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Abstract

Systemic chemotherapy is the mainstay of therapy in patients with advanced gastric cancer, but has multiple drawbacks
including lack of durable efficacy and dose limited toxicities. Recent clinical trials data on the efficacy of immune therapy in
this patient group have shed light on its potential as an alternative treatment option. Recently, immunotherapy with antibodies
that inhibit the programmed death 1 (PD-1)/programmed death ligand 1 (PD-L1) interaction has emerged as a new treatment
option. Although the toxicity of checkpoint inhibitors is generally unpredictable, they tend to be more manageable and better
tolerated than the toxicities of systemic chemotherapy. Results from ongoing phase 3 trials are needed to further evaluate the

potential roles of these agents within the continuum of care.
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1. Introduction

Gastric cancer (GC) represents a major health problem
worldwide M. Despite a decrease in incidence in past
decades, stomach cancer remains the fifth most common
type of cancer and the third leading cause of cancer-related
mortality worldwide 1.

Because the pathogenesis of gastric cancers involves many
different genetic mutations, as well as epigenetic alterations,
and the dysfunction of molecular signalling pathways, many
efforts have been undertaken in recent years to emphasize
the molecular heterogeneity responsible not only for the
process of carcinogenesis but also for cancer spread and
metastasis. Each of these molecular alterations is involved
in a different stage of cancerous disease [,

Treatments with surgery, chemotherapy, radiation therapy,
anti-angiogenic therapy have been the mainstay in the
treatment of GC, but over the last decade novel therapeutics
with immunotherapies have been evaluated in clinical trials
as immunomodulatory strategies for GC.

In recent years, immune checkpoint blockade has emerged
as an exciting therapeutic strategy in several malignancies.
The development of monoclonal antibodies that inhibit PD-
1, PD-L1 and CTLA-4 have shown dramatic responses and
clinical benefit across multiple tumor types.

Recently, some clinical trials have indicated that
monoclonal antibodies that target PD-1 or its receptor PD-
L1 prevent the inhibitory effects of PD-1/PD-L1 pathway
and enhance T cell functions, leading to impressive
outcomes in patients with cancers * 5. However, from [
“the predictive effects of PD-L1 in response to PD-1/PD-L1
antibodies in GC are not conclusive and the indication of
PD-L1 expression in tumors remains controversial and
needs to be further investigated'.

The remainder of this review focuses on clinical trials of
various immune checkpoint inhibitors in GC, including
completed or ongoing trials.

2. Materials and Methods
A literature search modality was applied for all English

language literature published in the last 10 years, by
assessing the PubMed electronic database, EBSCO, Web of
Science and Cochrane Library. The keywords used for our
research purposes were “gastric cancer”, ‘‘stomach
neoplasm”, “targeted treatment”, “immunotherapy”, and
“checkpoint inhibitors”. The specific search was also
performed to identify clinical studies involving novel agents
for gastric cancer treatment using the ClinicalTrials.gov
database. Furthermore, the search was also performed on
different cancer-related Web sites.

3. Results

3.1 Rationale for checkpoint inhibitors in GC

Immune checkpoint inhibitors have revolutionized the
treatment of several malignancies, including melanoma and
non-small- cell lung cancer. Many patients achieve durable
disease control and prolonged survival with less toxicity
compared to traditional chemotherapy [

The development and progression of tumors are
characterized by evasion of immune responses, including
tumor escape mediated through immune checkpoint
pathways [ 121,

Key immune checkpoint proteins, including cytotoxic T
lymphocyte antigen 4 (CTLA-4), indoleamine 2,3-
dioxygenase (IDO), Tcell immunoglobulin and mucin
domain-containing protein 3, lymphocyte activation gene 3
protein (LAG-3), and PD-1, are overexpressed on immune
cells in patients with GC, suggesting a role for tumor
induced T-cell exhaustion in disease progression [13-15].
PD-1 (expressed on immune cells) and its ligand, PD-L1
(expressed on immune and tumor cells), are expressed on up
to 50% of GC tumors [16 171 expression has been associated
with a worse prognosis.

