 may prove to be worthy 
of further investigation as a potential therapeutic target 
to restore trastuzumab sensitivity in HER2 positive breast 
cancer cells[74].

The new antibody-drug conjugate trastuzumab-
DM1 (TDM1) which has been recently developed for the 
treatment of HER2 positive cancer has proved to be ef
fective in inhibiting trastuzumab sensitive and resistant 
HER2 positive breast cancer cell lines in vitro. TDM1 drives 
both apoptosis and mitotic catastrophe in the trastuzumab 
resistant breast cancer cell line Jimt-1, acting as a 
potent inhibitor of microtubule assembly. These cells are 
characterized for having several co-existing trastuzumab 
resistance mechanisms like a mutation in the PIK3CA 
gene, low PTEN expression, overexpression of NRG1 and a 
moderate expression of the HER2 receptor. Interestingly, in 
the T-DM1 treated Jimt-1 cell line model, an accumulation 
of HER2 was observed in organelles which resembled 
enlarged lysosomes, suggesting sequestration of the 
protein in these intracellular granules[75].

The integrin αvβ6, involved in promoting migration, 
invasion and cancer cell survival, seems to play a signi
ficant role in the development of trastuzumab resistance 
mechanisms. Targeting αvβ6 with the 264RAD antibody 
in HER2 positive breast cancer cell lines expressing both 
HER2 and the integrin seems to slow down the growth of 
trastuzumab resistant tumors[62].

Resistance of breast cancer cells to trastuzumab 
mediated cytotoxicity has been implicated in the se
cretion of soluble factors by adipocytes and preadipo
cytes in adipose tissue proximal to breast cancer cells. 
The development of resistance mechanisms in this case 
occurs by inhibition of trastuzumab-mediated tumor 
lysis by natural killer cells in vitro and by adipose tissue 
in vivo. A reduced antitumor effect was observed in 
mice which had tumors in close proximity to a lipoma, 
while in another group of mice which had tumors located 
distant to the lipoma, the trastuzumab anti-tumor effects 
were enhanced. The inhibition of antitumor activity was 
enhanced when the adipocytes were in hypoxic conditions, 
these factors might suggest a link between patient 
obesity and development of trastuzumab resistance 
mechanisms[76].

The dual targeting of HER family receptors with 
antibody therapy may prove to be a strategy to over
come acquired resistance mechanisms by cancer 
cells to cetuximab. When both HER3 and EGFR were 
neutralized by cetuximab and the anti HER3 monoclonal 
antibody U3-1287, cetuximab sensitive tumor cells 
showed a significant decrease in proliferation possibly 
due to inhibition of both MAPK and AKT pathways 
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and a diminished signaling from all three HER family 
receptors[77].

The efficacy of trastuzumab in inhibiting proliferation 
of breast cancer cells might be dependent on the pre
sence of endogenous HER-receptor activating ligands 
EGF and heregulin-β1; the receptor density of HER-family 
members and growth ligands are key players in the 
development of resistance mechanisms to trastuzumab 
therapy, which interfers with cell cycle kinetics by in
ducing a G1 accumulation in HER-2 positive breast adeno
carcinomas[78].

An unexpected mechanism of resistance is associated 
with down-stream mutations especially those targeting 
the mRNA binding protein tristetraprolin (TTP). ttp gene 
germinal mutation generates a form of TTP mRNA which 
is inefficiently translated in protein. The lack of TTP and 
the general increase of the TTP competitor the ELAV-
like protein 1 (HuR) results in the increase of the half-
life of mRNAs encoding oncogenes, inflammatory and 
angiogenic factors. The mutation of TTP is predictive 
of trastuzumab resistance[79]. Hence TTP is considered 
as a tumor suppressor for breast cancers[80-82]. TTP 
and HuR are phosphorylated by the same kinases 
and phosphorylation has antagonistic effects on both 
proteins (inactivation/degradation for TTP and activation/
stabilization for HuR). Hence, activation of intracellular 
signaling pathways results in a general increase of pro
teins associated with oncogenic properties[83] (Figure 1).

The main drawback in trastuzumab therapy is re
presented by the emergence of serious cardiac side 
effects resulting from administration of this monoclonal 
antibody. Analysis of HER2 specific mutation may predict 
cardiac toxic effect[84].

HER-2 is expressed in the adult human myocardium 
and trastuzumab therapy unfortunately carries the risk of 
inducing cardiac dysfunction and congestive heart failure. 
When adjacent chemotherapy is applied in addition to 
trastuzumab, one has to take into consideration anthr
acyclin-associated cardiotoxicity following the inhibition of 
the HER-2/erbB2 receptor to ensure safety for patients. 
Some of the cardiotoxicity side effects of trastuzumab 
may be reversible over time and in some cases, admini
stering the monoclonal antibody after chemotherapy or 
radiotherapy may decrease the risk of potential cardiac 
side effects. Trastuzumab therapy seems to represent 
clear overall benefits for patients in the long run, therefore, 
should be still considered as an appropriate standard 
choice of treatment as a HER-2/erbB2 inhibitor as long as 
care is taken to minimize its side effects[85].

Endocrine therapy resistance mechanisms
Resistance to hormone therapy is a major challenge 
within hormone sensitive breast cancers even though ER 
and PR targeted therapy has proven to be very effective, 
improving the quality of life of hormone sensitive breast 
cancer patients. The major pathways responsible for 
endocrine resistance mechanisms might be several: 
The HER tyrosine kinase receptor family; receptors for 

insulin/IGF1, FGF and VEGF, Src, AKT, stress related 
kinases, might each play a pivotal role in contributing to 
endocrine therapy resistance when their cognate ligands 
are amplified or overexpressed.

Cross-talk between the estrogen receptor (ER) and 
growth factor receptor signaling with hyperactivation 
of the PI3K pathway have also been associated the 
development of endocrine resistance[86].

Nuclear receptors and the androgen receptors may 
also act as alternative growth stimulators by post trans
lational modification, enabling the bypass of ER inhibition. 
Co-targeting the EGFR and HER2 pathway simultaneously 
seems to be the most promising way forward in circum
venting endocrine resistance as these two seem to be 
the most important factors responsible in this particular 
resistance scenario[26].

The mTOR pathway
The mTOR pathway seems to be a master regulator of 
cell physiology and may be a key player in the targeted 
therapy of cancer[87]. When the natural product rapamycin 
was discovered in the early 1970’s as an antifungal 
agent, it emerged in later studies that the molecule 
could halt growth in many types of eukaryotic cells and 
have a powerful immunosuppressive function. In 1999 
the FDA approved sirolimus as a drug used against 
rejection of transplanted organs particularly the kidneys. 
Rapamycin binds to another molecule, FKBP12 and once 
this complex is formed it associates with a protein called 
mTOR[88]; a serine/threonine kinase, resembling the 
kinase domain of PI3 kinase and its related enzymes. 
The circuitry of the mTOR pathway is of interest as it 
represents a key element of the mammalian cell cycle 
integrating incoming signals and vital mechanisms 
such as glucose import and protein synthesis, as well 
as phosphorylating two kinases involved in translation: 
S6 kinase (S6KI) and 4E-BP1[89,90]. The activation of 
S6KI is followed by the activation of the small 40-S 
ribosomal subunit which can initiate protein synthesis 
after associating to the large ribosomal subunit. mTOR 
is also a key upstream regulator which controls the AKT 
signaling pathway for the regulation of apoptosis and 
proliferation; inhibiting the mTOR complex results in a 
shutdown of the AKT signaling stream resulting in an 
hyperactivated PI3K/loss of PTEN expression[91,92].

The PI3K/AKT/mTOR pathway is overactivated in 
70% of breast cancers and the protein kinases found 
along these pathways may be potential drug targets for 
breast cancer therapy. Due to the large scale involvement 
of this pathway the cell cycle regulation, selectively 
silencing of the PI3K/AKT/mTOR pathway represents an 
attractive approach for patients who might have shown 
resistance mechanisms to previous types of therapy. 
The combination of mTOR inhibitors with other targeted 
therapies might be a winning formula to circumvent 
resistance mechanisms of breast cancer patients.

Inhibition of the mTOR pathway by the drug evero
limus in combination with HER-2 or estrogen receptor 
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inhibitors may be a promising future strategy to apply, 
in order to reinstate sensitivity of breast cancer cells to 
traditional therapies and overcome resistance mechanisms 
which seem to emerge when the mTOR pathway is 
functioning in hyperactive mode[93]. Molecular alterations 
like mutations in EGFR, BRAF, AKT, or PI3K are associated 
with activation of downstream signaling pathways resulting 
in unrestricted proliferation in cancer cells.

Glaysher et al[94] have shown that targeting a breast 
epithelial cell line after having knocked-in mutations and 
using EGFR and mTOR inhibitors, there was an increased 
sensitivity to therapeutic drugs. As development of 
resistance in breast cancer cells may be a result of the 
activation of the PI3K/AKT/mTOR pathway, Glaysher 
et al[94] studied the effects of inhibiting both mTOR and 
EGFR by combined drug action of ZSTK474/sirolimus and 
erlotinib/gefitinib, observing a more effective signaling 
blockade, as opposed to use of single agents on the 
parental cell line and irrespective of the knocked-in mut
ations in EGFR,KRAS,PI3K,BRAF or AKT[94].

Receptor tyrosine kinase inhibitors resistance 
mechanisms
Lapatinib is a dual EGFR/HER2 tyrosine kinase inhibitor 
which acts as an ATP competitor. It is used as a first line 
monotherapy in patients with HER2 positive metastatic 
breast cancer in addition to conventional chemotherapy 
like paclitaxel.

Unfortunately, the activation of compensatory path
ways after onset of therapy with lapatinib seems to be 
responsible for the emergence of resistance mechanisms, 
particularly when inhibition of AKT phosphorylation leads to 
increased estrogen receptor-α transcription and estrogen 
receptor signaling. This mechanism of resistance can be 
circumvented by administering an ER-down-regulator 
fulvestrant, which can prevent the proliferation of lapatinib 
resistant cells. In addition, mutations in the HER2 protein, 
particularly a YVMA insertion at G776 in exon 20, seems 
to be responsible for mechanisms of de novo resistance to 
lapatinib as well as trastuzumab[73].

The inhibitory effects of lapatinib may be bypassed 
as downstream signaling is amplified and upregulation of 
activated HER3 becomes responsible for compromising 
the inhibitory effects of tyrosine kinases.

Activation of the PI3K/AKT pathway results from 
HER3 upregulation with a subsequent nuclear increase 
in FoxO3A family of transcription factors responsible 
for control of cell cycle, neoplastic transformation and 
epithelial-to-mesenchymal transition[30].

Targeting erb-B3 (HER3) with an antibody has proven 
to be quite effective in both preclinical and clinical studies 
although tumor cells eventually develop resistance as 
the antibody is only active in inhibiting signaling without 
altering the actual expression of the erb-B3 receptors. 
New strategies which aim at reducing erb-B3 levels are 
being investigated such as the HDAC inhibitor entinostat 
and the antisense oligonucleotide EZN-3920[95]. 

The hepatocyte growth factor receptor HGFR/

c-Met tyrosine kinase responsible for cell proliferation, 
protection from apoptosis and cell invasion, seems to be 
implicated in the emergence of resistance to targeted 
therapies particularly lapatinib and trastuzumab and 
recent preclinical studies suggested that inhibition of 
c-MET in gastric cancer cell lines circumvented resistance 
mechanisms as well as restored growth inhibition[96].

The overexpression of the receptor tyrosine kinase 
AXL is associated with poor prognosis and a more agg
ressive phenotype in ovarian, breast colon, esophageal, 
thyroid and lung cancers and may be implicated in the 
emergence of lapatinib acquired resistance in in vitro 
models of preclinical breast cancer studies.

Lapatinib resistance has been also associated with 
SRC tyrosine kinase activity; overexpression of SRC in 
breast cancer cell lines seems to result in an increased 
interaction with EGFR rather than HER2. According to 
Formisano et al[97], when EGFR was inhibited with the 
monoclonal antibody cetuximab and SRC was inhibited 
by the small molecule saracatinib, lapatinib resistant 
breast cancer cells would not survive and sensitivity 
was restored. The combined treatment of lapatinib 
with cetuximab both in vitro and in vivo resulted in the 
reduction of EGFR/HER2 signaling and proved to be 
effective[97].

As observed by Wilson et al[98], autocrine tumor cell 
production might be responsible for increased levels 
of receptor tyrosine kinase-ligand levels and in breast 
cancer cell lines the HER3 ligand neuregulin-1 seems to 
induce complete rescue from lapatinib.

An additional mechanism of resistance to lapatinib 
may occur as a result of crosstalk between the estrogen 
receptor and the HER2 pathway. Lapatinib induced upre
gulation of ER by inhibition of the PI3K/AKT signaling 
pathway results in overexpression of the anti-apoptotic 
protein Bcl-2 leading to the emergence of lapatinib 
resistance and cell death escape[99].

The VEGF
The VEGF and its cell surface receptors represent the main 
modulators in the emergence of tumor angiogenesis. 
Avastin or bevacizumab, a humanized anti-VEGF antibody, 
has played a key role in anti-angiogenic therapy for cancer 
treatment in concomitance with small molecule VEGF 
receptor kinase inhibitors[43].

The VEGF ligand presents itself as an antiparallel 
homodimeric structure in which each monomer is made 
mostly of β strands stabilized by a disulfide knot and two 
symmetrically disposed intermolecular disulfide bridges 
that are responsible for linking the monomers together. 
On the extracellular domain of each of the three VEGF 
receptors (VEGF-1, VEGF-2, VEGF-3) there are seven 
immunoglobulin-like structures (Ig domain)[100,101].

All four members of the VEGF family and the placenta 
growth factor bind to three endothelial cell tyrosine 
kinase receptors which have each different functions. 
VEGFR1 is responsible for promoting differentiation and 
vascular maintenance, VEGFR2 induction of endothelial 
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cell proliferation and vascular permeability, VEGFR3 
stimulation of lynphangiogenesis. Isoform specific rece
ptors neuropilin-1 and neuropilin-2 may bind to class 
3 semaphorins involved in axonal growth and also to 
some isoforms of VEGF1 as co-receptors which results in 
additional VEGF binding to VEGFR2[102].

Several other pathways are implicated by the function 
of VEGF as proteolytic and heparin activation further 
modulates receptor sites resulting in various cellular effects 
like the increase of vascular permeability, endothelial cell 
proliferation, survival and tubular formation. The VEGFR 
are usually endothelial in origin but in some instances they 
may be located in the stroma as macrophages and tumor 
cells themselves. Under abnormally low oxygen conditions 
(hypoxia), the hypoxia-inducible factor (HIF) plays a 
central role in transcription of genes like VEGF.

In normoxic conditions, the alpha-subunit of the HIF 
heterodimer (alpha, beta) is degraded by ubiquitylation 
as HIF-alpha binds to the von Hippel-Lindau tumor 
suppressor protein (p-VHL) forming the E3 ubiquitin ligase 
complex, a recognition component leading to proteasome-
dependent degradation. In hypoxic conditions, as the 
HIF-alpha subunit is stabilized by heterodimerization 
with HIF-beta and hypoxia response elements (HRE), 
regulatory elements of HIF target genes are activated 
including VEGF, genes controlling cell proliferation and cell 
metabolism[103,104].

VEGF is one of the genes that is upregulated in 
hypoxia microenvironments eliciting a particular vascular 
phenotype; the high expression of VEGF is a common 
prognostic factor in human breast cancer malignancies 
representing an important therapeutic target. Other 
family members though play a role in angiogenesis even 
when VEGF is not expressed, in addition to the function of 
these homologues, the switching of angiogenic pathways 
may represent an area for further investigation to be 
possibly circumvented by multiple pathway inhibition[105].

Emerging patient data suggests that the combination 
of the anti-angiogenic drug bevacizumab with chemo
therapy agents such as paclitaxel has proven to be a very 
dangerous therapeutic choice in terms of fatal side effects 
including hemorrhage, neutropenia, perforations of the 
gastrointestinal tract, blockage of arteries and stroke[106].

VEGF resistance mechanisms
Several mechanisms are implicated in the emergence of 
resistance mechanisms to anti-angiogenic therapy (Figure 
2). The most prominent one relates to the promiscuity of 
cancer cells to produce many types of alternative angio
genic signals which limit drug efficacy. The rescue of 
tumor vascularization may occur as escape mechanisms 
are induced by anti-angiogenic therapy and hypoxia of 
tumor tissue.

Cancer cells may amplify angiogenic genes which in 
return do not respond to low doses of anti-angiogenic 
drugs; they may switch from vessel sprouting to vessel 
co-option, vasculogenesis or vascular mimicry in order to 
ensure tumor nutrients. The recruitment of bone-marrow 

derived cells by cancer cells may result in the secretion 
of pro-angiogenic factors like angiopoietin, fibroblast 
growth factor or ephrins. The VEGF receptors may induce 
the release of a cytokine cascade which results in an 
inflamed microenvironment allowing for the emergence 
of tumor extravasation and metastasis.

Some of the alternative targets to overcome drug 
resistance to anti-angiogenesis therapies might be to target 
the placental growth factor and Bv8 (Bombina variegata) 
to reduce tumor inflammation, reduce leakiness of vessels, 
moderate hypoxia and reduce angiogenesis; the Notch 
pathway by anti-delta like ligands 4 (DII4) and secretase 
inhibitors to reduce excessive sprouting and reduce 
leaky dysfunctional vessels. Vessel normalization may be 
achieved by PHD2 inhibition improving vessel function and 
reducing metastasis and hypoxia. Lymphangiogenesis 
may be targeted by inhibiting neuropilin-2 (Npn2) and by 
targeting neuropilin-1, tumor growth and angiogenesis can 
be significantly reduced[107].

Several alternative pathways may take over as 
resistance develops to anti-angiogenic therapy through 
intrinsic tumor resistance or acquired resistance: angio
genic redundancy involves the production of redundant 
pro-angiogenic factors like the fibroblast growth factors 
(FGFs), platelet derived growth factors (PDGFs), placenta 
growth factor (PlGF), tumor necrosis factor-α (TNF-α). 
As these pro-angiogenic factors allow for the growth 
of tumor vasculature despite the VEGF pathway being 
inhibited it would be appropriate to target several of them 
synergistically.

The increase of tumor hypoxia as a result of anti-
angiogenic therapy is often implicated in angiogenic 
redundancy: The overexpression of the hypoxia-induced 
factor-1 (HIF-1) is correlated with chemotherapy resi
stance and selection of aggressive cancer cells as it is 
directly involved in the induction of transcription of genes 
involved in angiogenesis. The important role of activating 
the membrane tyrosine kinase receptor c-MET by the 
hepatocyte growth factor during angiogenesis, allows 
for downstream activation of SRC, AKT, MEK, STAT3 
with an increased expression of VEGF and its receptor 
by endothelial cells. The HGF/c-MET collaboration is 
often associated with invasive cancer phenotypes and 
increased metastasis. In these cases, the selection 
of more invasive tumor cells may occur as hypoxic 
environments pressure cancer cells to move rapidly 
toward normoxic locations. The recruitment of bone 
marrow derived pro-angiogenic cells and inflammatory 
cell invasion may contribute to adaptive mechanisms of 
resistance as low oxygen concentrations induce these 
cells to release large amounts of pro-angiogenic factors. 
As alterations in endothelial cells and pericytes may be 
responsible for crosstalk between angiogenic pathways 
resulting in the emergence of anti-angiogenesis therapy 
resistance, inhibiting the VEGF pathway and the platelet 
derived growth factor receptor with a tyrosine kinase 
inhibitor simultaneously might be a promising strategy 
to enhance treatment efficacy. The process of vessel co-
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option may result in cancer cells displaying a normal 
looking vasculature which is less sensitive to anti-
angiogenic therapy and early stage tumors may escape 
inhibition as they grow in an angiogenesis independent 
fashion[108].

The future of anti-angiogenic therapy seems to 
depend on how different tumors become vascularized 
and by what alternative pathways these manage to 
escape therapeutic effects. Elucidation of the complexity 
of the biology of angiogenesis, coupled with the function 
of key biomarkers, may prove to be a promising way 
forward to enhance the function of anti-angiogenic 
therapy to achieve vascular normalization and increase 
the effects of complementary chemotherapy.

TNBC and PARP inhibitors
TNBC represent 10%-20% of invasive breast cancers in 
the general population and have been associated with the 
African-American ethnic group where a clear prevalence 
of the disease affects up to 28% of all patients within 
that group[109].

About 80% of breast tumors which lack the over
expression of the HER-2/erbB2 protein, the estrogen 
receptor (ER) and the progesterone receptor (PgR) fall 
under the category of TNBC. They may be characterized 
by elevated levels of PARP enzymes and often originate 
from basal-like cell types. TNBC represent the most 
aggressive phenotype of the disease with no specific 
targeted therapies available for treatment. Twelve percent 
of TNBC are characterized by a claudin-low subtype; 
these can be identified by DNA microarray expression 
profiling, a method slowly emerging in clinical practice 
for the detection of this rare form of breast cancer. These 
tumors seem to respond to molecules which target DNA 
repair systems to induce synthetic lethality if used in 
combination with other drugs. PARP inhibitors are an 
example of therapeutic choice when one of the genes in 
a synthetic lethal pair, with one gene already defective, is 
targeted resulting in cell death. PARP iso-enzymes include 
a group of 18 molecules which are central to base-
excision repair pathways of single strand DNA breaks. An 
example is the BRCA1-2 mutation in breast cancer, this 
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scenario allows for PARP inhibitors to target and block the 
only functioning DNA repair system, hence, the selective 
killing of tumor cells while sparing healthy ones and 
limiting toxicity for the patient[110]. Nuclear basic fibroblast 
growth factor (bFGF) is a protein found in a subset of 
TNBC which contributes to the emergence of resistance 
following chemotherapy[111]. In vitro studies have shown 
that a residual TNBC subpopulation remains after short-
term chemotherapy and this resumes proliferation over 
time. When bFGF was knocked down in these residual 
cancer cells using short hairpin RNA, the number of 
residual TNBC cells decreased. This phenomenon is 
linked to a down-regulation of DNA-dependent protein 
kinase (DNA-PK) responsible for accelerated DNA repair. 
This study might suggest that expression of bFGF in 
TNBC cells could be a prognostic predictor of incomplete 
chemotherapy response and future tumor recurrence in 
TNBC patients[111].

The main challenge of circumventing treatment in
duced resistance mechanisms and the emergence of alter
native escape pathways, significantly lowers the overall 
survival rate of breast cancer patients belonging to this 
particular subtype as they often exhibit an incomplete 
pathological response[93].

