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Abstract
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Objective To compare intra-pleural injection efficacy and safety between Endostar and bevacizumab
combined with pemetrexed/cisplatin for the treatment of malignant pleural effusion in patients with epidermal
growth factor receptor (EGFR)-/anaplastic lymphoma kinase (ALK)-lung adenocarcinoma.

Methods  Sixty-four pCVatients with EGFR-/ALK- lung adenocarcinoma with malignant pleural effusion
(MPE) were admitted to the authors’ hospital between January 2016 and June 2017. Patients were
randomly divided into two groups: Endostar combined with pemetrexed/cisplatin (Endostar group); and
bevacizumab plus pemetrexed/cisplatin (Bevacizumab group). They underwent thoracic puncture and
catheterization, and MPE was drained as much as possible. Both groups were treated with pemetrexed
500 mg/m?, intravenous drip (d1), cisplatin 37.5 mg/m? per time, intra-pleural injection (d1, d3). Patients in
the Endostar group were treated with Endostar 30 mg per time, intra-pleural injection (d1, 3), and patients in
the Bevacizumab group were treated with bevacizumab 5 mg/kg per time, intra-pleural injection (d1). Only
one cycle of treatment was applied. MPE was extracted before treatment and on day 7 after treatment. The
levels of vascular endothelial growth factor (VEGF) were determined using ELISA. Efficacy and side effects
were evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1, and
National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 criteria.
Results The objective response rates in the Endostar and Bevacizumab groups were 50.0% and 56.3%,
respectively; there was no statistical difference between the groups (P> 0.05). After one cycle of treatment,
the mean VEGF levels in MPE in both groups decreased significantly, and there was no significant difference
in the degree of decline between the two groups (P > 0.05). In both groups, pre-treatment VEGF levels
for patients achieving complete response were significantly higher than those for patients achieving stable
disease + progressive disease (P < 0.05). No specific side effects were recorded.

Conclusion Endostar and Bevacizumab demonstrated similar efficacy in controlling MPE in patients
with EGFR-/ALK- lung adenocarcinoma through an anti-angiogenesis pathway, with tolerable side effects.
The levels of VEGF in MPE could predict the efficacy of intra-pleural injection of anti-angiogenesis drugs.
Key words: Endostar; bevacizumab; malignant pleural effusion; EGFR-/ALK-lung adenocarcinoma;
cisplatin; pemetrexed; intra-pleural injection

P Correspondence to: Qiuyun Guo. Email: happyyun.1985@163.com
* Supported by a grant from the Nature Science Foundation of Hubei Province, China (No. 2017CFB472).
© 2019 Huazhong University of Science and Technology
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Malignant pleural effusion (MPE) is a common
complication of lung cancer. Fifteen percent of newly
diagnosed lung cancer patients experience MPE, which
seriously affects quality of life, and suggests that the
median survival time of patients is approximately 3.3
months, with a poor prognosis depending on the tumor
subtype tumor and its clinical stage. For advanced non-
small cell lung cancer (NSCLC), the incidence is as high as
50%, which can cause respiratory and circulatory failure,
seriously affecting safety [!. Presently, local therapeutic
treatment approaches for MPE in patients with NSCLC
mainly include thoracic puncture and drainage, and
intra-pleural injection of drugs. Chemotherapeutic drugs
are widely used, although with limited efficacy.

Vascular endothelial growth factor (VEGF) has been
found to be a critical pathological factor in the occurrence
and development of MPE. It can promote capillary
permeability and angiogenesis. The levels of VEGF are
significantly increased in MPE caused by lung cancer,
mesothelioma, and breast cancer. Both endostatin and
bevacizumab can inhibit VEGF. Clinical trials have shown
that intra-pleural injection of either drug combined with
cisplatin can effectively control MPE; however, the
preferred agent remains unclear ?. The purpose of this
study was to compare intra-pleural injection efficacy and
safety between Endostar and bevacizumab combined
with pemetrexed/cisplatin in the treatment of MPE in
patients with epidermal growth factor receptor (EGFR)-/
anaplastic lymphoma kinase (ALK)- lung adenocarcinoma
lung adenocarcinoma, and to preliminarily evaluate the
utility of both drugs in the treatment of MPE.

Materials and methods

Baseline

Sixty-four  patients with EGFR-/ALK- lung
adenocarcinoma with MPE were admitted to the authors’
hospital between January 2016 and June 2017. All
patients were diagnosed with pathologically confirmed
adenocarcinoma, and EGFR-/ALK- using gene detection
methods. After providing informed consent, the patients
were randomly divided into two groups: Endostar
combined with pemetrexed/cisplatin group (Endostar
group); and bevacizumab plus pemetrexed/cisplatin
group (Bevacizumab group). General information for the
two groups is summarized in Table 1.

Table 1 Characteristic of patients

Group n  Male/Female Age (years) 0 EC1O < 5
Endostar 32 18114  58.2 (44-67) 1 25 6
Bevacizumab 32 1717 57.8(43-68) 0 27 5

http://otm.tjh.com.cn

Inclusion and exclusion criteria

Inclusion criteria

All patients with EGFR-/ALK-lung adenocarcinoma
were confirmed by histopathology; pleural effusion was
moderate to large detected by computed tomography
or ultrasound; malignant tumor cells were found in the
effusion fluid; and routine blood, cardiac function, liver
and kidney function, and electrolyte levels were normal.

Exclusion criteria

Patients with organ dysfunction, such as liver and
kidney, those with a history of neurological or psychiatric
disorders, and pregnant or lactating women, were
excluded from this study.

Protocol

All patients underwent thoracic puncture and
catheterization monitored by ultrasound. MPE was
drained as much as possible within 2 to 3 days. Both
groups were treated with pemetrexed 500 mg/m?
intravenous drip (dl), cisplatin 37.5 mg/m? per time,
intra-pleural injection (d1, d3). Patients in the Endostar
group were treated with Endostar 30 mg per time, intra-
pleural injection (d1, 3), and patients in the Bevacizumab
group were treated with bevacizumab 5 mg/kg per time,
intra-pleural injection (d1). All patients were turned
over every 20 min within a 2 h period after intra-pleural
injection. Ultrasound was used to re-examine the MPE
volume on day 21.

Three milliliters of MPE was extracted before
treatment and on day 7 after treatment. The supernatant
was centrifuged at 4000 rpm for 10 min at 4 °C. VEGF
levels were determined using ELISA. The Human
VEGF-A ELISA kit was purchased from R&D Systems
(Minneapolis, MN, USA), and the microplate reader from
Bio Rad Laboratories (Hercules, CA, USA).

Endpoints

Objective efficacy

Objective efficacy was evaluated according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 criteria: Complete remission (CR), pleural
effusion completely disappeared, lasting > 4 weeks;
partial remission (PR), the amount of pleural effusion
decreased > 30% compared with pre-treatment (based
on the maximum depth of pleural effusion detected
by ultrasound), lasting > 4 weeks; stable disease (SD),
the amount of pleural effusion decreased by < 30%
or increased by < 20% compared with pre-treatment;
Progressive disease (PD), the amount of pleural effusion
increased by > 20% compared with pre-treatment. The
objective response rate (ORR) was calculated as: CR + PR.
Side effects were evaluated according to National Cancer
Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 3.0 criteria.
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Statistical analysis

SPSS version 16.0 (IBM Corporation, Chicago, IL,
USA) was used to analyze the data. Numerical data are
expressed as mean (+ standard deviation), and the t-test
was used for comparisons. Categorical data are expressed
as percentage, and the x* test was used for comparisons; P
< 0.05 was considered to be statistically significant.

Results

Comparison of clinical efficacy between
the two groups

After the treatment period, 2 of 32 patients in the
Endostar group achieved CR, 14 achieved PR, and the
ORR was 50.0%. In the Bevacizumab group, 3 patients
achieved CR, 15 achieved PR, and the ORR was 56.3%.
There was no statistical difference between the two
groups (P> 0.05) (Table 2).

Relationship between VEGF levels in MPE and
efficacy in the two groups

Before treatment, the mean VEGF level in MPE was
405.33 + 127.78 pg/mL in the Endostar group and 402.87
+ 129.28 pg/mL in the Bevacizumab group; there was no
statistically significant difference between the two groups
(i.e., P > 0.05). After one cycle of treatment, the mean
value of VEGF levels in MPE in both groups decreased
significantly, with no significant difference in the degree
of decline between the two groups (P > 0.05) (Table
3). Further analysis revealed that in both groups, pre-
treatment VEGF levels in patients achieving CR were
significantly higher than those in patients achieving SD
+ PD (P< 0.05) (Table 4).

Side effects

In the Endostar group, changes in T wave and ST-T
segment of electrocardiogram, and diarrhea or rash
did not occur. In the Bevacizumab group, no mucosal
hemorrhage or hemorrhage occurred at the orifice of the
thoracic drainage catheter, and no proteinuria occurred.
In the bevacizumab group, there were 3 patients with
hypertension grade I and 3 patients with hypertension
grade 2. Blood pressure was evenly controlled during
treatment. There were no significant differences
in digestive tract reactions, such as bone marrow
suppression, liver and kidney dysfunction, or nausea and
vomiting, between the two groups.

Table 2 Comparison of clinical efficacy between two groups (n, %)

Group n CR PR SD+PD ORR

Endostar 32 2 14 16 50.0%
Bevacizumab 32 3 15 14 56.3%"
"P>0.05
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Table 3 The change in VEGF levels pre- and post-treatment
(pg/mL, X'+ 5)

Group n pre-treatment post-treatment
Endostar 32 405.33 +£127.78 200.56 + 64.10
Bevacizumab 32 402.87 £ 129.28 198.73 £63.85

P> 0.05 compared with Endostar group

Table 4 The relationship between pre-treatment VEGF levels in

MPE and efficacy (pg/mL, X + s)

Group n CR PR SD+PD
Endostar 32 452.19+18.27 407.64 £72.07 300.23 £ 25.16
Bevacizumab 32 450.27 + 16.68 409.43 + 63.85 280.89 + 12.86°
P <0.05 compared with patients achieving CR

Discussion

MPE, a type of malignant serous cavity effusion,
refers to the abnormal increase of pleural fluid caused
by malignant tumors involving the pleura or primary
pleural tumors. MPE accounts for 25% of pleural
effusion, 75% of which is caused by lung cancer, breast
cancer, or lymphoma. Factors such as VEGF and matrix
metalloproteinases (MMPs), which can induce vascular
permeability, play a key role in the pathophysiological
mechanism of MPE formation. Tumor cells can secrete
autocrine VEGF and MMPs, both of which increase the
permeability of the capillary network and, on the other
hand, and promote neovascularization of tumors, and
then increase the total infiltration area of the capillary
intima ?. In animal models, the levels of VEGF in
MPE increased significantly. The increase in peritoneal
microvascular permeability was observed in tumor-
bearing mice, which were injected with exogenous
VEGF, while ascites formation was inhibited when the
mice were transfected with antisense oligonucleotides of
VEGF Pl It was also found that there was a significant
increase of VEGF in MPE samples from patients with
NSCLC who were at higher risk for distant metastasis
(4, Elevated messenger RNA expression levels of VEGF
and endostatin in pleural effusion were more frequently
detected in MPE than in pleural effusions caused by non-
malignant diseases . These studies provide new avenues
for the treatment of malignant serous cavity effusion,
especially MPE, in patients with NSCLC and high levels
of VEGF.

Presently, the clinical treatment of MPE includes
diuresis, restriction of sodium chloride intake, and
systemic treatment, among others. Local treatment
includes thoracic puncture and catheterization,
intra-pleural administration of drugs, intra-pleural
hyperthermic perfusion and surgical treatment. Many
types of drug could be chosen for intra-pleural injection,
with each having its own advantages and disadvantages.
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Chemotherapeutic drugs often cause bone marrow
suppression and digestive tract reactions; biological agents
can cause fever; and pleural adhesion induced by talcum
powder and other pleurodesis agents can cause pain and
fever 2. In contrast, with an improved understanding
of the pathogenesis of MPE, anti-angiogenesis drugs
targeting VEGF have attracted increasing attention due
to their unique advantages of strong efficacy and fewer
side effects. Of all these novel drugs, recombinant human
endostatin (Endostar) and the monoclonal VEGF antibody
bevacizumab have demonstrated promising therapeutic
benefits for patients with NSCLC and MPE.

Endostar, a modification of endostatin, has many
targets, including VEGF and fibroblast growth factor-
beta, which can specifically act on vascular endothelial
cells of newly formed blood vessels, inhibit endothelial
cell migration, induce endothelial cell apoptosis and,
thus, inhibit the growth of tumor vessels. Qin et al'®
performed a prospective, randomized controlled, national
multi-center phase III clinic trial on intra-pleural
injection of Endostar and/or cisplatin for the treatment
of MPE and malignant ascites. The results showed that
for MPE, the ORR of the combined group was 42%,
which was significantly higher than that of the Endostar
(32%) and cisplatin (22%) groups. The result is consistent
with a series of small sample studies”-'%. However, there
remains a lack of consensus on what the dose, interval,
and course should be for the administration of the drug.
There has been no report on the evaluation of efficacy of
intra-pleural administration of Endostar combined with
cisplatin in systemic chemotherapy. Feng et al found that
Endostar combined with cisplatin for the treatment of
MPE in patients with NSCLC could reduce the levels of
VEGF and HIF-1a in MPE ¥, which was consistent with
the findings of Zou er al®..

Bevacizumab, a recombinant, humanized monoclonal
anti-VEGFA antibody, was approved for use as first-line
treatment for advanced non-squamous NSCLC by the
United States Food and Drug Administration in 2006. Ma et
alfound that intra-pleural administration of bevacizumab
alone was superior to cisplatin alone for the treatment
of MPE and malignant ascites '.. Han er al found that
intra-pleural administration of bevacizumab combined
with cisplatin was superior to cisplatin alone in the
treatment of MPE when pemetrexed was intravenously
administered. After one cycle of chemotherapy, the ORR
in the bevacizumab group was 55.0%, which was higher
than chemotherapy group (31.8%) 2. Lower dose (5 mg/
kg) of intra-pleural administration can also achieve better
results, which was different from the 15 mg/kg dosage of
intravenous chemotherapy >3 Different studies have
suggested that bevacizumab combined with cisplatin
could effectively reduce the levels of VEGF in MPE !12-14],
Zhang et al found that inflammatory factors (interleukin

http://otm.tjh.com.cn

[IL]-4 and IL-10) also decreased, suggesting that
bevacizumab controls MPE through various pathways 4.

This was the first phase II study of intra-pleural
injection of Endostar or bevacizumab combined with
pemetrexed/cisplatin for the treatment of MPE in patients
with EGFR-/ALK- lung adenocarcinoma. Only one cycle
of therapy was applied. Pemetrexed/cisplatin is the
standard first-line treatment for advanced EGFR-/ALK-
lung adenocarcinoma, and anti-angiogenesis drugs can
further improve its effect. Our results demonstrated no
significant difference in the control of MPE between the
two groups. The levels of VEGF in the pleural effusion fluid
of both groups decreased significantly after treatment,
but there was no significant difference in the degree of
decline between the two groups. It was confirmed again
that Endostar and bevacizumab had similar efficacy in
controlling MPE through an anti-angiogenesis pathway.
Previous studies have confirmed that the levels of VEGF
in pleural effusion may be a predictor of efficacy for
both drugs in controlling MPE & 1214 This study also
confirmed that patients with higher levels of VEGF in
pleural effusion before chemotherapy in both groups
were more likely to benefit from anti-angiogenesis drugs
to a similar extent. There was no difference in side effects
between the two groups, and there were no specific side
effects, suggesting that the use of anti-angiogenesis drugs
in intra-pleural administration is safe and may be superior
to intravenous methods.

There were several limitations to this study, the first of
which was its small sample size. Patients underwent only
one cycle of treatment, and whether both drugs have the
same efficacy in controlling MPE under multi-course
medication requires further study. Although currently
used dosages of bevacizumab have been established,
further adjustments may be necessary; however, the
dose, interval, and course of Endostar remain unclear.
Whether the two drugs can alleviate MPE to a greater
extent after adjusting the regimen remains to be clarified.
Some studies have suggested that hyperthermic perfusion
chemotherapy may be a more advantageous method and,
as such, adjusting the method of administration may be
an option [, The patients were tested for the EGFR and
ALK genes, but not for immunotherapy. Therefore, it is
not clear whether they are more suitable for molecular-
therapy targeting other genesand immunotherapy than for
chemotherapy. Future studies investigating the efficacy
of intra-pleural injection of anti-angiogenesis drugs when
molecular-targeted therapy or immunotherapy is applied
are warranted.
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Abstract

Objective  To explore the role of MyD88 signaling in MHV-3 virus-mediated fulminant hepatitis.
Methods We evaluated liver lesion status, the expression of multiple pro-inflammatory cytokines and
HMGBH1, the recruitment of inflammatory ILC3, and mortality in MyD88” and WT mice.

Results The expression of multiple pro-inflammatory cytokines that recruit inflammatory ILC3 to the
liver was severely impaired in MyD88”" mice resulting in reduced liver pathology, viral replication, and
mortality post-infection. Additionally, MHV-3 markedly increased the expression of high-mobility group box
1 (HMGB1) in infected hepatocytes/macrophages and induced HMGB1 protein migration from the nucleus

to the extracellular milieu, where it activates MyD88-dependent inflammation.
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Severe viral hepatitis is a disease with a large annual
mortality rate. Its main clinical symptoms are massive
necrosis of hepatocytes and hepatic encephalopathy.
The development of clinically effective interventions
has been hindered by insufficient understanding of the
immune mechanism of severe viral hepatitis (FH). It was
recently found that when BALB/c] and C57BL/6 mice
were infected with mouse hepatitis virus strain-3 (MHV-
3), mononuclear/macrophage-specific coagulant and
fibrinogen-like protein-2 (FGL2) were up-regulated and
the coagulation cascade was activated in vivo, resulting
in hepatic sinus thrombosis and hepatocyte necrosis.
This phenomenon, called virus-induced “procoagulant
activity”, is very similar to the clinical manifestations of
FH patients 3. Therefore, we used FH animal models
infected with MHV-3 to explore the pathogenesis of
severe viral hepatitis.