Antibodies that block checkpoint proteins can restore and
enhance antitumor activity of T cells by blocking inhibitory
signals (Fig. 1) 8 191, Furthermore, some GC tumors have a
high mutational burden, particularly MSI-high tumors
creating tumor neoantigens that can be targeted by immune
responses.
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Based on genomic profiling, 4 distinct subtypes were
described: Ebstein-Barr Virus (EBV)- associated tumors,
microsatellite  instability =~ (MSI)-associated  tumors,
genetically-stable tumors, and tumors with chromosomal
instability. The MSI subtype is associated with gene
promoter hyper-methylations and exhibit high mutational
burden including within the major histocompatibility class |
genes. Moreover, EBV-associated tumors are characterized
by amplification of genes coding for programmed death-1
(PD-1) and programmed death ligand-1 (PD-L1), suggesting

responsiveness to immune therapies targeting PD-1/PD-L1
[20]

3.2 Phase 1 and 2 trials of checkpoint inhibitors as 2L or
later

The first study of a checkpoint inhibitor in GC/GEJC was a
small phase 2 trial of tremelimumab (anti-CTLA-4),
performed in 18 patients with metastatic gastric
adenocarcinoma. In this study, the objective response rate
(ORR) was low (1 of 18 patients [6%]), but the responding
patient experienced a durable response and remained on
treatment after 32.7 months 24,

The first study of an anti—PD-1 antibody in advanced GC
was KEYNOTE-012, a phase 1b study of pembrolizumab in
39 patients with recurrent or metastatic PD-L1+ (>1% tumor
cell cutoff) GC adenocarcinoma; The ORR adjudicated by
central review was 22%, based on 8 partial responses, with
no significant difference between Asian and non-Asian
patients (24% vs 21%, respectively), and the median OS
was 11.4 months overall 22,

Following these encouraging results, a large phase 2 trial of
pembrolizumab in patients with GC, comprising 3 cohorts,
was initiated (KEYNOTE-059) [?31, Cohort 1 represents the
largest early-phase trial of a checkpoint inhibitor in GC,
enrolling 259 patients who received pembrolizumab
monotherapy as 3L or later treatment ¥4, The ORR in this
cohort was 12%, with a trend for higher ORR in PD-L1+ vs
PD-L1-tumors (16% vs 6%, respectively), and median OS
was 5.5 months. Results from this cohort led to the
accelerated approval of pembrolizumab by the US Food and
Drug Administration (FDA) as 3L treatment for patients
with advanced PD-L1+ GC [, Results from the other 2
cohorts of the KEYNOTE-059 trial are summarized in later
sections of this review.

Avelumab, an anti-PD-L1 antibody, have been reported in
the JAVELIN

Solid Tumor trial, it was administered to a large phase 1b
cohort of patients with locally advanced or metastatic GC
unselected for PD-L1 expression 21, A total of 151 patients
were enrolled, including a subgroup of 62 patients who
received avelumab as 2L or later treatment. In an interim
analysis from this subgroup, the unconfirmed ORR was
10%, and clinical activity was seen irrespective of PD-L1
expression status. OS data were not mature at the time of
reporting.

3.3 Phase 1 and 2 trials of checkpoint inhibitors as 1L
therapy

In addition to patients with previously treated GC,
pembrolizumab monotherapy was also investigated as 1L
treatment in cohort 3 of the phase 2 KEYNOTE-059 trial
(23] In the 31 patients enrolled, who all had PD-L1+/HER2—
tumors, the ORR was 26%, median OS was 20.7 months.

In cohort 2 of KEYNOTE-059, 25 patients with advanced

HER2- GC received 1L treatment with pembrolizumab in
combination with 5-FU/cisplatin chemotherapy [°l. The
ORR was 60%, and there was a potential association
between PD-L1+ tumors and higher ORR (69% and 38% in
patients with PD-L1+ vs PD-L1- tumors, respectively).
Median OS was 13.8 months.

3.4 Phase 3 trials

JAVELIN Gastric 100 (NCT02625610) is the only phase 3
trial  assessing  switch-maintenance treatment  with
immunotherapy. This study is comparing avelumab vs
continuation of leucovorin+5- FU+oxaliplatin (FOLFOX) or
capecitabine+oxaliplatin  (XELOX) in patients with
advanced GC and without disease progression after 1L
induction chemotherapy. The primary endpoints are PFS
and OS, and recruitment is now complete.

