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Purpose: Pemetrexed-based chemotherapy (Pem-C) is the first-line chemotherapy for
advanced non-squamous non-small cell lung cancer (NSCLC). However, limited tumor-
associated proteins in blood are available to predict pemetrexed response and/or survival.
Patients and Methods: Plasma samples from three responders and three nonresponders
with stage IIIB-IV NSCLC were collected prior to Pem-C and analyzed using Proteome
Profiler™ Human XL Oncology Array to detect 84 oncology-related proteins. The plasma
concentrations of cathepsin S, endoglin (ENG), and matrix metalloproteinases 3 and 9 in 71
patients with advanced NSCLC treated with Pem-C were further measured using enzyme-
linked immunosorbent assay based on the remarkable differences in the four proteins
between responders and nonresponders in the array results.

Results: Pem-C responders had significantly higher ENG levels but not the other three
markers than nonresponders (mean ENG level: 27.1 £ 7.4 vs 22.3 £ 6.9, p < 0.01). High
ENG concentration was correlated with improved progression-free survival (hazard ratio
[HR]: 0.52, 95% confidence interval [CI]: 0.31-0.86, p < 0.01) and overall survival (HR:
0.55, 95% CI: 0.32-0.94, p < 0.05) in patients treated with Pem-C, and the ENG level was an
independent factor in our cohort (HR: 0.54, 95% CI: 0.33-0.89, p < 0.05). ENG concentra-
tion in Pem-C responders also significantly increased at the time of best response (p < 0.05).
Conclusion: Cumulatively, this study reveals that ENG is correlated with Pem-C respon-
siveness in patients, which indicates the potential use of plasma ENG levels as a non-
invasive biomarker for pemetrexed-based treatment in patients with non-squamous NSCLC.
Keywords: endoglin, pemetrexed-based therapy, prognostic factor, non-squamous non-small

cell lung cancer, biomarker

Introduction
Lung cancer is the most common cause of cancer-related mortality in the world, and
non-small cell lung cancer (NSCLC) accounts for around 85% of patients with lung
cancer.' In Taiwan, 5-year overall survival (OS) of patients with lung cancer is
15.9%, which indicates that lung cancer is a critical health issue.” Given the
progress of cancer treatment, the 2-year survival of advanced NSCLC had increased
from around 13% for patients diagnosed in 2005-2006 to 20% in 2015-2016.
More than 60% of NSCLC are non-squamous cell carcinoma. In the last 10
years, many new types of therapies have been developed for advanced non-
squamous NSCLC, particularly lung adenocarcinoma. For example, the first-line
treatment for patients with driver mutations is tyrosine kinase inhibitors,* whereas
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the first-line therapy for patients with a high expression of
programmed death-ligand 1 without driver mutation is
immune check point inhibitors.” However, many patients
do not have driver mutations and do not respond to immu-
notherapy well. For these patients, the first-line treatment
is pemetrexed and platinum-based chemotherapy.®

Pemetrexed is a folate antimetabolite that inhibits
tumor cell replication. Pemetrexed targets multiple folate
synthesis-related enzymes, including thymidylate synthase
(TS) and dihydrofolate reductase (DHFR).” Pemetrexed
has been approved as the first-line chemotherapy alone
or in combination with platinum for advanced non-
squamous NSCLC.®* However, the best OS of pemetrexed-
based chemotherapy (Pem-C) is still around 18 months,’
which reveals the necessity of clinical factors or biomar-
kers to predict potential pemetrexed responders.

Pemetrexed-based treatment prognostic biomarkers
have been studied in many articles. Most studies showed
that high TS expression instead of DHFR expression in
NSCLC tumors predicts poor progression-free survival
(PFS) in Pem-C.'™'"" Two studies also demonstrated that
TS gene polymorphisms predict the treatment
outcome.'>"* Other studies also discussed the association
between tumor driver mutations, such as epidermal growth
factor receptor (EGFR) mutation and anaplastic lymphoma
kinase (ALK) rearrangement, as well as pemetrexed
sensitivity.'*!'> Our previous study also demonstrated that
lipocalin-2 downregulation enhances pemetrexed sensitiv-
ity in lung cancer cell lines.'® However, detecting biomar-
kers non-invasively is more preferable in clinics to
dynamically monitor patient response.