Pattern recognition receptors (PRRs) are key to the
early detection of invading pathogens. PRRs are activated

by specific pathogen-associated molecular patterns
(PAMPs) that are present in pathogenic microbes or
the nucleic acids of viruses or bacteria “. Toll-like-
receptors (TLRs), the most well-studied group of PRRs,
are displayed on the cell surface or within endosomal
compartments where they act as molecular sentinels
to detect invading microbes P. Myeloid differentiation
primary response gene 88 (MyD88) is a crucial adaptor
protein in most TLR-dependent inflammatory signaling
pathways and activation of MyD88leads to the induction
of chemokines, inflammatory cytokines, and type I
interferons (IFN) through stimulation of NF-xB, JNK,
and p38 MAPK pathway [©. MyD88 signaling plays a
critical role in immune responses against a wide variety
of pathogens including viruses. For example, MyD88
signaling is not required for clearance of reovirus
infection after oral inoculation of mice !, but MyD88-
mediated inflammation induces specific antibody
production and protects against influenza virus-caused
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mortality #°. Conversely, MyD88" mice infected with
lymphocytic choriomeningitis virus (LCMV), vesicular
stomatitis virus (VSV), respiratory syncytial virus (RSV),
and a recombinant mouse-adapted SARS-CoV virus
(rMA15) have more severe pathology than that of the
WT 1013 Nevertheless, the role of MyD88 signaling in
MHV-3 virus-mediated pathogenesis has not yet been
investigated.

Damage-associated molecular patterns (DAMPs),
which have the capacity to activate TLRs, are substances
produced by damaged or dead cells that initiate
inflammatory responses in a paracrine manner [
High-mobility group box 1 (HMGBI1), a non-histone
chromatin-associated nuclear protein, is a classic DAMP,
which is highly expressed in most eukaryotic cells.
Within the nucleus, HMGB1 acts as an architectural
protein that binds to DNA and promotes the assembly
of nucleoprotein complexes, thereby facilitating
maintenance of genome stability !51°. Conversely,
exogenous stimulation, including pathogen infection,
can lead to cytoplasmic translocation of HMGBI1 and
its subsequent release into the extracellular milieu 7.
Cytoplasmic translocation and release of HMGB1 by
virus-infected cells has been reported following infection
with Dengue virus, HIV, West Nile virus(WNV), herpes
simplex virus type 2 (HSV-2), hepatitis C virus (HCV),
and porcine reproductive and respiratory syndrome virus
(PRRSV) 8. HMGBI1 concentrations were significantly
higher in patients infected with WNV and HCV 11920,
Additionally, HMGB1 also supports influenza virus
growth by enhancing the activity of viral polymerases
2, However, whether HMGBI1 participates in the
pathogenesis of MHV-3 as a host-derived molecular
factor remains to be determined.

In a mouse model of FH caused by MHV-3 infection,
we found that MHV-3 markedly increased the expression
of HMGBI in infected cells and induced the migration
of HMGBI protein from the nucleus to the extracellular
milieu, where it activated MyD88-dependent
inflammation. Therefore, mice deficient in MyD88
(MyD88") are resistant to MHV-3-mediated FH because
of reduced expression of multiple pro-inflammatory
cytokines and limited recruitment of pro-inflammatory
NKp46'Lin Thyl.2'Royt* ILC3 to the liver compared to
WT littermates. This work suggests that MyD88 may play
an essential role in the pathogenesis of viral FH.

Materials and methods

Mice

C57BL/6 background MyD88-deficient (MyD88",
#009088), IL-1RI"(#003245), TNF-a’(#005540), Rag-
I (#002216) and wild type (WT) mice were imported
from the Jackson Laboratory (Bar Harbor, Maine, USA).
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Trif” C57BL/6 background mice were purchased from
Oriental BioService (OBS) in Kyoto, Japan *2. Fgi2”
mice were kindly provided by Prof. Gary Levy (Multi
Organ Transplant Program, University Health Network,
University of Toronto, Toronto, Canada). Mice were
maintained in the animal facility, fed with standard
laboratory chow diet and water, and housed in the animal
colony at the animal center of Army Medical University.
Mice of approximately 12 weeks of age were used for
these experiments.

Cells

Raw?264.7 cells were provided by the Cell Institute
of the Chinese Academy of Sciences (Shanghai, China).
GM-CSF-induced BMDMs and peritoneal exudative
macrophages (PEMs) were prepared. Cells were cultured
in 6-well plates and propagated in DMEM supplemented
with 10% FBS, 100 pg/mL streptomycin, and 100 U/mL
penicillin.

Virus and infection

MHV-3 viruses were amplified in murine 17CL1 cells
to a concentration of 1x107 plaque forming unit (PFU)/
mL. Supernatants containing the virus were stored at -80
°C until use. Raw264.7 cells were infected with MHV-3
(multiplicity of infection, MOI = 1) in vitro and mice were
injected intraperitoneally (i.p.) with 100 PFU of MHV-3.
The virus titers in liver were determined by plaque assay.

Tissue morphology detection and
immunohistochemistry

Paraffin-embedded liver tissue blocks were cut
into 4 um slices. Endogenous peroxidase activity was
blocked with 2.0% H,O, for 20 min. The slides were
then immersed in citrate buffer (pH 6.0) for 10 min at
120 °C. Sections were then incubated overnight at 4 °C
with anti-mouse FGL2 (Santa Cruz, USA, 1:100, mouse),
anti-Fibrinogen (Abcam, Cambridge, England, 1:1000,
Rabbit), anti-HMGB1 (Santa Cruz, USA, 1:50, mouse),
anti-TNF-a (Cell Signaling Technology (CST), 1:100,
rabbit), anti-IL-6 (Santa Cruz, 1:200, mouse), anti-IFN-y
(Santa Cruz, 1:200, rat), and anti-pro-IL-1p (CST, 1:100,
mouse). After washing, the sections were incubated
with the corresponding secondary antibodies for 2 h
at room temperature. A Vectastain ABC kit (Vector
Laboratories, San Diego, USA) was used to create avidin-
biotin complexes, which were then visualized with a
DAB kit (K3465, DAKO), where brown coloration of
tissues represented positive expression. Histopathological
analysis of liver was performed by hematoxylin and
eosin (H&E). Cellular apoptosis was detected by TUNEL
staining (Roche, Berlin, Germany) according to the
manufacturer’s instructions.
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Immunofluorescence staining

Paraffin-embedded tissue blocks were cut into 5 mm
slices, which were mounted on polylysine-charged glass
slides. Endogenous peroxidase activity was blocked with
2.0% H,0, for 25 min. The glass slides were then placed
in citrate buffer (pH 6.0) for 10 min at 120 °C. Sections
were then incubated overnight at 4 °C with anti-HMGBI1
(eBioscience). After washing, sections were further
incubated with the corresponding fluorescent secondary
antibodies for an additional 1 h. Finally, the sections were
incubated with 1 pg/mL DAPI (Sigma, St. Louis, MO,
USA) for 10 min to stain the nuclei. Sections incubated
with isotype control antibodies were used as negative
controls. The results were visualized using fluorescence
microscopy (Nikon, Tokyo, Japan).

Real-time quantitative RT-PCR

TRIzol reagent (Invitrogen, NY, USA) was used to
extract total RNA from cultured cells or liver tissues
according to the manufacturer’s instructions. Reverse
transcription was used to synthesize cDNA using a
PrimeScript RT-PCR Kit (Takara, Dalian, China). The
expression of mRNA encoding for proinflammatory
cytokines (including TNF-a, IL-6, IFN-y, fgl2, proll-
1B, HMGBI) was quantified by real-time quantitative
PCR with the SYBR Premix ExTaq kit (Takara, Kyoto,
Japan) and normalized to f-actin expression. The
primer sequences are shown in Table 1. Relative mRNA
expression was calculated and compared by the 2-44¢
method.

ELISA and western-blotting

Serum FGL2, IL-17, TNF-«, IL-1f, and HMGB1 levels
were measured by ELISA. The expression of HMGBI,
FGL2, TNF-«, and IL-6 in MHV-3 infected livers was
detected by western-blotting.

Flow cytometry

Liver infiltration by GR-1"CD45* neutrophils,
CD11b*/F4/80* monocytes/macrophages, and NKp46
Lin'Thyl.2'Royt" ILC3, and the secretion of TNF-a, IL-
6, and prolL-1f from PEMs isolated from virus-infected
mice at 24 h were detected by flow cytometry (FACSAria

http://otm.tjh.com.cn

cytometer, BD, Franklin Lakes, NJ, USA). Dead cells were
excluded by staining with a LIVE/DEATH® Fixable Near-
IR Dead Cell Stain Kit (Life technologies, Eugene, Oregon,
USA). In total, 10,000 live cells were analyzed. All the
FACS data were analyzed using CellQuest Pro software.
These antibodies were purchased from eBioscience.

Statistical analysis

Statistical analysis of the data was performed using
GraphPad Prism 6.0. An unpaired Student’s ¢-test (two-
tailed) was used to compare two groups when the data
met the assumptions of the t-test. Survival curves were
generated using the log-rank test. P< 0.05 was considered
statistically significant.

Results

Reduced liver tissue lesions and mortality
in MyD88/-mice post MHV-3 infection

To assess the contributions of innate and adaptive
immune responses in MHV-3-induced FH, age matched
C57BL/6 (WT, n = 10), congenic Rag-1"(n = 6), MyD88"
(n = 11) and Trif-/- (n = 5) mice were infected with
MHV-3 (100 PFU) via ip. injection and monitored for
virus-induced mortality. Surprisingly, we found that
all the WT, Rag-1"" and Trif" mice died within 8 days
of infection, whereas over 72.7% (8/11) of the MyD88
"group were still alive after 20 days (P = <0.0001, Fig.
la). Hematoxylin and eosin (H&E) staining showed
severe necrosis with sparse polymorphonuclear leucocyte
infiltration in the livers of WT mice at both 48 h and 72
h post MHV-3 infection. In contrast, the morphology of
MyD88" livers was mostly normal after 48 h, and the
area of necrosis was also dramatically smaller at 72 h (Fig.
1b). Additionally, fewer cells were found to be apoptotic
in MHV-3 infected MyD88" livers 72 h postinfection
(Fig. 1c). The expression of biliary glycoprotein-1 (Bgp1),
the receptor for MHV-3 23, appeared to be significantly
lower in viral infected MyD88" livers than in the WT
controls (Fig. 1d), supporting the plaque assay showing
limited virus entry and amplification in MyD88" livers
72 h postinfection (Fig. 1le). These findings indicate that
the absence of MyD&88 but not Trif'significantly protects

Table 1 Primer sequences for RT-gPCR

Drug Forward-primers Reverse-primers

TNF-ou CACGCTCTTCTGTCTACTGAAC ATCTGAGTGTGAGGGTCTGG

IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
FGL2 TGGACAACAAAGTGGCAAATCT TGGAACACTTGCCATCCAAA

IFN-y TCAAGTGGCATAGATGTGGAAG CGCTTATGTTGTTGCTGATGG
pro-IL-1B GACAGTGATGAGAATGACCTGTTC CCTGACCACTGTTGTTTCCC
HMGB1 GATTATCGTTCTCTTAAAGTGCCAG TATCATCCAGGACTCATGTTCAGTA
B-actin ATATCGCTGCGCTGGTCGTC AGGATGGCGTGAGGGAGAGC
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against MHV-3-induced morbidity and mortality, while
adaptive immunity (Rag-I deficiency) does not play a
major role in the pathogenesis.

MHV-3 fails to induce the production of FGL2
and other pro-inflammatory cytokines in
MyD88-/- mice

FGL2 plays an essential role in inducing hepatocellular
necrosis following MHV-3 infection ¥, we therefore
examined fgl2 expression in liver tissues isolated from
MHV-3 infected MyD88" mice. Quantitative RT-PCR
(qQRT-PCR) showed that fg/2 mRNA transcription in the
liver was induced by MHV-3, and that its expression
was dramatically reduced in MyD88" livers (Fig. 2a).
The reduction in FGL2 protein levels in virus-infected
MyD88" livers was also confirmed by western-blot
(Fig. 2b), and the FGL2 serum concentration in MyD88
" mice was substantially lower 72 h postinfection (Fig.
2c). Therefore, MyD88" mice responded with limited
fibrinogen formation, leading to reduced liver coagulation
and necrosis (Fig. 2d). Moreover, the Fgl2”- mice were
completely resistant to MHV-3-mediated mortality (Fig.
2e). These results suggest that the attenuation of viral FH

by MyD88 deficiency could be the result of suppressed
FGL2 production.

Pathologic proinflammatory cytokines, including
TNF-a, IL-1p, and C5a, can promote FGL2 expression
and worsen the pathogenesis of MHV-3-mediated FH 2*
1. To clarify the molecular mechanism that is responsible
for MyD88 signaling-mediated FGL2 upregulation, liver
tissues were isolated from MHV-3-infected My D88 mice
and their control littermates 72 h post MHV-3 infection.
The expression of some proinflammatory cytokines
including Ifn-y, Tnf-a, proll-1f, and II-6 was measured
by qRT-PCR. Interestingly, the concentrations of these
cytokines were significantly reduced in MyD88" mice
compared to their viral-infected WT littermates (Fig. 3a).
These results were also confirmed at the protein level by
western-blot (Fig. 3b) and immunohistochemistry (Fig
3c). Finally, we showed that both Tnf-a’ and IL-1R"
mice are phenocopied MyD88" mice and are resistant
to MHV-3-mediated mortality (Fig. 3d). These results
indicate that MyD88 is required for the induction of
1212 and other proinflammatory cytokines in response to
MHV-3 infection.
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MHV-3 infection
Monocytes/macrophages and neutrophils are known
to be crucial during viral FH due to these cells capacity

The recruitment of pro-inflammatory NKp46-
Lin'Thy1.2*Royt* group 3 innate lymphoid cells
was severely impaired in MyD88/- livers post
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to produce pro-inflammatory cytokines, including FGL2
6. We determined whether liver infiltration of these
cells was affected by MyD88 signaling during viral FH.
Liver infiltration by both CD11b*/F4/80* monocytes/
macrophages and Gr-1"¢"CD45* neutrophils was detected
by flow cytometry in mice infected with MHV-3 (Fig. 4a).
However, the difference between these two groups was
not statistically significant (Fig. 4b), suggesting that liver
infiltration by monocytes/macrophages and neutrophils
was not affected by MyD88 signaling.

Innate lymphoid cells (ILCs) have recently been
discovered to play an important role in protective
immunity against microbes like intracellular parasites,
bacteria, fungi, and parasitic worms . Flow
cytometry showed that in liver-tissue samples 24 h and
48 h postinfection, infiltration by ILCs (Lin-Thyl.2%)
was significantly higher in the WT than in their My D88
~ littermates (Fig. 4c and 4d). Additionally, statistical
analysis showed that NKp46 Lin Thy1.2‘Royt* ILC3s were
severely impaired in MHV-3-infected MyD88" liver
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tissues (Fig. 4d). Furthermore, these ILC3 have the ability
to produce proinflammatory mediators, like TNF-a,
prolL-1pB, and IL-17 (Fig. 4e). These results suggest that
attenuation of viral FH by MyD8&8 deficiency could be at
least partly due to limited proinflammatory NKp46 Lin-
Thy1.2"Royt" ILC3 infiltration into the liver.

Reduced secretion of HMGB1 in MyD88/- mice
post MHV-3 infection

HMGBI is one of the canonical DAMPs that can be
either passively released from necrotic/damaged cells,
or can be secreted by activated innate immune cells. In
addition to its nuclear role, extracellular HMGBI triggers
proinflammatory responses through MyDS88 signaling
(29-301 Thus, we decided to investigate the role of HMGB1
in MHV-3 infection. Visualization of HMGBI in the
Raw?264.7 macrophage cells infected with MHV-3 (MOI
= 1) by immunofluorescent confocal microscopy showed
that HMGB1 localized to the nucleus of mock-infected
Raw?264.7 cells but was distributed in both the nucleus
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and cytoplasm of their MHV-3-infected counterparts
(Fig. 5a). Furthermore, a time-dependent increase in
HMGBI supernatant concentration was seen over 72 h of
infection (Fig. 5b). Immunohistochemistry showed that
HMGBI protein was localized in nucleus of hepatocytes/
macrophages of normal liver tissues, whereas it was
mostly found within the cytoplasm of MHV-3-infected
hepatocytes, especially in necrotic liver tissue (Fig. 5c).
HMGBI1 is secreted by damaged/necrotic hepatocytes
and MyDS&8 deficiency protects the liver from necrosis
during MHV-3 infection, suggesting that MyD88
signaling controls HMGBI expression. To investigate this
possibility, the serum concentration of HMGB1 in MHV-
3 infected mice was measured by ELISA, and HMGBI1
levels were found to be severely reduced in virus-infected
MyD88" mice compared to their WT littermates (Fig.
5d). Moreover, MHV-3 infected MyD88 liver tissues
also exhibited reduced HMGB1 protein (Fig. 5e). This
combination indicates that the virus triggers HMGBI
expression in the infected cells and induces HMGBI
migration from the nucleus to the cytoplasm. MyD88"
mice are protected from MHV-3 infection via reduced
HMGBI1 concentration in infected liver tissues.
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Discussion
Viral fulminant hepatitis (FH) has become a
major public health concern. However, insufficient

understanding of the immune mechanisms at play
in severe viral hepatitis has largely hampered the
development of clinically effective interventions. When
BALB/cJ and C57BL/6 mice were infected with MHV-
3, their mononuclear/macrophage cells were activated,
resulting in a significant increase in proinflammatory
mediators, eventually leading to hepatic sinus thrombosis
and hepatocyte necrosis '*l. These syndromes are very
similar to the clinical manifestations in FH patients.
Therefore, the mouse FH model can improve our
understanding of the pathogenesis of the disease. In
this study, we report that mice deficient in MyDS88
are resistant to MHV-3-mediated FH due to limited
recruitment of proinflammatory NKp46 Lin Thyl.2'Royt*
ILC3 to the liver, as well as reduced expression of
multiple proinflammatory cytokines like TNF-«, IFN-y,
IL-6 and FGL2, thus limiting liver pathology and
prolonging survival post-infection. MHV-3 also triggers
the expression of HMGB1 in infected hepatocytes/

Unintected

MHV-3 72h

WT Myadss™
#1 #4_#1 #2 #3 #4

HMGB1
[T ypp——cY.\pls

- I HMGB1
b_-_._-_-_-_-gl GAPDH
| HMGB!
|._. e = w e GAPDH

Oh

p—-- - ---| GAPDH

Fig. 5 MyD88 deficiency reduced the secretion of HMGB1. The macrophage cell line, Raw264.7 cells, were infected with MHV-3-infected (MOI
=1). (@) HMGB1 localization before and after 24 h of infection was monitored by immunofluorescent confocal microscopy; (b) The accumulation of
HMGB1 in the supernatants was detected by ELISA; (c) The expression of HMGB1 protein in normal and MHV-3-infected liver tissues was detected
by immunohistochemistry; (d) Serum concentration of HUGB1 in MyD88"* and WT mice was detected by ELISA, n =5 per group, ‘P < 0.05; (e) Liver
concentration of HMGB1 in MyD88" and WT mice was detected by western-blot, n = 4 per group, ‘P < 0.05
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macrophages and induces HMGBI translocation from the
nucleus to the cytoplasm and extracellular milieu, where
HMGB1 induces MyD88dependent proinflammatory
cytokine secretion. These results demonstrate that the
MyD88 is part of the essential signaling pathway in
controlling inflammation in the viral FH.

