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ABSTRACT
The broad activity of agents blocking the programmed 
cell death protein 1 and its ligand (the PD- (L)1 axis) 
revolutionized oncology, offering long- term benefit to 
patients and even curative responses for tumors that were 
once associated with dismal prognosis. However, only a 
minority of patients experience durable clinical benefit 
with immune checkpoint inhibitor monotherapy in most 
disease settings. Spurred by preclinical and correlative 
studies to understand mechanisms of non- response to 
the PD- (L)1 antagonists and by combination studies in 
animal tumor models, many drug development programs 
were designed to combine anti- PD- (L)1 with a variety 
of approved and investigational chemotherapies, tumor- 
targeted therapies, antiangiogenic therapies, and other 
immunotherapies. Several immunotherapy combinations 
improved survival outcomes in a variety of indications 
including melanoma, lung, kidney, and liver cancer, among 
others. This immunotherapy renaissance, however, has 
led to many combinations being advanced to late- stage 
development without definitive predictive biomarkers, 
limited phase I and phase II data, or clinical trial designs that 
are not optimized for demonstrating the unique attributes of 
immune- related antitumor activity—for example, landmark 
progression- free survival and overall survival. The decision 
to activate a study at an individual site is investigator- driven, 
and generalized frameworks to evaluate the potential for 
phase III trials in immuno- oncology to yield positive data, 
particularly to increase the number of curative responses 
or otherwise advance the field have thus far been lacking. 
To assist in evaluating the potential value to patients and 
the immunotherapy field of phase III trials, the Society for 
Immunotherapy of Cancer (SITC) has developed a checklist 
for investigators, described in this manuscript. Although the 
checklist focuses on anti- PD- (L)1- based combinations, it 
may be applied to any regimen in which immune modulation 
is an important component of the antitumor effect.

INTRODUCTION
Immunotherapy, specifically immune check-
point inhibitors (ICIs) directed against 

programmed cell death protein 1 and its 
ligand (PD- (L)1), is now the backbone of 
the standard of care for many tumors. For 
patients with tumors that respond to anti- 
PD- (L)1 therapy, prolonged duration of 
response (DOR) or even delayed tumor 
shrinkage is possible even after discontinua-
tion of therapy,1–5 visualized as long event- free 
plateaus on Kaplan- Meier curves.6 7 The long- 
term responses seen with immunotherapy 
contrast markedly with the other conven-
tional therapeutic pillars of medical oncology: 
chemotherapy and targeted therapy, both of 
which nearly universally lead to the eventual 
emergence of resistant tumors.8 9

Not all tumors respond to ICI mono-
therapy, and the currently available assays 
for patient selection (eg, mutation burden/
microsatellite instability and PD- L1 expres-
sion) are indirect measures of the immune 
susceptibility of tumors.10 A substantial 
unmet need exists in multiple malignancies 
to enhance overall response rates (ORRs) to 
ICIs and to develop and validate predictive 
biomarkers of long- term benefit. Combi-
nation approaches involving anti- PD- (L)1 
added to cytotoxic, targeted, antiangiogenic, 
radiation, or other immune therapy have 
been put forward as a key strategy to expand 
the population of patients that benefit from 
immunotherapy.11–13 Anti- PD- (L)1- based 
combinations have demonstrated improved 
median overall survival (OS) and gained 
regulatory approval for the treatment of 
several tumors including hepatocellular 
carcinoma (HCC),14 melanoma,15 non- small 
cell lung cancer (NSCLC),16 renal cell carci-
noma (RCC),17 triple- negative breast cancer 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-005413 on 29 S

eptem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-3901-9924
http://orcid.org/0000-0002-8322-475X
http://orcid.org/0000-0001-5085-3579
http://orcid.org/0000-0002-7694-0731
http://orcid.org/0000-0002-8132-7069
http://orcid.org/0000-0001-6605-2071
http://orcid.org/0000-0002-0806-2535
http://orcid.org/0000-0002-6569-2912
http://orcid.org/0000-0002-5248-4356
http://orcid.org/0000-0002-4043-3279
http://orcid.org/0000-0002-2428-6109
http://orcid.org/0000-0003-4137-9662
http://crossmark.crossref.org/dialog/?doi=10.1136/jitc-2022-005413&domain=pdf&date_stamp=2022-09-29
http://jitc.bmj.com/