Many studies also used serum protein levels as a non-
invasive approach for cancer prognosis. For instance, the
expression levels of different members of the cysteine
cathepsin protease family, also known as cathepsin, in
tumor and circulation were used to predict therapeutic
response and clinical prognosis.'” Different types of
matrix metalloproteinases (MMPs) in tumor and peripheral
blood were also studied as prognostic factors for various
cancers and therapy outcome.'® Moreover, endoglin
(ENGQG) is important to regulate the function of endothela
and cancer angiogenesis.'® Currently, soluble ENG is also
used to predict the outcome of aggressive prostate
cancer.”’

In this study, we analyzed the plasma samples collected
from patients with advanced NSCLC prior to the first
the Proteome Profiler™

XL Oncology Array

pemetrexed dose through

Human and enzyme-linked

immunosorbent assay (ELISA). We found that soluble
ENG level is correlated with Pem-C response and survival.
We aimed to develop a non-invasive strategy to detect
ENG in blood as a Pem-C biomarker.

Methods
Patient Eligibility and Data Collection

Patients with pathologically or cytological confirmed
NSCLC with pre-application for pemetrexed treatment in
Chung Shan Medical University Hospital were initially
screened from January 2012 to October 2018. Patients
were excluded if they (1) were diagnosed with diseases
other than stage IIIB-IV NSCLC; (2) had Eastern
Cooperative Oncology Group performance status (ECOG
PS) scale >2; (3) received pemetrexed treatment as neoad-
juvant therapy; (4) were treated with EGFR inhibitors,
bevacizumab, or other chemotherapy agents without com-
bining with pemetrexed; (5) had cerebrovascular accident
or infection within 1 month; and (6) lost contact during
follow-up. The plasma samples of patients, as well as
images, were collected at baseline (the baseline was
defined as the time within one month before initial peme-
trexed treatment) and every 9 + 1 weeks of follow-up until
disease progression. Patients were excluded for analysis if
their blood samples were not collected at baseline. The
clinical data of patients, including gender, age at the initial
Pem-C treatment, smoking status, pathological type, tumor
staging, FGFR mutation status, chemotherapy line, treat-
ment courses, clinical images and outcomes were collected
from medical records for analysis.

NSCLC diagnosis was confirmed by at least two
pathologists in accordance with pathological examination
through biopsy, surgical specimens or cytology of malig-
nant pleural effusion, lymph node aspiration, and bronchial
brushing. Tumor stage was determined using the 7" edi-
tion of the international lung cancer TNM staging system
from the American Joint Committee on Cancer. This study
was conducted in accordance with the Declaration of
Helsinki and was approved by the Institutional Review
Board of Chung Shan Medical University Hospital
(CSMUH-IRB CS2-20146).

Treatment Response and Outcome

Evaluation

Eligible patients were administered with 500 mg/m? peme-
trexed alone or in combination with 75 mg/m? cisplatin or
carboplatin at the area under the curve of 5-6
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intravenously every 3 weeks. Pemetrexed was adminis-
tered as the maintenance treatment after 46 cycles of
platinum-containing treatment if without disease progres-
sion. Treatment dose was adjusted in accordance with
toxicity.

Treatment response was evaluated every cycle (3 weeks)
through chest radiography and every 9+ 1 weeks through chest
computed tomography together with whole-body bone scan or
brain magnetic resonance imaging if with bone or brain metas-
tasis, respectively. The Response Evaluation Criteria in Solid
Tumor version 1.1 was applied to evaluate treatment
response,”’ which was categorized as complete remission
(CR, total target lesions disappeared), partial response (PR),
progressive disease (PD), or stable disease (SD).