FGL2 plays a key role in fulminant hepatitis and
host death caused by MHV-3 infection. By blocking
the expression of FGL2, sinus fibrin deposition and
hepatocyte necrosis can be effectively prevented, thereby
reducing the mortality of infected mice B2, Previous
studies have shown that pro-inflammatory cytokines,
including IL-1B, TNF-«, IFN-y and complement C5a,
can aggravate MHV-3-induced FH by promoting FGL2
expression and increasing liver fibrinogen accumulation
(24261 However, the mechanism by which MHV-3
induces an inflammatory response is unclear. MyD88
is a key adaptor protein for most TLR-dependent
inflammatory signaling pathways as well as the IL-18R1,
IL-1R1, and IFN-yRI signaling cascades . Although
MyD88-mediated proinflammatory signaling has been
implicated in the protection from numerous bacterial
and parasitic infections, few in vivo studies have found
that MyD88 is protective against viral diseases. Here, we
showed that WT C57BL/6 mice are susceptible to lethal
MHV-3 infection by a MyD88-dependent induction
of proinflammatory mediators, and the recruitment of
NKp46'Lin Thyl.2'Royt* ILC3 to the liver. Conversely,
MyD88" mice are resistant to MHV-3-meditated hepatitis
and mortality by preventing proinflammatory cytokine
and ILC3 accumulation and thus attenuating FGL2
expression (Fig. 1, Fig. 2 and Fig. 3). Our results differ
from previous virological studies, which have shown that
MyD88" mice infected with VSV, RSV, LCMV or rMA15
viruses have more severe diseases >34, These results also
differ from those seen in MHV-68 viral infections, where
MyD88-dependent induction of type-I IFN is crucial to
control viral replication ®!. These unexpected results
imply that My D88 has dual effects on the immune system
and that the proper balance of its signaling is essential for
host protection against various invading viruses as well
as prevention of potential collateral damage to the host.

Innate immune cells (ILCs) are lineage negative (Lin’)
lymphocytes generated by the post fetal liver, which
are divided in three major subgroups according to
their functional and phenotypic characteristics. These
include group 1 (which produces IFN-y and IL-17),
group 2 (which produces IL-4 and IL-5) and group 3
(which produces IL-22 and IL-17) ILCs 37 Previous
work has shown that ILC3s in lymphoid tissues from
SIV-infected macaques can be induced to undergo
apoptosis by microbial products through the TLR2 or
TLR4 pathway 8. Moreover, ILCs depletion resulted in
the loss of airway epithelial integrity, diminished lung
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function and impaired airway remodeling after influenza
virus infection °.. Here, we showed that MyD88’ mice
are protected from lethal MHV-3 infection by lack of
recruitment of NKp46 Lin Thy1.2'Royt" ILC3 to the liver,
which may contribute to the pathogenesis of MHV-3-
induced FH as these cells have the capacity to produce
proinflammatory mediators including TNF-«, IL-17 and
FGL2 (Fig. 4c, 4d and 4e). However, we showed that
liver recruitment of neither CD11b*F4/80* monocytes/
macrophages, nor Gr-1""CD45* neutrophils were
impaired by MyD8&8 signaling (Fig. 4a and 4b), although
these cell types have the capacity to promote liver damage
by inducing the expression of proinflammatory mediators
and boosting viral replication “**!. The combination of
these results suggests that hepatic infiltration of NKp46-
Lin'Thyl.2'Royt" ILC3 actively participates in MHV-3-
induced hepatitis.

It is critical to identify and characterize “non-PAMP”
host-derived molecular patterns that can activate Myd88.
HMGBI protein is a highly conserved nuclear protein
that participates in DNA organization and the regulation
of transcription !>7% and can be released passively by
necrotic and damaged somatic cells into the extracellular
milieu >1%, HMGBI activates macrophages/monocytes
and endothelial cells to express pro-inflammatory
cytokines, chemokines and adhesion molecules by
interacting with its receptors, including RAGE, as well
as TLR2 and TLR4, in the extracellular space 2. The
contributions of HMGBI to the pathogenesis of viral
infectious diseases have been well described, for examples,
both RNA virus (WNV, Dengue virus, and HIV-1) and
DNA virus (HSV-2) infections have been shown to
result in the secretion of HMGB1 through apoptosis and/
or necrosis 3 and the elevation of HMGB1 levels in
the plasma of HCV patients with chronic hepatitis, liver
cirrhosis, and HCC likely is attributable to the cytopathic
effects of HCV infection . We found that MHV-3
induces the migration of HMGB1 from the nucleus to
the cytoplasm and its accumulation in the supernatants
of infected Raw264.7 cells. Moreover, enhanced HMGB1
protein serum concentration was also seen in MHV-3
infected mice (Fig. 5). Therefore, HMGB1 may participate
in MHV-3-mediated pathogenesis by acting alone or in
combination with other proinflammatory cytokines.

In summary, our study shows that MyD88-dependent
proinflammatory cytokine production plays a double-
edged role in the host immune system. Hepatotropic
viral infections, like MHV-3 infections in mice, can
induce excessive inflammation of the liver and cause
life-threatening viral FH. These results suggest a novel
strategy, which would involve modulation of the My D88
signaling pathway, in combination with blocking other
inflammatory factors to assist in the treatment of viral FH
and other severe inflammatory diseases.
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Background The association between the expression of programmed cell death 1 (PD-1) or its ligand
[programmed cell death ligand-1 (PD-L1)] and colorectal cancer (CRC) survival rates remains unclear.
Thus, we conducted a meta-analysis to investigate the prognostic value of PD-L1 expression in CRC
patients.

Methods Al eligible studies related to evaluation of PD-L1 expression and survival of CRC patients were
searched in PubMed, Medline, Cochrane library, and the EMBASE database. Hazard ratios (HRs) and 95%
confidence intervals (Cl) of overall survival (OS) were examined to assess the effect of PD-L1 expression
on the survival of CRC patients. The outcomes of this meta-analysis were synthesized based on random-
effects model. Subgroup analyses were also performed.

Results Seven studies, wherein OS data were stratified according to the expression status of PD-L1,
were analyzed. CRC patients showing positive PD-L1 expression were associated with significantly poorer
prognoses in terms of overall survival, compared with those displaying negative PD-L1 expression (HR
=1.43, 95% CI: 1.07-1.92; P = 0.02). In the subgroup analyses, H-scores as well as the percentage of
stained cells indicated that PD-L1 expression was significantly associated with poor prognosis (HR = 1.90,
95% Cl: 1.38-2.62, P < 0.01; HR = 1.81, 95% CI: 1.08-3.03, P = 0.02). Immunohistochemical staining,
utilizing a rabbit anti-PD-L1 antibody, revealed significantly superior survival in the PD-L1 negative group
compared with the PD-L1 positive expression group (HR = 1.92; 95% Cl, 1.40-2.63; P < 0.01). Moreover,
PD-L1 expression was significantly associated with poor prognosis when polyclonal antibodies were used
(HR =1.84; 95% ClI, 1.30-2.61; P < 0.01).

Conclusion Our meta-analysis indicated that PD-L 1 expression status is a significant prognostic factor for
CRC patients. Positive PD-L1 expression was associated with worse CRC survival. Evaluation via different
immunohistochemistry based techniques may partly account for the contradictory results. Therefore, further
investigative studies using larger sample sizes are felt to be needed to elucidate the prognostic value of
PD-L1 expression in CRC patients.

Key words: colorectal cancer (CRC); programmed cell death ligand-1 (PD-L1); prognosis; Meta-analysis
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Colorectal cancer (CRC) is a common cancer and
one of the leading causes of cancer-related morbidity
and mortality worldwide U2, Although surgery,
chemotherapy, and radiotherapy have significantly
improved the clinical outlook for CRC patients, the
5-year survival rate still remains low *. Thus, alternative
strategies, such as immunotherapy, are now being

considered for the management of CRC P.. Furthermore,
many key molecular alterations are used as biomarkers
for predicting prognosis. Programmed cell death 1 (PD-
1) and PD-1 ligand 1 (PD-L1) expression have been
observed in various malignancies and are reported to
play an important role in modulating the strength of T
cell response *7!. Blockade of the PD-1/PD-L1 signaling
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pathway can minimize damage to surrounding normal
tissues by maintaining T cell activation ®°. Previous
studies have found that PD-1/PD-L1 expression in tumor
cells is correlated with poor prognoses ™13, Moreover,
some clinical studies have shown that anti-PD-1 or PD-
L1 antibodies may prolong the survival of melanoma
patients, with particular reference to advanced and
refractory patients 141,

Despite the development of antibodies against PD-1
and PD-L1, their predictive value of prognosis for CRC
patients remains unclear. The association between PD-1/
PD-L1 expression in CRC and patient survival also
remains controversial. Previous meta-analyses has shown
that PD-1/PD-L1 expression status was a significant
prognostic factor in malignancies, and that positive
PD-1/PD-L1 expression was associated with significantly
poorer overall survival (OS), especially in patients with
clear cell renal cell carcinoma and pancreatic cancer ['7.
However, another meta-analysis contended that there
was no statistically significant relationship between PD-
L1 expression and the prognosis for non-small-cell lung
cancer patients . However, strong PD-L1 expression was
observed in patients with CRC and was associated with a
significant improvement in the 5-year survival rate [°.,

Studies related to the prognostic significance of
PD-1/PD-L1 expression in CRC patients have yielded
inconsistent results due to a lack of statistical power.
Moreover, meta-analyses pertaining to CRC related
expression of PD-1 and PD-L1 have not been performed.
In order to address these issues, we conducted a meta-
analysis to evaluate the association between prognostic
value and PD-L1 status in CRC patients.

Material and methods

Literature search

All studies evaluating PD-L1 expression and survival
of CRC patients were retrieved by searching PubMed,
Medline, Cochrane library, and the EMBASE database.
Different search term combinations were used, including
“colorectal cancer,” “PD-L1,” “B7-H1,” “survival,” and
“prognosis.” A manual search through all references of
the relevant articles was also performed.

Inclusion and exclusion criteria

To be eligible for the current meta-analysis, studies
had to meet the following criteria: (1) investigation
of the association between PD-L1 expression and the
prognosis for CRC patients; (2) the expression level of
PD-L1 was scored as either “positive” or “negative” via
immunohistochemistry (IHC) staining; (3) The primary
outcome of OS according to PD-L1 status was available for
estimation. Studies with insufficient data were excluded.
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Data extraction and quality assessment

We extracted the required data from all eligible studies;
the name of the first author, the year of publication,
IHC evaluation method, cut off value for positive PD-
L1 expression, primary antibody, and OS. OS data were
extracted in the form of hazard ratios (HRs) with 95%
confidence intervals (CI). In order to ensure the quality of
our meta-analysis, two authors used the Methodological
Index for Nonrandomized Studies (MINORS) to
independently evaluate the quality of the eligible studies.

Statistical analysis

All statistical analyses were performed using RevMan
5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014) analysis software and Stata
software. HRs for OS with 95% CIs was used to assess
the effect of PD-L1 expression on the survival of CRC
patients. Subgroup analyses were performed according
to patients from different countries, IHC evaluation
methods and primary antibodies (source, type, and
catalog), respectively. Heterogeneity among studies was
assessed using the Q and I” statistics [*.. The random effect
model was utilized in case of potential heterogeneity.
Additionally, publication bias was evaluated using
Egger’s ! and Begg-Mazumdar ®? procedures. For all
tests, statistical significance was set at P < 0.05 for a two
tailed test.

Results

Search results

The search results were shown (Fig. 1). The primary
literature research retrieved a total of 690 potentially
relevant articles. After screening titles and abstracts, 569
references were excluded due to being irrelevant to the

Studies indentified by
primary search (n=690)

Irrelevant topics revealed
through title review (n=569)

Studies reviewed in detail
(n=121)

Review article without
reporting OS as clinical
outcome (n=91)

Potentially relevant studies
(n=10)

Studies without available
data to obtaion HR for OS
and its 95% Cl (n=3)

Eligible studies involved in
the meta analysis (n=7)

Fig. 1 Process for identification of eligible studies.
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subject of the analysis. Additionally, 91 studies, which
did not report OS as a clinical outcome, were excluded.
Next, three studies with insufficient survival data were
excluded after full-texts were read. Ultimately, the seven
remaining studies were included for further statistical
evaluation 2,

Characteristics of included trials

The characteristics of analyzed studies were
summarized (Table 1). In the trials that were included,
CRC patients had been used to evaluate PD-L1 expression
and its relationship with OS in CRC. PD-L1 expression
was evaluated via the IHC method in all included studies.

Meta-analyses of PD-L1 expression in terms
of 0S

Seven studies provided 5-year OS for CRC. In CRC
patients, positive PD-L1 expression was associated with
significantly poorer OS when compared to negative PD-
L1 expression (Random-effects model, HR = 1.43, 95%
CI: 1.07-1.92; P = 0.02; Fig. 2). There was significant
heterogeneity among studies (I* = 51%, P = 0.06).
However, no evidence of significant publication bias was
detected (Egger test, t=2.42, P=0.06; Begg test, Z=0.62,
P=0.54).

http://otm.tjh.com.cn

Subgroup analysis between PD-L1 expression
and OS

PD-L1 expression was not significantly associated
with poor prognosis for both Chinese and non-Chinese
patients (Fig. 3). With respect to the different methods
of IHC evaluation, the H-score system method, as well
as the percentage of stained cells method, indicated that
positive PD-L1 expression was significantly associated
with poor prognosis when compared with negative PD-
L1 expression (HR =1.90, 95% CI: 1.38-2.62, P< 0.01; HR
=1.81, 95% CI: 1.08-3.03, P=0.02; Fig. 4). Furthermore,
significantly superior survival was shown in the negative
PD-L1 expression group compared with the positive PD-
L1 expression group when rabbit antibody was used as
the primary anti-PD-L1 antibody (HR = 1.92; 95% CI,
1.40-2.63; P < 0.01; Fig. 5). Moreover, PD-L1 expression
was significantly associated with poor prognosis when
the polyclonal antibody (PAB) was used (HR = 1.84; 95%
CIL, 1.30-2.61; P< 0.01; Fig. 6). No statistical relationships
between PD-L1 expression and CRC prognosis were
detected in the remaining subgroups.

Table 1 Characteristics of included studies

Cutoff Value ; - -
Study Year Country Evaluation for PD-L1/ Antibody (Company) Antbody Hgéor L%gfy“né:t U?gg‘r’/“rgllt

PD-1 Positive Source Type Catalog 0907 LI 01907
ShiSJ 2013 China  H-score >200 Abcam, UK Rabbit PAB ab58810 China  China 3.576
SongMM 2013  US DIA NR Abcam, UK NR NR NR us us 1.979
LiangM 2014  China  H-score >20 Santa Cruz Biotechnology, USA Rabbit PAB NR China  China 2.713
Zhu JJ 2014 China NR NR Boster, China Mouse MAB Clone 2H11 China China 0.98
ZhuHL 2015 China Percentage 1% Abcam, UK Rabbit MAB NR China China 4.684
Saigusa 2016 Japan  H-score NR LifeSpan BioSciences, USA  Mouse MAB Clone 27A2 Japan  Japan 5.016
Wang LS 2016  China Percentage 1% Spring Bioscience, USA NR MAB SP142  China China 2.89

DIA: Digital image analysis; HR: Hazard ratio; MAB: Monoclonal antibody; NR: Not reported; PAB: Polyclonal antibody; H-score: Sl (Staining intensity)*PP
(Percentage of positive cells) (SI: 0, negative; 1, weak; 2, moderate; and 3, strong; PP: 0, negative; 1 to 100, 1% to 100% positive cells).
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Fig. 2 Meta-analysis of PD-L1 positive versus PD-L1 negative on CRC tissues.



Oncol Transl Med, April 2019, Vol. 5, No. 2

—Study or Subgroup _log[Hazard Ratio]  SE Weight IV, Random, 95% Cl
China
Liang M 2014 0.5539 0.1917 27.3%
Shi 8J 2013 0.9597 0.4856 15.9%
Wang LS 2016 0.3293 038 196%
Zhu HL 2015 0.8346 0.3621 20.3%
Zhu JJ 2014 -0.9416 0.4546 16.9%
Subtotal (95% CI) 100.0%

Hazard Ratio

71

Hazard Ratio
IV, Random, 95% CI

1.74[1.20, 2.53]
2.61[1.01, 6.76]
1.39[0.66, 2.93]
2.30 [1.13, 4.68]
0.39 [0.16, 0.95]
1.46 [0.85, 2.50]

Heterogeneity: Tau? = 0.24; Chi® = 11.99, df = 4 (P = 0.02); F = 67%

Test for overall effect: Z=1.38 (P = 0.17)

Not China
Saigusa 2016

Song MM 2013
Subtotal (95% CI)

08233 0403 39.6%
0.1604 0.2668 60.4%
100.0%

2.28[1.03, 5.02]
1.17 [0.70, 1.98]
1.53 [0.81, 2.88]

Heterogeneity: Tau? = 0.10; Chi2=1.88, df =1 (P =0.17); P =47%

Test for overall effect: Z = 1.30 (P = 0.19)

Test for subaroun differences: Chi? = 0.01. df =1 (P =0.92). 2=0%

—
S

- —
—_—

Aot

%

0.01

0.1 1 10 100

PD-L1 positive PD-L1 negative
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Fig. 4 Subgroup analysis of positive expression of PD-L1 on tumor cells according to IHC evaluation method.
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Fig. 5 Subgroup analysis of the association between PD-L1 expression and different source of antibody.
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Fig. 6 Subgroup analysis of the association between PD-L1 expression and different type of antibody.
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Discussion

Recent studies have shown that PD-1/PD-L1 is highly
expressed in a variety of human cancers **3!. High PD-1/
PD-L1 expression may contribute to tumor immune
evasion . However, correlation between PD-1/PD-
L1 expression levels and cancer progression remains a
controversial subject. Previous studies have shown that
PD-1/PD-L1 expression levels are indicators of poor
prognoses for patients with renal cell carcinoma, gastric
carcinoma, and pancreatic cancer ['7.