Sunitinib seems to suppress angiogenesis, tumor 
proliferation, migration and growth of basal like breast 
cancer cells; xenograft models indicate that tumor 
volumes decrease under sunitinib action but due to its 
effects on the Notch-1 protein expression and hypoxia 
through HIF-1, there was an increase in proliferation 
of breast cancer stem cells. The use of a γ-secretase 
inhibitor in addition to sunitinib may represent a promising 
treatment option for TNBC while simultaneously targeting 
cancer stem cells and angiogenesis[112].

Sunitinib may prove to be an effective treatment 
choice for patients with TNBC as this breast cancer 
subtype may express increased levels of VEGF. High 
levels of VEGF may act as a potential prognostic factor 
in TNBC as the vascular pathway is a key component 
when targeting this particularly rare subtype of breast 
cancer[113].

As targeted therapies have not yet been discovered 
for TNBC, the conventional route is to treat patients with 
chemotherapy particularly anthracycline and taxane. 
The multitude of pathways which drive proliferation of 
this particular breast cancer subtype need to be further 
investigated in order to isolate potential therapeutic targets. 
Patients with BRCA1 and BRCA2 gene mutations which are 
present in 20% of TNBC, may be sensitive to the function 
of PARP inhibitors in addition to chemotherapy[6].

In a Phase II clinical trial carried out to evaluate the 
combined administration of the PARP1 inhibitor iniparib 
with cisplatin and gemcitabine on patients with TNBC, 
iniparib seemed to show significant anticancer activity 
enhancing the antiproliferative and cytotoxic effects of 
cisplatin and gemcitabine[114]. Combination therapy of 
cisplatin, gemcitabine and iniparib is currently under 
Phase Ⅲ clinical trial to see if this association could 

represent the new standard of care for the treatment of 
TNBC (ClinicalTrials.gov No.NCT00938652).

Immunotherapy for breast cancer
Breast cancer has been considered non-immunogenic for 
quite a long time and only recently, data has suggested 
that TNBC and HER2 positive types are characterized 
by an immune infiltrate, which might prove to be a 
promising target to complement the function of other 
synergistic drugs. Solid tumors like melanoma and lung 
cancer have already responded to immunotherapeutic 
agents like ipilimumab and sipuleucel-T has proven a 
successful vaccine against castration-resistant prostate 
cancers. Ongoing studies are also evaluating to what 
extent immune response is correlated to prognosis in 
breast cancer (Table 1).

The aim of immunotherapy is that of activating the 
human immune response to recognize tumors as a 
foreign entity and eventually kill the tumor cells. The 
tumor microenvironment (TME) including T-regulatory 
cells (T-Reg) involves a complex structure of intercellular 
communication which represent a very promising area 
of research aiming at the isolation of key immunogenic 
targets which may enhance the function of existing 
therapies[115].

The immune-checkpoint receptor PD-1 is expressed 
on tumor-infiltrating lymphocytes (TILs) with the role 
of inhibiting the activity of effector T-cells, preventing 
autoimmunity and inflammatory response; it is often 
upregulated on tumor cell surface in many types of solid 
tumors. The PD-1 ligand PDL1 engages with T-cells 
resulting in upregulation of the receptor followed by an 
immunosuppressive signal, which inhibits kinases involved 
in the activation of the immune response[116]. Clinical 
blockade of the PD-1/PDL1 axis should enhance antibody 
function in cancer patients underlining the importance 
of further investigation in this particular area of breast 
cancer research (Table 2). Pro-inflammatory cytokines 
and the overexpression of PDL1 inhibitory ligand may 
play a key role in the development of cancer immune 
resistance mechanisms, resulting in a state of exhausted 
or tolerant immune T-cell response hence the importance 
of studying the possible role of PDL1 expression as a 
resistance biomarker. Overall, main role of PD-1 blockade 
results in the reversal of chronic antigen response which 
is often found in cancer and viral infection scenarios[117]. 
The anti PD-1 antibody nivolumab has shown successful 
activity in melanoma and lung cancer patients targeting 
these immunoregulatory proteins and enhancing tumor 
response. There are several other ligands being inves
tigated at present which might be potential targets like: 
CD80, CD86, PDL2, ICOS-L, B7-H3, B7-H4 and B7-H6 
and future directions in cancer immunotherapy research 
point towards the effects of combined checkpoint blockade 
to maximize clinical response[118].

Future direction: Breast cancer combination therapy
Over the last few years, new agents have been intro
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duced in breast cancer targeted therapy resulting 
in overall improved treatments and greater patient 
overall survival rates. Some of the most widely used 
combination therapies involve the use of agents which 
target the PI3K/AKT/mTOR pathways such as everolimus 
combined to exemestane. The everolimus-FKBP12 
complex that forms when the m-TOR inhibitor binds with 
high affinity to the intracellular receptor FKBP12, is very 
effective in inhibiting down strem signaling in cancer 
cells. The BOLERO study has demonstrated the efficacy 
of the m-TOR inhibitor everolimus used in combination 
with exemestane (endocrine therapy) to restore hor
monal sensitivity in breast cancer patients[6]. Palbocib 
has been combined with letrozole in treating women 
with ER positive (estrogen positive), HER2 negative, 
advanced breast cancers as a first line endocrine therapy 

in metastatic cases. Trastuzumab and lapatinib have 
been used successfully in combination to treat metastatic 
breast cancers that overexpress HER2[6]. Trastuzumab 
and pertuzumab have been used in combination for the 
treatment of HER2 positive metastatic breast cancers 
and have shown a statistically significant increase in 
overall survival of patients[6]. The trastuzumab/lapatinib/
hormonal therapy combination has proven to be effective 
in cases of hormonal receptor positive and overexpressed 
HER2 protein breast cancers like the luminal B/HER2 
enriched type. Iniparib, a PARP1 inhibitor, in combination 
with gemcitabine and carboplatin chemotherapy have 
been evaluated in a Phase Ⅰ clinical trial for the treatment 
of metastatic TNBCs and a clinical benefit of 56% was 
observed in the combined therapy arm, compared to the 
gemcitabine/carboplatin arm which had a 34% clinical 

Table 1  Recapitulative breast cancer targeted therapy scheme cited in this article

Target pathway Current therapy Combination therapy 

HER2 (HER2-positive breast 
cancer)

Trastuzumab/herceptin
Pertuzumab lapatinib

Combination trastuzumab/lapatinib (EPHOS-B trial) trastuzumab/264RAD

m-TOR pathway Everolimus Possible combination everolimus/HER2 inhibitor
Angiogenesis (VEGF) Bevacizumab paclitaxel

Docetaxel
Targeting the placental growth factor and Bv8/Targeting the Notch 
pathway by anti-delta like ligands 4 and secretase inhibitors inhibiting 
simultaneously the VEGF pathway and the platelet derived growth factor 
receptor with a TK inhibitor

DNA repair mechanisms
(TNBC)
Notch-1 protein over-expression/
breast cancer stem cells 
proliferation (TNBC)

Parp inhibitors/anthracyclins and 
taxanes

Possible combination cisplatin/gemcitabine/iniparib
Possible combination of g-secretase inhibitor in addition to sunitinib

Immune system response
Cell cycle checkpoints

Immunotherapeutic agents
Antibodies against PD-1 T-cell 
inhibitory molecule or its ligand 
PD-L1

Nelipepimut-S(human leukocyte antigen)/GM-CSF Pembrolizumab in 
TNBC/PD-L1 positive (KEYNOTE-086 trial)

HER2: Human epidermal growth factor receptor 2; DII4: Delta like ligands 4; TNBC: Triple negative breast cancer; GM-CSF: Granulocyte-macrophage 
colony stimulating factor; VEGF: Vascular endothelial growth factor.

Table 2  Some of the current clinical trials in breast cancer targeted immunotherapy (http://www.cancerresearch.org./cancer-
immunotherapy/impacting-all-cancers/breast-cancer)

Title of clinical trial Type of breast cancer

Phase Ⅲ clinical trial: NEUVAX: nelipepimut-S or 
E75NCT01479244

HER1+ HER2+

Phase Ⅱ clinical trial: NEUVAX NCTO1570036 Node positive or TNBC
Phase Ⅰ clinical trial: Pembrolizumab PD1 antibody + dendritic 
cell vaccine NCTO2479230

Metastatic breast cancer

Phase Ⅱ trial: Pembrolizumab PD1 antibody + HDAC inhibitor 
and anti-estrogen therapy NCT02395627

Breast cancer

Phase Ⅱ first line neo adjuvant trial: Atezolizumab + 
chemotherapy NCTO2530489

TNBC

Phase Ⅰ clinical trial: Atezolizumab and HER2 inhibitors 
NCTO2605915

HER2+ 

Phase Ⅰ/Ⅱ clinical trial: PDR001(PD1 antibody) Advanced breast cancer, TNBC
Phase Ⅰ/Ⅱ clinical trial: MEDI6469 anti OX40 antibody 
NCTO1642290

Stage 4 breast cancer (patients with prior failure of hormone or chemotherapy)

Pilot study of QBX258 targeting IL-4 and IL-13 NTCO2494206 Advanced TNBC whose cancer cells make a protein called glycoprotein NMB to 
which CDX-011 binds

IL: Interleukin; HER2: Human epidermal growth factor receptor 2; TNBC: Triple negative breast cancer.
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benefit[114].
A promising area of clinical research for breast cancer 

targeted therapy involves the use of immune checkpoints 
inhibitors or immune checkpoint stimulatory molecules. In 
order to unleash anti-cancer immune responses, inhibitory 
molecules are blocked or stimulatory molecules are 
activated to allow the immune system to attack directly 
cancer cells as foreign invaders. An example would be 
the anti PD1 antibody pembrolizumab (Keytruda), anti 
CTLA antibodies, the anti PD-L1 antibody atezolizumab, 
anti CD73 antibodies or anti OX40 antibodies being tested 
currently in Phase I/II clinical trials (Table 2).

As the importance of the TME is being discovered 
with its potential contribution to cancer therapy, novel 
agents are being developed to target the non-malignant 
tumor stroma like trabectedin which inhibits macrophage 
differentiation; other drugs target the tumor necrosis 
factor-related apoptosis inducing ligand (TRAIL) pathway 
such as mapatumumab and dulanermin; immunomodu
lators used alone or in combination to cytotoxic agents 
should be also investigated as a strategy to decrease 
the immunosuppression caused by T-effector cell 
upregulation in the quest to increase the innate immune 
response against cancer cells, keeping the right balance as 
immune over-stimulation could be potentially harmful to 
patients[86].

The main future challenge for breast cancer com
bination therapy is to design a winning formula that is 
simultaneously effective against the many subtypes of 
breast cancers like luminal A, luminal B, basal-like and 
overexpressing HER2. This approach would represent 
a hopeful avenue to explore in the quest to inhibit the 
multitude of pathways being exploited by the various 
breast cancer subtypes. The phenotype of each breast 
cancer subtype should be thoroughly investigated as 
well, to allow researchers to gather a general picture 
describing in detail the different mechanisms of action 
for cell survival. Only then, more precise targets can be 
identified allowing for the discovery of more inclusive 

breast cancer combination therapies. A more precise 
and personalized characterization of each cancer as well 
as the identification of factors involved in resistance for 
each patient may provide useful improvements in current 
therapeutic approaches.

CONCLUSION 
Decoding of the human genome has allowed for the 
isolation of key gene signatures for many types of known 
cancers; unfortunately, targeted therapies to inhibit the 
function of these genes have proven quite elusive as the 
quest to circumvent the emergence of resistance mech
anisms continues. Breast cancer subtypes, particularly 
TNBCs, still represent a major challenge; future studies 
should revolve around the discovery of new prognostic 
biomarkers as no targets for these rare types of breast 
cancer have yet been identified.

The EPHOS-B trial carried out by researchers in The 
Institute of Cancer Research, London, the University of 
Manchester and University Hospital of South Manchester 
NHS Foundation Trust investigating the response of HER2 
positive breast cancer to dual lapatinib and trastuzumab 
therapy shortly after diagnosis and surgery to remove 
the tumors, has released very promising data in which 
of 257 women who were administered the two drugs 
synergistically 11 d before surgery, 17% had only 
minimal residual disease with invasive tumor smaller 
than 5 mm in size, 11% had a pathological complete 
response with no biological invasive tumor present in the 
breast and 3% had a complete response. This dramatic 
response after only 11 d suggests that combination 
anti-HER2 targeted therapy prior surgery may reduce 
the number of breast cancer patients requiring chemo
therapy in the future and significantly eliminate long term 
chemotherapy associated side effects[4,119]. 

Resistance mechanisms in breast cancer targeted 
therapies represent the main challenge to current research; 
the combination of different molecules used to target 

Table 3  Some of the current clinical trials in breast cancer targeted therapy (http://www.breastcancertrials.org)

Title of clinical trial Type of cancer

Randomized open label Phase Ⅱ trial: Kadcyla, tykerb and abraxane vs herceptin, tykerb and 
taxol before Surgery for HER2+ tumors NCT02073487

HER2+

Phase Ⅲ randomised, placebo controlled clinical trial: Chemotherapy and a PARP-inhibitor 
for BRCA1/2+, HER2- advanced breast cancer NCTO2163694

HER2-, BRCA1/2+ metastatic or locally advanced 
unresectable breast cancer 

Phase Ⅱ, multicenter, randomized clinical trial: Alisertib with taxol for advanced ER+/
HER2- or TNBC NCTO2187991

ER+/HER2-
TNBC

Phase Ⅱ Clinical trial: Gemzar, herceptin and perjeta for HER2+ metastatic breast cancer 
NCTO2252887

HER2+ metastatic breast cancer

Phase Ⅰ clinical trial: CD-839 for advanced breast tumors NCTO2071862 Advanced breast cancer and solid tumors
Phase Ⅰ clinical trial: Saracatinib and anastrozole for ER-positive disease 
NCTO1216176

ER+

Randomised Phase Ⅲ clinical trial:
Hormone therapy with or without ibrance for HR+, HER2- stage Ⅱ-Ⅲ breast cancer 
NCTO2513394

HR+, HER2-

Phase Ⅱ clinical trial: CDK-inhibitor for previously treated metastatic disease NCTO1037790 Previously treated metastatic breast cancer
Phase Ⅰ clinical trial: GS-5745 in metastatic HER2- breast cancer and other solid tumors 
NCTO1813282

Metastatic HER2- breast cancer not responding to 
other treatments
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different levels of signaling pathways by synergistically 
blocking cancer cell escape routes and minimizing the 
emergence of survival mechanisms, could prove to be 
a promising way forward, keeping in mind that specific 
molecular profiling particularly for metastatic relapses 
should be carried out to elucidate further resistance 
phenotypes and allow for the design of specific new targets. 
Several clinical trials are underway to try to improve survival 
of the worse cases (Table 3).
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Abstract
Gastrointestinal stromal tumors (GISTs) are rare but most 
common nonepithelial tumor of gastrointestinal tract. They 

are often found incidentally on computed tomography and 
endoscopic investigations. Increasing knowledge of the 
pathogenesis of GISTs and the advent of tyrosine kinase 
inhibitors revolutionized the management of GISTs. The 
newer advanced endoscopic techniques have challenged 
the conventional surgery although the true efficacy and 
safety of endoscopic approach is not clear at this time. 
This review article focuses on pathogenesis, diagnosis and 
management of GISTs.

Key words: Gastrointestinal stromal tumor; Endoscopy; 
Endoscopic ultrasound-fine-needle aspiration; Tyrosine 
kinase inhibitor; Imatinib

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Gastrointestinal stromal tumors (GISTs) are most 
common mesenchymal tumors in the gastrointestinal 
tract. The management of GISTs is revolutionized with 
the advent of tyrosine kinase inhibitors (TKIs) and newer 
advanced endoscopic techniques. Accurate identification 
and differentiation of GISTs from other submucosal tu
mors is achieved with the help of endoscopic ultrasound. 
The management of small to medium GISTs are feasible 
by newer advanced endoscopic and/or laparoscopic 
techniques. Team approach involving endoscopist, patho
logist, radiologist, medical oncologist and surgeon is key in 
optimal management of GISTs. This article focuses on role 
of TKIs and endoscopist perspective in the management 
of GISTs.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most 
common mesenchymal (sub epithelial) tumor, and are 
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frequently found in stomach and small intestine[1]. GISTS 
are hypothesized to originate from interstitial cells of cajal 
(ICC) which coordinate gut motility[2]. GISTs are rarely 
found in the peritoneum, mesentery and omentum[3]. 
GISTs have varied malignant potential, with about 40% 
of GISTs that are localized at initial diagnosis give rise to 
metastasis[4], and about 10%-20% of GISTs present with 
distant metastasis[5,6]. In Europe, the annual incidence of 
GISTs is about 10 cases per million[7]. In the United States, 
the annual incidence of GIST ranges from 4000 to 6000 
new cases per year (7-20 cases per million population per 
year)[8]. The mean age at diagnosis is 63 years[9]; men 
and women are equally affected. The majority of GISTs 
are sporadic and may be associated with mutations like 
NF1, C-kit, platelet derived growth factor receptor-alpha 
(PDGFRA), succinate dehydrogenase (SDH) and deletions 
in chromosome 1 involving SDH c[10]. 

PATHOGENESIS OF GIST 
Overall, GISTs are defined by the presence of KIT gene 
or PDGFRA mutation. Majority (80%) of GISTs have KIT 
gene mutations and biologic response of KIT receptor is 
produced without a bound ligand[11]. KIT receptor tyrosine 
kinase activity in normal cells is regulated by binding of 
endogenous KIT ligand or stem cell factor (SCF)[12]. In the 
majority of cases, spontaneous receptor dimerization and 
activation occurs when exon 11 is affected by KIT gene 
mutation. However, in few cases, a different mechanism 
results in uncontrolled KIT signaling if mutation occurs 
in Exon 9, 13 or 17. In cases with NF1, uncontrolled 
KIT activation may be present even in the absence of 
KIT gene mutation (wild type)[13]. A subset of GISTs 
which are negative for KIT gene mutations are positive 
for receptor tyrosine kinase PDGFRA mutations. GISTs 
expressing PDGFRA or KIT gene mutations have similar 
biologic consequences[14]. About 10% of adult GISTs 
have neither KIT gene nor PDGFRA mutation[15]. SDH-
ubiquinone complex 2 is composed of subunits A, B, C and 
D which is part of Krebs cycle and respiratory chain[16]. In 
mutant SDH, dysfunction of electron transport chain in 
mitochondria leads to defective oxidative phosphorylation, 
which ultimately leads to abnormal stabilization of hypoxia 
inducible factors (HIF)[17]. Carney-Stratakis syndrome is 
caused by germline mutation in SDH subunits B, C or D 
which leads to GIST and paraganglioma[18].  

Histologically GISTs are subdivided in to spindle cell 
(60%-70%), epithelioid (30%-40%) or both (10%). GISTs 
with spindle cells are compact, highly cellular, arranged 
in fascicular or whorled pattern with minimal amount of 
stroma and contain eosinophilic, basophilic or amphophilic 
cytoplasm. Epithelioid tumors have abundant cytoplasm 
which is amphophilic to clear and cellular borders are 
clearly defined[19]. Antibodies to CD34 and CD117 appear 
in most GISTs[20]. CD34 is a transmembrane glycoprotein 
present on vascular endothelium and human hematopoietic 
progenitor cells[21]. CD34 is expressed in a wide variety of 
tumors and it is detected in about 50%-80% of GISTs[2,11,20]. 

CD 117 is expressed in 80%-100% of GISTs and it is 
not expressed in smooth muscle or neural tumors which 
helps in distinguishing GISTs from other gastrointestinal 
mesenchymal tumors[20] (Figure 1). 

CLINICAL PRESENTATION AND 
DIAGNOSTIC TOOLS
Clinical manifestations of GISTs are highly variable and 
it depends on tumor size and location. GISTs are usually 
asymptomatic and found incidentally by imaging or 
endoscopy[22]. Symptoms include melena, hematemesis, 
abdominal pain, discomfort, fullness, early satiety and 
palpable mass. GISTs in proximal stomach can cause 
dysphagia and tumors in pylorus can present as gastric 
outlet obstruction[23]. Rectal GISTs can present with 
hematochezia[24]. Rarely, they can present as intraperitoneal 
rupture of large tumor causing hemoperitoneum[25]. 
GISTs can occur as part of a syndrome; Carneys triad 
(gastric GIST, pulmonary chondroma, paraganglioma)[26], 
or neurofibromatosis type1 (mostly spindle cell GIST)[27]. 
Overall, about 50% of GISTs have local or distant metastasis 
at the time of presentation[28], with the liver being the 
most frequent site of metastasis. Other common sites of 
metastasis include the bone, peritoneum, retroperitoneum, 
lung, pleura, and subcutaneous (scar) tissue[29]. 

Computed tomography (CT) is the primary mo
dality of choice for diagnosing GISTs[30,31]. CT tumor 
characteristics such as size greater than 10 cm, calcifi
cations, irregular margins, heterogeneous, lobulated, 
regional lymphadenopathy, ulceration, extraluminal and 
mesenteric fat infiltration are more likely to be associated 
with metastasis[29]. CT enterography uses large volumes 
of oral contrast and it is superior to conventional CT. 
It has advantage of displaying the entire thickness of 
the small bowel, better visualization of deep ileal loops 
without superimposition and evaluation of surrounding 
mesentery[32]. MRI is more accurate than CT for 
delineating rectal GISTs and in detecting liver metastasis, 
hemorrhage and necrosis[33].

Esophagogastroduodenoscopy (EGD) shows most sub 
epithelial lesions as a bulge with a smooth, intact, normal 
appearing mucosa in the gastrointestinal tract. Hwang et 
al[34] did a prospective study and patients were referred 
for endoscopic ultrasound (EUS) to evaluate sub epithelial 
masses diagnosed previously by EGD, sigmoidoscopy or 
colonoscopy. The size of the mass during endoscopic exam 
was measured by open biopsy forceps for size reference. 
Results showed endoscopy was 98% sensitive and 64% 
specific in identifying intramural lesions. Intramural size 
measurement of endoscopy correlated with EUS (r = 0.88, 
P < 0.001) but, for extramural lesions, it was suboptimal (r 
= 0.56)[34]. Overall, the study concluded endoscopy had a 
high sensitivity but low specificity in identifying the location 
of sub epithelial lesions and histologic confirmation by 
EUS-fine-needle aspiration (FNA) should be obtained for 
masses originating from 3rd (submucosa) and 4th layer 
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(muscularis propria)[34].
Endosonographically GISTs appear as oval or hypo

echoic mass arising from the muscularis propria. EUS 
features suggestive of malignancy include enlarged 
lymph nodes, size greater than 4 cm, irregular borders 
and cystic spaces with in the mass[35]. EUS has 92% 
sensitivity and 100% specificity in differentiating 
submucosal tumor from extrinsic compression[36]. Chen 
et al[37], retrospectively evaluated EUS characteristics to 
predict the malignant potential of GISTs. EUS features 
of GISTs were compared to National Institutes of Health 
(NIH) criteria for classification of malignant potential 
and were divided in to very low/low risk, intermediate/
high risk. Results showed that GISTs at high risk for 
malignancy were associated with EUS characteristics 
like lesion size (P < 0.0001), cystic change (P = 0.015) 
and surface ulceration (P = 0.036)[37]. EUS-FNA cannot 
accurately differentiate benign from malignant GIST 
due to lack of mitotic activity on smears. The definitive 
method for assessment of GIST malignant potential 
requires surgical resection. 

