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Background: The development of biomarkers predictive of response to immune
checkpoint inhibitor (ICI) therapies in advanced melanoma is an area of great interest
in oncology. Our study evaluated the potential role of serum vascular endothelial growth
factor (VEGF) as a predictive biomarker of clinical benefit and response to treatment
with ICls.

Methods: Pre-treatment peripheral blood samples were obtained from advanced
melanoma patients undergoing ICI therapy as monotherapy or in combination at two
tertiary care hospitals in Western Australia. Serum VEGF levels were correlated with
response to therapy and survival outcomes.

Results: Serum VEGF samples were collected from a total of 130 patients treated with
ICI therapy (pembrolizumab 73, ipilimumab 15, and ipilimumab/nivolumab combination
42). Median serum VEGF level was significantly higher in the non-responders (82.15
pg/mL) vs. responders (60.40 pg/mL) in the ipilimumab monotherapy cohort (P <
0.0352). However, no difference was seen in VEGF levels between non-responders and
responders in pembrolizumab and ipilimumab/nivolumab treated patients.

Conclusions: The results of our study confirm previous observations that that high
pre-treatment serum VEGF levels in advanced melanoma patients may predict poor
response to ipilimumab. However, serum VEGF is not predictive of outcome in patients
treated with anti-PD-1 agents alone or in combination with ipilimumab.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have improved the survival
of advanced melanoma patients with a 5 year survival rate of
about 50% (1, 2). However, a substantial proportion of patients
still do not benefit from this treatment. Biomarkers predictive of
response to ICI therapy in advanced melanoma are lacking. This
has important implications as ICI therapy is costly and can be
associated with immune adverse events leading to serious patient
morbidity (3).

A number of tumour and host related biomarkers predictive
of response to immunotherapy are currently being evaluated
(4). Although tissue-based biomarkers have been traditionally
considered the gold standard for predicting response to
treatment (5), a number of blood-based biomarkers are being
increasingly utilized in immuno-oncology (6). Serum lactate
dehydrogenase (LDH), neutrophil lymphocyte ratio, serum
albumin, and C reactive protein (CRP) have been evaluated for
their prognostic significance (7, 8). Blood based markers are
relatively non-invasive with an advantage of longitudinal sample
collection allowing us to potentially track an evolving anti-
tumour immune response. One such marker is serum vascular
endothelial growth factor (VEGF) (9).

Vascular endothelial growth factor (VEGF) mediates
immunosuppression through inhibition of dendritic cell
maturation, reduction of cytotoxic T-cell infiltration into
tumour and by creating an immunosuppressive tumour
microenvironment through upregulation of myeloid derived
suppressor cells (MDSCs) and regulatory T-cells (Tregs) (10, 11).
Combination of ICIs and anti-VEGF therapies has shown
synergy and positive outcomes in early clinical trials and this
approach is being evaluated in a number of trials across a range
of tumour types (10).

Yuan et al. (9) have previously demonstrated that pre-
treatment serum VEGF levels were associated with poor clinical
response and overall survival in advanced melanoma patients
treated with ipilimumab. The aim of our study was to evaluate
and further validate the prognostic biomarker significance of
serum VEGF levels in advanced melanoma patients treated with
anti-CTLA4 (ipilimumab), anti-PD1 agents (pembrolizumab/ or
nivolumab) or the combination of ipilimumab and nivolumab.

PATIENTS AND METHODS

Patient Selection
Advanced melanoma patients undergoing ICI therapy as
monotherapy (ipilimumab, pembrolizumab or nivolumab)
or combination therapy (ipilimumab and nivolumab) were
recruited from two hospitals in Perth, Western Australia.
Participants signed informed consent in accordance with
protocols safeguarding patient rights. All procedures were
accepted by the Human Research Ethics Committees at Edith
Cowan University (ECU) (No.11543) and Sir Charles Gairdner
Hospital (No. 2013-246).