Our meta-analysis explored the association between
PD-L1 expression and prognosis for CRC patients. The
results indicated that PD-L1 expression was associated
with a poor prognosis for CRC. Moreover, subgroup
analysis showed that positive PD-L1 expression was
associated with poor prognosis for CRC patients when
different antibodies or different IHC methods were used.
As a whole, these results confirmed that PD-L1 plays a
key role in cancer immune escape and that activation of
the PD-L1 pathway had a profoundly adverse prognostic
impact on CRC patients. Thus, therapies targeting PD-
L1, such as blockading PD-L1, may improve antitumor
immunity and display clinical responses in CRC patients
expressing high PD-L1 levels.

PD-L1 and PD-1 were found to play an important role
in cell proliferation, apoptosis, migration, and invasion,
leading to the prevention of tumor destruction !'%. Results
of previous studies have confirmed the role of PD-L1/
PD-1 in CRC development 3. Our results indicated
that CRC patients with positive PD-L1 expression have
a worse 5-year outcome. Previous studies reporting
on OS demonstrated that PD-L1 overexpression and
PD-1 expression were associated with prognoses for
CRC patients %], Potential association between PD-
L1/PD-1 expression and prognosis for other tumors has
also been assessed by previous meta-analyses [ '7.. PD-1
overexpression in non-small-cell lung cancer (NSCLC)
was associated with a poor prognosis for NSCLC B+,
However, no significant correlation was found between
PD-L1 expression and prognosis for NSCLC, suggesting
that PD-L1 was not a prognostic predictor for NSCLC
patients ['%. Differences between methods used in these
studies, such as different methods of defining positive vs
negative PD-L1/PD-1 expression and the use of different
batches of PD-L1/PD-1 antibodies, may partly account
for the contradictory results.

Subgroup analyses of IHC methods, definition of
positive PD-L1 expression and the sources and types
of primary antibodies used showed that both IHC
evaluation methods and primary antibodies displayed
a consistent prognostic correlation with overall results.
Positive PD-L1 expression in tumor-infiltrating immune
cells was associated with a worse prognosis compared

73

with the negative PD-L1 expression group when both
rabbit and PAB antibodies were used, as well as when
both percentage evaluation method and H-score system
were used. A previous study reported that positive PD-1
expression was an independent predictor for colorectal
carcinoma prognosis when the H-score system was
used as the THC evaluation method . Another study
has indicated that PD-L1 expression was a prognostic
indicator for CRC patients when digital image analysis
was used as the IHC evaluation method B¢ These results
implied that further studies with larger sample sizes
might be needed to confirm the relationship between
PD-L1/PD-1 expression and prognosis for CRC patients
with different baseline characteristics.

In conclusion, our meta-analysis provided evidence
that PD-L1 expression was an independent predictor of
prognosis for CRC. Overexpression of PD-L1, as measured
via IHC, was associated with a worse prognosis for CRC.
These new findings have improved understanding of the
association between PD-L1 and the progression of CRC.
Moreover, antibody-mediated blockade of PD-L1 may
represent a promising treatment target for CRC.
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Objective The objective of this study was to analyze the correlation between BRAF®™t and TERT
promoter mutations and papillary thyroid microcarcinoma (PTMC) risk factors, and their importance in the
risk assessment of papillary thyroid microcarcinoma.

Methods This study retrospectively analyzed 107 cases of PTMC, which were diagnosed after the
surgery in the department of head and neck surgery in Gansu Province Tumor Hospital from October 2014
to June 2016. The mutations of BRAFV®E and TERT promoter were detected by PCR direct sequencing.
We analyzed the data using 72 test and binary Logistic regression analysis.

Results  Among 107 patients with PTMC, the BRAFVE® and TERT promoter mutation rates were 68.2%
and 11.2%, respectively. Single factor analysis showed that there was a significant difference between the
presence of membrane invasion, lymph node metastasis, and BRAFV5E mutations (P < 0.01). The age,
gender, thyroid capsular invasion, poor pathologic subtype, and lymph node metastasis of patients, was
significantly associated with the TERT promoter mutation (P < 0.05) and the coexistence of the BRAFY6?E
and TERT promotor mutations; although, there was a difference between the association of these factors
with the TERT promoter mutation and the association of these factors with the coexistence of the BRAFVE%E
and TERT promotor mutations. The multifactorial analysis showed that the factors closely related to the
BRAFVA%E mutation included capsular invasion (P = 0.012) and lymph node metastasis (P = 0.000). The
following factors were closely associated with the TERT promoter mutant: male (P=0.004), aged < 45 years
(P=0.026), capsular invasion (P = 0.004), pathological subtype (P = 0.030), and lymph node metastasis (P
=0.043). The following factors were closely related to the simultaneous mutation of BRAFVE™E and TERT:
male (P = 0.022), capsular invasion (P = 0.023), poor pathological subtype (P = 0.041), and lymph node
metastasis (P = 0.030).

Conclusion The risk of recurrence increases significantly when mutations in BRAFV®"E and TERT
promoters occur simultaneously in PTMC and may have adverse outcomes. Combined detection of
BRAFVAE and TERT promoter mutations is of great value in risk assessment of PTMC.

Key words: papillary thyroid microcarcinoma (PTMC); BRAF VA, TERT; mutation

Papillary thyroid microcarcinoma (PTMC) accounts for
a large proportion of thyroid cancers with a high annual
incidence M. PTMC is defined as small papillary thyroid
carcinoma that is less than 1.0 cm 2. Most prognosis of
PTMC are considered to be excellent, but some PTMCs
have poor prognosis. If the molecular markers of PTMC
can be discovered, they can be used to accurately predict
prognosis and guide the improvement of clinical diagnosis
and treatment. This study will examine BRAFVE
and telomerase reverse transcriptase (7ERT) promoter
mutation and their relationship with PTMC risk factors;
This will hopefully help balance the treatment-associated

benefit and risk of PTMC.

Material and methods

Research object and methods

One hundred and seven patients with PTMC without
metastasis were included (24 men and 83 women), with
a median age of 44.0 = 11.8 years (ranging from 19 to 76
years). Of these patients, 48 were less than 45 years old
and 59 were over 45 years old after the initial diagnosis
and treatment in the department of head and neck surgery
in Gansu Provincial Tumor Hospital from October 2014
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to June 2016. There were 38 cases where the size of tumor
was less than 5 mm and 69 cases with sizes more than 5
mm, 28 cases with multifocal carcinoma and 79 cases with
solitary carcinoma, 41 cases with thyroid capsule invasion
and 66 cases with tumor encapsulation. There were 19
cases with poor pathologic types (high cell subtype,
columnar cell subtype, eosinophil subtype, etc.) and 88
cases without it, 64 cases had no lymphoid involvement
(stage NO) and 43 cases had lymph node involvement
(stage N1 Nla + N1b) (Table 1). All subjects had no
previous history of tumors, and standardized surgical
treatment and pathological diagnosis were performed.
This study was approved by the Ethics Committee of
Gansu Provincial Tumor Hospital, and the patients were
prior informed and consented.

Sequencing method

The BRAF"E and TERT promoter mutations were
detected by polymerase chain reaction (PCR) and direct
sequencing. The TERT promoters included the C228T
and C250T sites. Tumor tissues were fixed with a 4%
formaldehyde solution, embedded in paraffin, and sliced
at a thickness of 5 to 10 pm. One slice was taken for
routine hematoxylin and eosin (HE) staining, and then
identified by the pathologist and evaluated for tumor
cell content. Two to four sections were taken to extract
genomic DNA, which were then subjected to PCR
amplification. After electrophoresis was used to detect
the quality of the PCR amplification product, the higher
quality PCR amplification products were subjected to

http://otm.tjh.com.cn

DNA sequencing. These results were compared with the
BRAF"E and TERT gene sequences, to confirm whether
or not mutations occurred.

Statistical analyses

Statistical analysis of relevant data was performed
using SPSS v19.0 software. Univariate analysis of each
variable was performed using the y? test and multivariate
analysis was performed using binary logistic regression
analysis; P< 0.05 was considered statistically significant.

Results

BRAFV%°°f mutation

The BRAFYE mutation rate in patients with
PTMC was 68.2% (73/107). There were no significant
correlations between gender, age, tumor size, number
of primary lesions, adverse pathological subtypes and
BRAF" mutations (P > 0.05). However, there was a
significant correlation between thyroid capsule invasion,
lymph node metastasis, and BRAF"® mutations (P <
0.01). Multivariate logistic analysis revealed significant
factors associated with BRAF"F mutations, including
thyroid capsule invasion (P = 0.012) and lymph node
metastasis (P = 0.000) (Table 1 and 2).

TERT promoter mutation

The mutation rate of TERT promoter in PTMC patients
was 11.2% (12/107), among which, the TERT C228T site
mutation rate was 66.7% (8/12) and the TERT C250T site

Table 1  Relationship of BRAFY® and TERT promoter mutations with Clinicopathological features of PTMC (n, %)
Features n (%) BRAF (n=73) b P TERT (n=12) X P BRAF+TERT(n=9) 4 P
Gender

Male 24 (22.4) 18 (75.0) 7(29.2) 5(20.8)

Female 83 (776) 55 (66.3) 0.655 0.418 5 (6.0) 10.014 0.002 4(48) 6.197 0.013
Age (years)

<45 48 (44.9 29 (60.4) 1(2.1) 1(2.1)

> 45 59 (55.1) 44 (74.6) 2448 0.118 11 (18.6) 7.290 0.007 8 (13.6) 4525 0.033
Tumor size (d/mm)

<5 38 (35.5) 23 (60.5) 3(7.9) 2(5.3)

> 5 69 (64.5) 50 (72.5) 1.611 0.204 9(13.0) 0.652 0.419 7(10.1) 0.758 0.384
Multifocal

Yes 28(26.2) 19 (67.9) 5(17.9) 3(10.7)

No 79 (73.8) 54 (68.4) 0.002 0.961 7(89) 1.680 0.195 6(76) 0.261 0.609
Capsular invasion

Yes 41(38.3) 34 (82.9) 10 (24.4) 7(17.1)

No 66 (61.7) 39 (59.1) 6.628 0.010 2(3.0) 11.588 0.001 2(3.0) 6.474 0.011
Pathological subtype

Low risk 88 (82.2) 58 (65.9) 7(7.9) 5(5.7)

High risk 19.(17.8) 15(78.9) 1.225 0.268 5 (26.3) 5291 0.021 4@11) 4.792 0.029
Lymph node Metastasis

NO 64 (59.8) 34 (54.7) 4 (6.3) 2(3.1)

N1(N1a + N1b) 43 (40.2) 39 (88.4) 16.748 0.000 8 (18.6) 3.943 0.047 7(16.3) 5177 0.018
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Table 2  Multivariate Logistic regression analysis of BRAFY8E and TERT promoter mutations of PTMC

95.0% Clfor Exp (B)

Factors Partial regression coefficient Standarddeviation ~ Wald dfe P Exp®(B)
Lower Upper
BRAF
Capsular invasion -1.213 0.485 6.260 1 0.012 0.297 0.115 0.769
Lymph node Metastasis 2.152 0.582 13.687 1 0.000 8.603 2.751 26.903
TERT
Gender -1.860 0.644 8.346 1 0.004 0.156 0.044 0.550
Age 2.377 1.064 4.986 1 0.026 10.771 1337 86.755
Capsular invasion -2.334 0.805 8.411 1 0.004 0.097 0.020 0.469
Pathological subtype 1.419 0.653 4719 1 0.030 4133 1.149 14.866
Lymph node Metastasis 1.232 0.648 3.816 1 0.043 3.429 0962 12215
BRAF + TERT
Gender -1.648 0.718 5.272 1 0.022 0.192 0.047 0.786
Age 1.998 1.080 3.423 1 0.064 7.373 0.888  61.194
Capsular invasion -1.885 0.829 5.167 1 0.023 0.152 0.030 0.771
Pathological subtype 1.488 0.727 4.186 1 0.041 4.421 1.064  18.408
Lymph node Metastasis 1.796 0.829 4.699 1 0.030 6.028 1.188 30.589

adf: Degree of freedom, *Exp (B): The OR value of the corresponding variable(Advantage ratio), Cl: Confidence interval

mutation was 33.3% (4/12). Age, gender, capsule invasion,
adverse pathological subtypes, and lymph node metastasis
were significantly associated with TERT promoter
mutations (P < 0.05). There was no significant correlation
between tumor size and the number of primary lesions
with TERT promoter mutations (P > 0.05). Multivariate
logistic analysis showed that male patients (P = 0.004),
aged < 45 years (P = 0.026), who had thyroid capsule
invasion (P = 0.004), an adverse pathological subtypes
(P =0.030), and lymph node metastasis (P = 0.043) were
significant associated with the TERT promoter mutation
(Table 1 and 2).

Coexistence of BRAFV59% and TERT promoter
mutations

Twelve PTMC patients had TERM promoter mutations,
and nine of them (75%) had BRAF'® mutations as
well. Age, gender, capsule invasion, adverse pathological
subtypes, and lymph node metastasis were significantly
associated with BRAF" and TERT mutations (p< 0.05).
There was no significant correlation between tumor size
and the number of primary lesions with the BRAF**and
TERT mutations (P > 0.05). Multivariate logistic analysis
showed significant correlation between male patients (P
= 0.022), who had thyroid capsule invasion (P = 0.023),
an adverse pathological subtype (P = 0.041), and lymph
node metastasis (P = 0.030) with BRAFV*F and TERT
mutations (Table 1 and 2).

Discussion

PTMCisacommon type of papillary thyroid carcinoma,
and most prognoses of PTMC are considered to be

excellent with a 15-year survival rate of approximately
90.7% Bl. However, some PTMC have highly invasive
clinicopathological features, which may result in cervical
lymph node involvement or even multiple metastases
with small primary lesions. The treatment of PTMC has
been controversial for many years ¢, including how to
screen high-risk patients in PTMC and achieve accurate
treatment, which depends on further development of
molecular etiology and molecular imaging as well as
other related disciplines 71,

At present, the key indicators for PTMC risk
assessment, such as tumor diameter, multifocal, capsule
invasion, adverse pathological subtypes, and lymph node
involvement, are mostly based on retrospective studies
of postoperative pathological results and have limited
value in preoperative evaluations and intraoperative
guidance M. There is an urgent need to discover more
molecular markers for diagnosis, prognostic evaluation,
and therapeutic targets. It is extremely important for
formulating rational and standardized treatment protocols
to screen out valuable molecular biomarkers of PTMC.

The BRAF"F gene is a DNA sequence that can
be transfected into NIH3T3 cells in human Ewing’s
sarcoma. The mutation of T1799A in the BRAF gene
can activate the MAPK pathway, which promotes cell
proliferation and carcinogenesis, and it is closely related
to the occurrence and development of thyroid cancer
(127131 BRAF"®™E ig one of the most common mutant genes
in thyroid cancer, with high diagnostic specificity and
a sensitivity of 85.1% [*. However, with the increasing
sensitivity of molecular biology techniques, the detection
rate of the BRAF"™E gene mutation in thyroid cancer
is increasing. Furthermore, the role of the BRAF gene
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mutation, as an independent prognostic indicator, is
controversial [°.

Studies have shown that BRAF mutations are closely
related to the occurrence, development, recurrence, and
prognosis of papillary thyroid carcinoma (PTC) and can
be used to assess the risk of PTC [1*'8] A meta-analysis
found that the BRAF"®F mutant had a higher recurrence
rate (24.9% vs. 12.6%) than the BRAF wild type in 2470
PTC patients, and the BRAF"®F mutation correlated with
tumor aggressiveness . Some studies have found PTMC
patients with the BRAF gene mutation have a higher rate
of cervical lymph node metastasis; Hence, it is considered
as an independent risk factor for this metastasis. The
BRAF gene mutation in PTMC patients also has a high
rate of lateral lymph node metastasis 2°-2!],

It was also reported that tumor recurrence was mainly
associated with lymph node metastasis and thyroid
capsule invasion without the BRAF"® mutation.
Furthermore, the BRAF gene mutation did not increase
the invasiveness of PTMC %, The prognostic value of
the BRAF"E mutation, in the recurrence of papillary
thyroid carcinoma, was evaluated. The results indicated
that the BRAFYF mutation in the high-risk group (aged <
35 years and > 60 years), had local residual and recurrence
rates that were 17.28 to 33.49 times higher than those of
the low-risk group, BRAFY6"! 24 The earliest study on
BRAF gene mutations in China showed that there was
no correlation between the BRAF mutation and the
prognosis of papillary thyroid carcinoma, except when
they were related to the age of the patients . Thus, the
prognostic value of BRAF gene mutations is a debatable
indicator and should be used in combination with other
molecules or other clinicopathological factors for tumor
prognosis.

This study showed that the BRAF"E mutation rate
of PTMC was 68.2% (73/107). There was no significant
correlation between gender, age, tumor size, number of
primary lesions, and adverse pathological subtypes with
the BRAF"E mutations (P > 0.05), when associated with
capsule invasion and lymph node metastasis (P < 0.01).
Multivariate logistic analysis showed that the BRAF"60E
mutation was significantly associated with capsule
invasion and lymph node metastasis, which is associated
with the prognosis of PTMC 2. Thus, based on this study,
the BRAF"*F mutation can be considered as a reference
index for evaluating the prognosis of PTMC.

The TERT promoter mutation in thyroid cancer was
first discovered in 2013, and later studies have found that
the mutation rate in patients with PTMCis 4.7% and it was
related to the degree of tumor differentiation 2%\, This
study found that the mutation rate of the TERT promoter
in patients with PTMC was 11.2% (12/107). There was
a significant correlation between age, gender, capsule
invasion, adverse pathological subtypes, and lymph node

http://otm.tjh.com.cn

involvement with TERT promoter mutations (P < 0.05).
However, there was no significant correlation between
tumor size and number of primary lesions with TERT
promoter mutations (P > 0.05). Multivariate logistic
analysis showed that male patients, aged < 45 years old,
with capsule invasion, adverse pathological subtypes, and
lymph node involvement, were significantly associated
with the TERT promoter mutations. Therefore, this
study suggests that TERT mutations are closely related to
prognosis in patients with PTMC.

Studies have shown that BRAF"F is correlated and
synergistic with TERT promoter mutations %%°.. This
study found that BRAF"E mutations in PTMC patients
were not significantly associated with gender, age, tumor
size, number of primary lesions, and adverse pathological
subtypes (P> 0.05). However, BRAF""E shows significant
correlation (P < 0.05) when combined with TERT
mutations. Multivariate logistic analysis showed that
males with thyroid capsule invasion, adverse pathological
subtype, and lymph node involvement, which are known
risk factors for PTMC recurrence, are associated with
BRAF"E and TERT mutations. This study showed that
BRAF"™E and TERT promoter mutations have great value
for PTMC risk assessment and could be used as primary
indicators for predicting prognosis.