2 Atkins MB, et al. J Immunother Cancer 2022;10:e005413. doi:10.1136/jitc-2022-005413

Open access 

(TNBC),18 and others. This immunotherapy renaissance 
has also generated renewed interest in the immune mech-
anisms of action of conventional anticancer therapies, 
revealing substantial potential contributions of adaptive 
and innate immunity to the effects of chemotherapies,19–21 
tumor- targeted therapies,22–24 and antiangiogenic thera-
pies.25 Unfortunately, experience has shown that preclin-
ical evidence for combination synergy must be confirmed 
in treated patients, given the inadequacy of most murine 
models to recapitulate the organ- specific immune contex-
ture as well as the heterogeneity, immune editing, and 
immune defenses of human disease.10 26 27

No uniform method has been established to predict 
the probability of success for individual clinical trials. 
Aggregate strategies to forecast probability of success 
based on historical attrition rates from phase to phase for 
specific indications28 or sponsors29 have been described, 
but these approaches provide incomplete information for 
future prediction and fail to account for unique aspects 
of immunotherapy drug development. Machine learning 
approaches have been put forward that can identify 
aspects of trial protocols and sponsor track- records as 
important features in predicting success.30–32 These tools 
are currently strictly exploratory, and in the absence of 
validated predictive algorithms, the go/no- go decision 
for phase III trials relies on expert opinion.

Except for a small number of combination regimens 
in development, most will require randomized phase III 
trials to demonstrate patient benefit and establish their 
place in the treatment paradigm. Phase III trials are 
time- and resource- intensive, and the cost associated with 
late- stage studies has steadily increased. Although pivotal 
trials for agents with substantial clinical benefit can be 
conducted at lower costs compared with studies where 
the effect sizes are marginal,33 the overall number of new 
approvals from the US Food and Drug Administration 
(FDA) per billion inflation- adjusted dollars of research 
and development spending has steadily decreased by 
50% approximately every 9 years since 1950.34 Today, 
phase III trials are conducted by both pharmaceutical 
sponsors and academic institutions. The studies designed 
by pharmaceutical sponsors are most commonly designed 
with short- term endpoints35 to support primary or supple-
mentary regulatory approval. The imperative to bring 
drugs to market more rapidly, which benefits both the 
sponsor and patients, may compromise efforts to answer 
important questions, including accurate biomarkers for 
patient selection, optimal biologic dose,35 determination 
of the optimal duration of therapy, and assessments to 
determine durability of clinical benefit. For agents that 
are already approved, phase III studies conducted by 
pharmaceutical sponsors are often designed to expand 
understanding of the clinical utility of a given agent (eg, 
different lines of therapy, alternative combination regi-
mens) to further improve patient outcomes and broaden 
the number of patients with cancer who can benefit from 
the therapy. Studies designed by academic clinicians and 
researchers, on the other hand, generally focus on the 

discovery and/or evaluation of biomarker- based patient 
selection, investigation of alternative schedules, optimi-
zation of the duration of therapy, and characterization 
of the durability of clinical benefit. The complimentary 
roles that industry and academic teams play, respectively, 
are essential, and all within the cancer clinical research 
community must work together to develop immuno-
therapy regimens in a way that maximizes not only their 
short- term benefits, but also their curative potential for 
patients with cancer.

The Society for Immunotherapy of Cancer (SITC) 
recognizes the challenges in developing immunotherapy 
combinations and has initiated various efforts to work 
collaboratively with industry and academia to improve 
the benefit to patients. These include initiatives to 
promote the development of predictive biomarkers, and 
to develop criteria for designing and interpreting phase 
II and phase III immunotherapy- based clinical trials. 
In this manuscript, SITC seeks to provide investigators 
with a framework for selecting and prioritizing phase III 
trials with immuno- oncology agents, focusing primarily 
on anti- PD- (L)1 combinations, in order to optimally use 
resources, improve patient outcomes, and more rapidly 
bring the unique benefits of immunotherapy to a broader 
population of patients with cancer.