Follow-up time is the time from the initial Pem-C until
December 31, 2018. Pemetrexed responders are the
patients who received Pem-C for more than 120 days
without evidence of progression. PFS is the time from
the date of the first pemetrexed dose to disease progres-
sion, treatment discontinuation, or death of any cause. OS
is the time from the date of the first pemetrexed dose until
death or the last follow-up.

Oncology-Related Soluble Protein
Analysis

The plasma samples at baseline from three Pem-
C-responsive (patient nos. 15, 17, and 20) and three Pem-
C-nonresponsive (patient nos. 24, 27, and 34) patients were
analyzed through the Proteome Profiler Human XL
Oncology Array (R&D systems Inc., Minneapolis, MN,
USA). The relative intensity of every spot was measured
and compared with that of positive control spots.

ELISA

The plasma samples of 71 patients at baseline were ana-
lyzed using ELISA. Cathepsin S, ENG, MMP3, and
MMP9 concentrations were detected using ELISA Kkits
(R&D Systems, Inc., Minneapolis, MN, USA) in accor-
dance with the manufacturer’s protocol.

Statistical Analysis

All quantitative data are presented as mean =+ standard
deviation. For the plasma concentrations of ENG, MMP3,
and MMP9, the closest integer number of the median value
was selected as the cut-off value to divide patients into two
groups. For cathepsin S levels, the closest decile number of
the median value was selected as the cut-off value.

All statistical analyses were performed using the
Statistical Package for the Social Sciences software ver-
sion 20.0 (SPSS, Inc., Chicago, IL, USA). All categorical
clinical and biomarker variables were analyzed using the
Pearson’s chi-squared test. Fisher's exact test was used if
the expected frequency of cells in 2x2 contingency table
was less than 5. Univariate and multivariate logistic
regression analyses of patient characteristics were used to
determine the predictive and independent factors of peme-
trexed response. PFS and OS were plotted using the
Kaplan—Meier method and compared using Log rank test.
Multivariate analysis for PFS was also conducted through
the Cox proportional hazard regression method. Generally,
two-sided p < 0.05 was considered statistically significant.

Results

Patient Characteristics
One-hundred patients with NSCLC passed the pre-
application of pemetrexed from January 2012 to
October 2018. Eighty-six patients were enrolled into our
study after the first-round of exclusion on the basis of the
exclusion criteria. Patients who did not provide blood
samples at baseline were also excluded in the second
round. Finally, samples from 71 patients were analyzed
in this study. The enrolment process is shown in Figure 1.
The clinical characteristics of the 71 pemetrexed-
treated patients are demonstrated in Supplementary
Table 1. The mean age at baseline was 60.5 years (range
= 34-83 years). A total of 38 (54%) and 45 (63%) patients
were female and nonsmokers, respectively. Sixty-nine
patients (97%) were diagnosed with lung adenocarcinoma,
one had squamous cell carcinoma, and one had poorly
differentiated carcinoma. Sixty-seven patients (94%)
were in stage IV, and four patients (6%) were in stage
IIIB. Fifty-eight patients (82%) had N2-N3 lymph nodes,
whereas 13 patients (18%) had NO-N1 lymph nodes.
Treatment-related factors are also recorded in
Supplementary Table 1. Fifty-six patients (79%) had
ECOG PS = 0-1 before the initial pemetrexed treatment,
whereas 15 patients (21%) had ECOG PS = 2. Pemetrexed
was chosen as first-, second-, and third-line chemothera-
pies in 54 (76%), 16 (23%) and 1 (1%) patients, respec-
tively. Platinum was selected as the initial combination

treatment in 59 patients (83%), whereas pemetrexed was
received as monotherapy by 12 patients (17%).