While the future of PTMC prognosis is promising, there
are controversies surrounding the various treatments and
the search for specific molecular markers is ongoing.
Many studies about BRAF"F mutations have also been
reported. However, studies on BRAF""E mutations and
TERT promoter mutations have rarely been reported
in patients from other countries. Other studies have
mainly concentrated on late-stage tumors or tumors
with poor prognosis; only a few have studied PTMC.
Our study suggested that simultaneous BRAF"E and
TERT promoter mutations may be associated with poor
prognosis of PTMC, but the mechanism is still not clear.
BRAF"™E and TERT promoter mutations are potential
molecular markers for PTMC prognosis and their
combined detected could be a new prognostic approach
for this disease.
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Abstract Objective Epidermal growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF)
inhibitors are two targeted therapies for metastatic colorectal cancer (MCRC). However, few studies have
focused on the safety and efficacy of combined targeted therapy against those of a single inhibition therapy
of EFGR or VEGF. This meta-analysis aimed to compare the anti-tumor activity of the combined inhibition
therapy and single inhibition therapy in patients with mCRC.

Methods We searched PubMed, Medline, the Cochrane library, Embase, and annual meeting
proceedings for relevant clinical trials. Objective response rate (ORR), progression-free survival (PFS),
overall survival (OS), and adverse events were extracted and calculated.

Results Nine trials comprising 3977 patients were selected for the analysis. The combined inhibition
therapy showed a 3.7% improvement in ORR compared with single inhibition, and this difference was
statistically significant [hazard ratio (HR) = 1.33; 95% confidence interval (Cl), 1.01-1.74; P = 0.04].
Subgroup analysis showed that the combined EGFR and VEGF inhibitor therapy had an 11.65%
improvement in ORR compared with VEGF inhibitor therapy (OR = 2.14; 95% Cl, 1.34-3.40; P = 0.001).
EGFR and VEGF inhibitor therapy and chemotherapy had an 18.08% improvement in ORR compared with
chemotherapy (OR = 2.21; 95% ClI, 1.05-4.64; P = 0.04). Moreover, EGFR and VEGF inhibitor therapy
significantly improved PFS compared with VEGF inhibitor therapy (OR = 0.82; 95% Cl, 0.69-0.97; P =
0.02). VEGF inhibitor therapy and chemotherapy significantly improved PFS compared with EGFR and
VEGF inhibitor therapy and chemotherapy (OR = 1.20; 95% CI, 1.11-1.30; P = 0.00). In addition, EGFR
and VEGF inhibitor therapy showed improved OS compared with VEGF inhibitor therapy (HR = 0.78, 95%
Cl: 0.65-0.94; P = 0.008). Finally, the combined inhibition therapy showed an obviously increased risk of
cutaneous and mucosal effects (RR = 6.45; 95% CI: 2.71-15.36; P < 0.01), diarrhea/abdominal pain (RR =
1.97; 95% Cl: 1.45-2.68; P < 0.01), fatigue/asthenia (RR = 1.60; 95% ClI: 1.10-2.32; P=0.01), dehydration
or electrolyte disturbance (RR = 2.78; 95% Cl: 1.48-5.21; P < 0.01), nail disorder (RR = 8.23; 95% CI:
1.52-44.57; P = 0.01), and dizziness/headache (RR = 3.43; 95% ClI: 1.89-6.23; P < 0.01) compared with
single inhibition therapy.

Conclusion Compared with single inhibition therapy, the combined inhibition therapy significantly
improved ORR, PFS, and OS in the treatment of mCRC patients. Compared with a single-targeted agent,
the combined therapy of anti-EGFR and anti-VEGF drug provided an efficacy advantage, although it led to
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Colorectal cancer (CRC) was a common leading cause
of cancer deaths worldwide .. Though the treatment with
surgery was the same as the initial treatment for CRC,
the prognosis was poor for patients with the presence
of micrometastases at the time of surgery 2. Cytotoxic
drugs, the standard first-line treatment for metastatic
colorectal cancer (mCRC), including capecitabine,
oxaliplatin, 5-fluorouracil (5-FU), and irinotecan were
used to improve the survival of patients with mCRC
5. However, the toxicity of chemotherapy was
unsatisfactory; reducing the side-effects of the therapy
was needed [°. With the introduction of the anti-vascular
endothelial growth factor (VEGF) antibodies, such as
bevacizumab, axitinib, cediranib, and sorafenib, and
the antibodies against epidermal growth factor receptor
(EGFR), such as cetuximab, geftinib, and panitumumab,
treatment of mCRC has improved, and the survival of
patients has improved greatly 7%\

Tumor cells could promote VEGF production, which
might induce the expression of downstream genes and
stimulate the signaling pathways . VEGF could promote
the production of new vasculature by stimulating the
endothelial cells . The expression of EGFR on the
surface of many epithelial tumors was high; this is
activated by wvarious ligand-transforming epidermal
growth factor and transforming growth factor-o ['.. The
proliferation, differentiation, and survival of cancer cells
could be regulated by key downstream pathways, which
are signaled by the receptor activation !'?. Compared with
chemotherapy alone or chemotherapy plus placebo, the
addition of anti-VEGF or/and anti-EGFR antibodies to
chemotherapy could prolong the overall survival (OS)
of patients with mCRC, especially those with KRAS and
NRAS wild-type mCRC 3. Although, improvement in
outcomes was achieved by blocking the EGFR and VEGF
expression, combining the anti-EGFR and anti-VEGF
drugs with chemotherapy resulted in high response rate
(RR) 4.

Some trials had evaluated the safety and efficacy of the
combination of anti-VEGF or/and anti-EGFR antibodies
with or without chemotherapy for mCRC !>77.. In the
double blind trial, bevacizumab and panitumumab (40.1%)
improved the RR of patients with mCRC compared with
folinic acid, 5-FU, and irinotecan (FOLFIRI) (30.1%)
when added to FOLFIRI; a series of antibody therapy-
associated adverse events (AEs) were observed in the
FOLFIRI + bevacizumab and panitumumab group
(80.0%) compared with FOLFIRI alone (52.6%) U8
Moreover, the addition of bevacizumab to FU, irinotecan,
and leucovorin (IFL) significantly improved OS (20.3
months), progression-free survival (PFS) (10.6 months),
and RR (44.8%) in patients with mCRC compared with
IFL alone (15.6 months, 6.2 months, 34.8%) [%. Even for
patients with mCRC that progresses after all approved
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standard therapies, regorafenib offered a potential new
line of therapy for late-stage mCRC patients with longer
OS (6.4 months) compared with the placebo group (5.0
months) 2%,

Inrecentyears, the safety and efficacy of anti-EGFR and
anti-VEGF drugs had been studied in patients with mCRC
[, For mCRC, the inhibition of both VEGF receptor
(VEGFR) and EGFR signaling pathways showed greater
anti-tumor efficacy than chemotherapy or inhibition of
either pathways alone .. However, with regards to the
inhibition of both VEGFR and EGFR signaling pathways,
the combined therapy might also lead to increased AEs '],
Despite that some previous researches had explored the
therapies that inhibit both VEGFR and EGFR as against
single EGFR signaling pathways, no systematic review
regarding the optimal strategy on combined targeted
drugs in patients with mCRC was available. Hence, a
meta-analysis of randomized controlled trials (RCTs) was
performed to evaluate the safety and efficacy of EFGR and
VEGTF signaling pathways inhibition therapy in patients
with mCRC.

Materials and methods

Search strategy and selection criteria

RCTs for comparing EFGR and VEGF signaling
pathways inhibition therapy in the treatment of patients
with colorectal cancer were selected through a standard
search in the PubMed, Medline, the Cochrane library
and Embase databases. In addition, reference lists of
the selected articles were examined. We performed the
search by using the following keywords or expressions:
“colorectal cancer (i.e., ‘colorectal’, ‘colon®, ‘rectal’,
‘rectum’; ‘cancer’, ‘tumor’, ‘neoplasms’, ‘neoplas®,
‘carcinom®, ‘malignan®)”, “EGFR”, “VEGFR”, “clinical
trial”, and “randomized trial”. All possible combinations
of keywords were used as search terms to identify all
possible candidates. The final search strategies were
as follows: (1) (((colon*) AND (neoplas* OR carcinom*
OR malignan*)) OR (colorectal cancer [MeSH])) AND
(EGFR [MeSH] OR VEGFR [MeSH]) AND (randomized
controlled trial [pt] OR controlled clinical trial [pt] OR
randomized [tiab] OR placebo [tiab] OR clinical trials
as topic [mesh: noexp] OR randomly [tiab] OR trial [ti])
NOT (animals [mh] NOT humans [mh]); (2) (((rectal OR
rectum) AND (tumor OR neoplasms)) OR (colorectal
cancer [MeSH]))) AND (EGFR [MeSH] OR VEGFR
[MeSH]) AND (randomized controlled trial [pt] OR
controlled clinical trial [pt] OR randomized [tiab] OR
placebo [tiab] OR clinical trials as topic [mesh: noexp] OR
randomly [tiab] OR trial [ti]) NOT (animals [mh] NOT
humans [mh]). Article types were restricted to Clinical
Trial and RCT.

In addition, the annual meeting proceedings of the
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American Society of Clinical Oncology and European
Society of Medical Oncology were reviewed. The relevant
reviews regarding the role of a therapy that inhibited
EGFR and VEGFR signaling pathways for colorectal
cancer patients were identified. Moreover, in order not to
miss the information of prospective and ongoing trials, we
also searched the websites of http://www.ClinicalTrials.
gov and http://www.who.int/triasearch.

Inclusion criteria

Articles meeting all the following criteria were eligible
for inclusion in the review: (1) English language published
articles; (2) those exploring clinical outcomes of colorectal
cancer patients treated with either anti-EGFR or anti-
VEGFR therapy; (3) those reporting one or more of the
following indicators to assess the tumor response and
prognosis of patients, including objective RR (ORR), PFS,
and OS; (4) RCTs in human, or retrospective trials and
prospective trials; and (5) those providing sufficient data
to calculate the odds ratios (ORs) and the corresponding
95% confidence intervals (CIs).

Exclusion criteria

Articles meeting all the following exclusion criteria
were excluded: (1) case or reviews or meta-analyses or
duplicate reports; (2) trials without complete data or full-
text online articles or ongoing trials; (3) articles which
lacked control groups; and (4) those which lacked critical
information.

Data extraction and quality assessment

The data extraction and quality assessment were
conducted independently by two investigators (Siwen
Liu and Dan Chen) in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidance. Disagreements were resolved by
discussions between the two or by a third reviewer
after referring to the original articles (Shaorong Yu).
The quantitativeness of articles were assessed using the
quantitative 5-point Jadad scale .

Using a standardized data recording form, we extracted
the following critical information: (1) publication details,
including first author’s surname, publication year; (2)
methodological components; and (3) patient and trial
characteristics, such as median age, sex, World Health
Organization (WHO) performance status, and number
of subjects; and trial phase, treatment protocols, and
outcome measures. End points of interest included ORR,
PFS, OS, and AEs.

Statistical analysis

All included articles were separated into two groups
(combined and single inhibition therapy groups) in order
to analyze their efficacy and safety; all the summary
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effect estimates were conducted with Review Manager
5.3 analysis software (Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014).

For time-to-event data, the impact of combined and
single inhibition therapy on OS and PFS was measured in
terms of the hazard ratios (HRs) *2. The log HRs and their
variances were used directly if provided by the article. If
not appropriate for direct analysis, they were computed
according to the previous reported method from CIs of
the HRs extracted from each trial before data pooling.
In addition, the summary HRs and their 95% Cls were
estimated in accordance with a general variance-based
method. For ORR (including complete response and
partial response), the pooled OR of ORR was calculated
using the methods reported by Mantel and Haenszel 3!,
Moreover, subgroup analyses were performed among
the group with (1) chemotherapy; (2) VEGF inhibitor
therapy; (3) EGFR and VEGF inhibitor therapy; and (4)
EGFR and VEGF inhibitor therapy and chemotherapy.
In addition, the AEs of therapy were analyzed as drug-
related WHO grade 3 or greater toxicity.

For more reliability, between-trial heterogeneity
was assessed by the y* test and P statistic ?¥. For the
P statistic, an P value above 50% was interpreted as
large heterogeneity; between 25% and 50% meant
modest heterogeneity; and below 25% suggested low
heterogeneity. For y* statistic, significant heterogeneity
existed when P value was > 0.10. A fixed-effect model
was used to calculate the pooled effect if no statistically
significant heterogeneity was detected; otherwise, a
random-effect model was conducted.

Additionally, Egger’s ! and Begg-Mazumdar ! tests
were employed to assess the probability of publication
bias. The results were regarded as statistically significant
when a two-tailed Pvalue < 0.05 was observed.

Results

Literature search results

Based on the above searching strategies, our search
identified a total of 26 potentially relevant articles, which
were assessed for full-text review, from which 17 were
excluded: 12 for not assessing the combined inhibition
therapy, four trials for not providing sufficient data
on HRs and estimation intervals for PFS, and 1 for not
providing the appropriate control arm. Finally, based on
the inclusion criteria, 9 potentially eligible trials, which
explored the therapy that inhibited EFGR and VEGF
signaling pathways, were included in this meta-analysis

(Fig. 1).

Characteristics of included trials
The nine eligible trials of the meta-analysis were
included. All trials included patients with stage IV mCRC
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Potential articles from PubMed,
Medline, EMBASE, and Cochrance (n = 64)

Abstracts and title excluded
during first screening (n = 38)

Articles reviewed in details (n = 26)

Articles included (n=17)

12 not assessing the combined inhibition therapy

4 not providing sufficient data on HRs and estimation
intervals for PFS

1 not providing the appropriate control arm

Articles included in meta-analysis (n = 9)

Fig. 1 Identification process for eligible studies

and were published in full articles. All of the patients had
a good performance status with the ECOG or WHO score
of 0. Five of the included trials were randomized phase II
trials and the rest were randomized phase III trials. One
trial assessed the multi-targeted agent vandetanib (the
inhibition of both VEGFR and EGFR signaling pathways)
plus chemotherapy against chemotherapy plus placebo,
whereas the rest of the trials compared the combined
inhibition therapy (the combination of anti-VEGF and
anti-EGFR antibodies or plus chemotherapy or placebo)
with a single inhibition therapy (the anti-VEGF antibody
or anti-EGFR antibody) or plus chemotherapy or placebo.
The detailed characteristics of the included nine trials are
summarized in Table 1.

Meta-analysis

Among these trials, patients of four trials were treated
with the single inhibition therapy and chemotherapy
(27301 patients of three trials were treated with the single
inhibition therapy 1133, patients of one trial were treated
with chemotherapy and placebo 4, and patients of one

Combined Inhibitlon  Single Inhibition
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trial were treated with chemotherapy .

ORR

Data for ORR were available from seven trials.
Compared with single inhibition (the single inhibition
therapy or/and chemotherapy or/and placebo) therapy,
combined inhibition therapy yielded a 3.7% improvement
in ORR, and this difference was statistically significant
(Random-effects model, OR = 1.33; 95% CI, 1.01-1.74;
P =0.04; Fig. 2). There was significant heterogeneity for
ORR among the individual trials (? = 51%, P = 0.04; Fig.
2), and no evidence of significant publication bias was
detected (Egger test, t=2.22, P=0.06; Begg test, Z = 1.15,
P=0.25).

The results of subgroup analysis showed that the group
with EGFR and VEGF inhibitor therapy had an 11.65%
improvement in ORR compared with VEGF inhibitor
therapy (Random-effects model, OR =2.14; 95% CI, 1.34—
3.40; P =0.001; Fig. 3) with no significant heterogeneity
(2 =0%, P=0.75; Fig. 3).

Moreover, the group with EGFR and VEGF inhibitor
therapy and chemotherapy had an 18.08% improvement
in ORR compared with the group with chemotherapy
(Random-effects model, OR = 2.21; 95% CI, 1.05-4.64; P
= 0.04; Fig. 3) with no significant heterogeneity (I = 0%,
P=0.72; Fig. 3).

However, the group with EGFR and VEGF inhibitor
therapy and chemotherapy had no improvement in ORR
compared with the group with VEGF inhibitor therapy
and chemotherapy (Random-effects model, OR = 1.05;
95% CI, 0.84-1.32; P = 0.65; Fig. 3) with no significant
heterogeneity (P = 24%, P=0.26; Fig. 3).