Dewitt et al[38] evaluated the diagnostic yield and 
complications of EUS-Trucut biopsy (EUS-TCB) for gastro
intestinal mesenchymal tumor (GIMT). EUS-FNA was 
performed in 33/38 (87%), and was diagnostic on final 
cytology in 25/33 (76%) and by FNA-immunochemistry 
(FNA-IC) in 12/24 (50%). EUS-TCB obtained visible tissue 
specimen in 37/38 (97%), and diagnostic in the final TCB 
histology in 30/38 (79%) and TCB-IC in 30/31 (97%)[38]. 
Overall, the authors concluded that EUS-TCB should be 
considered as an alternative to EUS-FNA when technically 

feasible[38].
Na et al[39] evaluated the yield and utility of 19-gauge 

(G) TCB vs 22-G FNA for diagnosing gastric sub epithelial 
tumors (SETs). The diagnostic yield of TCB vs FNA were 
77.8% vs 38.7% (P < 0.0001). The Accuracy of TCB vs 
FNA for diagnosing GISTs was 90.9% vs 68.8%; and 
for non-GIST SETs was 81.1% vs 14.3% respectively. 
There were 9 technical failures with TCB likely due to 
stiffness, poor maneuverability of the needle and location 
of the tumor[39]. The most common procedure associated 
adverse events were pain, hemorrhage (requiring 
endoscopic hemostasis) and fever[39]. Procedure related 
events in TCB vs FNA were [3/90 (3.3%) vs 5/62 (8.1%); 
P = 0.27] respectively[39]. 

Positron emission tomography (PET)-CT using 18F-fluo
rodeoxy glucose (FDG) detects cancer based on changes 
in tissue metabolism[40,41]. PET-CT is used for initial 
staging and to monitor disease progression. A baseline 
18 FDG-PET should be obtained before treatment so that 
the results can be used to compare with future studies[42]. 
Liver metastasis from GIST often appear as isodense 
lesions on CT, but may be detected by PET. Hence PET 
compliments CT in resolving ambiguity of liver lesions in 
patients with GISTs[42]. 

Gayed et al[43] showed that the sensitivity and positive 
predictive value of 18F-FDG PET were 86% and 98% 
respectively and it is superior to CT in predicting early 
response to therapy in recurrent or metastatic GISTs[43]. 
Yoshikawa et al[40] evaluated the efficacy of PET-CT to 
predict the malignant potential of GIST. Standardized 
uptake value maximum (SUVmax) and GIST parameters 
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Figure 1  Pathogenesis. GIST: Gastrointestinal stromal tumor; PDGFRA: Platelet derived growth factor receptor-alpha; HIF: Hypoxia inducible factors.
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(Ki-67 labeling index and mitotic index) were compared. 
SUV max and Ki67 labeling index were significantly 
elevated in high risk group when compared to low/
intermediate risk group[40]. Tumor response to treatment 
with imatinib mesylate may be detected by a decrease in 
CT attenuation units (Hounsfield units, HU)[44]. However, 
there may be delay in measurement of cellular and 
macroscopic changes after treatment with imatinib by CT. 
In contrast, PET using 18F-FDG can detect early effects 
induced by imatinib and decrease in FDG uptake after the 
initiation of imatinib treatment indicates good prognosis[45].

The “Response Evaluation Criteria in Solid Tumors” 
(RECIST) classification was previously used, however, 
due to limitations in assessing malignant response to 
immunotherapy such as imatinib, RECIST has been 
replaced by the Choi criteria[46]. Limitations of RECIST 
were primarily because the response to therapy can occur 
not only in tumor size but also in structure like decreased 
tumor density and enhancement of intratumoral no
dules[31,47]. The Choi criteria of contrast-enhanced CT is 
based on decrease in tumor size by 10% in any dimension 
or decrease in structure by 15%, and was found to be 
more predictive of time to tumor progression (TTP) than 
RECIST[48].

PROGNOSIS AND RISK STRATIFICATION
Mitotic index, tumor size, location (gastric vs non-gastric) 
and tumor rupture are independent risk factors for GIST 
metastases[4]. Joensuu et al[49] analyzed the association 
between KIT and PDGFRA mutation and RFS in GIST 
patients treated with surgery alone. The authors concluded 
that tumor mutation status should not be interpreted in 
isolation from other risk factors[49]. The American College 
of Surgeons Oncology trial (ACOSOG) Z90001 study 
found that tumor size, location and mitotic rate were 
important in RFS but not tumor mutation status[50]. Gold 
et al[51] developed a nomogram by calculating concordance 
probabilities and by comparing three commonly employed 
staging systems NIH-Miettinen[52], NIH-Fletcher[53] and 
Armed Forces Institute of Pathology (AFIP)-Miettinen[54]. 
The investigators concluded that the nomogram can 
accurately predict RFS after the resection of localized, 
primary GIST[51].

MANAGEMENT OF GIST
Surgery is the treatment of choice for primary and 
localized GISTs[55]. The goal of surgery is complete 
tumor resection (negative microscopic and macroscopic 
margins) with functional preservation (often accomplished 
by wedge resection), while avoiding tumor rupture and 
injury to the pseudo capsule[55]. McCarter et al[56] analyzed 
factors associated with R0 (grossly and histologically 
negative margin), R1 (grossly negative but histologically 
positive margins), R2 resection (grossly positive margins) 
and assessed the risk of recurrence with and without 
imatinib[56]. Factors associated with R1 resection included 
tumor size (> or = 10 cm), tumor rupture and location[56]. 

The authors concluded there was no significant difference 
in recurrence free survival (RFS) in patients who 
underwent R1 vs R0  resection of GIST with or without 
adjuvant imatinib[56]. Although the management of R1 
resection after complete resection is not clear, options 
include careful observation (watchful waiting), re-excision 
and adjuvant imatinib treatment. 

Laparoscopic wedge resection (LWR) is recommended 
for gastric GIST smaller than 5 cm. To prevent tumor 
seeding in laparoscopy, plastic bag is recommended to 
collect the tumor sample and direct handling of tumor 
with forceps is contraindicated. Wedge resection of 
gastric GIST is considered standard treatment[57] and 
lymphadenectomy is not indicated as nodal metastasis 
is rare[28]. LWR has the advantage of early resumption 
of diet, early return of bowel function, shorter hospital 
stay and decreased duration of parenteral or epidural 
analgesia[58]. Lee et al[59] study concluded that LWR can 
be safely performed and have better outcome in terms 
of recovery after surgery regardless of tumor size and 
location. Kim et al[60] study concluded that LWR is safe 
and feasible for small to medium sized gastroduodenal 
tumors irrespective of location in cardia or pylorus. 
However, they recommended careful consideration 
of direction of stapling for exogastric resection of 
submucosal tumors located in antrum, lesser curvature 
and pylorus to prevent gastric outlet obstruction. 

Endoscopic enucleation and other related procedures 
are more feasible for GISTs less than 5 cm[61]. Complete 
resection of GIST is indicated with endoscopic enucleation 
in the presence of a pseudo capsule. According to location 
in the gastric wall, GISTs are classified in to several types 
such as type 1 [very narrow connection with muscularis 
propria (MP) layer which protrudes in to the lumen], type 
2 (wide based connection with MP layer and protrudes 
in the luminal side at obtuse angle), type 3 (located in 
the middle of gastric wall) and type 4 (protrudes into the 
serosal surface of gastric wall)[61]. This classification is 
very important when considering endoscopic enucleation. 
Endoscopic enucleation is best suitable for type 1 be
cause of narrow connection to the MP layer and can 
be attempted for type 2. Type 3 and type 4 cannot be 
completely resected by endoscopic enucleation and hence 
endoscopic full-thickness resection (EFTR), laparoscopic 
and endoscopic cooperative surgery (LECS), laparoscopic-
assisted endoscopic full-thickness resection (LAEFR) and 
non-exposed wall-inversion surgery (NEWS) should be 
considered[61]. Endoscopic enucleation includes various 
techniques like endoscopic submucosal dissection (ESD)[62], 
endoscopic muscularis dissection (EMD)[63] and endoscopic 
submucosal tunnel dissection (ESTD)[64]. Bialek et al[62] 
evaluated the efficacy, safety and outcomes of ESD 
for gastric sub epithelial tumors. Results showed 47% 
(17/37) sub epithelial tumors were GISTs, overall rate of 
R0 resection was 81.1% (30/37), and perforation rate was 
5.4%[62]. Liu et al[63] evaluated the feasibility and safety 
of EMD. Results showed that 51.6% (16/31) were GISTs, 
96.8% (30/31) were completely resected, perforation 
occurred in 12.9% (4/31, all of which were managed by 
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endoscopic methods)[63]. ESTD procedure involves creation 
of the submucosal tunnel, dissection of the submucosal 
tumor (SMT) and closure of mucosal entry with hemostatic 
clips[64]. Gong et al[64] evaluated the feasibility and safety of 
ESTD in upper gastrointestinal SMTs. Results showed that 
58.3% (7/12) were GISTs, complete tumor resection was 
achieved in all patients, en bloc resection in 83.3% (10/12, 
other 2 lesions were resected in 2 pieces) and 2 patients 
had both pneumothorax and subcutaneous emphysema 
which were managed conservatively[64]. Disadvantages 
of endoscopic techniques include tumor recurrence and 
peritoneal seeding secondary to perforation. It is unclear 
whether there is remnant GIST tissue after dissection 
causing tumor recurrence, although the dissection site is 
usually ablated with electrical knife or snare. Perforation 
occurs due to pseudo capsule injury during difficult MP 
layer dissection which increases the chance of peritoneal 
seeding. Peritoneal seeding is associated with poor 
prognosis because of increased tumor recurrence. 

EFTR without laparoscopic assistance procedure 
involves introducing a single-chamber gastroscope into 
the stomach with a transparent cap attached to its tip. 
Dots are marked around the lesion and submucosal 
injection is done using normal saline with 1% indigo 
carmine and epinephrine (1:100000). Hook knife and 
IT knife are used to incise superficial layers overlying 
the SMT and snare is used to remove the mucosal and 
submucosal layers of gastric wall. Hook knife and IT knife 
are used to make circumferential dissection around the 
border of SMT. To visualize the SMT clearly, submucosal 
injection can be done again in the lower border of the 
tumor as needed. After the MP layer is reached and 
root of the tumor is exposed, gastric fluid is extracted 
as much as possible. Active perforation is made with 
the help of hook knife. After the tumor is completely 
exposed, SMT is removed en bloc with the snare. Dual 
channel gastroscope can be used for tumors with a 
broad basement which has the advantage of passing 
two snares through the accessory channels in to the 
gastric cavity. Tumor body is grasped with one snare and 
the other snare is used to en bloc enucleate the tumor 
along with the attached serosal layer. Titanium clips are 
used to close the defect in gastric wall. Paracentesis can 
be performed if there are signs of pneumoperitoneum 
during the procedure. Feng et al[65] evaluated the 
efficacy and safety of EFTR in 48 patients with gastric 
SMTs. Results showed that 43/48 had GIST, no post-
EFTR complication such as bleeding or peritonitis, 5 had 
moderate postoperative abdominal distension because 
of air filtration (3 had abdominal paracentesis and the 
other 2 were managed conservatively)[65]. Zhou et al[66] 
evaluated the efficacy, feasibility and safety of EFTR for 
gastric SMTs originating from MP layer. Results showed 
that 16/26 were GISTs, en bloc resection rate was 100% 
and no major complications[66]. In general, there is a 
risk of peritoneal seeding with EFTR because it involves 
creating an active large perforation and hence gentle 
handling of GIST is necessary to maintain an intact 
pseudo capsule to prevent peritoneal seeding. 

LECS has advantage over LWR especially for gastric 
SMTs located near esophagogastric junction or pyloric 
region because SMTs can be located accurately using 
endoscope and the resection of healthy stomach can be 
minimized[67].  The best indication for LECS is for gastric 
GISTs originating from MP layer which are intraluminal[61]. 
First, Argon plasma coagulation (APC) can be used to 
mark the periphery of the tumor[67]. A small incision is 
made on the marked area using standard needle knife 
after injecting 10% glycerin into submucosal layer. 
Using the IT knife, three-fourth of the marked area is 
cut circumferentially. Next, laparoscopic dissection of 
seromuscular layer is performed by making an artificial 
perforation and seromuscular dissection is carried out 
with ultrasonically activated device[67]. The incision is 
closed with the help of laparoscopic stapling device[67]. 
Hiki et al[67] analyzed seven patients who underwent 
LECS for gastric GISTs. Results showed that 6/7 were 
GISTs, no postoperative complications like bleeding, 
stenosis or anastomotic leakage, and successful tumor 
resection was done irrespective of tumor location (esoph
agogastric junction or pyloric ring). Tsujimoto et al[68] 
evaluated the feasibility and surgical outcomes of LECS 
for gastric SMTs. The authors found 16/20 were GISTs, 
no postoperative complications like bleeding, stenosis 
or anastomotic leakage, and there was no recurrence of 
tumor[68]. 

NEWS is a new technique developed to prevent 
peritoneal seeding from large active perforation and 
minimize resected tissue volume of stomach[69]. Mitsui 
et al[69] evaluated the efficacy and safety of NEWS in 6 
patients with suspected gastric GIST. Results showed 
that 5/6 were GIST, en bloc resection was achieved in 
all GISTs, perforation occurred in 2/6 cases (1 case had 
muscle injury leading to perforation during mucosal cutting 
by endoscopic knife and the other case had laparoscopic 
mucosal injury leading to perforation during seromuscular 
cutting), and no postoperative complications[69]. Future 
studies with large cohort are needed to validate the safety 
of NEWS before it is standardized for GISTs treatment. 

IMATINIB AS ADJUVANT THERAPY
Tumor size, location, mitotic index and tumor rupture are 
the most important independent prognostic indicators 
to determine RFS[4]. Multiple stratification schema like 
National Institutes of Health (NIH) consensus criteria, 
Armed Forces Institute of Pathology (AFIP) criteria and 
the modified NIH consensus criteria were developed to 
predict risk of recurrence[4,70-72]. The most commonly used 
stratification method is AFIP criteria[73]. AFIP groups 3a 
and above are considered high risk for recurrence. This 
corresponds to 5-year recurrence rate of 30% based on 
nomogram evaluation[73]. DeMatteo et al[74] evaluated the 
overall survival (OS) in 106 patients who had undergone 
complete gross tumor removal but were considered high 
risk for recurrence. It was a phase II Z9000 trial lead by 
ACOSOG and all patients were treated with imatinib 400 
mg per day for 1 year[74]. Results showed that OS for 
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1, 3 and 5-year was 99%, 97% and 83% respectively 
after a mean follow up of 7.7 years[74]. RFS rate for 1, 3 
and 5-year was 96%, 60% and 40% respectively[74]. In 
the subsequent trial, patients were randomly assigned 
to receive imatinib 400 mg per day or placebo for one 
year[75]. RFS at the end of 1 year for imatinib vs placebo 
was 98% vs 83% respectively and OS for imatinib vs 
placebo was 99.2% vs 99.7% respectively[75]. Li et 
al[76] evaluated RFS in Chinese patients after complete 
tumor resection of GISTs. All patients in treatment group 
(56/105) were treated with imatinib 400 mg once a 
day for 3 years and 49/105 were not treated (control 
group)[76]. RFS for imatinib vs control group at the end 
of 1year, 2 year and 3 years were 100% vs 90%, 96% 
vs 57% and 89% vs 48% respectively[76]. All GISTs 
with size ≥ 3 cm, small bowel site and high mitotic 
index were shown to benefit from adjuvant imatinib 
treatment[50,75]. Joensuu et al[77] evaluated the RFS and 
OS in KIT-positive GISTs treated with imatinib for 3 year 
vs 1 year who had undergone complete tumor resection 
but considered high risk for recurrence. Results showed 
that RFS for patients treated with imatinib for 3 year vs 
1 year were 65.6% vs 47.9% respectively and OS for 
3 year vs 1 year were 92% vs 81.7% respectively[77]. 
Kang et al[78] evaluated the efficacy of adjuvant imatinib 
for 2 years in high risk GISTs with KIT exon 11 mutation 
after complete resection at four South Korean centers.  
The results showed median RFS was 58.9 mo compared 
to 22.7 mo in pre-imatinib era[78]. They also concluded 
that imatinib is effective in GIST recurrence even after 
completion of adjuvant imatinib therapy[78].

NEOADJUVANT OR PREOPERATIVE 
IMATINIB THERAPY
National comprehensive cancer network (NCCN) guidelines 
recommend neoadjuvant imatinib therapy to reduce tumor 
size before surgery and minimize morbidity in patients 
with primary GISTs considered unresectable or resectable 
with high risk morbidity[73]. Eisenberg et al[79] evaluated 
the safety and efficacy of neoadjuvant imatinib (600 mg/d) 
in patients with KIT positive primary GIST (≥ 5 cm, 32 
patients) or with operable metastatic/recurrent GIST (≥ 
2 cm, 20 patients). It was a prospective nonrandomized 
trial and imatinib was continued postoperatively for 2 
years[79]. In primary GIST group, preoperative response 
was partial in 2 patients (7%), stable in 25 (83%) and 
unknown in 3 (10%); in metastatic or recurrent group, 
partial in 1 (4.5%), stable in 20 (91%), and progression 
in 1 (4.5%)[79]. Only 7 (13%) patients did not have any 
surgery (5 inoperable or unresectable, 1 patient refusal 
and 1 physician refusal)[79]. The estimated 2-year rate of 
TTP, PFS, OS in primary vs metastatic/recurrent GIST was 
13.9% vs 13.6%, 82.7% vs 77.3% and 93.3% vs 90.9% 
respectively[79].

Fiore et al[80] prospectively evaluated the PFS in locally 
advanced or unresectable primary GISTs treated with 
preoperative imatinib. All patients who were considered 

high risk or needed extensive surgery (3 considered 
unresectable underwent complete resection, 7 who were 
initially considered to undergo extensive surgery were 
conservatively operated, 4 who were considered high 
perioperative risk underwent safe surgery) improved 
after preoperative imatinib therapy. PFS after 3 years 
was 77% from the time of initial imatinib treatment[80].

IMATINIB IN METASTATIC GIST
The outcome of advanced GISTs treated with imatinib 
is not clear. Demetri et al[81] evaluated the efficacy of 
imatinib on antitumor response, safety and tolerability 
in advanced GISTs. Results showed that 79 patients 
(53.7%) had partial response, 41 patients (27.9%) had 
stable disease and in 7 patients (4.8%) response could 
not be evaluated[81]. Adverse effects related to imatinib 
therapy were diarrhea, edema (periorbital and leg), 
fatigue and gastrointestinal bleeding[81]. Overall, the 
therapy was well tolerated. Blanke et al[82] conducted a 
multicenter randomized phase II trial and they evaluated 
the efficacy and long-term safety of imatinib (group A 
400 vs group B 600 mg) in advanced GISTs positive 
for CD117 antigen. In group A (400 mg, 73 patients), 
the authors observed GISTs with complete response 0 
(0%), partial response 50 (68.5%), stable 10 (13.7%), 
progressive 11 (15.1%) and unknown 2 (2.7%)[82]. In 
group B (600 mg, 74 patients), the authors reported 
GISTS with complete response 2 (2.7%), partial 48 
(64.9%), stable 13 (17.6%), progressive 6 (8.1%) 
and unknown 5 (6.8%)[82]. Overall, imatinib was well 
tolerated[82]. In the subsequent phase Ⅲ trial, Blanke et 
al[83] evaluated PFS or OS with standard imatinib dose 
(400 mg) vs higher dose (400 mg twice daily) in patients 
with incurable GISTs. After a median follow up of 4.5 
years, median PFS for standard vs high dose imatinib 
was 18 mo vs 20 mo, median OS for standard vs high 
dose imatinib was 55 mo vs 51 mo respectively[83]. 
Treatment response in standard vs high dose imatinib 
were divided in to complete response (5% vs 3%), 
partial (40% vs 42%), stable (25% vs 22%), progressive 
disease (12% vs 10%) and inadequate assessment (10% 
vs 15%) respectively[83]. This study concluded that 400 
mg twice daily imatinib was more toxic than 400 mg 
dose in treatment of incurable GISTs[83]. Debiec-Rychter 
et al[84] evaluated the efficacy of standard dose imatinib 
(400 mg) vs higher dose (400 mg two times daily) in 
advanced GIST based on mutational status (KIT or 
PDGFRA). There was a 61% relative risk reduction of PFS 
in GISTs expressing exon 9 mutation treated with high 
dose imatinib[84]. Overall, this study concluded that tumor 
genotype determines PFS and OS in advanced GISTs and 
also GISTs with KIT exon 9 benefited from 400 mg two 
times daily imatinib[84]. 

Heinrich et al[85] showed that presence of KIT exon-11 
mutation (71.7%) had better treatment outcome 
with imatinib when compared to KIT exon-9 (44.4%) 
and wild-type mutation (44.6%) in advanced GISTs. 
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The authors also showed that there was an improved 
response rate (complete/partial response) in patients 
with KIT exon-9 mutation treated with imatinib 800 mg 
vs 400 mg (67% vs 17%, P = 0.02)[85]. GIST meta-
analysis group (MetaGIST) evaluated PFS and OS with 
imatinib (400 mg vs 800 mg) in advanced GISTs[86]. The 
results showed that there was a small but significant PFS 
(P = 0.04) advantage in high dose (400 mg twice daily) 
group and no difference in OS between both (400 and 
800 mg) groups[86].

SUNITINIB AFTER TREATMENT FAILURE 
WITH IMATINIB IN ADVANCED GIST
Demetri et al[87] evaluated patients treated with sunitinib 
in advanced GISTS who were intolerant or resistant to 
previous imatinib treatment. They concluded that median 
TTP with sunitinib vs placebo was 27.3 wk vs 6.4 wk 
respectively[87]. Overall, sunitinib was well tolerated and 
side effects like nausea, fatigue, skin discoloration and 
diarrhea were common[87]. 