Tumour responses were assessed radiologically by CT and/or
PET scans at two to three monthly intervals. Scans were reported
by radiologists blinded to patient treatment data. Patients were

defined as responders if they had significant reduction in tumour
size by RECIST 1.1 on CT or PET FDG avidity as per the
treating clinician or stable disease lasting more than 6 months.
Progression free survival (PFS) was defined as the time interval
between the start of therapy and the date of first progression.
Overall survival (OS) was defined as the time interval between
the start of therapy and death.

Measurement of Serum VEGF

Peripheral blood samples were obtained from each patient prior
to commencement (baseline) of treatment. Serum samples were
collected in SST tubes to assess serum concentrations of VEGF.
Samples were used undiluted and in duplicate, using a Milliplex®
MAP Human Cytokine/Chemokine Magnetic Bead Panel kit
(EMD Millipore, USA) for 96 well plate assay using the protocol
provided by the manufacturer. xPONENT® software (Luminex
Corp., USA) was used to detect, quantitate, and analyse the
samples on the Luminex 100™ instrument.

Statistical Analysis

Non-parametric Mann-Whitney U-tests were used to compare
VEGEF levels. Patients were dichotomized based on high and low
serum VEGF concentrations. A cut-off value was calculated for
the ipilimumab treated cohort using CutoffFinder (12). Survival
curves were plotted using the Kaplan-Meier method and hazard
ratios computed through a Mantel-Cox analysis. Analyses were
performed using GraphPad Prism 7 (GraphPad Software, San
Diego, CA, USA) and IBM SPSS Statistics version 25 (IBM,
Armonk, NY, USA).

TABLE 1 | Patient characteristics.

N %
Total 129*
Age (yrs)
<70 83 64
>70 46 36
GENDER
M 92 71
F 37 29
STAGE
lIC/D (unresectable) 9 7
IV (M1a) 17 13
IV (M1b) 15 12
IV (M1c) 57 44
IV (M1d) 31 24
BRAF STATUS
Wild type 82 64
Mutant 46 36
Unknown 1 1

*data not evaluable for one patient.
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FIGURE 1 | Comparison of serum VEGF levels between responders and non-responders to (A) ipilimumab, (B) pembrolizumab, and (C) ipilimumab/nivolumab
treatment.
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FIGURE 2 | Kaplan-Meier curves of patients treated with ipilimumab (A,D) pembrolizumab (B,E) and ipilimumab/nivolumab (C,F), with high and low serum VEGF
levels on progression free survival (PFS) (A=C) and overall survival (OS) (D-F). (G) Cut-off finder curves representing the hazard rations (HR) and 95% Confidence
Intervals (Cl) obtained a t multiple cut-off values from 70 to 160 pg/mL of serum VEGF.
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RESULTS

Serum samples were collected from a total of 130 patients treated
with ICI therapy as follows: pembrolizumab 73, ipilimumab
15, and ipilimumab/nivolumab combination 42. Baseline patient
characteristics are summarized in Table 1.

Serum levels VEGF was similar between the patient groups,
with 32-450 pg/mL in the ipilimumab group, 25-330 pg/mL
in anti-PDL1 treated group, and 24-490 pg/mL in the
combination group.

High serum VEGF level was associated with poor response to
treatment in the ipilimumab cohort. Median serum VEGEF level
was significantly higher in the non-responders (82.15 pg/mL)
vs. responders (60.40 pg/mL) in the ipilimumab monotherapy
cohort (Figure 1A). No such difference was seen between
non-responders and responders in the pembrolizumab and
ipilimumab/nivolumab combination groups (Figures 1B,C).

Progression free survival (PFS) was worse in the ipilimumab
treated patients with a serum VEGF level >90 pg/mL vs. those
with a lower serum VEGF level (<90 pg/mL) (Figure 2A).
No significant differences in PFS were observed in the
pembrolizumab and ipilimumab/nivolumab cohorts based on
serum VEGF levels (Figures 2B,C). No differences in overall
survival were observed in any of the groups (Figures 2D-F). Cut-
off finder curves representing multiple cut-off values for serum
VEGF levels are demonstrated in Figure 2G.