PFS

All trials provided PFS results. The meta-analysis
using a random-effects model revealed that the combined
inhibition therapy did not significantly improve PFS

compared with the single inhibition therapy (HR =
0.99, 95% CI: 0.86-1.15; P = 0.94), with significant

Odds Ratlo

_shldur_smmp Events D1 s ina igh Ranaol 93 b, Kan m, 92%
Hagman H 2015 22 36 16 35  6.4% 1.87 [0.73, 4.80] T
Hecht JR 2008 {irinctecan stratum) 49 115 48 115 13.2% 1.11 [0.86, 1.88] -
Hecht JR 2008 (oxallplatin stratum) 190 413 198 410 204% 0.91 [0.68, 1.20] -

Infante JR 2013 18 41 21 43 7.2% 0.67 [0.28, 1.60] 1

Liu YG 2015 (MU KRAS stratum) 12 27 10 34 53% 1.92 [0.67, 5.53] o

Liu YG 2015 (WT KRAS stratum) 14 30 g 35 55% 2.53 [0.89, 7.18] i

Shi § 2017 32 66 21 65 9.5% 1.97 [0.97, 4.01] |

Tol J 2009 167 317 166 332 19.4% 1.11[0.82, 1.51] ™

Tournigand C 2015 48 213 24 208 13.1% 2.23[1.31, 3.80] —

Total (95% CI} 1258 1277 100.0% 1.33 [1.01, 1.75]

Total events 550 511

Heterogenelty: Tau? = 0.08; Chie = 16.47, df =8 (P = 0.04); P = 51% ’0_0 7 oi p : 1:0 100’

Test for overall effect: Z=2.01 (P = 0.04)

Single inhibition Combined inhibition

Fig.2 Comparison of objective response rate between combined inhibition therapy and single inhibition therapy
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Table 1 Characteristics of included trials

Authors (year) Randomized clinical trial Number of patients Male (%) Median age (years) Stage IV (%) PS> 2 (%)
Tol J et al. (2009) &7 Phase 3 368/368 205 (55.7%)/ 62/62 368 (100%)/ 0 (WHO)
233 (63.3%) 368 (100%)
Hecht JR et al. (2008) Phase 3 413/410 233 (56%)/ 61/62 412 (99.76%)/ 0 (ECOG)
(oxaliplatin stratum) 8 238 (58%) 410 (100%)
Hecht JR et al. (2008) Phase 3 115/115 56 (49%)/ 60/59 115 (100%)/ 0 (ECOG)
(irinotecan stratum) 28 71 (62%) 115 (100%)
Shi S et al. (2017) & Phase 2 65/66 42 (64.6%)/ 61.8/62.5 65 (100%)/ 0 (ECOG)
47 (71.2%) 6 (100%)
Infante JR et al. Phase 2 43/41 28 (65.1%)/ 64/59 3 (100%)/ 0 (ECOG)
(2013) B 26 (63.4%) 41 (100%)
Johnsson A et al. Phase 3 79/80 54 (46%)/ 65/64 9 (100%)/ 0 (ECOG)
(2013) &1 66 (34%) 0 (100%)
Hagman H et al. Phase 2 35/36 66 (34% )/ 61/65 5 (100%)/ 0 (ECOG)
(2015) 12 64 (36%) 36 (100%)
Tournigand C et al. Phase 3 228/224 129 (57%)/ 63/63 228 (100%)/ 0 (WHO)
(2015) &3 147 (66%) 224 (100%)
Hecht JR et al. Phase 3 583/585 352 (60.4%)/ 59.6/59.1 583 (100%)/ 0 (WHO)
(2011) B4 368 (62.9%) 585 (100%)
Liu YG et al. (2015) (WT Phase 2 35/30 22 (63%)/ 62/59 35 (100%)/ 0 (ECOG)
KRAS stratum) & 18 (60%) 0 (100%)
Liu YG et al. (2015) (MU Phase 2 34127 20 (59%)/ 60/61 34 (100%)/ 0 (ECOG)
KRAS stratum) ! 17 (63%) 7 (100%)
(to be continued)
Combined inhibition S|ngle inhibition Odds Ratio Odds Ratio
Events 8 5 L3 g -H, Random, 95% i-H, Random, 9¢
4.1.2 VEGF/IVEGF+EGFR
Hagman H 2015 22 36 16 3B 64% 1.87[0.73, 4.80] T
Tournigand € 2015 a8 213 24 208 13.1% 2.23[1.31,3.80] —
Subtotal (95% CI) 249 243 19.4% 2.14 [1.34, 3.40] S 4
Total events 70 40

Heterogeneity: Tau® = 0.00; Chi*=0.10, df = 1 (P =0.75); F=0%
Test for overall effect: Z = 3.20 (P = 0.001)

4.1.3 Chemotherapy/VEGF+EGFR+Chemotherapy

Liu YG 2015 (MU KRAS stratum) 12 27 10 34 53% 1.92 [0.67, 5.63] T
Liu YG 2015 (WT KRAS stratum) 14 30 9 3B 55% 253 [0.89, 7.18] L
Subtotal (95% CI) 57 69 10.8% 221 [1.05, 4.64] -
Total events 26 19

Heterogenelty: Tau? = 0.00; Chl* = 0.13, df = 1 (P =0.72); F= 0%
Test for overall effect: Z =2.09 (P = 0.04)

4.1.4 VEGF+Chemotherapy/VEGF+EGFR+Chemotherapy

Hecht JR 2008 (irinotecan stratum) 49 115 46 15 13.2% 1.11[0.66, 1.88] -
Hecht JR 2008 (oxaliplatin siratum) 180 413 198 410 204% 0.81[0.68, 1.20] -
Infante JR 2013 16 41 21 43 7.2% 0.67 [0.28, 1.60] "

shi 82017 32 66 21 65 9.5% 1.97 [0.97, 4.01] —
Tol J 2009 167 317 166 332 19.4% 1.11[0.82, 1.51] -
Subtotal (35% CI) 952 965 89.8% 1.05 [0.84, 1.32] 2

Total events 454 452

Heterogeneity: Tau? = 0.02; Chiz = 5.24, di = 4 (P = 0.26); I* = 24%

Test for overall effect: Z = 0.46 {P = 0.65)

Total {95% Cl} 1258 1277 100.0% 1.33[1.01, 1.75]

Total events 550 51

Heterogeneity: Tau? = 0.08; Chi* = 16.47, df = 8 (P = 0.04); P =51% :o o1 0=1 ] 1=0 100‘

Test for overall effect: Z=2.01 (P = 0.04)

Test for subaroun differences: ChF = 8.59, df = 2 (P = 0.008). I* = 79.1% Sgalibhit o™ Comt e fhibikon

Fig. 3 Comparison of progression-free survival between combined inhibition therapy and single inhibition therapy
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Table 1 (continued) Characteristics of included trials

Authors (year) Patients status Interventions Jadad score Endpoint
Tol J et al. (2009) &7 Untreated mCRC! Arm-1: Bevacizumab + Chemotherapy (Capecitabine, Oxaliplatin) 4 PFS; OS;
Arm-2: Bevacizumab + Cetuximab + Chemotherapy (Capecitabine, ORR
Oxaliplatin)
Hecht JR et al. (2008) Untreated mCRC? Arm-1: Bevacizumab + Chemotherapy (Ox-CT: Fluorouracil, 4 PFS; OS;
(oxaliplatin stratum) 28 Leucovorin and Oxaliplatin) ORR
Arm-2: Bevacizumab + Panitumumab + Chemotherapy (Ox-CT:
5-Fluorouracil, Leucovorin and Oxaliplatin)
Hecht JR et al. (2008) Untreated mCRC? Arm-1: Bevacizumab + Chemotherapy (Iri-CT: 5-Fluorouracil, 4 PFS; OS;
(irinotecan stratum) 281 Leucovorin and Irinotecan) ORR
Arm-2: Bevacizumab + Panitumumab + Chemotherapy (Iri-CT:
5-Fluorouracil, Leucovorin and Irinotecan)
Shi S et al. (2017) &9 Untreated mCRC? Arm-1: Bevacizumab + Chemotherapy (FOLFOX4: Oxaliplatin, 4 PFS; OS;
5-Fluorouracil and Leucovorin) ORR
Arm-2: Bevacizumab + Erlotinib + Chemotherapy (FOLFOX4:
Oxaliplatin, 5-Fluorouracil and Leucovorin)
Infante JR et al. (2013) 10 Untreated mCRC* Arm-1: Bevacizumab + Chemotherapy (FOLFOX: Oxaliplatin, 4 PFS; OS;
5-Fluorouracil and Leucovorin) ORR
Arm-2: Bevacizumab + Axitinib + Chemotherapy (FOLFOX:
Oxaliplatin, 5-Fluorouracil and Leucovorin)
Johnsson A et al. (2013) B! Untreated mCRC?® Arm-1: Bevacizumab 4 PFS; 0OS
Arm-2: Bevacizumab + Erlotinib
Hagman H et al. (2015) 2 mCRC with KRAS Arm-1: Bevacizumab 4 PFS; OS;
wild type® Arm-2: Bevacizumab + Erlotinib ORR
Tournigand C et al. (2015) ¥ mCRC’ Arm-1: Bevacizumab 4 PFS; OS;
Arm-2: Bevacizumab + Erlotinib ORR
Hecht JR et al. (2011) B4 Untreated mCRC Arm-1: Placebo + Chemotherapy (FOLFOX4: Oxaliplatin, 5 PFS; OS
Fluorouracil and Leucovorin)
Arm-2: (PTK/ZK: Vatalanib) + Chemotherapy (FOLFOX4:
Oxaliplatin, 5-Fluorouracil and Leucovorin)
Liu YG et al. (2015) (WT mCRC with WT Arm-1: Chemotherapy (Iri-CT: 5-Fluorouracil, Leucovorin and 4 PFS; OS;
KRAS stratum) & KRAS® Irinotecan) ORR
Arm-2: Bevacizumab + Panitumumab + Chemotherapy (FOLFIRI:
Irinotecan, 5-Fluorouracil and Leucovorin)
Liu YG et al. (2015) (MU mCRC with MU Arm-1: Chemotherapy (Iri-CT: 5-Fluorouracil, Leucovorin and 4 PFS; OS;
KRAS stratum) 9 KRAS? Irinotecan) ORR

Arm-2: Bevacizumab + Panitumumab + Chemotherapy (FOLFIRI:

Irinotecan, 5-Fluorouracil and Leucovorin)
Note: mCRC: metastatic colorectal cancer; ORR: objective response rate; PFS: progression-free survival; OS: overall survival; WHO: World Health
Organization; ECOG: Eastern Cooperative Oncology Group; PS: performance status; KRAS: V-Ki-ras2 Kirsten rat sarcoma viral oncogene; WT: wild-
type; MU: mutant. ' Not amenable to curative surgery, measurable tumor; no previous systemic chemotherapy; 2 Without any prior chemotherapy or
biologic therapy; ® Without any previous treatment involving bevacizumab or erlotinib; still with progression after 1st-line oxaliplatin-based or irinotecan-
based chemotherapy; ¢ Patients who received previous adjuvant chemotherapy were eligible if the last dose of adjuvant therapy was administered > 12
months before enroliment; ® Without tumor progression after chemotherapy and bevacizumab as first-line treatment; ¢ Without progression after first-line
induction treatment with XELOX/FOLFOX or XELIRI/FOLFIRI + bevacizumab; 7 Without progression after bevacizumab-based induction therapy; & With
unsuccessful previous oxaliplatin- or 5-FU based chemotherapy

heterogeneity between the trials (# = 69%, P = 0.0003; VEGF inhibitor therapy and chemotherapy

Fig. 4). In addition, the Begg’s test (Z = 0.78, P=0.44) and
Egger’s test (t=-1.45, P=0.18) showed that there was no
significant publication bias.

Subgroup analysis showed that EGFR and VEGF
inhibitor therapy significantly improved PFS compared
with VEGF inhibitor therapy (Random-effects model,
OR =0.82; 95% CI, 0.69-0.97; P=0.02; Fig. 5). There was
no significant heterogeneity (2 = 0%, P = 0.87; Fig. 5).

significantly improved PFS compared with EGFR and
VEGF inhibitor therapy and chemotherapy (Random-
effects model, OR = 1.20; 95% CI, 1.11-1.30; P=0.00; Fig.
5) with no significant heterogeneity (2 = 0%, P = 0.86;
Fig. 5).

However, compared with chemotherapy, there was
no evidence of an improved PFS in the patients with
EGFR and VEGF inhibitor therapy and chemotherapy
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Fig.4 Comparison of overall survival between combined inhibition therapy and single inhibition therapy

Hazard Ratio Hazard Ratio

_ Study or Subgroup log[Hazard Ratio] SE Wsight IV, Random, 95% CI IV, Random, 95% ClI

3.1.1 VEGF/VEGF+EGFR

Hagman H 2015 -0.0726 0.2686 5.1% 0.93 [0.85, 1.57] T

Johnsson A 2013 -0.2395 0.1828 8.2% 0.79[0.55, 1.13] T

Toumigand C 2015 -0.2046 0.1084 12.2% 0.81[0.€6, 1.01] ]

Subtotal (95% CI) 25.5% 0.82 [0.69, 0.97] L 2

Heterogeneity: Tau? = 0.00; Chi? = 0.27, df =2 (P = 0.87); I =0%

Test for overall effect: Z = 2.25 (P = 0.02)

3.1.2 Chemotherapy/VEGF+EGFR+Chemotherapy

Hecht JR 2011 -0.1311 0.084 13.7% 0.88 [0.74, 1.03] ™

Liu YG 2015 (MU KRAS stratum) 04308 02875 46% 0.65[0.37, 1.14] -/ 1

Liu YG 2015 {WT KRAS stratum) -0.7985 0.3651 3.2% 0.45[0.22, 0.92] -

Subtotal (85% CI) 21.6%  0.72[0.50, 1.04] P

Heterogeneity: Tau® = 0.06; Chi* = 3.97, df =2 (P = 0.14); I =50%

Test for overall effect: Z =1.77 (P = 0.08)

3.1.3 VEGF+Chemotherapy/VEGF+EGFR+Chemotherapy

Hecht JR 2008 (irinotecan stratum) 0174 0209 7.0% 1.19[0.79, 1.79] T

Hecht JR 2008 (oxaliplatin stratum) 0.239 0.0822 13.2% 1.27 [1.06, 1.52] i

Infante JR 2013 0.3988 0.3502 3.4% 1.49[0.75, 2.96] I

8hi 8 2017 0.1398 0.0606 15.1% 1.15[1.02, 1.30] =

Tol J 2009 0.1989 00772 14.1% 1.22[1.05, 1.42] i

Subtotal (95% CI) 52.9% 1.20 [1.11, 1.30] ]

Heterogensity: Tau? = 0.00; Chi? = 1.30, df = 4 (P = 0.86); 1> = 0%

Test for overall effect: Z = 4.40 (P < 0.0001)

Total (95% CI) 100.0% 0.99 [0.86, 1.15] *

Heterogeneity: Tau? = 0.03; Chi = 32.48, df = 10 (P = 0.0003); F =69% 0_(’)5 ofz ; 5 2’0

Test for overall effect: Z =0.07 (P =0.94)
Test for subarcup differences: Chi? = 20.68. df = 2 (P < 0.0001). I = 80.3%

Combined inhibition  Single inhibition

Fig. 5 Subgroup analysis of objective response rate among different groups

(Random-effects model, HR = 0.72, 95% CI: 0.50-1.04;
P=0.08; Fig. 5); there was no significant heterogeneity
(Heterogeneity, P = 50%, P=0.14; Fig. 5).

oS

All trials were available for OS analysis. There was
no evidence of an OS benefit in the patients with the
combined inhibition therapy (Random-effects model,

HR = 1.04, 95% CI: 0.88-1.23; P = 0.65) with significant
heterogeneity among the individual trials (Heterogeneity,
P = 64%, P = 0.002, random-effect model, Fig. 6), and
no evidence of significant publication bias was detected
(Egger test, t=0.53, P=0.61; Begg test, Z = 0.00, P=1.00).

Subgroup analysis showed that the group with EGFR
and VEGF inhibitor therapy had improved OS compared
with VEGF inhibitor therapy group (Random-effects
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Fig. 6 Subgroup analysis of progression-free survival among different groups
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Fig. 7 Subgroup analysis of overall survival among different groups

model, HR = 0.78, 95% CI: 0.65-0.94; P = 0.008; Fig. 7)
with no significant heterogeneity (Heterogeneity, P =
0%, P=0.46; Fig. 7).

No improved OS was found in the group with EGFR-
VEGF inhibitor therapy and chemotherapy compared
with the chemotherapy group (Random-effects model,
HR = 0.83, 95% CI: 0.54-1.29; P=0.42; Fig. 7); there was

Combined inhibition  Single inhibition

no significant heterogeneity (Heterogeneity, P = 63%, P
=0.07; Fig. 7).

Moreover, there was no improved OS in the patients
with EGFR-VEGF inhibitor therapy and chemotherapy
compared with the chemotherapy group (Random-effects
model, HR = 1.15, 95% CI: 0.92-1.44; P = 0.21; Fig. 7)
with no significant heterogeneity (Heterogeneity, P =
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Table 2 Summary of toxicities grade 3 or greater
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Adverse events Combined inhibition arm  Single inhibition arm Odds ratio Pyalue Heterogeneity
(Eventsttotal) (Eventsttotal) (95% Cl) [ Pvalue
Cutaneous and mucosal effects 470/1384 109/1965 6.45(2.71,15.36)  <0.01 89% <0.01
Diarrhea/abdominal pain 411/1963 252/1965 1.97 (1.45, 2.68) <0.01 60% <0.01
Nausea/vomiting 242/1906 179/1896 1.43 (1.00, 2.04) 0.05 58% 0.02
Fatigue/asthenia 149/1388 99/1386 1.60 (1.10, 2.32) 0.01 36% 0.15
Infection 143/1000 92/990 1.59 (0.99, 2.57) 0.06 54% 0.07
Neutropenia 345/1641 332/1572 1.03(0.87, 1.23) 0.71 15% 0.31
Hypertension 211/1897 132/1900 1.44 (0.72, 2.88) 0.30 82% <0.01
Bleeding 62/1307 36/1313 1.81(0.98, 3.34) 0.06 36% 0.14
Thromboembolic events 152/1820 105/1822 1.54 (0.97, 2.42) 0.07 55% 0.04
Dehydration or electrolyte disturbance 197/1231 83/1231 2.78 (1.48,5.21) <0.01 70% <0.01
Neuropathy 116/1795 123/1783 0.90 (0.64, 1.28) 0.56 36% 0.14
Nail disorder 11/598 0/589 8.23 (1.52, 44.57) 0.01 0% 0.99
Thrombocytopenia 55/986 35/985 1.51(1.00, 2.26) 0.05 0% 0.80
Anemia 51327 5/332 1.06 (0.28, 4.06) 0.93 0% 0.47
Dizziness/headache 471620 13/617 3.43(1.89, 6.23) <0.01 0% 0.48
Renal and urinary disorders 23/500 9/515 2.34(1.00, 5.48) 0.05 10% 0.35

44%, P=0.13; Fig. 7).

AEs

For all-grade AFEs, the combined inhibition therapy
showed an obviously increased risk of cutaneous and
mucosal effects (RR = 6.45; 95% CI: 2.71-15.36; P< 0.01),
diarrhea/abdominal pain (RR = 1.97; 95% CI: 1.45-2.68; P
< 0.01), fatigue/asthenia (RR = 1.60; 95% CI: 1.10-2.32; P
=0.01), dehydration or electrolyte disturbance (RR =2.78;
95% CI: 1.48-5.21; P < 0.01), nail disorder (RR = 8.23;
95% CI: 1.52-44.57; P=0.01) and dizziness/headache (RR
= 3.43; 95% CI: 1.89-6.23; P < 0.01) in mCRC patients
compared with single inhibition therapy. The detailed
characteristics of AEs are summarized in Table 2.

Quality assessment of the studies

For quality assessment, Jadad scale was used to assess
the quality of the included trials. Of the enrolled trials,
one trial had a Jadad score of 5, while the rest trials had a
Jadad score of 4 B,

Discussion

The results of this meta-analysis showed that the
combined targeted therapy of EFGR and VEGF was
associated with a clinically substantial and statistically
significant improvement in ORR, PFS, and OS compared
with the single inhibition therapy in mCRC patients.
Moreover, compared with single-targeted therapy,
combined inhibition therapy might lead to higher rates
of AFEs.