REGORAFENIB AFTER TREATMENT 
FAILURE WITH IMATINIB AND SUNITINIB 
IN ADVANCED GIST
Demetri et al[88] evaluated the efficacy and safety of 
regorafenib after failure of treatment with imatinib 
and sunitinib. Results showed that the median PFS in 
regorafenib vs placebo group were 4.8 mo vs 0.9 mo 
respectively[88]. There was no statistical significance in 
terms of OS between regorafenib and placebo group[88]. 
Drug related adverse events occurred in 130/132 (98.5%) 
in regorafenib group and 45/66 (68.2%) in placebo 
group[88]. The most common adverse effects of regorafenib 
include hypertension (31/132, 23.5%), hand foot skin 
reaction (26/132, 19.7%) and diarrhea (7/132, 5.3%)[88]. 
Overall, this study concluded that regorafenib significantly 
improved PFS in patients with advanced GISTs who failed 
treatment with imatinib and sunitinib[88]. 

FOLLOW-UP AFTER TREATMENT
The goal of follow-up after surgery is early detection and 
treatment of relapse. CT abdomen and pelvis is used for 
follow-up. Metastasis of GISTs outside the abdomen is 
infrequent. MRI or PET-CT can be used as an alternative 
for follow-up. Annual CT abdomen and pelvis for 5 years 
is recommended for low risk GISTs after surgery[89]. 
During adjuvant treatment with imatinib for high risk 
GISTs, CT abdomen and pelvis is recommended every 6 
mo[89]. After adjuvant therapy is stopped, CT is repeated 
every 3-4 mo for first 2 years and there after every 6-12 
mo for 10 years[89]. 

CONCLUSION
With increasing availability of EUS and improved knowl

edge of the pathogenesis of GISTs, accurate identification 
and differentiation of GISTs from other submucosal 
tumors are achieved. Although surgery is preferred, 
newer endoscopic techniques can be attempted by expe
rienced endoscopists with the assistance of surgeons 
in suitable candidates. Neoadjuvant imatinib therapy is 
recommended for primary GISTs considered unresectable 
or resectable with high morbidity to reduce the tumor 
size before surgery and minimize morbidity. Adjuvant 
therapy with imatinib in intermediate and high risk GISTs 
improves OS and RFS. Sunitinib and regorafenib can 
be used in advanced GISTs after treatment failure with 
imatinib. Multidisciplinary approach involving endoscopist, 
pathologist, radiologist, medical oncologist and surgeon is 
required for optimal management of GIST. 
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Abstract 
Sarcomas are malignant tumors that are characterized 
by a wide diversity of subtypes with various cytogenetic 
profiles. Despite major treatment breakthroughs, 
standard treatment modalities combining chemotherapy, 
radiotherapy, and surgery failed to improve overall 
survival. Therefore, high expectations are foreseen 
with immunotherapy upon its maturation and better 
understanding of its mechanism of action. This paper 
presents a targeted review of the published data and 
ongoing clinical trials in immunotherapies of sarcomas, 
mainly adoptive cell therapies, cancer vaccines and 
immune checkpoint inhibitors.

Key words: Adoptive cell therapy; Cancer vaccines; 
Immunotherapy; Immune checkpoint inhibitors; Sarcoma
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Core tip: This paper is a review that outlines the most 
recent updates on the immunotherapy treatment of 
sarcomas. After a brief review of the concept of immuno
therapies and the different treatment modalities, we 
discuss the available data, the limitations and future 
perspectives of each treatment option.
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INTRODUCTION
Sarcomas are malignant tumors that derive from 
embryonic mesodermic tissues including fat, muscles, 
bones, nerves and blood vessels[1]. Epidemiologic studies 
report its predominance in the pediatric populations 
and its rare occurrence in adults[2]. Sarcomas are 
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characterized by a wide diversity of subtypes with 
various cytogenetic profiles conferring treatment resi­
stances. These findings combined with an advanced 
stage at diagnosis substantially increase the years of 
life lost[3]. The standard treatment modalities combining 
chemotherapy, radiotherapy, and surgery have failed 
to improve overall survival (OS)[4]. Despite the major 
breakthroughs in the treatment armamentarium, the 
recent data reports a relative 5-year survival rate limited 
to 66% for bone and soft tissue sarcomas, 53.9% for 
osteosarcomas, 75.2% for chondrosarcomas, and 50.6% 
for Ewing’s sarcomas[5]. 

Interestingly, Coley described in 1891 a complete 
regression of sarcomas secondary to severe episodes 
of erysipelas but failed to regenerate these results in 
other patients[6]. The Food and Drug Administration 
thereafter banned the use of toxin therapy without a new 
drug-approval process. Fortunately, Coley’s paper has 
encouraged scientists to analyze the role of the immune 
system in carcinogenesis[7].

After more than a century since Coley’s research 
efforts that marked the history of immunotherapy, we 
present a review on this elegant treatment modality in 
the management of sarcomas including adoptive cell 
therapies (ACT), monoclonal antibodies, vaccines, and 
immune checkpoint inhibitors (ICI). 

APPROVED THERAPIES IN SARCOMAS 
FROM CHEMOTHERAPY TO TARGETED 
THERAPIES 
Specialized centers in the management of sarcomas have 
demonstrated a better OS and low recurrence rate[8]. 
Yet, all patients are managed uniformly according to their 
prognosis dictated by the stage of the disease, which is 
determined by the grade, depth and size of the tumor[9]. 
For patients with localized disease, a complete resection 
with wide 2-3 cm margins followed by adjuvant radiation 
therapy is the mainstay treatment for a curative approach. 
However, survival is not only determined by local control 
since most patients die from systemic disease. The 
choice of the chemotherapy regimen depends on the 
tumor chemosensitivity which varies with the tumor 
subtype and grade, the patient’s performance status, 
and the timing of metastatic disease[10]. Unfortunately, 
the benefits of adjuvant chemotherapy are limited 
to rhabdomyosarcomas, osteosacromas and Ewing’s 
sarcomas. Moreover, Trabectidine is showing promising 
results encountered in the adjuvant and neoadjuvant 
settings of patients with myxoid liposarcomas[11]. The 
role of adjuvant and neoadjuvant chemotherapy in the 
management of soft tissue sarcomas is yet to be clearly 
established. The actual recommendations by NCCN and 
ESMO are to address this issue on a case by case basis 
according to the patient’s performance status, comorbid 
factors, disease location, tumor size, and histologic 
subtype. In case of advanced and recurrent sarcomas, 
induction regimens include Cyclophosphamide and 

Ifosphamide, Vincristine, Doxorubicin, Dactinomycin, and 
Etoposide[12]. For patients with unresectable or metastatic 
disease, the management plan is limited to a palliative 
approach with Trabectedin or Ifosfamide and Doxorubicin 
based chemotherapy[13,14]. 

The rationale of using targeted therapies in sarcomas 
goes back to 1984 when sarcomagenesis was correlated to 
recurrent translocations[15]. Genetic profiling thus defined 
two groups of sarcomas. The first group is characterized 
by a simple karyotype associated with specific tumor 
genetic alterations that include chromosomal translo­
cations, oncogenetic mutations, and recurrent gene 
amplifications. The second group is characterized by 
a complex karyotype associated with nonspecific and 
nonrecurring genetic alterations[16]. Subsequent to these 
advances, Pazopanib, a multitargeted tyrosine kinase 
inhibitor against VEGFR1-3, PDFGRA-B, and KIT was 
approved for pretreated metastatic nonlipomatous sar­
comas based on the phase Ⅲ PALETTE study[17]. Clinical 
and preclinical mechanistic studies are being conducted 
to validate a possible therapeutic role of the various 
targeted therapies available. Among these novel targeted 
therapies, we report the trials of Cediranib and Sunitinib 
in alveolar soft part sarcoma, Tivantinib and Cabozantinib 
in clear cell sarcoma, Imatinib in dermatofibrosarcoma 
protuberans, Cabozantinib in endometrial stromal tumors, 
and Everolimus in perivascular epitheloid cell tumor[18]. 

ADVANCES IN IMMUNO-ONCOLOGY
In fact, the previous cancer treatment approaches 
addressed distinctive and complementary hallmarks 
of carcinogenesis that included sustained proliferative 
signaling, evasion of growth suppressors, resistance of 
cell death, enabling of replicative immortality, induction of 
angiogenesis and activation of invasions and metastasis[19]. 
The well-known conventional cytotoxic drugs and targeted 
therapies have reached a plateau in effect that required 
a re-assessment of the six hallmarks of carcinogenesis. 
Recent conceptual progress has added two new hallmarks, 
namely reprogramming of energy metabolism and 
signaling interactions of the tumor microenvironment[20]. 

The later resides in the concept of the cancer-immunity 
cycle and is actually a turning point in the history of cancer 
therapy[21]. This cycle is the result of a counterbalance 
between immune-stimulatory and inhibitory factors. It 
occurs physiologically and starts with the release of cancer 
cell antigens and ends with the apoptosis of cancer cells 
via the activated effectors of the immune system[22]. 
Subsequently, cancer immunoediting may proceed with 
any of the three following phases[23]. The elimination phase 
describes an activation of the innate and adaptive immune 
effectors in response to cytokine secretion. The equilibrium 
phase occurs in the setting of a balance between tumor 
immune destruction and proliferation. The immunologic 
phase takes place when the tumor cells are capable of 
evading the immune system[23]. 

Recent advances recommend addressing only one 
step of the immune cycle to avoid potential unwanted 
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activation of autoimmunity mechanism and normal cells 
damage. Therefore, immunotherapy aims at initiating or 
maintaining the cancer-immunity cycle by acting on its 
rate limiting step. Consequently, ICI often address the  
immunostar function of the tumor microenvironment[24]. 
The PD-1/PD-L1 axis is a potential therapeutic target 
in view of the confirmed expression of PD-L1 in various 
sarcomas[25]. Inhibition of this axis enables the immune 
system to quickly adapt to cancer resistances thus all­
owing durable responses with ICI[26].

IMMUNOTHERAPEUTIC MODALITIES 
EVALUATED IN SARCOMAS
Sarcomas mainly occur either secondary to the activation 
of oncogenes via translocations and inversions, or 
secondary to the natural expression of germ cell pe­
ptides[27,28]. The issuing peptides generate an immune 
cascade directed against the aberrant cells[29]. Conse­
quently, multiple rationales to immunotherapy including 
ACT, therapeutic vaccines, and ICI have been assessed in 
the treatment of sarcomas (Table 1).

Adoptive cell therapy in sarcomas 
Adoptive cell therapy is a new therapeutic strategy 
based on the modulation, manipulation and selection 
of autologous T-cells in vitro to overcome the tolerance 
of the immune system to the tumor cells. Those T-cells 
may be harvested from tumor infiltrating lymphocytes 
(TIL) and re-transfused into the same patient after 
ensuring their expansion. Lymphocyte T-cells may also be 
harvested from peripheral blood, and those that recognize 
tumor antigens are selectively expanded. Alternatively, 
lymphocyte T-cells may be genetically engineered eit­
her by modifying a T-cell receptor for cancer antigen 
(transgenic TCR) or by adding a chimeric antigen receptor 
(CAR) that recognizes a specific cancer antigen[30,31]. Apart 
from T-cells, NK ACT has also been proven efficacious 
with several advantages over the classical T-cell ACT in 
the absence of MHC/HLA restriction, namely their NKG2D-
dependent cytotoxicity against autologous tumor cells[32,33].

To our knowledge, the use of TIL has never been 
reported in the treatment of sarcomas whilst the use of NK 
ACT has been limited to case reports[33]. On the other hand, 
tumor antigens such as GD2 (93% of sarcomas) and NY-
ESO-1 (80% to 100% of different subtype of sarcomas) 
were found to represent interesting targets for adoptive 
cells therapies. Moreover, other cancer testis antigens such 
as LAGE, MAGE-A3 and PRAME were frequently expressed 
in sarcomas and would be potential immunotherapeutic 
targets. In this setting, a phase I study evaluated the ability 
of adoptively transferred autologous T-cells transduced with a 
T-cell receptor (TCR) directed against NY-ESO-1 to mediate 
tumor regression in patients with metastatic synovial cell 
sarcoma expressing NY-ESO-1. The results showed an 
objective clinical response in 4 out of 6 patients[31]. 

Two ongoing trials are evaluating genetically engineered 
NY-ESO-1 T-cells for children and adults in metastatic 

synovial sarcoma (NCT01343043). Another phase I trial 
is testing the role of CAR T-cell therapy targeting the GD2 
protein in children and young adults with sarcomas and 
rhabdomyosarcomas (NCT00743496).

Therapeutic vaccines in sarcomas
The therapeutic effects of cancer vaccines rely on the 
activation of dendritic cells upon the presence of an 
immunogenic predetermined antigen. However, most 
of the initial studies of vaccines in sarcomas did not 
determine specific antigens and used inefficaciously the 
entirety of the tumor cells[34,35]. Later studies used SYT-
SSX, a fusion derived peptide present in 90% of synovial 
sarcoma, and also failed to demonstrate an objective 
response[36-38]. Takahashi et al[39] personalized the pe­
ptide vaccination patients with refractory sarcoma and 
administered multiple tumor antigens chosen according 
to preexisting peptide-specific IgG titers. The median 
OS was 9.6 mo with disease stabilization occurring in 
30% of patients but no objective responses were seen. 
Another vaccination modality used in situ vaccination 
through combining preoperative gamma radiation (50 
Gy) with intratumoral dendritic cells injection. The studied 
population was limited to high risk, localized, and resected 
extremity soft tissue sarcoma and resulted in 71% pro­
gression free survival at one year[40].

Major efforts in this field are being conducted namely in 
children with Ewing sarcomas. Recent data demonstrated 
a 75% OS at one year with FANG immunotherapy in 
adolescent patients with Ewing’s sarcoma. The treatment 
was well tolerated with a favorable OS[41]. A seemingly 
interesting phase Ⅰ trial designed for the treatment of 
pediatric patients with relapsed high-risk Ewing sarcoma, 
osteogenic sarcoma, rhabdomyosarcoma, synovial sar­
coma, and neuroblastoma is using a combination of 
Decitabine demethylating agent and a cancer vaccine 
composed of dendritic cells pulsed with overlapping 
peptides of NY-ESO-1, MAGE-A1, and MAGE-A3 (NCT0 
1241162). Another dendritic cell vaccine is also being 
assessed in combination with Gemcitabine in a phase Ⅰ trial 
for adults and children with soft tissue and bone sarcomas 
(NCT01803152).

Immune checkpoint inhibitors in sarcomas 
The concept of ICI relies on deactivating the suppressed 
activity of the immune system. ICI remove the brakes 
(PD-1 and CTLA4) thus enhancing the immune function 
of already sensitized T-cells. Effectively, PD-1 and CTLA4 
inhibitors are showing interesting results with acceptable 
response rates in different cancers, including those 
considered for a long time as non-immunogenic[42]. Unlike 
CTLA4 inhibitors, the response to PD1 and PDL-1 inhibitors 
has been correlated with the expression of PD-1 and 
PDL-1 on tumor cells and to the mutational load of the 
tumors[42]. Moreover, PD-1 and PDL-1 expression seems 
to vary between sarcoma subtypes, a finding that may 
direct immunotherapy management in patients with 
sarcomas[43].
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Unfortunately, the efficacy of ICI in sarcomas has been 
evaluated in only one study so far. It is a phase Ⅱ study 
that administered Ipilimumab (3 mg/kg intravenously 
every 3 wk for 3 cycles), a CTLA-4 inhibitor, to six patients 
with synovial sarcoma. The median OS was 8.75 mo 
ranging between 0.8 and 19.7 mo. The study was closed 
prematurely when none of the patients had an objective 
tumor response. All patients expressed NY-ESO-1 but its 
titers did not change after treatment administration[44]. 
PD-1 and PDL-1 inhibitors present a different mechanism 
of action compared to anti-CTLA4 agents and conse­
quently may present better response rates[43]. Many 
ongoing phase Ⅰ trials are assessing the role of anti-PD1 
agents in sarcomas as single agent or in combination with 
Ipilimumab and Dasatinib (NCT0 1643278). 

PERSPECTIVE
The proof of the immunotherapy concept in sarcomas has 
been undoubtedly validated with the benefits encountered 
upon the use of liposomal muramyl-tripeptide-phosphatidyl-
ethanolamine, an immunoactivator agent derived from 
BCG. However, its role remains controversial in view of the 
discordant results between the preliminary data and final 
results in both the adjuvant and metastatic setting. Even 
though the actual trend is moving towards immunotherapy 
as an essential tool in the treatment of cancer, the recent 
ASCO 2016 meeting was unfortunately disappointing in 
this regard. Five studies have been presented, of which one 
trial of chemotherapy (Busulphan and Melphalan), three 
trials of tyrosine kinase inhibitors, monotherapy (Anlotinib 
and Regorafenib) or in combination with chemotherapy 

(Gemcitabine plus Pazopanib), and one study reporting 
the evident detrimental impact of disease progression and 
altered quality of life on the long-term care and survival 
of patients with sarcomas. The ongoing trials including 
the promising results of immunotherapies are awaited. 
The available results reported a failure of Pembrolizumab 
in multiple soft tissue sarcomas (NCT02301039) and 
Nivolumab in metastatic uterine leiomyosarcoma (NCT0 
2428192) despite the promising findings encountered 
with Nivolumab in retrospective experiences[45]. In fact, 
the biological preclinical rationale is not fully elucidated 
in view of the absence of any correlation between PD-L1 
expression and OS[46]. Thus, the actual state of knowledge 
does not predict the patient profile that might benefit from 
immunotherapy.

CONCLUSION
The cornerstone treatment for sarcomas consists of 
complete surgical resection, chemotherapy, and radio­
therapy. Unfortunately, these treatment options fall short 
from achieving an optimal clinical outcome. Immuno­
therapy is therefore expected to further improve the 
survival of patients with sarcomas. Until recently, the 
field of immunotherapy has not yet matured enough to 
present robust effects. The better understanding of onco-
immunotherapy principles is essential to adjust the design 
of clinical trials and the selection of inclusion criteria. The 
published data shows that ACT is yet to be more elucidated 
and evaluated, vaccine therapy requires tailoring and 
personalization, and ICI, preferably PD-1 and PDL-1 
inhibitors, necessitate better patient selection. Such results 

Table 1  Summary of the phase Ⅰ/Ⅱ trials of immunotherapies in sarcoma

Treatment modality Ref. Agent Phase/Patients Indication RR Survival

Adoptive cell therapy Robbins et 
al[31], 2011

Adoptively transferred autologous T 
cells transduced with a T-cell receptor  

directed against NY-ESO-1

Ⅰ/6 Metastatic synovial cell 
sarcoma expressing 

NY-ESO-1

RR: 4/6 N/A

Vaccines Mahvi et al[34], 
2002

GM-CSF treated tumor cells Ⅰ/16 Melanoma and 
sarcomas

RR: 1/16 N/A

Dillman et 
al[35], 2004

Autologous tumor cell line-derived 
vaccines

Ⅰ, Ⅱ/23 Recurrent or metastatic 
sarcoma

No objective 
response 
assessed

10 patients 
lived more 
than 1 year

Kawaguchi et 
al[36], 2005

Vaccination By SYT-SSX junction 
peptide

Ⅰ/6 Disseminated synovial 
sarcoma

RR: 0/6 N/A

Kawaguchi et 
al[38], 2012

SYT-SSX breakpoint peptide vaccines Ⅰ, Ⅱ/21 Metastatic synovial 
sarcoma

RR: 1/21
SD: 6/21

N/A

Takahashi et 
al[39], 2013

Personalized peptide vaccination Ⅱ/20 Refractory bone and 
soft tissue sarcoma

SD in all 
patients

Median OS: 
9.6 mo

Finkelstein et 
al[40], 2012

Combination of external beam 
radiotherapy with intratumoral 

injection of dendritic cells

Ⅰ, Ⅱ/17 Neoadjuvant treatment 
in high-risk soft tissue 

sarcoma

RR: 9/17 One-year PFS: 
70.6%

Ghisoli et al[41], 
2015

FANG autologous immunotherapy Ⅰ/12 Advanced and 
metastatic Ewing's 

sarcoma

RR: 1/12 One-year OS: 
75%

Checkpoint inhibitors Makki et al[44], 
2013

Ipilimumab Ⅱ/6 Advanced synovial 
sarcoma

RR: 0/6 
(closed 

prematurely)

Median OS: 
8.75 mo

GM-CSF: Granulocyte-Macrophage Colony-Stimulating Factor; N/A: Not available; OS: Overall survival; PFS: Progression free survival; RR: Response rate.
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would allow more understanding of the antitumor immunity 
mechanisms and improvement of the treatment arsenal 
against sarcomas.
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Abstract
AIM
To stratify the malignancy risks in thyroid nodules in a 
tertiary care referral center using the Bethesda system. 

METHODS
From January, 2012 to December, 2014, a retrospective 
analysis was performed among 1188 patients (15-90 
years) who had 1433 thyroid nodules and fine-needle 
aspiration at Prince Sultan Military Medical City, Saudi 
Arabia. All thyroid cyto-pathological slides and ultra sound 
reports were reviewed and classified according to the 
Bethesda System for Reporting Thyroid Cytopathology. 
Age, gender, cytological features and histological types of 
the thyroid cancer were collected from patients’ medical 
chart and cytopathology reports. 

RESULTS
There were 124 total cases of malignancy on resection, 
giving an overall surgical yield malignancy of 33.6%. 
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Majority of the thyroid cancer nodules (n  = 57, 46%) 
in Bethesda VI category followed by Bethesda IV (n  = 
25, 20.2%). Almost 40% of the cancer nodules in 31-45 
age group in both sex. Papillary thyroid carcinoma (PTC) 
was the most common form of thyroid cancer among 
the study population (111, 89.6%) followed by 8.9% of 
follicular thyroid carcinoma (FTC), 0.8% of medullary 
carcinoma and 0.8% of anaplastic carcinoma. Among the 
Bethesda IV category 68% thyroid nodules were PTC and 
32% FTC. 

CONCLUSION
The malignancy values reported in our research were 
constant and comparable with the results of other 
published data with respect to the risk of malignancy. 
Patients with follicular neoplasm/suspicious for follicular 
neoplasm and suspicious of malignancy categories, total 
thyroidectomy is indicted because of the substantial risk 
of malignancy.

Key words: Bethesda; Total thyroidectomy; Thyroid no
dules; Risk of malignancy; Fine needle aspiration

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The purpose of this study was to stratify the 
malignancy risks in thyroid nodules in a tertiary care 
referral center using the Bethesda system. The study 
found that there were 124 total cases of malignancy on 
resection, giving an overall surgical yield malignancy of 
33.6%. Majority of the thyroid cancer nodules in Bethesda 
VI category followed by Bethesda IV. Almost 40% of the 
cancer nodules in 31-45 age group in both sex. Papillary 
Thyroid Carcinoma was the most common form of thyroid 
cancer among the study population followed by follicular 
thyroid carcinoma, medullary carcinoma and anaplastic 
carcinoma.