In terms of treatment outcome, 18 patients (25%) achieved
PR as the best response, whereas 25 patients (35%) had SD.
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100 NSCLC patients passing pre-

2012 to 2018 October were eligible

application of pemetrexed treatment from

14 were excluded
2 were not diagnosed with stage IIIB — IV
2 had ECOG performance status > 2
3 received pemetrexed treatment as
neoadjuvant therapy
e 4 were treated with EGFR inhibitors,
bevacizumab, or other chemotherapy
agents without combining with pemetrexed
1 terminated treatment due to stroke
2 lost contact during the follow-up

\ 4

86 patients were enrolled

A\ 4

15 didn’t getting blood drawn within 1
months before receiving pemetrexed
treatment

A 4

71 patients’ samples were analyzed
through oncology array and ELISA

\ 4

3 were shifted to other treatment before the first
image evaluation

\ 4

68 patients’ response were evaluated
through at least one image analysis

Figure | Enrollment diagram of the retrospective study. Flow chart shows the number of patients who were eligible, enrolled into the study and included in the final

analysis. ECOG, Eastern Cooperative Oncology Group.

The response of three patients could not be evaluated because
of the rapid shifting to other treatments before the imaging
study. The median PFS was 5.1 months (154 days; 95%
confidence interval [CI] = 102-206 days), and the median
OS was 17.8 months (533 days; 95% CI = 378687 days).

Cathepsin S, ENG, MMP3, and MMP9
Were Potentially Associated with

Pem-C Response
Plasma samples from three Pem-C responders and three
nonresponders at baseline were analyzed using the

Proteome Profiler Human XL Oncology Array to deter-
mine whether the plasma levels of some oncology-related
proteins are correlated with the response to pemetrexed-
based treatment. Figure 2A and B present the results from
the responders and nonresponders, respectively. We
observed whether the 12 markers in this panel had evident
differences between the responder and nonresponder
groups. Then, after the intensities of these 12 spot pairs
were quantified and normalized through reference spots,
we identified five markers with remarkable differences

between responders and nonresponders, namely, cathepsin
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Figure 2 Different oncology-related protein expression levels between pemetrexed-based therapy responders and nonresponders. Plasma samples at baseline collected
from (A) 3 responders (Nos. |5, 17 and 20) and (B) 3 nonresponders (Nos. 24, 27 and 34) analyzed through a human oncology array. Black frames present evident
expression differences of specific proteins. (C) Spot intensity quantified using positive control spots (the “0” place) as references. The intensity of 12 proteins in responders
and nonresponders with obvious differences were analyzed through unpaired t test. *p < 0.05.
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S, ENG, kallikrein 6, MMP3, and MMP9 (p < 0.05,
Figure 2C). Most biomarker studies examined kallikrein-
related peptidase family in tumor tissue or focused on their
relationship with hormone-related tumors such as ovarian
cancer and prostate cancer.”” Given that the levels of
cathepsin S, ENG, MMP3 and MMP9 in blood serum
were studied as prognostic factors in various types of
cancer, we studied these four markers in the next research

results.

High ENG Levels in Blood Were

Correlated with Pem-C Responsiveness

The plasma samples of 71 patients were analyzed using
ELISA and divided into two groups in accordance with the
patient’s Pem-C responsiveness to measure concentration
of four markers at baseline in our cohort. While comparing
these two groups, the ENG level of the responders (27.1 +
7.4 ng/mL, n = 38) was significantly higher than that of
nonresponders (22.3 + 6.9 ng/mL, n = 33, p < 0.01;
Figure 3A). Cathepsin S, MMP3, and MMP9 levels were
not remarkably different between the two groups
(Figure 3B-D). We further analyzed the correlation
between ENG level and objective response. First, the
ENG levels of all patients were divided into ENG™&" (n
= 37) and ENG"Y (n = 34) groups based on the cut-off
point of 25 ng/mL. The cut-off point was chosen based on
the closest integer number of the median value. The
responses of three patients could not be assessed because
of the lack of image records. Thus, the three patients were
classified as nonresponders and excluded from the ana-
lyses of response rate. At around day 120, more patients in
the ENG™" group (n = 21, 58%) maintained SD than
patients in the ENG™Y group (n = 10, 31%), and less
patients in the ENG"" group (n = 7, 19%) had PD than
patients in the ENG'® group (n = 17, 53%; Figure 3E).
Maximum changes in the lung tumor and lymph node
sizes of the other 68 patients, which were evaluated from
the imaging studies of chest computed tomography during
pemetrexed-based treatment, are demonstrated in
Figure 3F. The partial response rate was 26.5% (n = 18)
with 13 patients (72%) in the ENG™€" group and 5 patients
(28%) in the ENG'Y group. Twenty-five patients did not
have any response after treatment and rapidly became PD.
Among patients with PD, the number of patients with low
ENG level at baseline (n = 18, 72%) was higher than that
of patients with high ENG level at baseline (n = 7, 28%).