Two phase 3 trials were designed to compare 2L
pembrolizumab monotherapy vs paclitaxel in non-Asian
(KEYNOTE-061; NCTO02370498) or Asian (KEYNOTE-
063; NCT03019588) patients with advanced PD-L1+ GC
that progressed after 1L platinum/fluoropyrimidine doublet
therapy. KEYNOTE-061 did not meet its primary endpoints
of superior OS and PFS for pembrolizumab vs paclitaxel
[26l: data for KEYNOTE-063, which has completed
enrollment, are expected.

ATTRACTION- 02 (ONO-4538-12; NCT02267343) is a
completed phase 3 trial of 3L or later nivolumab vs placebo
in 493 Asian patients with unresectable advanced or
recurrent GC [27]. Median OS (primary endpoint) was 5.3
vs 4.1 months (HR=0.63; p < 0.0001), and ORR was 11%
vs 0% (P < 0.0001). Nivolumab efficacy was seen
irrespective of PD-L1 status.

Based on this trial, the Japanese Ministry of Health, Labour,
and Welfare approved nivolumab in September 2017 for the
treatment of unresectable advanced or recurrent GC
progressed after chemotherapy 281,

JAVELIN Gastric 300 (NCT02625623) is a global
randomized trial of 3L avelumab compared with
investigator choice of chemotherapy (either paclitaxel or
irinotecan) performed in 371 patients with advanced GC
progressed or relapsed after 2 prior lines of treatment,
unselected for PD-L1 expression and stratified by region
(Asia vs non-Asia), with all patients receiving BSC as
background therapy. It has been reported in a press release
that the trial did not meet its primary endpoint of superior
OS for avelumab vs chemotherapy 2,

Ongoing phase 3 trials assessing checkpoint inhibitor—based
combination therapy in the 1L setting are KEYNOTE-062
(NCT02494583), a trial of pembrolizumab alone or in
combination with cisplatin/5-FU vs cisplatin/5-FU alone in
patients with PD-L1+/HER2— advanced GC, and
CheckMate 649 (NCT02872116), a 3-arm trial of
nivolumab plus ipilimumab, nivolumab plus investigator
choice of chemotherapy (XELOX or FOLFOX), or
XELOX/FOLFOX alone in patients with previously
untreated advanced or metastatic GC. The primary endpoint
in both studies is OS in patients with PD-L1+ tumors.
Enrollment in KEYNOTE-062 is complete.

3.5 Safety profile of checkpoint inhibitors in patients
with GC

Checkpoint inhibitors are generally better tolerated than
chemotherapy regimens administered to patients with GC.
The profile of side effects that occur with different anti—PD-
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1/PD-L1 inhibitors are broadly similar (Table 2) 22271, The
most common TRAEs of any grade across the different
agents include fatigue, musculoskeletal pain, decreased
appetite, pruritus, diarrhea, nausea, and rash. In addition,
infusion-related reactions occur in approximately 13% of
patients treated with avelumab; these reactions are typically
low grade and occur during the first 1 to 2 infusions 2],

The incidence of grade >3 TRAEs with anti-PD-1/PD-L1
monotherapy in  patients with GC ranges from
approximately 10% to 20%, with the most common events
including fatigue, anemia, and elevated alanine and
aspartate aminotransferase levels (Table 2). Checkpoint
inhibitor therapy is also associated with immune-related
AEs (irAEs) that may affect rheumatic, gastrointestinal,
skin, pulmonary, endocrine, neurological, hepatic, cardiac,
and renal tissues [,

Although AEs with checkpoint inhibitors are manageable in
most cases through treatment interruption and corticosteroid
treatment, long-term sequelae and deaths due to irAEs have
been reported in a small proportion of patients highlighting
the need for education of healthcare professionals and
patients, close  monitoring, and  multidisciplinary
collaboration to effectively manage these AEs.

3.6 Further Considerations in
Research

Currently, biomarkers predicting response to immune
therapy for clinical use are remarkably underdeveloped. PD-
L1 has proven to be effective in predicting response to anti-
PD-1 therapy in non-squamous non-small cell lung cancer
patients and is part of routine testing in these patient
populations 1

However, the predictability of this biomarker is poor in
squamous non-small cell lung cancer patients and highly
variable for combination immune therapies % 3l Several
other biomarkers including the presence or absence of
tumorinfiltrating lymphocytes (TIL) are under evaluation. A
recent study has proposed the use of criteria that rely on PD-
L1 expression and TILs to classify tumors on the likelihood
of responding to anti-PD-1/PD-L1 therapy 7. The criteria
seem to have some value in predicting response in
melanoma.