Al Dawish MA, Robert AA, Muna A, Eyad A, Al Ghamdi A, Al 
Hajeri K, Thabet MA, Braham R. Bethesda System for Reporting 
Thyroid Cytopathology: A three-year study at a tertiary care referral 
center in Saudi Arabia. World J Clin Oncol 2017; 8(2): 151-157  
Available from: URL: http://www.wjgnet.com/2218-4333/full/v8/
i2/151.htm  DOI: http://dx.doi.org/10.5306/wjco.v8.i2.151

INTRODUCTION
According to epidemiological and clinical studies thyroid 
nodules are commonly encountered in clinical exams, 
palpable in 5% of the population on thyroid examination 
and detectable in nearly 60% of those subjected to thyroid 
ultrasound. While the majority of the nodules are benign 
(non-cancerous), they are normally the first indicators 
of thyroid cancer; therefore, further investigations are 
required to identify the cancerous nodule[1,2]. 

The last decades have revealed a constant and 
remarkable rise in the occurrence of thyroid cancer 

across the world, including Saudi Arabia[3-5]. The Saudi 
Cancer Registry (SCR) report has registered 890 
thyroid cancer cases, in nearly 8.1% of all the newly 
diagnosed cases in 2012. However, studies revealed 
variations in the incidence of thyroid cancer globally. 
Thyroid cancer is the 5th most common cancer among 
females in the United States, whereas in Saudi Arabia 
it is the 2nd commonest identified cancer in females, 
and 8th among males[6]. However, compared with the 
developed countries, research regarding the malignancy 
risks in thyroid nodules is still insufficient due to lack of 
appropriate studies being conducted in these specified 
areas.

One of the most widely used diagnostic tools is 
fine-needle aspiration (FNA) cytology with ultrasound 
imaging to determine the necessity for the surgical 
excision of a thyroid nodule. Today, molecular genetic 
biomarker analyses are employed to increase the 
diagnostic accuracy of the FNA biopsies, and can at 
times drastically change clinical decision procedures 
as they become more commonly available and better 
assessed. FNA cytology (FNAC) continues to remain the 
initial investigation mode for malignancy in patients with 
thyroid nodules and the selection of patients for thyroid 
surgery[7]. This minimally invasive and useful method 
is highly effective in identifying a large percentage of 
thyroid nodules as benign and eliminating unnecessary 
surgery for patients with benign disease[8]. However, 
because a standardized reporting system is still un
available, pathologists have been employing varying 
terminologies and diagnostic criteria, thus causing 
misunderstanding among the referring clinicians while 
interpreting cytopathology reports, resulting in non-
definitive clinical management[9-11]. In 2007, the National 
Cancer Institute (NCI) established guidelines employing 
a standardized nomenclature to interpret thyroid FNAs 
called the Bethesda System for Reporting Thyroid 
Cytopathology (BSRTC) which is now accepted as the 
proposed diagnostic categories for thyroid cancer[12]. This 
study attempts to stratify the malignancy risks in thyroid 
nodules in a tertiary care referral center in Saudi Arabia 
utilizing the Bethesda system.

MATERIALS AND METHODS
Study design and setting
From January, 2012 to December, 2014 (36 mo), a retros
pective analysis was performed among 1188 patients (15-90 
years old) who had 1433 thyroid nodules and FNA at Prince 
Sultan Military Medical City (PSMMC), a 1200 bedded 
tertiary care center, Riyadh, Saudi Arabia. The PSMMC 
caters to the patients referred from different regions of 
Saudi Arabia and considered a worthy representative of 
Saudi Arabia in general. The study protocol was approved 
by the Research and Ethics Committee of PSMMC, Riyadh, 
Saudi Arabia. 

Data collection
All thyroid cytopathological slides and ultra sound 
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reports were reviewed and classified according to the 
BSRTC system. Age, gender, cytological features and 
histological types of the study population were collected 
from patients’ medical chart and cyto-pathology reports. 

Bethesda system
Currently, the Bethesda system of reporting thyroid 
cytology (TBSRTC) is used for reporting FNAC specimens of 
thyroid. According to Cibas[13], this system was innovated in 
2007 and consists of six categories: (1) Unsatisfactory (UNS) 
or nondiagnostic (ND); (2) Benign and nonneoplastic; 
(3) Atypia of undetermined significance or follicular lesion 
of undetermined significance (AUS/FLUS); (4) Follicular 
neoplasm or suspicious for follicular neoplasm (FNS/SFN); 
(5) Suspicious for, but not diagnostic of, malignancy; and (6) 
Malignant (Table 1). 

All FNAs were performed by one of five interventional 
radiologists under ultrasound (US) guidance, performing 
3-5 passes by using 25 gauge needles. On-site FNAs 
stained with the Diff-Quik stain and adequacy assessment 
was performed for all samples. All slides interpreted by 
among of five accredited cyto-pathologists. 

Histological diagnoses
The histological diagnoses of thyroid nodules were cla
ssified into two types: Benign and nonneoplastic and 
malignant. For papillary thyroid carcinoma (PTC), subtype 
variants were documented such as the follicular variant, 
classical variant, conventional variant and tall cell variant. 
Also were follicular thyroid carcinoma (FTC) subdivided 
to minimally invasive follicular thyroid carcinoma (MIFTC) 
and Widely Invasive follicular thyroid carcinoma (WIFTC). 

Statistical analysis
All statistical calculations were performed using IBM SPSS 
Statistics (IBM SPSS Statistics for Windows, Version 22, 
SPSS Inc. an IBM Company) program and Microsoft 
Excel 2010 (Microsoft Corporation, Seattle, WA, United 
States). The descriptive analysis of the epidemiological 
data presented as frequencies, percentages and mean ± 
standard deviation (SD). χ 2 test was performed to find out 
the variables associated with cancer among the surgical 
patients.

RESULTS
A total of 1188 patients (range 15-90 years) included in 

this study. The mean age of the study population was 46.3 
± 15.1 (SD), median 45 years, and mode 49 years. Of 
the 1188 (212 male; 976 female) patients, 245 patients 
had two thyroid nodules, which resulted in a total of 1433 
FNA cases (nodules). Among the study population, a total 
of 311 patients underwent surgery and 877 patients did 
not undergo surgery. Of the 311 patients who underwent 
surgery, 58 patients had two thyroid nodules, which 
resulted in a total of 369 cases (245 benign and 124 
malignant) (Figure 1). Among patients who underwent 
surgery, no statistically significant differences were 
observed on the presence of cancer among both gender (P 
= 0.463), and different age groups (P = 0.928).

As shown in Table 2, the distribution of all cases in 
the six Bethesda diagnostic categories were as follows: 
46 cases (3.2%) of category Ⅰ, 1080 cases (75.3%) of 
category Ⅱ, 131 cases (9.1%) of category Ⅲ, 71 cases 
(5%) of category Ⅳ, 32 cases (2.2%) of category Ⅴ 
and 73 cases (5.1%) of category Ⅵ. 

The distributions of follow-up diagnoses for each initial 
Bethesda diagnostic classification are shown in Table 3. 
There were 124 total cases of malignancy on resection, 
giving an overall surgical yield of malignancy of 33.6%. 
Eight of (2.2%) 369 thyroid nodules were diagnosed 
as ND, 181 (49.1%) diagnosed as benign, 42 (11.4%) 
diagnosed as AUS/FLUS, 53 (14.4%) as FNS/SFN. 
Category Ⅴ (SM) diagnoses (26 cases) reminded benign 
in 8 cases, but histologically confirmed as carcinoma 
in 18 case (69.2%). Finally, category Ⅵ diagnoses (59 
cases) reminded benign in 2 cases, but histologically 
confirmed as carcinoma in 57 cases (96.7%). 

Table 4 shows the comparison rates of malignancy 
on surgical resection for FNA diagnostic categories and 
malignancy risk of the present findings and previously 
published data. Table 5 shows the age and sex distribution 
of thyroid cancer. Majority of the thyroid cancer nodules (n 
= 57, 46%) in Bethesda Ⅵ category followed by Bethesda 
Ⅳ (n = 25, 20.2%) and Bethesda Ⅴ (n = 18, 14.5%). 
Among the Bethesda Ⅳ category 17 (68%) were PTC and 
8 (32%) were follicular carcinoma. Almost 40% of the 
cancer nodules in 31-45 age groups in both sex. 

Type and variants of thyroid cancer among histo
pathological diagnosis are shown in Table 6. Papillary 
carcinoma was the most common form of thyroid cancer 
among the study population (111, 89.6%). Among PTC (n 
= 111), four histologic variants exist, with classic variant 
PTC accounting for 51.4% of PTC followed by follicular-

Table 1  The Bethesda system

Diagnostic category Cytological diagnosis Risk of malignancy, % Usual management

Ⅰ Nondiagnostic or unsatisfactory 1-4 Repeat FNA with ultrasound guidance
Ⅱ Benign 0-3 Clinical follow-up
Ⅲ AUS/FLUS   5-15 Repeat FNA
Ⅳ FNS/SFN 15-30 Surgical lobectomy
Ⅴ Suspicious for malignancy 60-75 Near-total thyroidectomy or surgical
Ⅵ Malignant 97-99 Near-total thyroidectomy

FNA: Fine-needle aspiration; AUS/FLUS: Atypia of undetermined significance or follicular lesion of undetermined significance; FNS/SFN: Follicular 
neoplasm or suspicious for follicular neoplasm.
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variant PTC (30.6%). Furthermore, 8.9% of malignancies 
were FTC (including 0.8% of the highest risk widely 
invasive phenotype), 0.8% of medullary thyroid carcinoma 
(MTC) and 0.8% of anaplastic thyroid carcinoma (ATC). 
Among the Bethesda Ⅳ category 17 (68%) thyroid 
nodules were PTC and 8 (32%) were FTC.

DISCUSSION
Over the last few decades thyroid cancer has been 

on the rise considerably, globally, while mortality has 
steadily dropped, including in Saudi Arabia[14]. This 
reduction in the mortality resulting from thyroid cancer 
reflects the variations in the exposure to risk factors 
and alters the diagnosis and treatment of the disease, 
while the rise in the incidence is probably due to the 
improvement in the identification of this neoplasm[14]. 
However, in comparison with the developed countries, 
research on the incidence, prevalence and type of thyroid 
cancer in Saudi Arabia is still inadequate due to the lack 
of suitable studies being done on this specific aspect. 
Therefore, the objective of the current study is to stratify 
the risk of malignancy in the thyroid nodules based on 
the Bethesda system, which enhances the interpretation 
of the FNAC reports and enables a more accurate study 
and diagnosis of such thyroid nodules[13,15]. In this study, 
the distribution of age and gender among the patients is 
almost similar to those recorded in identical studies[1,2,16]. 
Besides, the female/male ratio reported in this study 
for thyroid cancer (4.7:1) concurs with the concept 
that thyroid cancer occurs more commonly among 
women. In the present study we found that the overall 

Total number of patients = 1188

1433 FNA cases

943 (79.4%) patients 
with one nodule

245 (20.6%) patients 
with two nodules

311 (26.2%) 
underwent surgery

877 (73.8%) no 
surgery

253 (81.3%) patients 
with one nodule

58 (18.7%) patients 
with two nodules

369 FNA cases

245 (66.4%) Benign 124 (33.6%) malignant

Figure 1  Flowchart of thyroid nodules description among 1188 patients and the risk of malignancy among 311 surgically excised nodules during January, 
2012 to December, 2014. FNA: Fine needle aspiration.

Table 2  Age and sex distribution of thyroid lesion (based on fine-needle aspiration cytology according to Bethesda system)

Age (yr) Total number of patients Gender All FNAs (n  = 1433) n , % 

F/M Bethesda Ⅰ Bethesda Ⅱ Bethesda Ⅲ Bethesda Ⅳ Bethesda Ⅴ Bethesda Ⅵ Total 

15-30 176 (14.8) 159/17   9 (4.5)   149 (74.9)   17 (8.5)   12 (6) 4 (2)   8 (4)   199
31-45 420 (35.4) 362/58 12 (2.4)   375 (74.7)   41 (8.2)      28 (5.6)  14 (2.8)    32 (6.4)   502
46-60 374 (31.5) 301/73 15 (3.3)   347 (75.1)   40 (8.8)      22 (4.8) 9 (2) 23 (5)   456
61-75 175 (14.7) 126/49 10 (4.5)   162 (72.3)     33 (14.7)        7 (3.1)    4 (1.8)      8 (3.6)   224
> 75 43 (3.6)   28/15 0     47 (90.4) 0         2 (3.8)    1 (1.9)      2 (3.8)     52
Total 1188 976/212 46 (3.2) 1080 (75.3) 131 (9.1)   71 (5)  32 (2.2)    73 (5.1) 1433

FNA: Fine-needle aspiration; F: Female; M: Male.

Table 3  Cyto-Histopathological correlation of thyroid lesion

Cytopathology Histopathological diagnosis Total

Benign Malignant, n  (%)

Bethesda Ⅰ     6  2 (25)     8
Bethesda Ⅱ 165 16 (8.9) 181
Bethesda Ⅲ   36     6 (14.3)   42
Bethesda Ⅳ   28   25 (47.2)   53
Bethesda Ⅴ     8   18 (69.3)   26
Bethesda Ⅵ     2   57 (96.7)   59
Total 245 124 (33.6) 369

Al Dawish MA et al . Thyroid nodules and risk of malignancy
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malignant rate was 33.6% which exactly matches the 
percentage (33.8%) of 25445 thyroid FNAs used in 
the meta-analysis done by Bongiovanni et al[17], as well 
as Jo et al[18] who reported 30.9%. However, this high 
malignancy rate is not unusual if it is understood that 

the FNAC is consistently being performed today for 
most patients with thyroid nodules. This has resulted 
in a drop in the number of unwarranted surgeries and 
thereby to an increase in the percentage for reported 
malignancies[1]. It is noteworthy that the number of FNA 

Table 4  Comparison rates of malignancy (%) on surgical resection for fine-needle aspiration diagnostic categories and malignancy 
risk of recent studies

Published year Comparison of diagnostic categories

Ⅰ (ND) Ⅱ (Benign) Ⅲ (AUS/FLUS) Ⅳ (FN/SFN) Ⅴ (SM) Ⅵ (malignant)

Recent studies
  Park et al[22] 2014 13.3 40.6 9.1 0.4 19.3 17.6
  Mondal et al[10] 2013   1.2 87.5 1 4.2 1.4 4.7
  Mufti et al[29] 2012 11.6 77.6 0.8 4 2.4 3.6
  Wu et al[30] 2012 20.1 39 27.2 8.4 2.6 2.7
  Bongiovanni et al[31] 2012 2 54.7 6.3 25.3 6.3 5.4
  Present study   3.2 75.3 9.1 5 2.2 5.1
Comparison of malignancy risk
  Haugen et al[32] (meta-analysis) 2016 9-32 1-10 6-48 14-34 53-97 94-100
  Pantola et al[33] 2016 2016 0 0 8.3 10 100 100
  Park et al[22] 2014 35.3 5.6 69 50 38.7 98.9
  Mondal et al[10] 2013 0 4.5 20 30.6 75 97.8
  Mufti et al[29] 2012 20 3.1 50 20 80 100
  Wu et al[30] 2012 12 8 27 33 68 100
  Present study 25 8.9 14.3 47.2 69.3 96.7

ND: Nondiagnostic; AUS/FLUS: Atypia of undetermined significance/follicular lesion of undetermined significance; FN/SFN: Follicular neoplasm/
suspicious for follicular neoplasm; SM: Suspicious for malignancy.

Table 5  Age and sex distribution of thyroid cancer 

Age (yr) Total number of nodules Gender All FNAs (n  = 124) n , %

F/M Bethesda Ⅰ Bethesda Ⅱ Bethesda Ⅲ Bethesda Ⅳ Bethesda Ⅴ Bethesda Ⅵ

15-30   18 (14.5) 3/15 0 3 1 3 4   7
31-45   49 (39.5) 39/10 1 5 2 9 7 25
46-60   43 (34.7) 35/8 1 7 3 9 5 18
61-75 12 (9.7) 8/4 0 1 0 3 2   6
> 75   2 (1.6) 2/0 0 0 0 1 0   1
Total 124 87/37  2 (1.6) 16 (12.9) 6 (4.8) 25 (20.2) 18 (14.5) 57 (46)

FNA: Fine-needle aspiration; F: Female; M: Male.

Table 6  Type and variants of thyroid cancer among histopathological diagnosis

Type of cancer Total = 124 (n , %) BETHESDA (n , %)

Ⅰ Ⅱ Ⅲ Ⅳ (n  = 25) Ⅴ Ⅵ

PTC
  Classic variant 57 1   5 1 3   8 39
  Follicular variant 34 1   8 2 11   6   6
  Conventional 19 0   2 2 3   3   9
  Tall-cell variant   1 0   0 0 0   0   1
  Total PTC 111 (89.6) 2 15 5 17 (68) 17 55
FTC
  MIFTC 10 0   1 1 7   1   0
  WIFTC   1 0   0 0 1   0   0
  Total FTC 11 (8.9) 0   1 1 8 (32)  1   0
MTC   1 (0.8) 0   0 0 0   0   1
ATC   1 (0.8) 0   0 0 0   0   1

PTC: Papillary thyroid carcinoma; MTC: Medullary thyroid carcinoma; ATC: Anaplastic thyroid carcinoma; FTC: Follicular thyroid carcinoma; MIFTC: 
Minimally invasive follicular thyroid carcinoma; WIFTC: Widely invasive follicular thyroid carcinoma.
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cases in this study steadily rose from 2012 (n = 357) to 
2014 (n = 449). From various studies it was evident that 
the percentage of cases that were subjected to surgery 
differed widely among different institutions, reporting a 
range from 11.8%[19] to 45.1%[20] with an average rate 
of 25%[17]; the current study identified 26.2% of the 
study population who had surgical outcome. 

Each Bethesda category showed a malignancy 
rate ranging from 1%-10% (“benign category) to 
94%-100% (“malignant” category). This comprehensive 
range highlights the ability of the Bethesda system to 
differentiate and determine the likelihood of malignancy. 
The results recorded in our research concurred closely with 
the results reported in the American Thyroid Association 
Management Guidelines and other studies: 25% vs 
9%-32% (“non-diagnostic or unsatisfactory” category), 
9.3% vs 1%-10% (“benign and non-neoplastic” 
category), 14.3% vs 6%-48% (AUS/FLUS), 69.2% vs 
53%-97% (“suspicious for malignancy” category), and 
96.7% vs 94%-100% (“malignant” category)[13,17]. Among 
Bethesda, category Ⅳ found 47.2% malignancy risk, a 
value higher than the meta-analysis results of 14%-34% 
(FNS/SFN), published recently by Bongiovanni et al[17]. 
However, many studies revealed the greatest variation in 
the risk of malignancy class Ⅳ, some of which are higher 
(malignancy rate 50%-67%) than the present values[21-23]. 

The current study reported PTC (89.6%) as the com
monest type of thyroid cancer in the population under 
study. Studies also reported that overall PTC as the 
commonest kind of thyroid cancer represents 80% of 
all the thyroid malignancies and more than 90% of 
the differentiated thyroid cancers[13,24,25]. A spurt in the 
occurrence of PTC over the past decades has triggered 
greater interest in this disease. This is one of the fastest 
growing kinds of cancer recording over 20000 new cases 
annually. Although individuals are susceptible to papillary 
carcinoma irrespective of age, most patients will show the 
disease prior to 45 years of age[26], a fact corroborated 
by the current findings (42% PTC between 31-45 years 
of age). Unfortunately, FTC is not being diagnosed as 
often, although there is an increasing incidence of well-
differentiated thyroid carcinomas everywhere else[27,28], 
concurring with the results of the current study. 

There are a two limitations to this study, mainly the 
retrospective design and performance in a single center. 
As the PSMMC is a tertiary center for thyroid lesions, the 
data of this study may not precisely reflect the general 
population. More research is warranted to overcome the 
limitations of the study. 

In conclusion, 33.6% of the cases overall among 
the surgically excised nodules, showed malignancy. 
The malignancy values reported in our research were 
constant and comparable with the results of other data 
with respect to the risk of malignancy. For the FN/SF 
patients and those with suspicions of malignancy, total 
thyroidectomy is indicated because of the substantial 
risk of malignancy. It is clear, that reviewing the thyroid 
FNAs with the Bethesda system allowed a more precise 
cytological diagnosis. However, the impact of Bethesda 

application may vary among different institutions. 
Clinicians are advised to be aware of the malignancy rate 
in the Bethesda categories in their respective institutions 
to improve the investigation and decision regarding 
patients with thyroid nodules.

COMMENTS
Background
The National Cancer Institute, United States, established guidelines employing 
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called the Bethesda System for Reporting Thyroid Cytopathology (BSRTC) 
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Research frontiers
Compared with the developed countries, research regarding the malignancy 
risks in thyroid nodules is still inadequate due to lack of appropriate studies 
being conducted in these specified areas in Saudi Arabia. Hence, this present 
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Abstract
AIM
To evaluate the treatment effects of recombinant human 
interleukin-12 (rhIL-12) on radiotherapy complications, 
such as severe myelosuppression or pancytopenia, the 
decline or imbalance of immune function, etc.

METHODS
The patients received high-dose and short-course precise 
radiotherapy, such as Cyber knife and image-guided 
radiotherapy (IGRT), which can cause myelosuppression 
or pancytopenia and immune function decline within a 
short time. One-hundred subjects were enrolled in the 
study, and 50 were randomized to a treatment group 
which used rhIL-12 and 50 were randomized to a control 
group which used symptomatic and supportive therapy 
after radiotherapy. The 50 subjects in the treatment group 
were further divided into five subgroups and intervened 
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with rhIL-12 at a dose of 50, 100, 150, 200 or 250 ng/kg 
respectively. The dose-effect relationship was observed. 

RESULTS
RhIL-12 significantly attenuated the decrease of peripheral 
blood cells in the treatment group, and immune function 
was improved after treatment. Due to the different 
radiation doses, there was a fluctuation within 12 h after 
treatment but mostly showing an increasing trend. As to 
the clinical manifestations, 2 patients in the 250 ng/kg 
subgroup showed low fever after administration, 1 patient 
in the 200 ng/kg subgroup and 2 patients in the 250 
ng/kg subgroup showed mild impairment of liver function 
during the observation period.

CONCLUSION
RhIL-12 has effective therapeutic and protective effects 
on complications following radiotherapy, such as the 
decline of blood cells, myelosuppression and the decline 
or imbalance of immune function, which indicated good 
prospects for development and application. 

Key words: Recombinant human interleukin-12; Cancer 
prevention; Radiotherapy complications; Clinical research

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Recombinant human interleukin-12 (rhIL-12) is a 
new kind of biological agent secreted by Chinese hamster 
ovary cells. Study has shown that it has the advantage of 
promoting recovery of hematopoietic function, regulating 
the body’s immunity and inhibiting angiogenesis growth. At 
present, the research of rhIL-12 stays in the foundational 
realm and in animal experimentation. In our study, 
however, there were 100 patients with large or numerous 
tumors (more than two) and who received precision 
radiotherapy (Cyber knife or image-guided radiotherapy). 
The results showed that rhIL-12 can prevent radiation 
damage, improve hematopoietic function, regulate im
munity, reduce the side effect of radiotherapy and improve 
the quality of life of patients.