The plasma ENG concentrations of responders at base-
line and the best response time were compared using
paired ¢ test to understand whether ENG levels would
change during Pem-C treatment (Figure 4). ENG was
significantly elevated after treatment (p < 0.05).

High ENG Levels Were Associated with
Longer PFS and OS

The plasma concentration of the four markers were
divided into the high- and low-level groups, and the rele-
vance between marker level and survival were examined.
The ENG"™" group was significantly correlated with
longer PFS (median = 6.1 vs 2.8 months, hazard ratio
[HR] = 0.52, 95% CI = 0.31-0.86, p < 0.01; Figure 5A).
However, no significant difference in PFS between the
high- and low-level groups was observed in the three
other markers (Figure 5B-D). Consistent with the results
of Pem-C response and PFS, the ENG"" group also had
significantly better OS than the ENG'™™ group (median =
19.2 vs 14.9 months, HR = 0.55, 95% CI = 0.32-0.94, p <
0.05; Figure SE). Considering that some patients had
endoglin levels near the median, the very high group
(ENG > 30 ng/mL) and very low group (ENG < 20 ng/
mL) were also compared. Very high ENG slightly was
correlated with longer PFS and OS, but no significance
was found (Supplementary Figure 1A and B). Given our

findings on the relationship between ENG levels and the
PFS of Pem-C, the following analyses were focused
on ENG.

ENG Level in Blood Was an Independent

Factor for Pem-C Response

We analyzed the correlation among all potentially asso-
ciated clinical characteristics and ENG expression to
understand whether other confounding clinical character-
istics were present in patients with NSCLC. First, we
divided patients into ENG"" and ENG'" groups and
analyzed the correlation between clinical factors and
ENG expression through chi-squared test or Fisher-s
exact test (Table 1). Clinical factors, including age before
pemetrexed treatment, PS, and smoking, were significantly
associated with ENG level (p < 0.05). We also examined
whether clinical factors and ENG level were associated
with Pem-C responsiveness (Table 1). A statistical asso-
ciation was observed between ENG level and Pem-C
responsiveness only (p < 0.01).
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Figure 3 Effects of soluble endoglin, cathepsin S, matrix metalloproteinase 3 and 9 (MMP3 and MMP9) levels on pemetrexed-based chemotherapy responsiveness in the
cohort. (A-D) Soluble endoglin, cathepsin S, MMP3 and MMP9 concentration (ng/mL) in responders and nonresponders before the treatment were measured using enzyme-
linked immunosorbent assay. The levels of these 4 proteins in responders and nonresponders were compared through unpaired t test. **p < 0.01. (E) Response distribution
of high and low endoglin groups on day 120. (F) Waterfall plot of included patients with at least one clinical image record. a, death. b, pemetrexed intolerance. c, distant
progression disease. d, effusion accumulation.

Abbreviations: PD, progression disease; SD, stable disease; PR, partial regression.
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Figure 4 Level change of soluble endoglin before and after pemetrexed-based
therapy in pemetrexed responders. Soluble endoglin concentration in plasma sam-
ples of pemetrexed responders at baseline and the time of best response were
measured using enzyme-linked immunosorbent assay and analyzed through paired
t test. *p < 0.05.