However, further studies will be necessary to validate such
criteria and other putative biomarkers in other types of
cancers including EC and GC.

The dynamics of response to immune therapy are distinct
from that of conventional chemotherapy. Treatment
response seems to take a longer time to manifest for
immune therapy than for conventional chemotherapy.
Furthermore, immune therapy is associated with
‘pseudoprogression’ which refers to the initial increase in

Immune Therapy

the size of cancer-associated lesions before decreasing in
size to reflect treatment response [38-40]. Because of this
reason, measurement of the response via criteria established
for conventional chemotherapy such as RECIST 1.1 or
WHO criteria are not optimal for immune therapy and thus
the immune-related response criteria (irRC) have been
established and are already in widespread use for
objectively evaluating immune therapeutics (8. Accurate
evaluation of tumor responses to immune therapy will
depend on fine-tuning of evaluation criteria that take into
account the dynamics underlying innate and adaptive
immune responses.

4. Conclusion

Recent advances in immune therapy have led to remarkable
improvements in the management of advanced gastric
cancer. The optimal strategy for incorporating checkpoint
inhibitors in the continuum of care for patients with
advanced GC is unknown, and a range of other strategies is
being assessed in phase 3 trials, including monotherapy,
maintenance therapy, and combination therapy in earlier
lines. The role of checkpoint inhibitors in the premetastatic
setting must also be evaluated, and trials are ongoing. Areas
for further study include the development and validation of
novel biomarkers to identify patients most likely to respond
to treatment and characterization of outcomes with
checkpoint inhibitors in different genomically defined
disease subgroups. Future developments are eagerly
awaited.

The future direction of immune therapeutic research should
address the development of immune therapeutic biomarkers
and improveing the evaluation of responses to immune
therapy.

5. Tables and Figures
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Fig 1: Overview of immune pathways and actions of checkpoint
inhibitors.

Table 2: Treatment-related adverse events associated with checkpoint inhibitors in GC

Treatment | Any TRAE, % Grade>3 TRAEs Grade>3 TRAEs
Anemia, fatigueNeutropenia, diffuse uveal melanocytic Pneumonitis,
Pembrolizumab 77 proliferation, colitis, bile duct obstruction, decreased neutrophils, | Hyperthyroidism Colitis,
dehydration, hyponatremia, rash pneumonitis
Nivolumab 69 Nivolumab: decreased appetite, diarrhea, elevated AST, fatigue Not reported
Avelumab 59 Anemia, asthenia, decreased platelet count, elevated GGT, fatigue |Colitis, adrenal insufficiency|
Tremelimumab 83 Atrial fibrillation, elevated AST, diarrhea Not reported
Ipilimumab 72 Ipilimumab: diarrhea, fatigue, asthenia, hypothyroidism Not reported

5. References
1. Ferro A, Peleteiro B, Malvezzi M, Bosetti C, Bertuccio

P, Levi F. et al. Worldwide trends in gastric cancer
mortality (1980-2011), with predictions to 2015, and

39



International Journal of Medical and Health Research

10.

11.

12.

13.

14.

15.

incidence by subtype. Eur J Cancer, 2014; 50:1330-
1344, [PMID: 24650579 DOL:
10.1016/j.ejca.2014.01.029]

Jemal A, Bray F, Center MM, Ferlay J, Ward E,
Forman D. et al. Global cancer statistics. CA Cancer J
Clin, 2011; 61:69-90. [PMID: 21296855 DOI:
10.3322/caac.20107]

Kothari N, Almhanna K. Current status of novel agents
in advanced gastroesophageal adenocarcinoma. J
Gastrointest Oncol, 2015; 6:60-74. [PMID: 25642339
DOI: 10.3978/j.issn.2078-6891. 2014.098]

Robert C, Schachter J, Long GV, Arance A, Grob JJ,
Mortier L. et al. Pembrolizumab versus Ipilimumab in
Advanced Melanoma. The New England journal of
medicine. 2015; 372(26):2521+32. https://doi.org/
10.1056/NEJM0a1503093 PMID: 25891173.

Mace TA, Shakya R, Pitarresi JR, Swanson B,
McQuinn CW, Loftus S. et al. IL-6 and PD-L1
antibody blockade combination therapy reduces tumour
progression in murine models of pancreatic cancer. Gut,
2016. Epub 2016/11/01. https://doi.org/10.1136/gutjnl-
2016-311585 PMID: 27797936.