Guo N, Wang WQ, Gong XJ, Gao L, Yang LR, Yu WN, Shen HY, 
Wan LQ, Jia XF, Wang YS, Zhao Y. Study of recombinant human 
interleukin-12 for treatment of complications after radiotherapy 
for tumor patients. World J Clin Oncol 2017; 8(2): 158-167  
Available from: URL: http://www.wjgnet.com/2218-4333/full/
v8/i2/158.htm  DOI: http://dx.doi.org/10.5306/wjco.v8.i2.158

INTRODUCTION
Interleukin-12 (IL-12) is an immunoregulatory protein 
produced by macrophages, B cells, mononuclear cells, 
keratinocytes and dendritic cells, and its target point lies 
in early undifferentiated pluripotent hematopoietic stem 
cells. The studies of IL-2 trace back to early in 1986. 
Subsequently, many studies have confirmed that IL-12 

can contribute to enhancing immunity. For example, 
Zhang et al[1] found a cytokine which can promote se
cretion of cytotoxic T cells (CTLs) and lymphatic factor-
activated killer cells (LAK) in synergy with IL-2. In 1989, 
Bellone and Trinchieri[2] found a cytokine called natural 
killer cell-stimulating factor (NKSF), which can stimulate 
the production of IFN-γ. Eventually, it became known 
that the two cytokines were the same substance, now 
known as IL-12. 

Based on subsequent research studies, IL-12 seems 
to serve as an immunoregulatory anti-cancer agent for 
oncology patients. However, the adverse events related 
to IL-12, including fever, chills, decreased peripheral 
blood cells and organ dysfunction, have limited the 
clinical application of IL-12[3]. Recombinant human inter
leukin-12 (rhIL-12) is an immunoregulatory protein 
produced by gene engineering technology. RhIL-12 has 
similar biological activity to IL-12. With the advantage of 
high purity (> 98%), high activity and low therapeutic 
dose, rhIL-12 became the only agent which could not 
only restore hematopoietic function but also improve 
immune function[4]. 

The basic experimental studies have found that 
the recovery and reconstitution of hematopoiesis sys
tem after radiotherapy is helpful to avoid the rapid 
increase of single blood cells, which lead to high fever, 
conjunctival hemorrhage, abnormal immune response, 
embolism and other detrimental side effects[5]. But 
a large number of studies are only based on animal 
experiments. The aim of our study, then, was to explore 
the interventional effects of rhIL-12 in tumor patients 
receiving radiotherapy, including the complications after 
radiotherapy, the curative effects on hematopoietic 
function and immune function as well as dose-effect 
relationship, and to provide scientific basis for clinical 
application.

MATERIALS AND METHODS
Objectives
To observe 100 patients with mid-advanced tumors 
who were treated with Cyber knife or image-guided 
radiotherapy (IGRT) in the People’s Liberation Army 107th 
Hospital, from October 2014 to June 2016. Inclusion 
criteria were: (1) Tumor confirmed by pathology, CT 
or MRI diagnosis, for which the clinical staging criteria 
were Ⅲ-Ⅳ according to the World Health Organization 
(WHO); (2) ECOG score of 1 to 4 points; (3) Postoperative 
recurrence or lymphocytes invasion and metastasis, 
and need for radiosurgery; and (4) Provision of written 
informed consent for research and therapy. Exclusion 
criteria were: (1) Illness combined with tuberculosis or 
serious failure of important organs, such as heart, liver, 
kidney, lung, etc.; (2) Presence of benign tumors; (3) 
History of organ transplantation or allergies; and (4) 
Pregnant or lactating women or women of childbearing 
age. The experimental study was approved by the 
hospital’s ethics committee. 

In the treatment group, 34 of the subjects (68%) were 
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males and 16 (32%) were females; the mean age was 
58.5-year-old (range: 27-83 years). Fifty subjects (30%) 
had lung cancers, 12 (24%) had liver cancers, 8 (16%) 
had head tumors, 1 (2%) had pancreatic cancer and 14 
(28%) had other tumors. Solid relapse and metastasis 
tumor, for which size of the nidus could be assessed, 
accounted for 98% (n = 49) of the cases. Diffuse invasive 
metastatic tumor accounted for 2% (n = 1) of the cases, 
and the tumor diameter ranged from 3 cm to 16 cm. The 
patients who were classified as recurrent after the surgery 
or with more than 2 lesions accounted for 96% (n = 48) 
of the cases. In the control group, 28 of the subjects (56%) 
were males and 22 (44%) were females; the mean age 
was 57.4-year-old (range: 25-79 years). Twenty subjects 
(40%) had lung cancers, 15 (30%) had liver cancers and 
15 (30%) had pancreatic cancers.

Main equipment, drugs and reagents 
Equipment: Cyber knife, third-generation model pro
duced by a United States’ accuracy company; IGRT, 
Eiekta Synergy model produced by a Swedish medical 
company; Flow cytometer produced by the United States’ 
BD Biosciences; Enzyme-mark instrument produced by a 
United States’ automation company; Chemiluminescence 
apparatus and automatic biochemistry analyzer produced 
by Roche Company; Hematology analyzer produced in 
Japan. 

Drugs and reagents: RhIL-12 (for injection) produced 
by Qingdao Litai Kang Pharmaceutical Co. Ltd. Antibodies 
used in the study were purchased from BD Biosciences, 
including anti-human-IgG-FITC, anti-human-CD45-FITC, 
anti-human-CD56-PE and anti-human-CD3-PerCP-CD4-
FITC-CD8-PE. Hemolysin was produced by an American 
research and development company. 

Methods: After being admitted to hospital, all patients’ 
data were recorded for the three routine( liver and kidney 
function, heart function, bleeding and clotting time) and 
the imaging examination (such as electrolytes, color 
Doppler, CT and IMT), as well as adverse reactions, etc. 
All patients signed “consent form of precise radiotherapy”, 
“consent form of experimental study” and “agreement 
about the clinical application of rhIL-12 for prevention 
and treatment of malignant tumor radiotherapy com
plications”.

According to the research program, the patients were 
divided into 50, 100, 150, 200 and 250 ng/kg different-
dose subgroups, and injected with rhIL-12 subcutaneously. 
Peripheral blood samples (for red blood cell (RBC), white 
blood cell (WBC) and platelet (PLT) assessment) and 
the immunophenotypes (CD4/8, CD45 and CD56) were 
collected before dosing (0 d) and at 12 h, 3 d, 7 d, 10 
d, 14 d, 21 d, 28 d after dosing respectively. The effects 
on hematopoietic function and immune function were 
observed, as well as the dose-effect relationship. The 
control group used symptomatic supportive treatment.

Efficacy evaluation criteria
Test evaluation: The patients who accepted high-dose 
and short-course of accurate radiotherapy, such as cyber 
knife and IGRT, could experience induction of decrease of 
peripheral blood cells and decline or imbalance of immune 
function. In this study, rhIL-12 was given to explore the 
interventional effects on radiation oncology surgery patients, 
including effects on hematopoietic function and immune 
function as well as dose-effect relationship and to provide 
scientific basis for drug development and clinical application.

WHO objective evaluation criteria: Complete remission 
(CR) indicated all symptoms and signs disappearing for 
4 wk; partial remission (PR) indicated the tumor size was 
estimated to have reduced by more than 50% for at least 
4 wk. No change (NC) indicated the patient’s condition had 
no obvious change for at least 4 wk, the tumor size has 
increased less than 25% and decreased less than 50%. PD 
(worsen) indicated new lesions having appeared or lesions 
had increased by more than 25%.

Zubrod-ECOG-WHO score: 0 score stood for normal 
activities; 1 score stood for mild symptoms and almost 
normal activities; 2 score stood for the time staying in bed 
as less than 50% of the daytime; 3 score stood for the 
time staying in bed as more than 50% of the daytime; 4 
score stood for completely bedridden; 5 score stood for 
death. Total efficiency = (CR + PR)/total number of cases 
× 100%.

Statistical analysis
SPSS16.0 software was used for statistical analysis. Contin
uous variables are expressed as a mean and standard 
deviation; the mean differences between the groups were 
compared by independent t-test and ANOVA, and χ 2 test 
was used to compare classified variables. Two values of 
data used two distribution tests. P < 0.05 indicated that 
the difference was statistically significant. Charts and tables 
were made by Prism GraphPad 4 software.

RESULTS
Analysis of research subjects’ number
All of the 100 patients completed the study. 

Results of whole blood test 
Treatment group: There was a transient decline of WBC 
and PLT within 12 h after treatment and by 3 d the lowest 
level was reached; the recovery rate decreased after 7 d, 
and the trend became stable after 21 d until the end of 
observation. This trend was relatively significant for WBC. 

Control group: The whole blood cells declined on 3 d 
after radiotherapy, decreased significantly after 7 d, and 
reached the lowest point on 14 d. The degree of decrease 
was related to the radiation dose and tumor size. The 
difference between the treatment group and the control 
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group was statistically significant (Table 1 and Figure 1).

Results of immunologic detection
The aim was to observe the immune indexes, including 
CD4/8, CD45 and CD56. 

Treatment group: There was a transient decline of 
CD4/CD8 within 12 h in the 150, 200 and 250 ng/kg 
subgroups. There was volatility rise between 3-14 d but 
the level remained below the pre-medication level, and 
went down after 21 d. There was a transient decline of 
CD45 and CD56 within 12 h, which rose after 3 d and 
went down after 21 d. The overall recovery improvement 
trend was obvious. 

Control group: The trend of the immune indexes showed 

rebound on 3 d and a continuous downward trend after 
7 d. There was no significant difference in these immune 
indexes between the other two groups (50 and 100 ng/kg 
subgroups) and the control group (Table 2 and Figure 2).

Objective evaluation results
The remission rate in the treatment group (84%) was 
obviously higher than that in the control group (60%), 
and the difference was statistically significant (P < 0.05). 
During the observation period, there were no recurrence, 
metastasis or death, and the survival time of patients was 
significantly prolonged. There were 2 patients in the 250 
ng/kg subgroup that had low fever after administration, 
1 in the 200 ng/kg subgroup and 2 in the 250 ng/kg 
subgroup that had mild impairment of liver function during 
the observation period. There was no other adverse event 

Table 1  Results of whole blood test for the treatment group and the control group (mean ± SD, n  = 10)

Group Indicator 0 d 12 h 3 d 7 d 14 d 21 d 28 d

Control WBC (× 109/L)   7.66 ± 0.82    5.5 ± 0.67     4.2 ± 0.39     4.3 ± 0.48   4.21 ± 0.62   4.69 ± 0.38   4.89 ± 0.63
RBC (× 1012/L)   3.92 ± 0.31   4.26 ± 0.43     3.9 ± 0.41   3.93 ± 0.22   4.38 ± 0.36   3.86 ± 0.34   3.89 ± 0.28
PLT (× 109/L)    358 ± 0.43      339 ± 31.45      232 ± 20.43    258 ± 19.2    275 ± 0.31    296 ± 0.29    321 ± 0.26

50 ng/kg WBC (× 109/L)   6.31 ± 0.59     3.6 ± 0.35   4.27 ± 0.46   4.85 ± 0.35   4.52 ± 0.42   4.72 ± 0.39   5.18 ± 0.52
RBC (× 1012/L)   5.43 ± 0.54   4.92 ± 0.53   4.16 ± 0.38   4.59 ± 0.82   4.73 ± 0.32   5.26 ± 0.37   5.63 ± 0.41
PLT (× 109/L)      231 ± 20.81      185 ± 18.24      195 ± 18.97 205 ± 18    226 ± 18.2    246 ± 17.5    229 ± 19.4

100 ng/kg WBC     8.4 ± 0.45     7.7 ± 7.89       5.3 ± 10.64     6.6 ± 0.98     6.1 ± 0.64   5.73 ± 0.47     5.9 ± 0.21
RBC (× 1012/L)     6.3 ± 0.72   3.37 ± 0.43     3.2 ± 0.34     4.2 ± 0.37   4.78 ± 0.46     4.5 ± 0.42     4.6 ± 0.34
PLT (× 109/L)    231 ± 27.2    185 ± 10.7    178 ± 12.6    195 ± 12.8    166 ± 10.9    182 ± 12.5    205 ± 15.3

150 ng/kg WBC (× 109/L)     6.6 ± 0.73     5.4 ± 0.76     3.8 ± 0.35     5.2 ± 0.37     5.7 ± 0.42     6.2 ± 0.54     6.3 ± 0.54
RBC (× 1012/L)     3.4 ± 0.36     3.5 ± 0.37     3.2 ± 0.29     3.3 ± 0.28     3.6 ± 0.24     3.6 ± 0.26   3.44 ± 0.21
PLT (× 109/L)      367 ± 35.75      352 ± 32.45      306 ± 30.12 316 ± 16 357 ± 17 348 ± 26 317 ± 16

200 ng/kg WBC (× 109/L)   5.3 ± 0.8   4.2 ± 0.3   3.2 ± 0.1     3.5 ± 0.32     3.6 ± 0.27     4.3 ± 0.31     5.4 ± 0.43 
RBC (× 1012/L)     4.6 ± 0.51     4.2 ± 0.41     4.1 ± 0.45   4.2 ± 0.3      4 ± 0.2   4.12 ± 0.34     4.5 ± 0.42
PLT (× 109/L) 278 ± 36 183 ± 19 149 ± 14 208 ± 22 259 ± 24 267 ± 25 271 ± 21

250 ng/kg WBC (× 109/L) 3.6 ±        3 ± 0.37     2.7 ± 0.24   3.4 ± 0.4   4.2 ± 0.3   4.5 ± 0.4   4.2 ± 0.4
RBC (× 1012/L)   3.6 ± 0.3   3.3 ± 0.2   3.1 ± 0.2   3.2 ± 0.3   3.4 ± 0.3   3.7 ± 0.2   4.1 ± 0.3
PLT (× 109/L) 364 ± 35 235 ± 21 240 ± 20 276 ± 22 314 ± 19 342 ± 21 312 ± 20

WBC: White blood cell; RBC: Red blood cell; PLT: Platelet.

Table 2  Results of immunologic detection for the treatment group and the control group (mean ± SD, n  = 10)

Group Indicator 0 d 12 h 3 d 7 d 14 d 21 d 28 d

Control CD4/8 20.4 ± 2.6    18 ± 1.2 17.5 ± 1.2 17.8 ± 1.3 18.4 ± 1.2 17.3 ± 1.4 16.5 ± 0.4
CD45 75.2 ± 7.5 68.1 ± 5.2 65.4 ± 4.2 83.3 ± 5.2 79.3 ± 3.7 62.4 ± 5.1 60.3 ± 3.6
CD56 12.3 ± 1.2   8.7 ± 0.6   7.6 ± 0.5 11.4 ± 1.3 10.4 ± 0.9   8.2 ± 0.6   6.7 ± 0.5

50 ng/kg CD4/8 28.2 ± 1.8 22.4 ± 1.6 19.8 ± 1.6 19.6 ± 1.6 21.4 ± 1.8 18.8 ± 1.2 16.9 ± 1.4
CD45 81.9 ± 2.4 78.8 ± 5.1 75.2 ± 3.6 82.9 ± 3.8 79.8 ± 5.6 62.4 ± 4.6 51.8 ± 4.3
CD56 27.9 ± 2.2 21.9 ± 1.8 19.2 ± 1.2 22.1 ± 1.8 19.7 ± 2.1 21.6 ± 1.3 22.4 ± 0.9

100 ng/kg CD4/8 15.4 ± 1.5 12.7 ± 1.2 11.5 ± 1.1 10.6 ± 1.2 10.1 ± 0.3   9.2 ± 0.4   8.7 ± 0.2
CD45 84.3 ± 2.6 66.1 ± 3.8 68.7 ± 3.5 67.9 ± 4.4 57.6 ± 4.6 63.1 ± 3.6 70.2 ± 3.1
CD56 14.8 ± 1.8   8.9 ± 0.6 10.8 ± 0.9 12.3 ± 1.5 10.4 ± 4.6 12.9 ± 0.3 11.6 ± 0.4

150 ng/kg CD4/8 16.5 ± 1.2 12.8 ± 1.2 11.6 ± 0.9 13.1 ± 4.6 12.6 ± 1.5 10.8 ± 0.9   7.6 ± 0.5
CD45 74.2 ± 3.6 63.2 ± 3.2 66.1 ± 4.8 82.7 ± 5.2 68.1 ± 4.6 75.2 ± 4.2 65.1 ± 4.1
CD56   6.2 ± 0.3   6.5 ± 0.3   5.9 ± 0.3   7.9 ± 0.6   8.2 ± 7.4   8.8 ± 0.9   6.5 ± 0.1

200 ng/kg CD4/8   9.6 ± 0.4     8.3 ± 0.61   7.6 ± 0.6   7.2 ± 0.9   8.6 ± 4.6   8.2 ± 1.2   6.1 ± 0.2
CD45 64.5 ± 4.2 60.7 ± 4.2 65.8 ± 4.4 76.6 ± 5.9 74.3 ± 4.6 73.2 ± 5.2 55.9 ± 5.0
CD56   3.8 ± 0.2   2.8 ± 0.2   4.4 ± 0.4   4.9 ± 0.9   6.2 ± 0.6   5.9 ± 0.3   4.5 ± 0.1

250 ng/kg CD4/8   6.4 ± 0.2   5.7 ± 0.2   4.2 ± 0.3   4.7 ± 0.3   3.5 ± 0.3   3.4 ± 0.9   3.1 ± 0.9
CD45 46.5 ± 3.9 40.2 ± 3.2 57.9 ± 4.1 66.5 ± 3.8 54.9 ± 4.2 50.4 ± 4.9 35.9 ± 3.2
CD56   4.3 ± 0.2   3.9 ± 0.2   5.4 ± 0.4   6.3 ± 0.5   6.6 ± 0.3   7.2 ± 0.6   6.4 ± 0.8
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found (Table 3).

ECOG score results
The aim was to observe the ECOG score for a period of a 
month after rhIL-12 intervention. 

Treatment group: There were 26 patients (52%) with 
normal activities after treatment, and the difference was 
statistically significant as compared with the 10 cases 
(20%) before treatment (P < 0.05). The life quality of 
patients was significantly improved. 

Control group: There were 20 patients (40%) with 
normal activities after treatment, and the difference 
was not statistically significant as compared with the 12 
cases (24%) before treatment (P > 0.05) (Table 4).

Imaging evaluation results
There were two CT pictures, including 1 case of pancreatic 
cancer and 1 case of lung cancer in the treatment group, 
before and after treatment. The results showed that the 
original lesion was significantly reduced after treatment 
and no new lesions appeared (Figures 3 and 4).
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Figure 1  Count changes of the whole blood test. A: Control group; B: 50 ng/kg subgroup; C: 100 ng/kg subgroup; D: 150 ng/kg subgroup; E: 200 ng/kg subgroup; F: 
250 ng/kg subgroup. WBC: White blood cell; RBC: Red blood cell; PLT: Platelet. 
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DISCUSSION
The incidence of cancer is rising, and cancer has become 
one of the main causes of death[6]. In recent years, 
radiotherapy of malignant tumors has developed rapidly, 
especially for accurate radiotherapy. However, the clinical 
curative effect for patients who have larger or more 
numerous tumor lesions are often reduced due to adverse 
reactions after radiotherapy, such as immune injury and 
myelosuppression. Under normal circumstances, the 
immune systems maintain the physiological balance and 

stabilization of the body. 
Immune cells are the first line of the anti-tumor 

system. Immune regulatory factors or cytokines par
ticipate in immune regulation by means of signal trans
duction[7]. Studies have shown that tumor cells can 
escape immunosurveillance through a number of special 
mechanisms. The immune system is critical to the body’s 
surveillance against cancer. 

The immune function of about 86% of patients has 
been shown to be on the decline in the early stage of 
cancer, and to further decline after treatment, which is 
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Figure 2 Changes of immune indexes. A: Control group; B: 50 ng/kg subgroup; C: 100 ng/kg subgroup; D: 150 ng/kg subgroup; E: 200 ng/kg subgroup; F: 250 ng/kg 
subgroup.
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Table 3  Results of objective evaluation for the treatment group and the control group

the main cause of tumor metastasis and recurrence[8]. 
What’s more, the complications including infection and 
bleeding that are caused by the decrease of peripheral 
blood cells counts are also common causes of death in 
patients with cancer. 

Therefore, improving immune function and reducing 
myelosuppression are indispensable auxiliary treatments 
in the process of tumor radiotherapy. At present, the 
treatment of cancer has entered into the era of personalized 
multidisciplinary treatment. The research shows that the 
combination of radiotherapy and immunotherapy has a 
unique advantage[9]. In this respect, IL-12 has received 
more and more attention.

IL-12 is an immunoregulatory protein produced by 
macrophages, B cells, mononuclear cells, keratinocytes and 
dendritic cells. IL-12 mainly functions to mediate cellular 
immunity, and it can induce the differentiation of T helper 
cell 1 (Th1), as well as promote the proliferation of NK cells 
and T cells, further stimulate IFN-γ secretion, and enhance 
the ability to kill target cells. IL-12 also can promote the 
formation of interferon-inducible protein-10 (IP-10). IP-10 
can prevent the formation of tumor blood vessels, thereby 
reducing and blocking the nutrition source of tumor cells 
and inhibiting their growth[10,11]. 

It has been nearly 30 years since IL-12 was dis
covered, and a large amount of the related research is still 
at the stage of basic study and animal study. Many studies 
have found its abilities to improve immunity capability, 
adjust the immune function and inhibit the production of 
tumor blood vessels, but the adverse reactions such as 
chills and fever, nausea and vomiting, pulmonary edema 
and allergic reactions limit its clinical application and 

temper its promotion. 
RhIL-12 is a new kind of biological agent secreted by 

Chinese hamster ovary cells through gene engineering. 
Its biological activity is similar to that of IL-12. The 
advantage of rhIL-12, however, is its high purity (> 98%), 
high activity (≥ 10000 IU/μg), low therapeutic dose and 
dosage that can be tolerated. Preliminary experimental 
study[12-14] found that rhIL-12 is currently the only biolo
gical agent with the advantage of comprehensive 
recovery of hematopoietic function, regulation of the  
body’s immunity, inhibition of tumor angiogenesis 
and inhibition of tumor growth, thereby improving the 
life quality of patients with cancer[15]. As an immune 
regulatory factor, it plays an important role in both primary 
and secondary immunity[16]. Especially for radiotherapy 
patients who present with larger or more numerous tumor 
targets (more than two), it has important research value.