Second, we analyzed clinical characteristics through Cox
proportional hazard regression models to understand whether
the ENG level was an independent factor for Pem-C response
(Table 2). In the univariate regression, the advanced lymph
node stage (N2-N3; HR = 2.153, 95% CI = 1.088-4.260, p <
0.05) and low ENG level (HR = 1.994, 95% CI = 1.213-
3.278, p < 0.01) were significantly correlated with shorter
PFS. In the multivariate regression analysis, only ENG level
was significantly associated with PFS (HR = 1.854, 95% CI
= 1.125-3.054, p < 0.05), which indicates that ENG level
might be an independent factor for Pem-C response.

ENG Level Was Not Associated with
EGFR Mutation Status for

Pem-C Responsiveness

Previous study demonstrated that patients with advanced
lung adenocarcinoma harboring EGFR mutation are more
responsive to Pem-C than EGFR wild type."> Patients in

our cohort were divided into EGFR wild type and muta-
tion (excluding eight patients with unknown mutation sta-
tus), and their ENG levels were compared to determine
whether EGFR status was a confounding factor in our
cohort (Supplementary Figure 2A). No significant differ-
ences in ENG were found between the EGFR wild type
and mutation groups (wild type: 25.6 + 7.5 ng/mL, n = 33
[including 3 ALK and 1 ROSI translocation]; mutation:
25.7 + 7.3 ng/mL, n = 30, p = 0.96). The PFS and OS of
patients treated with Pem-C in the wild type and mutation

group were also compared, and no significant difference
was also observed (PFS: 5.6 vs 4.4 months, p = 0.21; OS:
33.2 vs 29.1 months, p = 0.81; Supplementary Figure 2B

and C). Four patients in the EGFR wild type group had
other driver mutations; therefore, we excluded these
patients and still found no significant differences in the
PFS and OS between the EGFR wild type and mutation
groups (data not shown). As shown in Tables 1 and 2,
EGFR mutation status was also not a confounding factor
for Pem-C responsiveness based on the results of chi-
square test and Cox regression models. These results indi-
cated that ENG level is independent from EGFR mutation
status.

Discussion
In the current research, we analyzed plasma samples col-
lected from 71 patients with stage IIIB-IV NSCLC before
undergoing Pem-C using human oncology array and
ELISA. Pem-C responders had higher soluble ENG con-
centration, which was correlated with longer PFS and OS,
and ENG level was increased at their best response time.
ENG level was also an independent factor based on Cox
regression models. Based on these findings, soluble ENG
was associated with the tumor’s response to Pem-C and
could be developed as a plasma biomarker for finding
potential Pem-C responders.

ENG, also known as CD105, is a homodimer trans-
membrane glycoprotein, serves as the co-receptor of trans-
forming growth factor-f (TGF-B). ENG is highly
expressed in many types of normal human tissue. In
endothelial cells, the long and short forms of ENG regulate
the recruitment of TGF-B receptor 1 to induce Smad sig-
naling, which results in the transcription of different
endothelial cell proliferation genes.”> Many studies also
showed that ENG is important for tumor angiogenesis.
One study presented that ENG promotes the vascular
endothelial growth factor receptor-mediated tip cell
Another

formation.”* study also demonstrated that
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Figure 5 Effects of soluble endoglin, cathepsin S, matrix metalloproteinase 3 and 9 (MMP3 and MMP9) levels on progression-free survival and overall survival. (A-D)
Progression-free survival of high- and low groups of endoglin, cathepsin S, MMP3 and MMP9 were analyzed using the Kaplan—-Meier method and the log rank test. *p < 0.01.
(E) Overall survival of the high- and low-endoglin groups were analyzed using the Kaplan—Meier method and the log rank test. *p < 0.05.
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Table | Correlation of Pemetrexed-Based Therapy Responsiveness and Clinical, Pathological Factors, and Endoglin Level

Factors Endoglin (ng/mL) p value Pem-Based Response® p value
<25 =225 Responder | Nonresponder