Liu X, Yang Z, Latchoumanin O, Qiao L. Antagonizing
programmed death-1 and programmed death ligand-1 as
a therapeutic approach for gastric cancer. Therapeutic
advances in gastroenterology. 2016; 9(6):853-60. Epub
2016/11/03.
https://doi.org/10.1177/1756283X16658251
27803740; PubMed Central
PMCPmc5076768.

Robert C, Schachter J, Long GV, et al. Pembrolizumab
versus Ipilimumab in advanced melanoma. N Engl J
Med, 2015; 372:2521-2532.

Herbst RS, Baas P, Kim DW. Pembrolizumab versus
docetaxel for previously treated, PD-L1-positive,
advanced non-small-cell lung cancer (KEYNOTE-010):
a randomised controlled trial. Lancet, 2016; 387:1540-
1550.

Dunn GP, Bruce AT, lkeda H, Old LJ, Schreiber RD.
Cancer immunoediting: from immunosurveillance to
tumor escape. Nat Immunol, 2002; 3:991-8.

Schreiber RD, OIld LJ, Smyth MJ. Cancer
immunoediting: integrating immunity's roles in cancer
suppression and promotion. Science, 2011; 331:1565
70.

Hanahan D, Weinberg RA. Hallmarks of cancer: the
next generation. Cell, 2011; 144:646-74.

Pardoll DM. The blockade of immune checkpoints in
cancer immunotherapy. Nat Rev Cancer, 2012; 12:252-
64.

Kim JW, Nam KH, Ahn SH, Park DJ, Kim HH, Kim
SH. et al Prognostic implications  of
immunosuppressive protein expression in tumors as
well as immune cell infiltration within the tumor
microenvironment in gastric cancer. Gastric Cancer,
2014; 19:42-52.

Takaya S, Saito H, lkeguchi M. Upregulation of
immune checkpoint molecules, PD-1 and LAG-3, on
CD4+ and CD8+ T cells after gastric cancer surgery.
Yonago Acta Med, 2015; 58:39-44.

Cheng G, Li M, Wu J, Ji M, Fang C, Shi H. et al.
Expression of Tim-3 in gastric cancer tissue and its
relationship with prognosis. Int J Clin Exp Pathol,
2015; 8:9452-7.

PMID:
PMCID:

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

Wu P, Wu D, Li L, Chai Y, Huang J. PD-L1 and
survival in solid tumors: a metaanalysis. PLoS One,
2015; 10:e0131403.

Boger C, Behrens HM, Mathiak M, Kruger S, Kalthoff
H, Rocken C. et al. PD-L1 is an independent prognostic
predictor in gastric cancer of Western patients.
Oncotarget, 2016; 7:24269-83.

Buchbinder El, Desai A. CTLA-4 and PD-1 pathways:
similarities, differences, and implications of their
inhibition. Am J Clin Oncol, 2016; 39:98-106.

Postow MA, Callahan MK, Wolchok JD. Immune
checkpoint blockade in cancer therapy. J Clin Oncol,
2015; 33:1974-82.

Cancer  Genome  Atlas  Research  Network:
Comprehensive molecular characterization of gastric
adenocarcinoma. Nature. 2014; 513(7517):202-2009.
Ralph C, Elkord E, Burt DJ, O'Dwyer JF, Austin EB,
Stern PL. et al. Modulation of lymphocyte regulation
for cancer therapy: a phase Il trial of tremelimumab in
advanced gastric and esophageal adenocarcinoma. Clin
Cancer Res, 2010; 16:1662-72.

Muro K, Chung HC, Shankaran V, Geva R, Catenacci
D, Gupta S. et al. Pembrolizumab for patients with PD-
L1-positive advanced gastric cancer

(KEYNOTE-012): a multicentre, open-label, phase 1b
trial. Lancet Oncol, 2016; 17:717-26.

Wainberg ZA, Jalal S, Muro K, Yoon HH, Garrido M,
Golan T, et al. KEYNOTE-059 update: efficacy and
safety of pembrolizumab alone or in combination with
chemotherapy in patients with advanced gastric or
gastroesophageal (G/GEJ) cancer. Ann Oncol, 2017;
28(suppl 5). [Abstract LBA28].