DISCUSSION

Blood based biomarkers are becoming increasingly popular in
immuno-oncology, being relatively non-invasive and allowing
longitudinal sample collection enabling us to potentially track
an evolving immune response (6). A number of routine
blood based biomarkers including serum lactate dehydrogenase
(LDH), neutrophil lymphocyte ratio, serum albumin and C
reactive protein (CRP) have been evaluated for their prognostic
significance in previous studies (7, 8, 13, 14).

Serum VEGF level has been previously shown to be a negative
prognostic biomarker in ipilimumab treated patients (9). Here
we evaluated the prognostic biomarker significance of pre-
treatment serum VEGF levels in three different ICI treated
cohorts including those treated with anti-CTLA4 monotherapy,
the newer anti-PD1 agents as well as combination anti-PD1/anti-
CTLA4 therapy. Our results indicate reduced likelihood of
benefit from ipilimumab in the context of high serum VEGF
levels as demonstrated by Yuan et al. (9) in their study.

Serum VEGF levels have also been previously evaluated as
a predictive biomarker of response to identify patients more
suitable for treatment with interleukin 2 (IL-2) in advanced
melanoma (15). In this study serum VEGF and fibronectin were
identified as independent predictors of response. In particular,
high levels of serum VEGF correlated with reduced likelihood of
clinical response and poor overall survival with IL-2.

To our knowledge, the role of serum VEGF as a predictive
biomarker of response to anti-PD1 alone or in combination with
ipilimumab has not been previously evaluated. We did not see
any strong association between serum VEGF levels and response
in advanced melanoma patients treated with pembrolizumab or

combination ipilimumab and nivolumab. In these two cohorts,
there was no difference in median serum VEGF levels amongst
responders and non-responders and the PFS as well as OS were
similar in the two sub-groups based on serum VEGF levels.

In the Checkmate-067 phase 3 study, the greatest benefit of
combination ICI therapy was seen in the PD-L1 negative, BRAF
mutant and elevated LDH subgroups (16). Serum VEGF levels
should be further evaluated in a larger prospective study and
potentially help us identify a proportion of advanced melanoma
patients who might benefit from combination ICI therapy rather
than monotherapy. This will be a very useful finding as dual
therapy is associated with significant immune related adverse
events, often leading to hospitalization (16).

Vascular endothelial growth factor modulates anti-tumour
immune responses through poor antigen presentation due to
inhibition of dendritic cell maturation, interfering with T-
cell trafficking and creating an immune suppressed tumour
microenvironment through MDSCs and T-reg stimulation (10,
11, 17). Combination anti-PD1 and anti-VEGF therapies are
being currently evaluated in a number of clinical trials across a
range of tumour types due to the anticipated synergy from the
combination approach. Recently, there have been a few positive
studies reported in non-small lung cancer (18) and endometrial
cancer (19) evaluating this combination approach. Therefore, a
biomarker evaluating the VEGF pathway might be particularly
useful in future especially due to its potential to identify the subset
of patients who might be better suited to dual therapy rather
single agent ICI therapy.

There are a number of limitations of our study. The sample
size is small for the ipilimumab treated group, however, our
results confirm previous observations (9). There are some
differences in the baseline demographics between the cohorts
as this was not a randomized study. With the more common
use of first-line combination ipilimumab and nivolumab or
other clinical trials in the second-line setting, the number
of patients being treated with ipilimumab monotherapy has
significantly reduced in the last few years. There is no validated
cut off value for defining high vs. low serum VEGF levels,
and we based our survival analysis on the best cut-off for
the ipilimumab group. Nevertheless, using CutoffFinder we
did not find a VEGF concentration cut-off to distinguish
survival in patients treated with anti-PD-1 agents. We did not
evaluate post treatment serum VEGF levels for comparison
with treatment outcomes. However, Yuan et al. (9) did not
find a significant change in serum VEGF after induction
completion (week 12).

In conclusion, our results suggest that serum VEGF level
in advanced melanoma patients may indicate poor response to
ipilimumab, however it does not impact response to anti-PD-1
agents alone or in combination with ipilimumab. Future research
could focus on evaluating the biomarker significance of serum
VEGEF levels in prospective clinical trials of ICI therapy.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

Frontiers in Oncology | www.frontiersin.org

June 2020 | Volume 10 | Article 1041


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Khattak et al.