Our data showed that the combined targeted therapy

of EFGR and VEGF determined a statistically significant
increase in ORR compared with the single inhibition
therapy in mCRC patients. This result proved that the
therapy that inhibited both VEGFR and EGFR signaling
pathways improved the ORR of mCRC patients. The
analyses of the trial by Shi et al suggested that the
therapy of bevacizumab and erlotinib plus chemotherapy
(FOLFOX4: oxaliplatin, 5-FU, and leucovorin) (48.5%) was
associated with a statistically significant improvement in
partial response and stable disease rate compared with the
therapy of bevacizumab plus chemotherapy alone (32.2%)
in patients without any previous treatment involving
bevacizumab or erlotinib .. However, other previous
study showed that the RRs did not differ significantly
between the Capecitabine, Oxaliplatin, and Bevacizumab
group and the same regimen plus cetuximab in untreated
mCRC patients 2. Moreover, ORR was not statistically
improved by the combined therapy of vatalanib and
chemotherapy (FOLFOX4) compared with that of placebo
plus chemotherapy B4. Our result represented the current
evidence that the combined inhibition therapy of EFGR
and VEGF in treatment of mCRC patients improved the
ORR of mCRC patients.

Moreover, our analysis found that the treatment,
which inhibited both VEGFR and EGFR signaling
pathways, improved PFS and OS among patients with
mCRC. Some existing evidence from RCTs maintained
that PFS and OS were not statistically improved by
vatalanib, a multi-targeted agent that inhibited both
VEGFR and EGFR signaling pathways 2. Median PFS
was 7.7 months with vatalanib as against 7.6 months with
placebo (HR = 0.88, 95% CI: 0.74-1.03; P = 0.12); while
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median OS was 21.4 months with vatalanib as against 20.5
months with placebo (HR = 1.08, 95% CI: 0.94-1.24; P =
0.26) 2. However, PFS and OS advantage for the therapy
that inhibited both VEGFR and EGFR signaling pathways
was suggested by previous studies of mCRC patients 1%*
31 Our data suggested that the addition of the combined
inhibition therapy could improve PFS and OS of mCRC
patients.

It seemed that the therapy that inhibited both VEGFR
and EGFR signaling pathways could provide a more
profound pathway inhibition, which would improve
clinical outcomes of mCRC patients more significantly.
The combination of anti-EGFR and anti-VEGF drugs in
our study increased efficacy compared with the single
inhibition therapy alone for mCRC patients.

Finally, as expected, the combined inhibition therapy
did increase toxicity, and made some treatment-emergent
AEs significantly more severe in mCRC patients who
received it. The safety profile of the treatment that
inhibited both VEGFR and EGFR signaling pathways in
the current study was consistent with the outcomes of
some previous studies 1233,

In summary, the combination of anti-EGFR and anti-
VEGF drugs could improve ORR, PFS, and OS compared
with the single inhibition therapy. In addition, the
combined inhibition therapy appeared to be somewhat
less tolerable, with higher incidence of toxicity, compared
with treatment with the single inhibition therapy.
However, evidences of a significant difference in ORR,
PFS, and OS were found to support further study of the
therapy that inhibited both VEGFR and EGFR signaling
pathways. Further studies with larger sample sizes of
the combined inhibition therapy in mCRC patients are
warranted to further explore the hypothesis of whether
simultaneous inhibition of the VEGFR and the VEGF
could improve ORR, PFS, and OS of mCRC patients with
less AEs.
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Objective G719X is the most frequently seen uncommon mutation of the epidermal growth factor
receptor (EGFR) gene, which is a point mutation at exon 18 with three common subtypes, G719A/G719C/
G719S. This study explored the clinicopathological characteristics of the G719X mutation and investigated
the efficacy of EGFR-tyrosine kinase inhibitor (TKI) treatment and chemotherapy in patients with the G719X
mutation; the survival rate after these different treatment modalities were then analyzed in order to provide
evidence for clinical treatment.

Methods Clinical data of 41 patients with the G719X mutation admitted in the Beijing Chest Hospital,
Capital Medical University from September 2014 to July 2018, were collected and the EGFR mutations
were detected by amplification refractory mutation system-polymerase chain reaction (ARMS-PCR). The
clinicopathological characteristics of the G719X mutation were analyzed, and the relationship among the
G719X mutation, the efficacy of different treatment modalities, and the progression-free survival (PFS) was
analyzed.

Results Of the 41 cases, 24 (58.5%) were G719X single mutations and 17 (41.5%) were compound
mutations, including G719X/S768I, G719X/L861Q, G719X/19del, and G719X/c-Met compound mutation.
The objective response rate (ORR) of first-line EGFR-TKI therapy was 50% (6/12), the disease control rate
(DCR) was 83.3% (10/12), and the median PFS (mPFS) was 9 months. After resistance to EGFR-TKI in
the previous treatment, the ORR (71.4%, 5/7) and DCR (100%, 7/7) were still high following EGFR-TKIs,
by an mPFS of 8 months. The ORR of chemotherapy was 33.3% (2/6), the DCR was 100% (6/6), and the
mPFS was 6 months.

Conclusion G719X is an uncommon mutation of the EGFR gene and is sensitive to many EGFR-TKIs.
It can be treated with the second- or third-generation EGFR-TKIs after resistance to the first-generation
EGFR-TKIs. G719X mutation also showed favorable effect to chemotherapy.

Key words: lung neoplasms; EGFR; uncommon mutation; G719X; target therapy

Epidermal growth factor receptor (EGFR) is the
product of the proto-oncogene C-erbBl (HER-1). It
is a glycoprotein receptor on the surface of the cell
membrane. It is over-expressed in many cancers and
participates in the proliferation, invasion, and metastasis
of cancers. Blocking EGFR-mediated signal transduction
pathway can inhibit cancer growth. At present, EGFR-
tyrosine kinase inhibitors (TKIs), which are drugs
that target the intracellular tyrosine kinase region of
EGFRs, have been widely used in non-small cell lung
cancer (NSCLC), with a response rate of 70%—-80%, and

progression free survival (PFS) reaching 10-12 months
(-8 far exceeding the response rates and PFS associated
with chemotherapy. Since the mutation status of EGFR
gene can predict the efficacy of EGFR-TKIs, they have
been approved for the first-line treatment of non-small
cell lung cancer (NSCLC) with EGFR sensitive mutation,
which significantly prolonged the survival of NSCLC
patients with EGFR gene sensitive mutation. Along with
the wide application of EGFR-TKIs and the development
of mutation detection technology, researchers have
found the diversity of EGFR gene mutations. More than
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250 EGFR mutations have been reported 1, and not all
patients with EGFR mutations benefit from EGFR-TKIs.
Patients with a deletion in exon 19 and L858R mutation,
called sensitive mutation, which accounts for about
80%-90% of the total EGFR mutations showed a good
response to the first-generation EGFR-TKIs ¢, while
mutations in exon 20, like T790M showed resistance to
the first-generation EGFR-TKIs. The third-generation
EGFR-TKI (osimertinib) showed a good response to the
T790M mutation whereas other mutations, the so called
uncommon mutations, account for about 10-20% of the
total mutations 5. The response of EGFR-TKIs to these
uncommon mutations is not consistent in the literature,
and most of them were reported in case reports.

The most frequently seen uncommon mutation is the
G719X mutation, which occurs in about 3% of the Asian
and Caucasian populations "% The G719X mutation
refers to a point mutation at exon 18 of the EGFR gene,
where glycine at position 719 is replaced by other amino
acids, mainly by alanine (G719A), cysteine (G719C), or
serine (G719S). In addition, G719X mutation often exists
as compound mutations, mostly with S7681!'''2, but also
with other gene mutations, such as KRAS, BRAF, and
PIK3CA!. The efficacy of EGFR-TKIs and chemotherapy
against G719X mutation is yet to be ascertained. This
study retrospectively analyzed 41 cases of non-small
cell lung cancer with G719X mutation, their treatment
modalities, and response, so as to provide evidence for
clinical treatment.

Materials and methods

Patients

The medical information of the NSCLC patients,
with detected EGFR gene mutations, in Beijing Chest
Hospital, Capital Medical University were collected
from September 2014 to July 2018. Diagnosis of NSCLC
in all patients was confirmed by pathological biopsy.
Amplification refractory mutation system-polymerase
chain reaction (ARMS-PCR) was used for the detection
of the EGFR mutations. All the specimens were obtained
before treatment, and the clinical data of the patients
with G719X mutation were analyzed retrospectively.

Detection by ARMS

All samples were fixed in 10% formalin and sealed
in paraffin. The EGFR mutations were analyzed by
fluorescence quantitative ARMS-PCR (Xiamen Ailing
human EGFR gene mutation detection kit), including 19
exon deletion; 21 exon L858R, T790M; 20 exon insertion,
G719X, S768I, and L.861Q mutation.

http://otm.tjh.com.cn

Treatments and follow-up

Patients receiving first-line treatment should have
at least one measurable lesion, at stage IIIB/IV, availing
standard treatment of gefitinib, erlotinib, icotinib,
afatinib, or osimertinib for at least 30 days or two cycles
of chemotherapy, and the first computed tomography
(CT) examination should be performed after one month
of EGFR-TKISs treatment, or two cycles of chemotherapy.
According to the Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1, efficacy was evaluated and
divided into the complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD).
Objective response rate (ORR) was reported as the
proportion of patients with complete or partial response,
and the disease control rate (DCR) was calculated as
the proportion of patients with an objective response
or stable disease (for at least 6 weeks). Progression-free
survival (PFS) was calculated as the time from the first
day of treatment until progression of disease or date of
death (from any cause). Patients who were alive at the
cutoff date (December 31, 2018) or failed to attend the
follow-up were censored at the last date of follow-up.

Statistical analysis

All data were analyzed using the statistical software
SPSS 22.0 (SPSS Inc., Chicago, IL). Survival analysis was
performed using the Kaplan-Meier curve, and differences
were compared using the Log-rank test. A two-sided P
value of < 0.05 was considered statistically significant.

Results

Patient characteristics

Among the 41 patients, 26 (63.4%) were females,
and 15 (36.6%) were males with a median age of 67
years (42-81 years). Nine (22.0%) cases were current or
former smokers, and 32 (78%) cases never smoked. The
pathological types included adenocarcinoma (40 cases,
97.6%) and NSCLC (1 case, 2.4%); the TNM stages were
stage I (12 cases, 29.3%), stage 1I (1 case, 2.4%), stage III
(6 cases, 14.6%), and stage IV (20 cases, 48.8%) (Table 1).

Frequency of EGFR mutation

From September 2014 to July 2018, 3136 NSCLC
patients were tested in our hospital for the presence
of EGFR gene mutations. Among them, 1425 (45.4%)
harbored EGFR mutations, of which 1321 (92.7%) had
deletion in exon 19, L858R, and T790M mutation, 30
(2.1%) had insertion in exon 20, 74 (5.2%) had uncommon
mutation, and 41 (2.9%) had G719X mutation. Among
the 41 G719X mutations, 24 (58.5%) were G719X single
mutations, 17 (41.5%) were compound mutations, such
as G719X/S7681 mutations (11, 26.8%), G719X/L861Q
mutations (4, 9.8%), G719X/19del mutation (1, 2.4%),
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and G719X/c-Met mutation (1, 2.4%).

Treatment response

Seventeen cases underwent first-line treatment, such
as targeted therapy (12 cases), chemotherapy (4 cases),
and immunotherapy (1 case). Sixteen patients had
received targeted therapy during the whole treatment
period, with gefitinib (4 patients), erlotinib (2 patients),
icotinib (8 patients), afatinib (6 patients), and osimertinib
(2 patients); 6 patients received two or more kinds of
EGFR-TKIs, and 1 patient received three kinds of EGFR-
TKIs. The ORR of the first-line targeted therapy was 6/12
(50%), DCR was 10/12 (83.3%), 2 patients showed disease
progression after 1 month of EGFR-TKI treatment (2/12,
16.6%), and the median PFS (mPFS) was 9 months. It is
worth mentioning that, after showing resistance to the
previous EGFR-TKIs, the patients (6 cases) receiving
other kinds of EGFR-TKIs demonstrated good ORR (5/7,
71.4%), DCR (7/7, 100%), and mPFS (8 months). Patients
can receive different types of EGFR-TKIs consecutively;
mostly afatinib or osimertinib is chosen after gefitinib/
erlotinib/icotinib. Combining all EGFR-TKI treatments,
the total ORR was 12/22 (54.5%), DCR was 20/22 (90.9%),
and mPFS was 9 months, regardless of the treatment lines.
The mean PFS of single G719X mutation (8 cases) was 7.0
months compared to 11.2 months for compound G719X
mutation (8 cases), and the mPFS was 3 months compared
to 12 months for EGFR-TKI treatment given for the first

Table 1 Clinicopathological features of 41 patients with EGFR gene
G719X mutation in NSCLC
Clinical characteristics No. of patients (n = 41) Proportion (%)
Age (years)
Median 67
Range 42-81
<60 1" 26.8
> 60 30 73.2
Gender
Male 15 36.6
Female 26 63.4
Smoking status
Never 32 78.0
Ever 9 22.0
Histology
Adenocarcinoma 40 97.6
NSCLC 1 24
TNM staging
| 12 29.3
I 1 24
Il 6 14.6
v 20 43.8
Unknown 2 49
Mutation type
Single mutation 24 58.5
Compound mutation 17 41.5
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time (P = 0.08).

Six patients received chemotherapy, including first,
second and third treatment lines. The chemotherapy
regimen included pemetrexed or paclitaxel with platinum,
either alone or in combination with antivascular therapy
(bevacizumab/endostatin). The ORR was 2/6 (33.3%),
DCR was 6/6 (100%), and mPFS was 6 months. A patient
received second-line chemotherapy combined with
EGFR-TKI had achieved the partial response (PR) as the
best response; PFS reached 12 months (Table 2).

Discussion

In this study, we analyzed 41 NSCLC patients with the
uncommon mutation G719X of the EGFR gene and found
that G719X is a sensitive mutation to EGFR-TKIs, and
could be treated with consecutive EGFR-TKIs, i.e., the
second- or third-generation EGFR-TKIs can be used after
resistance to the first-generation EGFR-TKIs. The G719X
showed a favorable response to chemotherapy.

The G719X mutation was reported first by Lynch et
al in 2004 3, where a patient with the G719C mutation
had shown a good response to gefitinib. The best response
was PR and the overall survival time was 17.9 months.
It is known that G719X is a point mutation located in
exon 18 of the EGFR gene, i.e., glycine at position 719
is substituted by other amino acids, generally by alanine
(G719A), cysteine (G719C), or serine (G719S) 4. It is the
most frequently seen uncommon mutation, accounting
for about 3% of the EGFR mutations. It is reported
that rare mutations, which are different from common
mutations, are more common in males 5 and are
related to smoking history '>1¢. In this study, 63.4% are
females, and 22% are smokers, which is inconsistent with
the previous reports. It may refer to the heterogeneity of
uncommon mutations, which means not all uncommon
mutations are related to males or smoking history. It is
still not clear whether G719X mutation is related to males
and smoking history and more cases are needed to make
a conclusion.

The G719X often exists in the form of compound
mutations & > 179 In this study, 24 cases (58.5%) were
single G719X mutations, and 17 cases (41.5%) were
G719X compound mutations, including G719/S768I,
G719X/1L861Q, G719/19del, and G719X/c-Met. Studies
consider that the formation of complex mutations occur
because a single G719X mutation is not enough to drive
tumorigenesis, making it necessary to work with other
mutations to initiate tumorigenesis ['*. It has been found
that the autophosphorylation level of G719S is relatively
low, suggesting that the tumorigenicity of G719S is
weaker than the other two uncommon mutations 22,
Compared to a single G719X mutation, the sensitivity
of a complex mutation to EGFR-TKIs is still obscure.
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Table 2 Clinicopathological and treatment information of 17 advanced NSCLC patients with G719X mutation

PTID Sex Age Smoking Stage Histology — EGFR mutation Treatment Treatment line Best response PFS (month) PD or not
1T M 42 N v ADC  G719X Afatinib 1stline PR 6 N
2 M 66 N v ADC  G719X/S768I Afatinib 1st line PR 6 NA

PN 1st line SD 6 Y
3 P N v ADC  GT19X/ST68l TC + icotinib 2nd line PR 12 Y
4 F 53 N v NSCLC G719X/L861Q  Gefitinib 1st line SD 5 Y
Erlotinib 1stline PR 9 Y
5 M 64 N IA—IV ADC  G719X/L861Q Afatinib ond line PR 8 y
Icotinib 1st line SD 4 Y
6 F 42 N I\ ADC  G719X/c-Met Icotinib + crizotinib  2nd line SD 10 Y
PN + Bev + PBmaint 3rd line PR 9 NA
PC + Bev 1st line 1st line 3 Y
7 F 68 N 1\ ADC  G719X Erlotinib 2nd line 2nd line 3 Y
Afatinib 3rd line 3rd line 7 N
8 F 62 N A=V ADC  G719X/S768I Icotinib 1st line PR 4 N
9 F 77 N v ADC  G719X/L861Q  Gefitinib 1st line SD 5 NA
Gefitinib 1st line PD 1 Y
10 F 52 N 1\ ADC  G719X TC + Bev + Bmaint  2nd line PR 12 Y
Osimertinib 3rd line SD 2 Y
11 F 64 N v ADC  G719X PN + endostatin 1st line SD 4 N
12 F 73 N 1\ ADC  G719X Icotinib 1st line PR 12 Y
13 M 63 Y Y ADC  G719X/S768I Afatinib 1st line PR 14 N
TP 1st line SD 7 Y
14 M8 Y v ADC  GTeX Icotinib 2nd line SD 4 NA
Icotinib 1stline PD 1 Y
15 M 70 Y v ADC GT19X Apatinib 2nd line SD 4 NA
Pembrolizumab 1st line SD 7 Y
Gefitinib 2nd line PR 1 N (DILI)
6 F 6 N v ADC  GT19X Icotinib 3rd line PR 7 Y
Afatinib 4th line SD 4 N
G719X Icotinib 1st line SD 3 Y
7oMoT2 Y A=V ADC G719X/T790M  Osimertinib 2nd line PR 9 Y

Pt: patient; M: male; F: female; Y: Yes; N: No; ADC: adenocarcinoma; NSCLC: non-small cell lung cancer; PR: partial remission; SD: stable disease;
PD, progressive disease NA: not available; PC: pemetrexed and carboplatin; PN: pemetrexed and nedaplatin; TC: taxol and carboplatin; TP: taxol and
cisplatin; Bev: bevacizumab; PBmaint: pemetrexed and bevacizumab maintenance therapy; Bmaint: bevacizumab maintenance therapy; DILI: drug-

induced liver injury

The PFS for a compound mutation was reported to be
significantly shorter compared to a single mutation (5.7
vs 12.3 months; P = 0.02), and inefficient to EGFR-TKIs
(38% vs 89%; P < 0.001) ?%. However, only 1 of the 8
compound mutations reported in the study was related
to G719X (G719S5/S7681), the best response was PR, and
PFS reached 13.1 months. All the other mutations were
common sensitive mutations, combined with PIK3CA
or exon 20-21 mutations. Similar results were shown in
another study (mPFS 3.0 months vs 12.3 months, P=0.03),
but all of them were EGFR mutations in combination
with another mutation, such as TP53, KRAS, CTNBI,
PIK3CA, SMAD4, and MET. In our study, 16 patients
were treated with EGFR-TKIs, PFS was not significantly
different between a single G719X mutation and a G719X
compound mutation (P = 0.08), but G719X compound
mutation had a tendency to have longer PFS than single
G719X mutation, similar to a study by Chiu et al?*. Chiu

et al reported a significant difference in the PFS between
a single and compound G719X/L816Q/S7681 EGFR
mutation, and patients with compound mutations had
a longer PFS and OS than those with a single mutation
(23], Therefore, there is heterogeneity among the different
compound mutations in their response to EGFR-TKIs.
We assumed that G719X might have a good response
in combination with other mutations within the EGFR
gene, such as G719X/L861Q and G719X/S7681. However,
if G719X is combined with mutations outside the EGFR
gene, such as KRAS, TP53, or PIK3CA, it may affect the
efficacy of EGFR-TKIs.