Gender 0.390 0.523
Female 20 18 19 19
Male 14 19 14 19

Age® 0.045% 0.850
<65 18 28 21 25
265 16 9 12 13

Lymph node 0.452 0.073
NO — NI 5 8 3 10
N2 — N3 29 29 30 28

ECOG PS 0.041* 0.237
0-I 23 33 24 32
2 ] 4 9 6

Smoking 0.028%* 0.303
Never 26 19 23 22
Active or 8 18 10 16

quitted

Chemotherapy 0.111 0.242

line
[ 23 31 23 31
>| I 10 7

Pemetrexed 0.209 0.366
Alone 8 4 7 5
Combined® 26 33 26 33

EGFR status 0.186 0.593
Wild type® 13 20 14 19
Mutation 15 15 14 16
Unknown 6 2 5 3

Endoglin level 0.003*
<25 ng/mL 22 12
225 ng/mL I 26

Notes: Demographic data were analyzed using the chi-squared test. *Pem-based response means patients who had progression-free survival of pemetrexed-based therapy
longer than 120 days. °Age presents the patient’s age at baseline. “Pemetrexed is combined with platinum. 93 patients were ALK translocation and | was ROS| translocation.
The association of every factor with endoglin and pem-based response are analyzed through chi-square test or Fisher’s exact test. *p < 0.05.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance status; EGFR, epidermal growth factor receptor.

targeting ENG by neutralizing antibody inhibits angiogen-
esis and metastasis in breast cancer in vitro and in vivo.?
Therefore, a monoclonal anti-ENG antibody, TRC105,
was studied in cancer treatment clinical trials recently.?®*’

Given that the angiogenesis effects of ENG are well-
known, many studies also discuss the use of ENG as
a prognostic factor in many cancer types. Most studies
showed that high ENG expression in tumor predicts poor
PFS and 0S.?*% In addition to the expression in tumor,
other cell types expressing ENG in the tumor microenvir-
onment are associated with prognosis. For example, ENG-
expressing cancer-associated fibroblasts lead to colorectal

cancer metastasis, and targeting ENG through TRC105

inhibits cancer-associated fibroblast-induced metastatic
spread in a mouse model.*® Most studies view ENG as
a poor prognostic factor, but one article showed that silen-
cing ENG through methylation may induce endothelial—
mesenchymal transition and increase the invasion of
NSCLC cells.®' This previous study also revealed that in
stage 1 patients, the ENG gene methylation predicts poor
PFS, which
However, few articles have discussed the relationship of

indicates a positive prognostic value.
ENG levels and cancer therapy.

In our cohort, patients with NSCLC who received
Pem-C had a median PFS of 5.1 months, which is similar
to the results of advanced non-squamous NSCLC in
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Table 2 Univariate and Multivariate Analysis of All Patients with Non-Small Cell Lung Cancer and Treated with Pemetrexed-Based

Treatment
Factors -IReference Univariate Multivariate
Hazard Ratio 95% CI p value Hazard Ratio 95% CI p value
Gender Male/female 1.228 0.742-2.032 0.424
Age#t 265/<65 1.017 0.998-1.036 0.084
Lymph node N2 — N3/NO — NI 2.153 1.088-4.260 0.028* 1.950 0.983-3.866 0.056
Performance status 2/0 — | 1.573 0.879-2.815 0.127
Smoking Active or quitted/Never 0.714 0.421-1.214 0.214
Chemotherapy line 2/1 1.512 0.864-2.646 0.147
Pemetrexed Combined/alone 0.669 0.353-1.269 0.219
EGFR status Mutation/wild type 1.400 0.829-2.366 0.209
Endoglin level <25/225ng/mL 1.994 1.213-3.278 0.007%* 1.854 1.125-3.054 0.015%

Notes: “Age presents the patient’s age at baseline. All categorical factors are analyzed by univariate and multivariate Cox regression analysis. ¥p < 0.05.