VEGF Level and Response to Immunotherapy

ETHICS STATEMENT

The  studies involving  human  participants  were
reviewed and approved by Edith Cowan University
Ethics Committee. The patients/participants  provided
their ~ written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

MK and EG: study concept. MK, AA, and EG:
data  collection, analysis, interpretation. All authors
contributed to  the article and  approved the
submitted version.

REFERENCES

1. Hamid O, Robert C, Daud A, Hodi FS, Hwu W], Kefford R, et al.
Five-year survival outcomes for patients with advanced melanoma treated
with pembrolizumab in kKEYNOTE-001. Ann Oncol. (2019) 30:582-8.
doi: 10.1093/annonc/mdz011

2. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Lao CD, et al.
Five-Year survival with combined nivolumab and ipilimumab in advanced
melanoma. N Engl ] Med. (2019) 381:1535-46. doi: 10.1056/NEJMo0al910836

3. Zhang B, Wu Q, Zhou YL, Guo X, Ge J, Fu J. Inmune-related adverse events
from combination immunotherapy in cancer patients: a comprehensive
meta-analysis of randomized controlled trials. Int Immunopharmacol. (2018)
63:292-8. doi: 10.1016/j.intimp.2018.08.014

4. Gibney GT, Weiner LM, Atkins MB. Predictive biomarkers for checkpoint
inhibitor-based immunotherapy. Lancet Oncol. (2016) 17:e542-e51.
doi: 10.1016/S1470-2045(16)30406-5

5. Davis AA, Patel VG. The role of pD-L1 expression as a predictive biomarker:
an analysis of all uS food and drug administration (FDA) approvals
of immune checkpoint inhibitors. ] Immunother Cancer. (2019) 7:278.
doi: 10.1186/s40425-019-0768-9

6. Nixon AB, Schalper KA, Jacobs I, Potluri S, Wang IM, Fleener C.
Peripheral immune-based biomarkers in cancer immunotherapy: can we
realize their predictive potential? ] Immunother Cancer. (2019) 7:325.
doi: 10.1186/s40425-019-0799-2

7. Petrelli F Ardito R, Merelli B, Lonati V, Cabiddu M, Seghezzi S, et
al. Prognostic and predictive role of elevated lactate dehydrogenase in
patients with melanoma treated with immunotherapy and bRAF inhibitors:
a systematic review and meta-analysis. Melanoma Res. (2019) 29:1-12.
doi: 10.1097/CMR.0000000000000520

8. Bigot E, Castanon E, Baldini C, Hollebecque A, Carmona A, Postel-Vinay S, et
al. Prospective validation of a prognostic score for patients in immunotherapy
phase i trials: the gustave roussy immune score (GRIm-Score). Eur ] Cancer.
(2017) 84:212-8. doi: 10.1016/j.ejca.2017.07.027

9. Yuan J, Zhou J, Dong Z, Tandon S, Kuk D, Panageas KS, et al. Pretreatment
serum VEGF is associated with clinical response and overall survival in
advanced melanoma patients treated with ipilimumab. Cancer Immunol Res.
(2014) 2:127-32. doi: 10.1158/2326-6066.CIR-13-0163

10. Chen DS, Hurwitz H.
with  cancer  immunotherapy.
doi: 10.1097/PP0.0000000000000327

11. Li YL, Zhao H, Ren XB. Relationship of VEGF/VEGFR with
immune and cancer cells: staggering or forward?) Cancer Biol

bevacizumab
24:193-204.

Combinations of
Cancer ] (2018)

FUNDING

This work was supported by a National Health and Medical
Research Council [1013349 to MZ, MM, EG, and MK]; a
Cancer Council Western Australia grant, Spinnaker Research
Foundation Grant and MSD Investigator Studies Program Grant
to MK. MK is supported by a fellowship from the Raine
Foundation. EG is supported by a fellowship from the Cancer
Research Trust and Cancer Council of Western Australia.