In our study, 17 patients received first-line treatment,
and 16 patients received EGFR-TKIs during the course of
treatment. Targeted medicine included first-generation,
second-generation, and third-generation EGFR-TKIs,
including gefitinib, erlotinib, icotinib, afatinib, and
osimertinib. The mPFS of the first-line targeted therapy
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was 9 months, which was similar to and slightly longer
than the previous reports; Shi et al (27 cases) reported
that mPFS of first-line targeted therapy to G719X was 8.2
months!'®, Zhang er al (22 cases) reported 7.6 months 4,
Pilotto et al (6 cases) reported 8.38 months!*, and Wu ez al.
(15 cases) reported 8.1 months®!. The length of PFS may
be related to the type of EGFR-TKIs used. All patients in
the above studies received first-generation EGFR-TKISs,
including gefitinib, erlotinib, or icotinib. However, in
our study, patients received first-generation (gefitinib,
erlotinib, or icotinib) and second-generation EGFR-
TKIs (afatinib) as the first-line treatment. Preclinical and
clinical studies have also confirmed that the sensitivity of
different EGFR-TKIs to G719X mutation is different. An
in vitro study showed that gefitinib had a lower affinity
to uncommon mutations than to common mutations ¢
Compared to L858R mutated cells, the concentration
of gefitinib needed for G719X mutated cells to inhibit
cell growth was 6 times more ¥\, Jiang et al found that
gefitinib could inhibit G719X autophosphorylation in
a dose-dependent manner, and G719S needs a higher
concentration of gefitinib than L858R mutated cells (28],
Some researchers compared the sensitivity of erlotinib
and gefitinib to G719X mutation and found that erlotinib
was more sensitive than gefitinib. Compared to erlotinib,
irreversible EGFR-TKI (WZ-4002) could inhibit the
growth of G719X cells at low concentrations *.. Some in
vitro studies have suggested that afatinib is sensitive to
G719S and L861Q mutations ®%. Preclinical studies have
also shown that neratinib is more sensitive to G719S and
L861Q mutations than erlotinib BY. Neratinib showed
considerable efficacy in G719X mutations in a phase-II
clinical study. Three of the 4 patients achieved PR with
tumors shrinking by more than 50%, 1 achieved stable
disease (SD) with a response rate of 75% and a disease
control rate of 100% and this state was maintained for 40
weeks 2. In addition, in the Lux-Lung 3 and 6 studies,
Yang et al. reported that the second-generation EGFR-
TKI, afatinib, showed a good therapeutic effect on G719X,
with an effective rate of 77.8% (14/18), mPFS of 13.8, and
OS 26.9 months, which was significantly better than that
the first-generation EGFR-TKIs having ORR of 35.1%
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(47/134) "4 and mPFS 7.678.38 months [+ 1241 (Table
3). Based on the above results, we can roughly sort the
sensitivity of different EGFR-TKIs to G719X as gefitinib
< erlotinib < afatinib / neratinib / WA-4002. Therefore,
in our study, we can see that the patients can still benefit
from EGFR-TKIs after being resistant to the previous
EGFR-TKIs. The mPFS is 8 months, and the order of
drug used is in line with the above sensitivity; thus,
after resistance to gefitinib/erlotinib/icotinib, afatinib/
osimertinib can be used. However, it is still unknown
which modality can result in longer survival: second- or
third-generation EGFR-TKIs should be directly chosen as
the first-line therapy, or used after resistance to the first-
generation EGFR-TKIs. More cases or prospective clinical
trials are needed to make a conclusion.

A large number of clinical trials have confirmed
that the efficacy of EGFR-TKIs is much better than
systemic chemotherapy in the patients harboring
common sensitive mutations 3. However, there was no
significant difference in the efficacy and survival between
chemotherapy and EGFR-TKIs in uncommon mutations.
In a study, among 70 patients with uncommon mutations,
30 patients were treated with EGFR-TKIs, and 40 patients
underwent platinum-based chemotherapy !¢. The results
showed that there was no difference between EGFR-TKIs
compared with chemotherapy (ORR, 23.3% vs 27.5%, P
= 0.693; DCR, 93.3% vs 82.5%, P = 0.5. 328; mPFS, 7.1
vs 6.1 months, P = 0.893). Arrieta er al.* also reported
similar results. In patients with uncommon mutations,
the response rate of platinum-based chemotherapy was
49.6%, and mPFS was 6.0 months (95% CI, 5.1-6.6),
and there was no difference in ORR and PFS between
chemotherapy and EGFR-TKIs. Therefore, the authors
suggested that platinum-based chemotherapy could be
the first-line treatment for patients with uncommon
mutations. In our study, 6 patients had received
chemotherapy during the course of the disease, including
first-, second-, or third-line chemotherapy. The regimens
were pemetrexed or paclitaxel combined with platinum,
and with or without anti-vascular therapy (bevacizumab/
endostatin). The ORR was 33.3% (2/6), DCR 100%
(6/6), and mPFS 6 months. Patients can benefit from

Table 3 Response and survival to EGFR-TKIs in patients with the G719X mutation

Reference number  Year of publishing Case number ORR DCR PFS oS EGFR-TKI
33 2015 18 77.8 NA 13.8 26.9 Afatinib
14 2017 134 35.1 NA NA NA G/E/
4 2018 6 0.0 66.7 8.38 17.0 GIE
16 2017 27 NA NA 8.2 NA GIE/I
24 2017 22 227 90.0 76 NA G/E/
25 2011 15 55.3 NA 8.1 16.4 GIE

ORR: overall response rate; DCR: disease control rate; PFS: progression free survival; OS: overall survival; EGFR-TKI: Epidermal growth factor receptor
tyrosine kinase inhibitor; G: gefitinib; E: erlotinib; I: icotinib; NA: not available
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chemotherapy regardless of the treatment lines (PFS
3-12 months). Hence, we suggest that patients with
G719X mutation should receive both EGFR-TKIs and
chemotherapy during the course of treatment, so that
they can survive longer than those who only receive
EGFR-TKIs or chemotherapy.

Another feasible choice is to combine EGFR-TKI
treatment with chemotherapy. A phase-III clinical trial,
NEJ009, comparing gefitinib monotherapy with gefitinib
combined with pemetrexed and platinum, showed that
the OS of gefitinib combined with chemotherapy was
significantly longer than that of gefitinib monotherapy
(0S52.2 vs38.8 months, P=0.013) .. This study assumed
that the OS of a patient depends more on the efficacy of
the initial treatment. The higher the remission rate of
the initial treatment, the longer is the remission time,
and the longer the patient will live. Therefore, the most
effective treatment should be used at the first-line. Some
patients in the single drug group developed rapid disease
progression and died after gefitinib resistance, losing the
opportunity to receive second-line treatment, resulting
in a significantly shortened OS. In addition, the higher
the remission rate of the initial treatment, the lower the
residual tumor burden. It will reduce the diversity of the
cancer cells and slower the rate of drug resistance of the
cancer cells, i.e., lower the drug-resistant tumor burden
and reduce the risk of death caused by disease progression,
so that patients can have the opportunity to receive the
next generation treatment. In this study, one patient
received TC plus icotinib as the second-line treatment,
and the PFS lasted for 12 months; whereas the PFS was 6
months with PN regimen in the first-line treatment. The
survival of the patient was prolonged, which was longer
than the first-line PFS. Therefore, EGFR-TKI combined
with chemotherapy is a good choice for the patients with
good performance status.

The limitation of this study is that the case number
is small, and it is a retrospective study. The conclusions
drawn from the study are preliminary, and more cases
and prospective studies are needed to confirm the results.
However, the advantage of this study is that we focused
on a single mutation, G719X, and thereby avoided the
diverse sensitivity of different uncommon mutations,
making the results relatively credible.

Conclusion

The G719X is a sensitive mutation of the EGFR gene.
It is sensitive to many kinds of EGFR-TKIs. It can be
treated with consecutive EGFR-TKIs treatments. After
resistance to the first-generation EGFR-TKIs, the second-
or third-generation EGFR-TKIs can be used. The G719X
mutation in NSCLC also showed a favorable response to
chemotherapy. Combination treatment using EGFR-TKIs
and chemotherapy is another alternative.

http://otm.tjh.com.cn
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Objective  Atypical brown tumor caused by hyperparathyroidism (HPT) is rare. In this report, we describe
our pathological findings along with a review of the literature to enhance understanding of the disease and
prevent misdiagnosis, as well as to provide evidence for treatment and prognosis.

Methods We present a case of brown tumor of the left proximal femur and pelvis in a 57-year-old woman
who was admitted to our hospital (Dalian Municipal Central Hospital, Dalian, China). Pelvic computed
tomography (CT) showed cystic expansile lesions in the left proximal femur and pelvis. Lung and abdominal
CT also revealed multiple lytic lesions in the ribs and lumbar spine. X-ray of the left ulna and radius showed
that the middle of the left ulna had a fracture caused by a brown tumor. A bone biopsy from the left proximal
femur showed focal distribution of giant cells, with hemorrhage and fibrin hyperplasia.

Results The patient underwent internal fixation of the left intertrochanteric fracture, and postoperative
bone biopsy showed focal distribution of giant cells with hemorrhage and fibrin hyperplasia. The patient
had a parathyroidectomy 5 months after discharge. Two weeks later, the patient developed a fracture in the
right femoral neck and pain in the left forearm. X-ray of the left ulna and radius showed that the middle of
the left ulna was affected by a pathological fracture caused by a brown tumor. The patient was debilitated
and declined surgical treatment. The patient and her family chose discharge.

Conclusion  Brown tumor of bone, also called osteitis fibrosa cystica, is a rare non-neoplastic lesion that
reflects abnormal bone metabolism in patients with HPT. However, with fine needle aspiration cytology in
combination with biochemical tests, a correct diagnosis can be reached. The increase in osteoclast activity
leads to decalcification and dissolution of bone, and formation of a cystic bone defect with hyperplastic
fibrous tissue. This eventually becomes a brown tumor, with deformed and bleeding fibrous tissue. The
patient had a typical brown tumor, as well as osteoporosis, anemia, and pathological fractures.

Key words:  brown tumor; hyperparathyroidism (HPT); fibrocystic osteitis; pathological fractures

Brown tumor is known to occur in primary
hyperparathyroidism (HPT) and also in secondary
HPT caused by renal failure [!. If unchecked, sustained
HPT can result in the development of a hemorrhagic
destructive lytic brown tumor and severe skeletal
deformities, a condition called osteitis fibrosa cystica 2.
Brown tumor commonly affects the mandible, clavicles,
ribs, pelvis, and femur ®. This disease is rare and is often
misdiagnosed as a true bone tumor, osseous tuberculosis,
or other disease. Herein, we illustrate the characteristic
cytomorphological features of a brown tumor in the
femur, seen as a manifestation of primary HPT.

Case report

A 57-year-old woman was admitted to our hospital
(Dalian Municipal Central Hospital, Dalian, China)
because of a left subtrochanteric fracture. Biochemical
assays revealed parathyroid hormone (PTH) levels >
1900 (normal 8-50) pg/mL, a serum calcium level of
4.06 (normal 2.10-2.55) mmol/L, phosphorus level of 2
(normal 2.5-4.5) mg/dL, and alkaline phosphatase levels
of 684 (normal 40-125) U/L. The hemoglobin level was
80 g/L. Computed tomography (CT) of the pelvis revealed
multiple lytic lesions in the left ilium, acetabulum, and
proximal femur (Fig. 1). Lung and abdominal CT also
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Fig. 1 Computed tomography image of the right femur reveals
multiple expansile osteolytic lesions in the pelvis, involving the left ilium,
acetabulum, and proximal femur, with a subtrochanteric fracture

Fig. 3 X-ray shows multiple lytic lesions in the left ulna with left middle
ulna fracture caused by brown tumor

Fig. 4 Computed tomography image of the right femur reveals a cortical
osteolytic expansile lesion in the middle and proximal aspect of the right
femur, with bulging of surrounding soft tissue and a femoral neck fracture

revealed multiple lytic lesions in the ribs and lumbar
spine. Ultrasonographic examination of the neck showed
a parathyroid adenoma. The kidney was unaffected on
abdominal CT and ultrasound. The patient underwent

Fig. 2 Histopathology report on the biopsy taken from the left proximal
femur shows focal distribution of giant cells, with hemorrhage and fibrin
hyperplasia (deep dyeing with hematoxylin and eosin, x 100)

internal fixation of a subtrochanteric fracture, during
which the fracture site was found to have a small amount
of tan-colored liquid. Postoperative bone biopsy of the
left proximal femur showed focal distribution of giant
cells, with hemorrhage and fibrin hyperplasia (Fig. 2).
The slides were reviewed by a pathologist. Based on
the combined clinical, biochemical, radiological, and
histopathological data, the case was diagnosed as osteitis
fibrosa cystica, with multiple cystic lesions secondary to
brown tumor in the pelvis and femoral bones. We advised
the patient to consult the department of thyroid and
breast surgery for further examination after discharge.
The patient also underwent parathyroidectomy after 5
months.

Two weeks later, the patient again developed a fracture
of the right femoral neck. We obtained additional history
of palpitations and painful swelling in the left arm, with
no systematic treatment after the first discharge. Physical
examination revealed high blood pressure and a rapid
heart rate. X-ray of the left ulna and radius showed
that the middle of the left ulna had a fracture induced
by a brown tumor (Fig. 3), and CT of the right proximal
femur revealed multiple brown tumors, with massive
bone destruction (Fig. 4). Biochemical analysis revealed
a serum calcium level of 1.71 mmol/L. The hemoglobin
level was 85 g/L. Testing was limited by the patient’s
economic status. The patient was debilitated and not
suitable for surgery. Finally, she chose discharge.

Discussion

HPT is one of the most common endocrine disorders
encountered in endocrinology practice . Adenomas
are the cause in 85% of cases .. Incidental discovery of
hypercalcemia accounts for 80% of diagnoses?.. Secondary
HPT occurs in the setting of chronic renal failure, where
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hypocalcaemia or vitamin D deficiency acts as a stimulus
for PTH production . Brown tumor of bone, also called
osteitis fibrosa cystica, is a rare non-neoplastic lesion
resulting from abnormal bone metabolism in HPT ©.
Commonly affected sites are the mandible, clavicles, ribs,
pelvis, and femur. In severe and late stages of HPT, skeletal
changes can be observed. In recent years, typical brown
tumor caused by HPT is rare due to earlier detection
of the disease V.. Parathyroid adenomas can cause the
body to secrete large amounts of PTH, which can make
osteoclasts proliferate and become more active leading to
decalcification and dissolution of bone and the formation
of cystic bone defects. The cystic bone defects are gradually
replaced by hyperplastic fibrous tissue. The fibrous tissue
shows degeneration and hemorrhage with hemosiderosis.
Finally, the cystic tissues become brown, resulting in a
so-called brown tumor . The dissolution of bone can
result in osteoporosis, with elevated serum calcium and
alkaline phosphatase. Anemia is caused by fibrous tissue
degeneration and hemorrhage. Simultaneously, increased
PTH can inhibit the absorption of phosphorus by renal
tubules, resulting in massive loss of phosphorus in
urine and decreased phosphorus in blood 1. The patient
had a typical brown tumor, osteoporosis, anemia, and
pathological fractures. This case was rare. As originally
described by Wu er al'®, this disease is often misdiagnosed
as a giant cell tumor or osseous tuberculosis, which was
the initial diagnosis in our patient. With histopathology
alone, it is difficult to differentiate between the two .
When the histopathology was reviewed in the context
of the patient’s history, clinical findings, laboratory
investigation, and radiological findings, the diagnosis of a
brown tumor was made and treated appropriately.

In our case, the patient presented with a pathological
fracture and involvement of the ulna, ribs, lumbar
spine, pelvis, and femoral bone. The patient’s PTH,
serum calcium, phosphorus, and alkaline phosphatase
levels were significantly elevated and moderate anemia
was present. Ultrasonographic examination showed a
parathyroid adenoma. Imaging examinations and bone
biopsy led to a diagnosis of brown tumor. Although the
patient underwent hip surgery, parathyroidectomy was
only performed 5 months after internal fixation. As a
result, the fracture recurred.

Treatment for brown tumor caused by parathyroid
adenomas mainly includes parathyroidectomy. Agarwal
et al"% reported that areas of the bone affected by osteitis
fibrosa cystica start to recover as early as 1 week after
successful parathyroidectomy, and can be demonstrated
by changes in biochemical markers of bone turnover. After
successful parathyroidectomy, recovery of bone mass
occurs earlier at sites with cancellous bone as compared
to sites consisting of cortical bone ['%. The reason for
fracture recurrence in our patient was the lack of timely
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parathyroidectomy.

As a brown tumor is rare, we lacked understanding of
this disease and initially misdiagnosed it as a giant cell
tumor of bone. Brown tumors are very similar to giant
cell tumors, but in the context of HPT they are considered
reparative granulomas . Tumor is a misnomer because
the lesion, although invasive in some instances, does not
have neoplastic potential and should be differentiated
from true bone cell tumors . Cytologically, a brown
tumor is indistinguishable from any other giant cell lesion
with 2 main components being mononuclear spindle or
stromal cells and multinucleated osteoclast giant cells .
The distinction is of importance as their management is
vastly different 3!,

In conclusion, the occurrence of a typical brown
tumor is rare and is prone to being misdiagnosed. Only
a few cases of brown tumor have been reported in the
literature. Hence, we present a case of brown tumor from
our hospital to enhance understanding of this disease and
improve the diagnosis and treatment.
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