Abbreviation: EGFR, epidermal growth factor receptor.

previous clinical trials.***> The median PFS in the
ENG"&" group was 6.1 months. Most patients in this
group completed 4-6 cycles of pemetrexed plus platinum
combination therapy and received pemetrexed as mainte-
nance; hence, the PFS was also comparable to the
PARAMOUNT trial, which compared the use of peme-
trexed to placebo in the maintenance phase.>

In our results, we found that high soluble ENG levels
were associated with longer PFS after Pem-C treatment in
advanced NSCLC, and ENG was an independent factor for
Pem-C responsiveness. Most studies demonstrated that
ENG promotes cancer progression, but soluble ENG has
different functions. A previous study presented that solu-
ble ENG reduces vascular endothelial growth factor-
mediated vessel formation and mouse tumor burden,
which indicates the countereffects of transmembrane and
soluble ENG.> A current clinical study also revealed that
low soluble ENG levels in circulation are associated with
high-grade prostate cancer.?” In addition, we also observed
that the levels of soluble ENG were elevated when patients
responded well to Pem-C. However, the ENG dynamic
change in most non-responders could not be analyzed
due to the short treatment period and the samples of
some responders at the best response time were not
enough for analysis. Therefore, more responders should
be included in our future study to confirm the dynamic
change in ENG during Pem-C. Despite the different cancer
types, the aforementioned clinical study and our study
confirmed the positive prognostic value of soluble ENG.

We also discovered that soluble ENG levels are not
associated with EGFR mutation in our cohort. Common

driver mutations such as EGFR in non-squamous NSCLC
are known genetic factors for predicting Pem-C.'>3°
However, in our cohort, we did not find differences in
the ENG levels between EGFR wild type and mutation
groups. We did not find any association between EGFR
mutation and the PFS or OS of the pemetrexed-treated
patients. Besides, ENG induces TGF-f signaling to regu-
late tumor angiogenesis, which is independent from
EGFR-mediated cell proliferation pathways. Therefore,
we speculated that soluble ENG level may be independent
from driver mutations, at least EGFR, to affect Pem-C
responsiveness. A large cohort study should be conducted
to validate our results on ENG levels and tumor-harboring
driver mutations.

Some limitations are present in this study. First, only
patients with enough blood samples at baseline were
included. All blood samples analyzed are from a small
cohort. Other clinical factors may also affect Pem-C
response, but we cannot evaluate all factors due to the
small sample size. The small sample size may also explain
why the mean values of ENG concentration in Pem-C
responders and nonresponders are close even though sta-
tistically significant differences exist. However, we also
performed subgroup analysis in the very-high- and very-
low-ENG group and found similar correlations between
ENG concentration and the PFS of patients treated with
Pem-C. Second, we did not study the relevance of ENG
expression; the main targets of pemetrexed (ie, TS and
DHFR); and other uncommon driver mutations such as
ALK and ROSI. Moreover, only three patients had ALK
translocation and one had ROS/! translocation; therefore,
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we could not evaluate their relevance to ENG.
Considering that TS and DHFR affect the nucleotide
synthesis, DNA replication, and folate formation path-
ways, which are independent from TGF-B-related path-
still ENG
independent predictive factor. Nevertheless, our cohort

way, we postulated that level is an
still presents a remarkable association between ENG and

Pem-C responsiveness.

Conclusions

In summary, high ENG concentration in the blood is
correlated with favorable PFS and OS after Pem-C in
patients with advanced non-squamous NSCLC, and ENG
level is an independent factor for finding Pem-C respon-
ders. Currently, we are using lung cancer cell models to
analyze how endogenous and exogenous ENG levels reg-
ulate pemetrexed-induced anti-tumor effects.

Abbreviations

NSCLC, non-small cell lung cancer; OS, overall survival,
TS, thymidylate synthase; DHFR, dihydrofolate reductase;
Pem-C, pemetrexed-based chemotherapy; PFS, progression-
free survival; EGFR, epidermal growth factor receptor;
ALK, anaplastic lymphoma kinase; MMP, matrix metallo-
proteinase; ENG, endoglin; ELISA, enzyme-linked immu-
nosorbent assay; ECOG PS, Eastern Cooperative Oncology
Group performance status scale; CR, complete remission;
PR, partial response; PD, progressive disease; SD, stable
disease; CI, confidence interval; HR, hazard ratio; TGF-B,
transforming growth factor-f3.
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