In our study, there were 100 patients who had larger 
or more numerous tumor s (more than two) and who 
received precision radiotherapy (Cyber knife or IGRT). 
The following conclusions are drawn. In the treatment 
group, the whole blood cells showed a transient decline 
within 12 h after treatment. The reason for this may 
be that the cell changes into the microcirculation or the 
bone marrow microenvironment, which may affect the 
proliferation of hematopoietic stem cells. The whole 
blood cells reached the lowest level at 3 d. People have 
always stopped treatment at this time, which represents 
a misunderstanding of the early research. The recovery 
rate decreased after 7 d, and the trend became stable 
after 21 d until the end of observation. This trend is 
relatively significant for WBC. Compared with the control 
group, the difference was significant, which indicated that 
the rhIL-12 was effective. 

Observation of the immune indexes, including CD4/8, 
CD45 and CD56, showed a transient decline of CD4/CD8 
within 12 h in the 150, 200 and 250 ng/kg subgroups in 
the treatment group, with volatile rises between 3-14 d, 
but remaining below the pre-medication level, and then 
decreasing after 21 d. There was a transient decline of 
CD45 and CD56 within 12 h, which rose up after 3 d and 
went down after 21 d. Compared with the control group, 
the difference was significant. The improvement tendency 
was obvious, which suggested that rhIL-12 could promote 
the immune function of the patients after radiotherapy. 

From our observations of the clinical manifestations, 2 
patients in the 250 ng/kg subgroup showed low fever after 
administration, which could be returned to normal after 
physical cooling. One patient in the 200 ng/kg subgroup 
and 2 in the 250 ng/kg subgroup showed mild injury of 

Group n CR % PR % MR % PD %

Treatment 50 12   24a 30 60   5a   10a    3a   6a 
Control 10 5 10 25 50 10 20 10 20

Compared with the control group, aP < 0.05. CR: Complete remission; PR: Partial remission.

Table 4  Comparison of ECOG scores before and 1 mo after 
intervention for the treatment and control groups

ECOG scores before treatment after treatment

Treatment group (n = 50)
  0   0 11a

  1 10 15a

  2 15 19a

  3 20   5a

  4   5   0a

Control group (n = 50)
  0   1   4
  1 11 16
  2 17 20
  3 15 10
  4   6   0

There was significant difference between the two groups, aP < 0.05.
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liver function during the observation period, which could 
be returned to normal after liver-protecting therapy. The 
injury related to radiation or rhIL-12 needs to be further 
studied. 

In addition, this study explored the relationship 
between biological activity and concentration. The result 
showed that there was no statistical difference among 

the 50 ng/kg subgroup, the 100 ng/kg subgroup and 
the control group for immune response. What’s more, 
the adverse reactions were mainly concentrated in the 
200 and 250 ng/kg subgroups, which suggests that the 
suitable clinical dosage concentration in our study is 
150 ng/kg. The anti-tumor activity of rhIL-12 has been 
shown in clinical trials, but its toxicity to some extent 

A

B

Figure 3  Changes of computed tomography slice before and after treatment in pancreatic cancer patients. A: Pancreatic head tumor mass (4.4 cm × 3.6 cm 
× 5.3 cm) accompanied by dilation of intrahepatic and extrahepatic bile duct, pancreatic duct and gallbladder before treatment; B: Most of the pancreatic head mass 
disappeared in 2 mo after B treatment. Low obstruction disappeared.

A

B

Figure 4  Changes of computed tomography slice before and after treatment in lung cancer patients. A: Right peripheral lung tumor mass (4.5 cm × 4.8 cm × 4.0 
cm) located in the right upper lobe of the right lung before treatment; B: The mass disappeared 1 year after treatment.
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limits the application. Therefore, rhIL-12 still needs to 
be further researched.

In conclusion, rhIL-12 can prevent radiation damage, 
improve hematopoietic function, regulate immunity, 
reduce the side effect of radiotherapy and improve the 
quality of life of patients. It has good clinical application 
value and good development prospect as tumor auxiliary 
treatment.

COMMENTS
Background
Interleukin-12 (IL-12) is an immunoregulatory protein produced by macrophages, 
B cells, mononuclear cells, keratinocytes and dendritic cells, and its target point 
lies in early undifferentiated pluripotent hematopoietic stem cells. However, 
the adverse events related to IL-12, including fever, chills, decrease of 
peripheral blood cells and organ dysfunction, have limited its clinical application. 
Recombinant human interleukin-12 (rhIL-12) is an immunoregulatory protein 
produced by gene engineering technology. RhIL-12 has similar biological activity 
to IL-12, but with the advantage of high purity (> 98%), high activity and low 
therapeutic dose. RhIL-12 has become the only available agent which can not 
only restore hematopoietic function but also improve immune function. Basic 
experimental study has found that the recovery of hematopoietic function after 
radiotherapy is helpful to avoid the rapid increase of single blood cells, which 
can lead to high fever, conjunctival hemorrhage, abnormal immune response, 
embolism and other detrimental side effects. But a large number of studies 
are basic in nature and based on animal experiments. The aim of the study 
was to explore the interventional effects of rhIL-12 on tumor patients receiving 
radiotherapy, including the complications after radiotherapy, the curative effects on 
hematopoietic function and immune function as well as dose-effect relationship, 
and to provide scientific basis for drug development and clinical application. 

Research frontiers
Some studies have shown that rhIL-12 can stimulate various kinds of cytokines 
through stimulating the bone marrow microenvironment, either directly or 
indirectly, further promoting long-term hematopoietic reconstitution progenitor 
cells’ differentiation and maturation, and instigate short-term hematopoietic 
reconstitution progenitor cells. These help to achieve a comprehensive recovery 
of hematopoietic function. In addition, in the circumstances of no supportive 
treatments, primate experiments demonstrated that using a low dose of rhIL-12 
within 24 h after lethal dose irradiation could significantly improve (4-times) 
the animal’s survival rate. What’s more, rhIL-12 could promote the healing 
of skin wounds after radiation injury. As a radiation injury prevention drug, 
rhIL-12 is still effective at 24 h to 48 h after radiation. At the same time, a large 
number of animal experiments have shown that IL-12 can significantly inhibit 
the growth and metastasis of malignant tumors, prolonging the survival time 
of tumor-bearing animals. IL-12 can enhance the natural killer (NK) cell and 
cytotoxic T lymphocyte (CTL) cell response and the ability to induce production 
of IFN-C, which indicates that it may have anti-tumor activity. IL-12 enhances 
the binding ability of NK cells and K562 target cells and tumor cell monolayer, 
and enhances the cytotoxicity of NK cells to tumor cells. Because rhIL-12 
and IL-12 have similar biological activities, some studies have shown that low 
dose of rhIL-12 can inhibit tumor cell growth, and rhIL-12 has synergistic anti-
cancer effect on radiotherapy and chemotherapy, which needs further clinical 
validation.

Innovations and breakthroughs
The study found that low-dose rhIL-12 has the effect of prevention and treatment 
for the decrease of blood cells after radiotherapy, and could effectively improve 
the immune function and reduce the complications of radiotherapy.

Applications
RhIL-12 can prevent radiation damage, improve hematopoietic function, 
regulate immunity, reduce the detrimental side effects of radiotherapy and 
improve the quality of life of patients. 

Terminology
IL-12: Interleukin-12 is an immunoregulatory protein produced by macrophages, 
B cells, mononuclear cells, keratinocytes and dendritic cells, and its target point 
lies in early undifferentiated pluripotent hematopoietic stem cells; RhIL-12: 
Recombinant human interleukin-12 is an immunoregulatory protein produced 
by gene engineering technology; its biological activity is similar to IL-12. 

Peer-review
The authors conducted an interesting clinical study on rhIL-12 for the prevention 
and treatment of complications after radiotherapy in patients with malignant 
tumors. The manuscript was well written. The methodology was clear and 
accurate. The results section was adequate.
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Abstract 
AIM
To test the fujinon intelligent color enhancement (FICE) 
in identifying dysplastic or adenomatous polyps in familial 
adenomatous polyposis (FAP) patients.
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METHODS 
Seventy-six consecutive FAP patients, already treated 
by colectomy and members of sixty-five families, were 
enrolled. A FICE system for the upper gastro-intestinal 
tract with an electronic endoscope system and a standard 
duodenoscope (for side-viewing examination) were used 
by two expert examiners. Endoscopic resection was 
performed with diathermic loop for polyps ≥ 6 mm and 
with forceps for polyps < 6 mm. Formalin-fixed biopsy 
specimens were analyzed by two expert gastrointestinal 
pathologists blinded to size, location and number of FAP-
associated fundic gland polyps.

RESULTS
Sixty-nine (90.8%) patients had gastric polyps (34 only 
in the corpus-fundus, 7 only in the antrum and 28 in the 
whole stomach) and 52 (68.4%) in duodenum (7 in the 
bulb, 35 in second/third duodenal portion, 10 both in 
the bulb and the second portion of duodenum). In the 
stomach fundus after FICE evaluation, 10 more polyps 
were removed from 10 patients for suspicious features of 
dysplasia or adenomas, but they were classified as cystic 
fundic gland after histology. In the antrum FICE identified 
more polyps than traditional endoscopy, showing a better 
tendency to identify adenomas and displastic areas. In 
the duodenum FICE added a significant advantage in 
identifying adenomas in the bulb and identified more 
polyps in the Ⅱ/Ⅲ portion.

CONCLUSION
FICE significantly increases adenoma detection rate in FAP 
patients but does not change any Spigelman stage and 
thus does not modify patient’s prognosis and treatment 
strategies.

Key words: Fujinon intelligent color enhancement; Familial 
adenomatous polyposis; Spigelman; Endoscopy; Polyp; 
Adenoma; Stomach; Duodenum

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Colon endoscopic surveillance and prophylactic 
colectomy have strongly reduced mortality due to 
colorectal carcinoma and have improved survival of fa
milial adenomatous polyposis (FAP) patients, leading to 
the development of surveillance for extra-colonic cancers. 
Polyps in the duodenum and stomach are frequent 
findings in FAP. The timing of endoscopic and histology 
surveillance is currently a great challenge. Spectral 
estimation by fujinon intelligent color enhancement 
(FICE) may identify dysplasia and discriminate between 
adenomatous and non-adenomatous polyps. Interestingly, 
application of FICE to FAP patients significantly increases 
the detection of adenomas but does not yet change the 
prognosis, surveillance program and treatment strategies.

Lami G, Galli A, Macrì G, Dabizzi E, Biagini MR, Tarocchi 
M, Messerini L, Valanzano R, Milani S, Polvani S. Gastric and 
duodenal polyps in familial adenomatous polyposis patients: 

Conventional endoscopy vs virtual chromoendoscopy (fujinon 
intelligent color enhancement) in dysplasia evaluation. World J 
Clin Oncol 2017; 8(2): 168-177  Available from: URL: http://
www.wjgnet.com/2218-4333/full/v8/i2/168.htm  DOI: http://
dx.doi.org/10.5306/wjco.v8.i2.168

INTRODUCTION
Familial adenomatous polyposis (FAP) is an autosomal 
dominant inherited syndrome characterized by the 
development of colorectal cancer by the age of 40 
years in nearly 100% of individuals[1]. Colon Endoscopic 
surveillance and prophylactic colectomy have strongly 
reduced mortality due to colorectal carcinoma and 
have improved survival of FAP patients with minimal 
consequences[2,3], leading to the introduction of sur­
veillance strategies for the prevention of other extra­
colonic malignancies[4].

The duodenum is the second most common site 
of polyps development after colon, with a life-time risk 
of duodenal adenomas that approaches 100% in FAP 
affected individuals[5,6]. The cumulative risk of duodenal 
cancer or high grade of dysplasia by the age of 60 years 
is 4%-10%[6-8].

Endoscopic surveillance and removal of neoplastic 
tissue is useful in the prevention of duodenal cancer[8]. 
However, the choice of treatment and the optimal timing 
of surveillance based on endoscopic and histopathology 
examination for each patient is currently a great challenge. 
Currently the surveillance of duodenum is based on the 
Spigelman classification of duodenal adenomatosis (Table 
1); however, this staging system has low predictive values 
and has never been validated[6,8].

Gastric polyps are also a common finding in patients 
with FAP: they mostly consist of FAP-associated fundic 
gland polyps (FGPs) reported to occur at variable 
rates, up to 88%[9,10], against a strongly smaller rate 
(0.8%-5.0%)[11,12] in non-FAP subjects who undergo an 
esophagogastroduodenoscopy (EGD).

FGPs have historically been considered non-neoplastic 
lesions without malignant potential[13]; however recent 
studies have questioned this assumption reporting high 
rates of low and high grade dysplasia (up to 54%)[9,14,15]. 
In particular, European and Asian registries of FAP 
patients proved the presence of gastric carcinoma arising 
from FGPs in FAP patients and an incidence of gastric 
adenocarcinoma between 0.6% and 4.0%[16-19].

Other common types of gastric polyps are repre­
sented by adenomas (gastric foveolar or intestinal type-
gastric adenomas and pyloric gland adenomas) which are 
reported in approximately 10% of gastric polyps in FAP 
patients[10,20,21] and which can arise in the gastric antrum, 
in the gastric body-fundus or in the context of FGP[22]. So, 
identification of dysplastic lesions or adenomatous tissue 
in these patients is often made difficult by the great 
number of polyps (up to hundreds) and by the patchy 
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distribution of dysplasia.
By now, dysplasia finding in this subgroup of subjects 

is made on the basis of random biopsies[9] which lead 
to a time consuming, laborious and poorly performing 
procedure, that can result in a high rate of missed le­
sions. According to that, it would be useful identifying 
FGPs at risk of malignant degeneration.

A better characterization of patients, an optimized 
program of surveillance and a good survival are possible 
with a selective and complete asportation and with a 
careful histological evaluation.

It is well known that is possible to predict the histology 
of a mucosal lesion by observing the crypt orifices (the so 
called pit pattern) of mucosal glands[23] and the capillary 
pattern of the mucosa[24]. Several endoscopic imaging 
techniques have been proposed to enhance the details of 
these patterns[25]. Among these, chromoendoscopy is a 
widely applied staining method that uses biocompatible 
dye agents which accumulate within crypt orifices during 
endoscopy[26]. Although chromoendoscopy is effective 
for many applications, it still has some problems, such 
as difficulty in achieving complete and even coating of 
the mucosal surface with the dye, the extra cost of the 
equipment needed for dye spraying and the extra time 
required to perform the procedure. Moreover, traditional 
chromoendoscopy isn’t able to enhance the capillary 
pattern, whose evaluation is essential in early diagnoses of 
malignant lesions[24]. In attempt to resolve these problems, 
other endoscopic technologies have been developed. 
Fujinon intelligent color enhancement (FICE™, Fujinon 
Corp, Saitama, Japan) represents a spectral estimation 
technique based on arithmetically processing of a white-

light image captured by a video endoscope and sent 
to the spectral-estimation matrix-processing circuit. 
The image of the white-light endoscopic observation is 
resolved in each color image of the red, green and blue 
signal. Next, each resolved image is converted into various 
presumed wavelength images by a pixel unit. The images 
of an arbitrary single wavelength are then extracted and 
reconstructed. Due to its variable setting functions (up 
to 10) it is possible to select flexibly the most suitable 
wavelengths required for examination. Preliminary studies 
suggested that FICE successfully achieved enhancements 
of real-time observations of mucosal and microvascular 
patterns[27,28].

The light penetration into the mucosa varies acc­
ording to the wavelengths: Those in the 400-500 nm 
range are ideal for analyzing surface structures whereas, 
because of the absorption properties of hemoglobin, 
longer wavelengths of about 550 nm are more effective 
for the visualization of blood vessels.

FICE seems able to discriminate between adenomatous 
and non-adenomatous polyps and to identify the presence 
of dysplasia[29-32]. Few studies have been conducted 
to determine the efficacy of chromoendoscopy, both 
traditional and virtual, in the evaluation of duodenal and 
peri-ampullary adenomatous polyps in FAP patients[33-35]. 
Interestingly, FICE application in the discrimination 
between neoplastic and non-neoplastic gastric lesions 
has not been throughly investigated[36-39], and no data 
are available about FICE in evaluating FGPs dysplasia or 
application of FICE for the screening of FAP patients.

In FAP cohort, the specific identification of who is 
at a greater risk of cancer development could be of 
paramount importance to assure a personalized program 
of surveillance or a therapeutic intervention.

The primary aim of this study was to assess the 
capability of FICE in identifying gastric polyps with dysplastic 
or adenomatous tissue in comparison to traditional 
endoscopy and in identifying a greater number of duodenal 
adenomas with advanced histological features.

Secondary aim was to assess the capability of FICE in 
identifying adenomas not seen on white light evaluation.

MATERIALS AND METHODS
Patients
Seventy-six consecutive FAP patients, already treated 
by colectomy and members of sixty-five families, were 
enrolled. Exclusion criteria were: Uncorrectable coa­
gulopathy, inability to give informed consent, age < 
18 years, prior gastro-duodenal surgery or a personal 
history of gastro-duodenal cancer. All patients underwent 
a surveillance esophagogastroduodenoscopy (EGD) 
in deep sedation at the Gastroenterology U.O. of the 
Azienda Ospedaliero Universitaria di Careggi, Firenze, 
Italy. Written informed consent were obtained before 
EGD and sedation.

Endoscopy
A FICE system (EG-590ZW; Fujinon Corp, Saitama, 

Table 1  Demographic features

Features Patients

Total 76
Age (yr) Mean 40.3 (24-64)
Gender
  Male 41 (53.9%)
  Female 35 (46.1%)
Prior surgery
  IRA 10 (13.2%)
  IPAA 66 (86.8%)
Chemoprevention 16 (21.1%)
NSAIDS intake 17 (22.4%)
Tobacco exposure 21 (27.6%)
PPI/anti-H2 intake 14 (18.4%)
Family history of GI malignancies
  None 31 (40.8%)
  1 member 32 (42.1%)
  2 members 10 (13.2%)
  3 members 3 (3.9%)
Spigelman duodenal stage
  0 28 (36.8%)
  Ⅰ 7 (9.2%)
  Ⅱ 34 (44.8%)
  Ⅲ 7 (9.2%)
  Ⅳ 0 (0.0%)

IRA: Total colectomy and ileo-rectal anastomosis; IPAA: Total proctocolectomy 
and ileopouch-anal anastomosis; NSAIDS: Non steroidal anti-inflammatory 
drugs; PPI: Proton pump inhibitors.

Lami G et al . Dysplasia evaluation by FICE
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Japan) for the upper gastro-intestinal tract with an 
electronic endoscope system (EPX-4400; Fujinon Corp, 
Saitama, Japan) was used for this study. In this system, 
ten channels with different predefined combinations of 
absorption wavelengths are available. We used channel 
5, corresponding to R 500 nm, G 480 nm, B 420 nm, on 
the basis of previous studies.

A standard duodenoscope was used for side-viewing 
examination. Because this model of duodenoscope does 
not support FICE system, ampullary and periampullary 
evaluations were not included in the analysis. All of the 
endoscopic procedures were performed by two experts 
examiners.

“A” operator performed the exam on white light, while 
“B” operator used only FICE system for gastroduodenal 
visualization. Each EGD was divided into three phases.

During the first phase, “A” operator observed stomach 
and duodenum by white light recording photographic 
images of suspected polyps and pointing them. We 
intended suspected polyps on white light those larger 
than 1 cm and those with irregular shape or surface 
features.

During the second phase, “B” operator performed 
the exam using FICE and, like “A” operator, recorded 
photographic images of suspected polyps on the basis of 
Kudo classification[23] and capillary pattern, and pointed 
them.

Kudo classification classifies mucosal crypt patterns into 
five types, with type Ⅰ and Ⅱ predicting non-adenomatous 
lesions and type Ⅲ-Ⅴ predicting adenomatous lesions.

Hyperplastic polyps were suspected when the surface 
showed pale color with only minute thin superficial 
(couperose-like) vessels and round or asteroid pattern 
(type Ⅰ and Ⅱ). Adenomas were suspected in the pre­
sence of increased vascular density (darkening of the 
mucosal pattern or a fine meshwork of brownish/bluish 
vessels) and a typical tubular or gyrus-like pattern (type 
Ⅲ-Ⅳ). Finally, type V have a non structural pattern which 
identifies high dysplastic or yet carcinomatous lesions. 

During this phase we intended suspected those 
lesions with a pit pattern type Ⅲ-Ⅴ and those with an 
increased capillary density.

During the third phase, after the two endoscopists’ 
cross-evaluation, lesions which seemed suspected only 
by FICE, only by white light or by both methods were 
resected or biopsied according to Kudo class.

Endoscopic resection was performed with diatermic 
loop for polyps ≥ 6 mm and with forceps for polyps < 
6 mm. The size was estimated using on open biopsy 
forceps (8 mm) for comparison and recorded as smaller 
than 6 mm, 6 to 10 mm, 11 to 20 mm and greater than 
20 mm.

The total number of FGPs was documented as below: 
0 to 2 polyps, 3 to 20, 21 to 30 and more than 30 polyps. 
On the basis of location we identified: Fundus-corpus, 
antrum, duodenal bulb, Ⅱ°/Ⅲ° duodenal portion.

For fundic polyps seen on white light, the number 
of FGPs from which a biopsy specimen was taken was 
based on the total number of FGPs present: 3 biopsies if 

3-20 polyps, 5 biopsies if 21-30 polyps, 7 biopsies if > 30 
polyps[9]. 

On FICE, only suspected polyps (Kudo Ⅲ-Ⅴ, high 
capillary density) were removed.

For antral and bulbar polyps, all of them were re­
moved or biopsied both on withe light than on FICE.

In the second and third duodenal portion, on white 
light only suspected polyps were resected or biopsied, 
while on FICE were biopsied those with Kudo Ⅴ and 
those with Kudo Ⅳ and high capillary density.

Macroscopic classification of lesions followed the Paris 
classification[40] as polyp, superficially flat or depressed 
lesion, and lateral spreading tumor.

Histology
All biopsy specimens, fixed in 10% neutral buffered 
formalin, were analyzed by two expert gastrointestinal 
pathologists blinded to size, location and number of 
FGPs.

In the case of multiple lesions in the same patient, 
each lesion was identified and placed in different flasks. 
Lesions were histological classified in adenomatous, 
hyperplastic or inflammatory polyps, fundic gland polyps, 
and metaplastic areas.

Adenomatous polyps were classified according to 
OMS classification: Tubular if holding more than 75% of 
tubular glands, villus if holding more than 75% of villus 
glands, tubulo-villus if not prevailing none of the two 
patterns.

Dysplasia was classified according to Vienna criteria[41] 
in low grade if holding nuclear enlargement, stratification 
and hyperchromasia with overall preservation of nuclear 
polarity; high grade as above but with nuclear polarity 
loss and glandular crowding; indefinite for dysplasia 
if present mild nuclear enlargment and insufficient 
hypercromasia to be classified as dysplasia or if present a 
significant obscuring background inflammation. 