ACKNOWLEDGMENTS

The authors thank all the study participants for their assistance
with the study.

Med. (2016 13:206-14. doi:
0070

12. Budczies ], Klauschen F, Sinn BV, Gyorffy B, Schmitt WD, Darb-Esfahani S,
et al. Cutoff finder: a comprehensive and straightforward web application
enabling rapid biomarker cutoff optimization. PLoS ONE. (2012) 7:e51862.
doi: 10.1371/journal.pone.0051862

13. Buder-Bakhaya K, Hassel JC. Biomarkers for clinical benefit of immune
checkpoint inhibitor treatment-A review from the melanoma perspective and
beyond. Front Immunol. (2018) 9:1474. doi: 10.3389/fimmu.2018.01474

14. Mezquita L, Auclin E, Ferrara R, Charrier M, Remon J, Planchard D, et al.
Association of the lung immune prognostic index with immune checkpoint
inhibitor outcomes in patients with advanced non-Small cell lung cancer.
JAMA Oncol. (2018) 4:351-7. doi: 10.1001/jamaoncol.2017.4771

15. Sabatino M, Kim-Schulze S, Panelli MC, Stroncek D, Wang E, Taback B, et
al. Serum vascular endothelial growth factor and fibronectin predict clinical
response to high-dose interleukin-2 therapy. J Clin Oncol. (2009) 27:2645-52.
doi: 10.1200/JC0O.2008.19.1106

16. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ, Cowey CL,
et al. Overall survival with combined nivolumab and ipilimumab in advanced
melanoma. N Engl ] Med. (2017) 377:1345-56. doi: 10.1056/NEJMoal709684

17. Yang J, Yan J, Liu B. Targeting VEGF/VEGFR to modulate antitumor
immunity. Front Immunol. (2018) 9:978. doi: 10.3389/fimmu.2018.00978

18. Socinski MA, Jotte RM, Cappuzzo E, Orlandi E, Stroyakovskiy D, Nogami N, et
al. Atezolizumab for first-Line treatment of metastatic nonsquamous nSCLC.
N Engl ] Med. (2018) 378:2288-301. doi: 10.1056/NEJMoal716948

19. Makker V, Rasco D, Vogelzang NJ, Brose MS, Cohn AL, Mier J, et al.
Lenvatinib plus pembrolizumab in patients with advanced endometrial
cancer: an interim analysis of a multicentre, open-label, single-arm,
phase 2 trial. Lancet Oncol. (2019) 20:711-8. doi: 10.1016/S1470-2045(19)
30020-8

10.20892/j.issn.2095-3941.2015.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Khattak, Abed, Reid, McEvoy, Millward, Ziman and Gray. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology | www.frontiersin.org

June 2020 | Volume 10 | Article 1041


https://doi.org/10.1093/annonc/mdz011
https://doi.org/10.1056/NEJMoa1910836
https://doi.org/10.1016/j.intimp.2018.08.014
https://doi.org/10.1016/S1470-2045(16)30406-5
https://doi.org/10.1186/s40425-019-0768-9
https://doi.org/10.1186/s40425-019-0799-2
https://doi.org/10.1097/CMR.0000000000000520
https://doi.org/10.1016/j.ejca.2017.07.027
https://doi.org/10.1158/2326-6066.CIR-13-0163
https://doi.org/10.1097/PPO.0000000000000327
https://doi.org/10.20892/j.issn.2095-3941.2015.0070
https://doi.org/10.1371/journal.pone.0051862
https://doi.org/10.3389/fimmu.2018.01474
https://doi.org/10.1001/jamaoncol.2017.4771
https://doi.org/10.1200/JCO.2008.19.1106
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.3389/fimmu.2018.00978
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1016/S1470-2045(19)30020-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Role of Serum Vascular Endothelial Growth Factor (VEGF) as a Potential Biomarker of Response to Immune Checkpoint Inhibitor Therapy in Advanced Melanoma: Results of a Pilot Study
	Introduction
	Patients and Methods
	Patient Selection
	Measurement of Serum VEGF
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