Keytruda  (pembrolizumab) [package
Whitehouse Station, NJ: Merck & Co, Inc, 2017.
Chung HC, Arkenau H, Wyrwicz L, Oh D, Lee K,
Infante JR. et al. Avelumab (MSB0010718C; anti-PD-
L1) in patients with advanced gastric or
gastroesophageal junction cancer from JAVELIN Solid
Tumor phase 1b trial: analysis of safety an clinical
activity. J Clin Oncol, 2016; 34(suppl). [Abstract 4009].
Merck provides update on KEYNOTE-061, a phase 3
study of KEYTRUDA® (pembrolizumab) in previously
treated patients with gastric or gastroesophageal
junction adenocarcinoma [press release]. Kenilworth,
NJ, USA; December 14, 2017.

Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K.
et al. Nivolumab in patients with advanced gastric or
gastro-oesophageal junction cancer refractory to, or
intolerant of, at least two previous chemotherapy
regimens  (ONO-453812, ATTRACTION-2): a
randomised, double-blind, placebo-controlled, phase 3
trial. Lancet, 2017; 390:2461-71.

Japan Ministry of Health, Labor and Welfare approves
Opdivo (nivolumab) for the treatment of patients with
unresectable advanced or recurrent gastric cancer which
has progressed after chemotherapy [press release].
Princeton, NJ: Bristol-Myers Squibb; September 22,
2017.

Merck KGaA. Darmstadt, Germany, and Pfizer provide
update on phase Il JAVELIN Gastric 300 study in
patients with pre-treated advanced gastric cancer [press
release]. Darmstadt, Germany: Merck KGaA;
November 27, 2017.

Haanen JBAG, Carbonnel F, Robert C, Kerr KM,

insert].

40



International Journal of Medical and Health Research

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Peters S, Larkin J. et al. Management of toxicities from
immunotherapy: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-up. Ann Oncol,
2017; 28:iv119 42.

Meng X, Huang Z, Teng F, Xing L, Yu J. Predictive
biomarkers in PD-1/PD-L1 checkpoint blockade
immunotherapy. Cancer Treat Rev. 2015; 41(10):868-
876.

Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M,
Ready NE. et al.

CT Graf Finckenstein F, Brahmer JR. Nivolumab
versus Docetaxel in Advanced Nonsquamous Non-
Small-Cell Lung Cancer. N Engl J Med. 2015;
373(17):1627-1639.

Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ,
Cowey CL, Lao CD. et al. Combined nivolumab and
ipilimumab or monotherapy in untreated melanoma. N
Engl J Med. 2015; 373(1):23-34.

Postow MA, Chesney J, Pavlick AC, Robert C,
Grossmann K, McDermott D. et al. Nivolumab and
ipilimumab versus ipilimumab in untreated melanoma.
N Engl J Med. 2015; 372(21):2006-2017.

Wolchok JD, Kluger H, Callahan MK, Postow MA,
Rizvi NA, Lesokhin AM. et al. Nivolumab plus
ipilimumab in advanced melanoma. N Engl J Med.
2013; 369(2):122-133.

Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian
SL, Hwu P. et al. Safety and activity of anti-PD-L1
antibody in patients with advanced cancer. N Engl J
Med. 2012; 366(26):2455-2465.

Smyth MJ, Ngiow SF, Ribas A, Teng MW
Combination cancer immunotherapies tailored to the
tumour microenvironment. Nat Rev Clin Oncol. 2016;
13(3):143-158.

Wolchok JD, Hoos A, O'Day S, Weber JS, Hamid O,
Lebbe C. et al. Guidelines for the evaluation of immune
therapy activity in solid tumors: immune-related
response criteria. Clin Cancer Res. 2009; 15(23):7412-
7420.

Di Giacomo AM, Danielli R, Guidoboni M, Calabro L,
Carlucci D, Miracco C. et al. Therapeutic efficacy of
ipilimumab, an anti- CTLA-4 monoclonal antibody, in
patients with metastatic melanoma unresponsive to
prior systemic treatments: clinical and immunological
evidence from three patient cases. Cancer Immunol
Immunother. 2009; 58(8):1297-1306.

Chiou VL, Burotto M. Pseudoprogression and Immune-
Related Response in Solid Tumors. J Clin Oncol. 2015;
33(31):3541-3543.

41