The stage of duodenal polyposis was graded according 
to Spigelman classification modified sec. Saurin[42], which 
take into account duodenal polyp number, size, histological 
type and grade of dysplasia. It was noted before and after 
FICE evaluation.

Statistical analysis
The diagnostic performances (sensitivities, specificities, 
positive and negative predictive values) of FICE and 
WL were determined by comparing the endoscopic 
diagnoses with the histo-pathological findings. To identify 
associations of demographic, clinical and endoscopic 
features with the presence of FGP dysplasia or with 
adenomas, the Fisher exact test was used to study 
univariable associations of categoric demographic and 
endoscopic factors with the presence of dysplasia or 
adenomatous tissue. The Student t test was used 
for continuous factors. A P value “two tailed” < 0.05 
was considered statistical significant. The strength of 
association was calculated by odds ratio (OR). The 
statistical methods of this study were reviewed by S. 
Milani, University of Florence.

Lami G et al . Dysplasia evaluation by FICE
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RESULTS
Seventy-six consecutive FAP patients (41 male and 
35 female; mean age 40.3 years old, range 24-64) 
underwent EGD. Among all patients, 69 (90.8%) had 
gastric polyps (34 only in the corpus-fundus, 7 only in 
the antrum and 28 in the whole stomach) and 52 (68.4%) 
in duodenum (7 in the bulb, 35 in second/third duodenal 
portion, 10 both in the bulb and the second portion of 
duodenum) (Table 2).

Identification of polyps in the stomach
Fundus: 62 patients had a widespread fundic polyposis 
(81.6%); 52 of them had more than 30 fundic polyps 
(68.5%), 3 between 21 and 30 (3.9%) and 7 between 5 
and 20 (9.2%).

On white light visualization, 397 polyps in 62 patients 
(6.4 polyps per patient) were removed. Three were 
hyperplastic polyps, 7 inflammatory while the rest were 
cystic fundic gland polyps. No polyp harboured dysplasia 
nor adenomatous foci (specificity 100%, sensitivity NV, 
positive predictive value NV, negative predictive value 
100%, 95%CI) (Table 3).

After FICE evaluation, 10 polyps were removed 
from 10 patients on the basis of suspicious features of 
dysplasia or adenomatous tissue. All of them were cystic 
fundic gland polyps, none of them harboring dysplasia 
or adenomatous foci (specificity 97%; sensitivity NV; 
positive predictive value 0%; negative predictive value 
100%) (Table 4).

Thirty-eight patients with fundic polyposis had also 
duodenal polyposis (61.2%), while among the 14 
patients without fundic polyps, 10 had polyps in the 
duodenum (71.4%). Thus the presence of fundic polyps 
doesn’t correlate with a higher risk to develop duodenal 
polyps (P = 0.55; OR = 0.6).

Antrum: A total of 56 polyps were identified and 

removed in the antrum of 35 patients (average 1.6 
polyps per patient). Twenty-four polyps were identified 
in 35 patients by white light endoscopy (0.7 polyps 
per patient); 21 of them were tubular adenomas with 
low grade dysplasia while 3 were inflammatory polyps 
(specificity 88.0%; sensitivity 67.7%; positive predictive 
value 87.5%; negative predictive value 68.7%) (Table 5).

Beside polyps seen with conventional endoscopy, 
FICE was further able to identify 32 polyps in 28 patients. 
They were 7 tubular adenomas with low grade dysplasia, 
14 inflammatory polyps, 3 areas with low grade dysplasia 
in the context of flogistic mucosa, 8 metaplasic areas 
(specificity 12.0%; sensitivity 100%; positive predictive 
value 58.5%; negative predictive value 100%) (Table 6).

FICE identified a higher number of polyps than 
traditional endoscopy (56 vs 24; P < 0.0001), showing a 
better, but not statistically significant, tendency to identify 
adenomas and displastic areas (31 vs 21; P = 0.0857). 
All but 4 polyps missed out by white light, were flat.

Eighteen of patients with antral lesions (51.4%) had 
polyps also in the duodenum. There is no relationship 
between presence of dysplasia in antral stomach and 
Spigelman advanced stages (P = 1; OR = NV).

Identification of duodenal polyps
Bulb: 21 polyps were seen in 17 patients (1.2 polyps 
per patient). All of them were endoscopically removed. 
White light endoscopy identified 14 polyps in 12 patients; 
8 polyps were inflammatory, while 6 were tubular 
adenomas with low grade dysplasia (specificity 0%; 
sensitivity 46.2%; positive predictive value 42.9%; 
negative predictive value 0%) (Table 7).

During FICE evaluation, beside polyps seen with 
conventional endoscopy, 7 more polyps in 7 patients, five 

Table 2  Stomach and duodenum polyps

  Patients   Patients

Fundus 34 (49.3%) Bulb   7 (13.5%)
Antrum   7 (10.1%) Ii°/iii° portion 35 (67.3%)
Fundus + antrum 28 (40.6%) Bulb+ii°/iii° 10 (19.2%)
Total stomach 69 (100%) Total duodenum 52 (100%)

Table 3  Features of fundic polyps identified by white light 
endoscopy

P1-P3 P4-P10 P11-P24 P25-P55 P56-P397

Kudo Ⅰ Ⅱ Ⅱ Ⅱ Ⅰ
Size (mm) 5 5 6-10 5 5
Paris CL Is Is Is Is Is
Histology HYP IN FGP FGP FGP

IN: Inflammatory; FGP: Fundic gland polyp; IP: Hyperplastic.

Table 4  Features of fundic polyps identified by fujinon intelligent 
color enhancement

P1-P6 P7-P10

Kudo ⅢS ⅢL
Size (mm) 5 5
Paris CL Is Is
Histology FGP FGP

FGP: Fundic gland polyp.

Table 5  Features of antral polyps identified by white light 
endoscopy

P1-P3 P4 P5-P10 P11-P17 P18-P24

Kudo Ⅱ ⅢS ⅢS ⅢS Ⅳ
Size (mm) 6-10 6-10 5 5 5
Paris CL Ⅱa Ⅱa + Ⅱc Ⅰs Ⅰs Ⅰs
Histology IN TA, LGD TA, LGD TA, LGD TA, LGD
Spigelman 0 0 I° 0 0

IN: Inflammatory; TA: Tubular adenoma; LGD: Low grade dysplasia.
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Table 7  Features of bulbal polyps identified by white light endoscopy

of them new, were discovered. All of them were tubular 
adenomas with low grade dysplasia (specificity 62.5%; 
sensitivity 100%; positive predictive value 81.3%; 
negative predictive value 100%) (Table 8). 

FICE was able to see further 7 polyps than traditional 
endoscopy, and it was able to identify a quite significant 
higher number of polyp in the duodenal bulb (21 vs 14; 
P = 0.069). FICE added a statistical significant advantage 
in identifying adenomas (13 vs 6; P = 0.03). All FICE 
identified polyps were flat lesions. All patients with bulbal 
polyps had also lesions in the gastric fundus and no 
adenoma in the antrum.

All patients with bulbal adenomas had polyps in the 
second/third portion of duodenum, while patients with 
inflammatory polyps had a Spigelman’s stage 0.

Ⅱ°/Ⅲ° duodenal portion: Totally, 391 polyps in 45 
patients (8.7 polyps per patient) were identified. Of them, 
105 were removed or biopsied (26.5%). Conventional 
endoscopy identify 324 polyps in 45 patients (7.2 polyps 
per patient). Of them, 94 were removed or biopsied 
(2.1 polyps per patient) and they resulted: 80 tubular 
adenomas with low grade dysplasia, 10 inflammatory 
polyps and 4 tubulo-villous adenomas with low grade 
dysplasia. No case of high grade dysplasia (3 suspected). 

(Table 9). FICE identified further 67 polyps in 35 patients 
and 11 were removed or biopsied in 11 subjects. All of 
them were tubular adenomas with low grade dysplasia. 
No case of high grade dysplasia (Table 10). FICE was 
able to identify a higher number of polyps than traditional 
endoscopy (8.7 vs 7.2; P < 0.001). All polyps not seen 
on white light were flat lesions.

Thirty-five of patients with duodenal polyposis 
had also polyps in the fundus, 4 had adenomas and 2 
dysplastic areas in the antrum, thus FICE didn’t change 
any Spigelman stage just defined with conventional 
endoscopy. 

DISCUSSION
Duodenal adenomatous polyps are common mani­
festations of FAP found in 30% to 90% of patients, with 
a life time risk approaching 100%[5,6,43]. While rare in 
the general population (0.01%-0.04% of incidence at 
an average age of 65 years)[43], the risk of duodenal or 
periampullary cancer is increased several hundreds fold 
in FAP patients (estimated cumulative risk of 4.5% by 
age 57 and a median age at presentation of 52 years)[6,8]. 
Duodenal cancer is the second most common cause of 
disease-related mortality in patients with FAP, only the 

Table 6  Features of antral polyps identified by fujinon intelligent color enhancement

P25 P26 P27 P28-P30 P31 P32-P33 P34-P35 P36-P38 P39-P44 P45-P49 P50-P53 P54-P56

Kudo Ⅴ Ⅴ ⅢS ⅢL ⅢL Ⅳ Ⅳ ⅢL ⅢL ⅢS ⅢS Ⅴ
Size (mm) 5 5 5 6-10 5 5 6-10 5 5 5 6-10 5
Paris CL Ⅱb Ⅱa Ⅱb Ⅱb Ⅱa Ⅱb Ⅱa Ⅱa Ⅱb Ⅱb Ⅰs Ⅱb
Histology IN LGD IN LGD IN LGD MET MET MET MET IN IN IN TA LGD TA LGD
Spigelman Ⅲ° Ⅱ° Ⅰ° Ⅱ° Ⅱ° 0 Ⅱ° 0 0 0 Ⅰ° Ⅱ°

IN: Inflammatory; TA: Tubular adenoma; LGD: Low grade dysplasia; MET: Metaplasia.

P1-P5 P6-P8 P9 P10-P12 P13 P14

Kudo Ⅱ ⅢS ⅢS ⅢL Ⅳ Ⅳ
Size (mm) 5 6-10 6-10 5 6-10 6-10
Paris CL Ⅰs Ⅰs Ⅰs Ⅱa Ⅰs Ⅰs
Histology IN TA LGD TA LGD IN TA LGD TA LGD
Spigelman 0 Ⅱ° Ⅰ° 0 Ⅲ° Ⅱ°

TA: Tubular adenoma; LGD: Low grade dysplasia.

Table 8  Features of bulbal polyps identified by fujinon intelligent color enhancement

P15 P16-P17 P18 P19 P20-P21

Kudo ⅢS Ⅳ ⅢS ⅢL ⅢS
Size (mm) 5 6-10 6-10 5 5
Paris CL Ⅱa Ⅱb Ⅱa Ⅱb Ⅱb
Histology TA LGD TA LGD TA LGD TA LGD TA LGD
Spigelman Ⅰ° Ⅱ° Ⅱ° Ⅰ° Ⅰ°

TA: Tubular adenoma; LGD: Low grade dysplasia.
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second to advanced and metastatic colorectal cancer. A 
regular and careful program of endoscopic surveillance is 
worthwhile in identifying early pre-malignant lesions.

Gastric polyps, particularly fundic polyps, are con­
sidered always non-neoplastic lesions, also in FAP 
and non-FAP patients; nonetheless high rate of their 
prevalence (20%-88%)[6,9-11] and several cases of 
dysplasia in FGPs in FAP have been recently reported, 
with rate of incidence up to 54%[9-11,18].

Chromoendoscopy, both traditional and virtual, 
has been proven to be a good tool to increase polyps 
identification rate and to predict their histology[29-32]. 
Only one study was published on the use of FICE in 
the evaluation of duodenal lesions[44]. This study was 
conducted using a double balloon enteroscopy on patients 
with duodenal lesions. In this study only two FAP patients 
were included and FICE enhanced mucosal pattern 
of these polyps, and it correlated with the increase of 
detection of more lesions.

However, neither previous studies using traditional 
chromoendoscopy nor FICE, were conducted in evaluation 
of gastric polyps in FAP patients. To the best of our 
knowledge, our study is the first that has assessed the 
role of FICE in FGPs dysplasia identification and in the 
gastroduodenal polyps characterization in FAP subjects.

In agreement with the literature’s data, the pre­

valence of gastric polyps was relatively elevated (90.8%), 
while duodenal polyps were diagnosed in 68.4% of 
patients, slightly lower than the reported literature value.

In the majority of FAP subjects (62/76; 83.3%), 
gastric polyps were so numerous that they carpeted 
the fundic mucosa, making difficult identifying dysplasia 
by random biopsies on the basis of the total number 
of polyps, as indicated in a recent study conducted by 
Bianchi et al[9]. Consequently, having an endoscopic 
technique able to target fundic biopsies is important to 
overcome this issue. Moreover, Bianchi et al[9] reported 
a prevalence of dysplasia in fundic polyps of 42%, while 
we have found only fundic gland polyps without displastic 
or adenomatous areas, although we have followed their 
sampling method. A possible explanation to this marked 
mismatch, could lie in the size of the polyps removed: we 
did found only subcentimetric polyps, while Bianchi et al[9] 

have demonstrated that the risk of dysplasia correlated 
with polyp size. No polyps removed had suspected 
superficial features according to Kudo classification, 
while Bianchi et al[9] did not adopted any classification 
to describe mucosal and vascular pattern; consequently 
we don’t know if their removed polyps had or not a 
suspected pattern.

FICE pointed our attention on 10 fundic polyps, that 
seemed suspected for harboring adenomatous tissue; 

Table 9  Features of duodenal polyps identified by white light endoscopy

Kudo Size (mm) Paris CL Histology Spigelman

P1-P4 Ⅳ 11-20 Ⅱa TA LGD Ⅲ°
P5-P7 V 6-10 Ⅱa TA LGD Ⅱ°
P8-P11 Ⅳ 5 Ⅱb TA LGD Ⅱ°
P12-P16 ⅢS 6-10 Ⅱa TVA LGD Ⅲ°
P17-P27 ⅢS 5 Ⅱa TA LGD Ⅱ°
P28-P34 ⅢS 5 Ⅱa TA LGD Ⅰ°
P35-P40 ⅢS 5 Ⅱb TA LGD Ⅱ°
P41-P43 ⅢS 5 Ⅰs TA LGD Ⅱ°
P44-P47 ⅢS 5 Ⅰs TA LGD Ⅰ°
P48-P50 ⅢS 11-20 Ⅱa TA LGD Ⅱ°
P51-P58 ⅢL 5 Ⅱb TA LGD Ⅱ°
P59-P65 ⅢL 5 Ⅱa TA LGD Ⅱ°
P66-P68 ⅢL 6-10 Ⅱa TA LGD Ⅱ°
P69-P72 ⅢL 6-10 Ⅱa TA LGD Ⅲ°
P73-P79 ⅢL 6-10 Ⅱb TA LGD Ⅱ°
P80-P84 Ⅱ 5 Ⅱa TA LGD Ⅲ°
P85-P91 ⅢL 5 Ⅱb IN Ⅱ°
P92-P94 ⅢS 5 Ⅱa IN Ⅰ°

IN: Inflammatory; TA: Tubular adenoma; LGD: Low grade dysplasia.

Table 10  Features of duodenal polyps identified by fujinon intelligent color enhancement

P95-P97 P98-P100 P101-P102 P103-P105

Kudo Ⅳ Ⅳ V Ⅳ
Size (mm) 5 6-10 6-10 5
Paris CL Ⅱa Ⅱb Ⅱb Ⅱb
Histology TA LGD TA LGD TA LGD TA LGD
Spigelman Ⅰ° Ⅱ° Ⅱ° Ⅱ°

TA: Tubular adenoma; LGD: Low grade dysplasia.
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however histological results did not confirmed this 
suspect and all of polyps resulted fundic gland polyps. In 
this case, FICE has not increased the identification rate of 
dysplasia or adenomatous tissue in fundic polyps.

Prevalence of patients with antral adenomas was 
about 21.1% (16/76), more than reported in the Western 
World data, but consistent with Japanese findings. The use 
of FICE could explain our result, since it has increased the 
identification rate of antral adenomas compared to white 
light, with a difference near to statistical significance (P = 
0.0857). 

The very low specificity of the method (12.0%) could 
be explained by the presence of phlogosis (in fact almost 
all false positive harbored flogistic areas) able to distort 
the mucosal and vascular pattern, specifically enhanced 
by virtual chromoendoscopy.

Therefore, FICE allows to identify a greater number 
of adenomas to the detriment of a greater number 
of biopsies. Anyway this approach didn’t determine a 
different timing in the surveillance program, but changed 
the attention on the antral evaluation during the following 
endoscopies. In duodenal bulb FICE was able to identify 
more adenomas than traditional endoscopy (P = 0.03). 
Furthermore, all patients with FICE-identified adenomas 
had polyps in the duodenum too, thus the identification 
of bulbar adenomas didn’t modify surveillance timing.

Taking into account also bulbar polyps, duodenal 
adenomas prevalence in FAP patients was 68.4%, with 
low Spigelman stages (9.2% stage Ⅲ e 0% stage Ⅳ). 
In duodenum, FICE has allowed to see a greater number 
of adenomas than white light (P < 0.001), without no 
modifications of Spigelman stage neither identification of 
high grade dysplasia.

Among FICE identified polyps, 4 lesions were 
suspected for high grade dysplasia, but three were 
inflammatory polyps at histopathological examination 
and one was a tubular adenoma with low grade of 
dysplasia. Other 7 polyps (Kudo IV) had an increased 
capillary density but they were tubular adenomas with 
low grade of dysplasia.

Finally, in duodenum, FICE increased the polyps 
detection rate but didn’t change any Spigelman stage 
determined with conventional endoscopy. These data 
are in agreement with the little size and the absence of 
high grade dysplasia. Moreover this method wasn’t able 
to modify FAP patients’ prognosis, polyps’ surveillance 
program and their therapeutic management. We did not 
find any relationship between the presence of gastric 
polyps, duodenal polyposis and high Spigelman stage (P 
= 1).

Adenomas were 435 and 81 of them were diagnosed 
only by FICE that was able to identify a significative 
higher number of adenomas (P = 0.0062). Overall, FICE 
has specificity, sensitivity,positive and negative predictive 
values higher than traditional endoscopy referring to 
adenomas (96.0% vs 7.1%; 98.8% vs 80.2%; 90.3% 
vs 44.9%; 98.8% vs 27.6%, respectively; P < 0.0001). 
Conversely, it wasn’t possible to correlate for high grade 

dysplasia due the absence of dysplastic lesions according 
to the histopathological examination.

The FICE identified lesions (106/468; 22.6%) were 
mostly flat (67.9%; P = 0.029) and small (all below 
1 cm). According to already published data, FICE was 
particularly able to identify polyps with these features. It 
isn’t clear if this ability might have clinical and procedural 
consequences.

In summary, in our study, FICE, like traditional 
endoscopy, could not identify any adenoma at risk of 
malignant transformation probably as a consequence of 
patients features (e.g., favorable genotype, recent EGD).

Nonetheless FICE significantly increases adenoma 
detection rate (P = 0.0062) but does not change any 
Spigelman stage and thus does not modify patient’
s prognosis, surveillance program and treatment 
strategies. Probably a careful patient selection, an accurate 
histological examination, a concomitant use of lateral 
viewing endoscope, could make FICE gain that role who 
everybody expects in FAP patient.

COMMENTS
Background
Familial adenomatous polyposis (FAP) is an autosomal dominant inherited 
syndrome characterized by the development of colorectal cancer by the 
age of 40 years in nearly 100% of individuals. The use of colon endoscopic 
surveillance and prophylactic colectomy have strongly reduced mortality in FAP 
patients leading to the introduction of surveillance strategies for the prevention 
of other extracolonic malignancies (e.g., in the duodenum and in the stomach). 
Duodenal adenomatous polyps are common manifestations of FAP found in 
30% to 90% of patients. Duodenal cancer is the second most common cause 
of disease-related mortality in patients with FAP, only the second to advanced 
and metastatic colorectal cancer. Gastric polyps, particularly fundic polyps, are 
considered always non-neoplastic lesions, also in FAP and non-FAP patients; 
nonetheless high rate of their prevalence (20%-88%) and several cases of 
dysplasia in FGPs in FAP have been recently reported, with rate of incidence 
up to 54%.

Research frontiers
The observation of the pit and capillary patterns of the mucosal glands and 
the mucosa, respectively, by chromoendoscopy might predict the histology of 
mucosal lesions. 

Innovations and breakthroughs
Chromoendoscopy is a staining method that uses biocompatible dye agents 
which accumulate within crypt orifices during endoscopy. Chromoendoscopy 
has difficulty in achieving complete and even coating of the mucosal surface 
with the dye, requires the extra cost for the of the dye spraying equipments and 
extra time to perform the procedure. Fujinon Intelligent Color Enhancement 
(FICE™, Fujinon Corp, Saitama, Japan) is a spectral estimation technique 
based on arithmetically processing of a white-light image captured by a video 
endoscope and sent to the spectral-estimation matrix-processing circuit. 
Preliminary studies suggested that FICE successfully achieves enhancements 
of real-time observations of mucosal and microvascular patterns and may 
discriminate between adenomatous and non-adenomatous polyps and it may 
identify the presence of dysplasia. In the study, FICE, like traditional endoscopy, 
could not identify any adenoma at risk of malignant transformation probably 
as a consequence of patients features. However FICE significantly increases 
adenoma detection without changing patient’s prognosis, surveillance program 
and treatment strategies. Probably a careful patient selection, an accurate 
histological examination, a concomitant use of lateral viewing endoscope, could 
make FICE gain that role who everybody expects in FAP patient.
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Applications
The timing of endoscopic and histology surveillance is currently a great 
challenge. Spectral estimation by fujinon intelligent color enhancement (FICE) 
may identify dysplasia and discriminate between adenomatous and non-
adenomatous polyps. 

Terminology
FAP is an autosomal dominant inherited syndrome who invariably develops to 
colorectal cancer by the age of 40 years in nearly 100% of individuals. Several 
endoscopic imaging techniques have been proposed to enhance the detail of 
these patterns. Among these, chromoendoscopy is a staining method applied 
in endoscopy that uses biocompatible dye agents which accumulate within 
crypt orifices. FICE is a modern endoscopic spectral estimation technique that 
successfully enhances the observation of mucosal and micro-vascular patterns.

Peer-review
The presented results, obtained with 76 FAP patients, indicate that FICE assay 
offers considerable advantage over traditional chromoendoscopy to discriminate 
between adenomatous and non-adenomatous polyps. The authors, however, 
caution that the application of FICE to FAP patients while helpful in prediction 
the histology of the mucosal lesion and significantly increases the detection of 
adenomas, do not change the prognosis and treatment. 
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