DEFINITION OF VALUE IN PHASE III CLINICAL TRIALS
The value of a clinical trial may have multiple defini-
tions, depending on the stakeholder using the term. 
The financial value of a trial is typically defined as the 
expected revenue for an investigational regimen minus 
the costs for research and development, all multiplied by 
the probability of successful regulatory approval. As many 
as 50% of phase III oncology trials are unsuccessful,36 37 
with lack of efficacy being the major reason for failure 
in late- stage development.38 Oncology trials are some of 
the most expensive phase III studies, with estimated per- 
patient costs of more than $100,000 USD.33 The cost of 
a failed phase III study includes not only the resources 
invested in the trial itself (including numbers of patients) 
but also the time that could have been spent pursuing a 
more effective strategy to improve outcomes for patients.

Other conceptions of value exist. From a patient 
perspective, value may include more difficult- to- quantify 
interactions between clinically meaningful benefit, out- 
of- pocket healthcare costs, and effects on quality of life 
(QOL).39 40 Effective anticancer treatments also benefit 
society as a whole by allowing patients to return to being 
productive contributors rather than having prolonged 
chronic illness ultimately resulting in death. An added 
facet of value that may be considered by investigators is 
the potential for a trial to provide informative data on 
biomarkers of response and resistance or for patient 
selection in order to maximize likelihood of success for 
future studies.41

For the purposes of this manuscript, the primary 
consideration for determining the value of phase III 
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trials is potential benefit to patients. Arguably, the 
greatest benefit for an individual patient is durable 
disease control and ideally a cure without the need for 
further treatment. While short- term endpoints such as 
progression- free survival (PFS) may be attractive to spon-
sors and investigators because of the ability to shorten the 
duration of registrational trials and control for the impact 
of additional therapy or off- trial crossover, patients, when 
asked, place little value on treatments that delay disease 
progression on imaging without helping them live longer 
or improving their QOL.42 Immunotherapy may also 
prolong OS in the absence of, or in excess of, clinically 
evident disease control (eg, ipilimumab,43 sipuleucel- T,44 
tebentafusp- tebn45), which could represent a meaningful 
advance in a particular disease state depending on the 
magnitude of effect.

ASSUMPTIONS ON IMMUNOTHERAPY COMBINATIONS
The definition of an immune therapy or immune modu-
latory agent remains a matter of debate. For the purposes 
of this manuscript, immunotherapy agents are defined as 
any modality where the primary mechanism of antitumor 
effect is mediated by an immune effector cell. In collo-
quial terms, immunotherapies treat the immune system 
to kill cancer as opposed to treating the tumor itself. As 
such, the secondary immune- mediated antitumor activity 
for several anticancer agents (eg, antibody- dependent 
cellular cytotoxicity in the case of trastuzumab24 46 or 
potential enhanced T cell recognition of tumors mediated 
by BRAF inhibition22), is insufficient to consider these 
modalities as immunotherapies in and of themselves.

The rationale for anti- PD- (L)1- based immunotherapy 
is to tip the balance of the cancer- immunity interface47 
in favor of detection and elimination of cancer cells by 
the immune system, despite ongoing immunoediting.48 
ICI therapy with anti- PD- (L)1 is thought to contribute to 
tumor control via the reinvigoration and expansion of 
tumor antigen- specific T cells, especially a memory stem- 
like population expressing PD- 1, SLAMF6, and TCF1.49–54 
Despite intensive investigations, the mechanisms respon-
sible for the antitumor effects of anti- PD- (L)1- based ICI 
therapy remain incompletely defined. Certain biological 
effects, for example, the PD- L1- mediated anti- apoptotic 
‘molecular shield’ function and direct regulation of 
metabolism in tumor cells, may play a role in the activity 
of pathway blockade in combination with direct tumor 
cytotoxic agents.55–57 These T cell- independent effects 
of PD- (L)1 blockade are poorly understood, and their 
importance to clinical benefit is not known.

Clinical activity of anti- PD- (L)1 has been shown to 
correspond with high tumor mutational load in several 
settings, (particularly insertion/deletions, presumably 
due to the likelihood of neoantigen production from 
frameshifting mutations),58 59 expression of PD- L1 by 
tumor and immune cells within the tumor microenvi-
ronment (TME),60 61 an interferon gamma (IFNγ) gene 
signature within the TME, the presence of intratumoral 

lymph node- like structures62 and a high frequency of 
pre- existing clonally expanded tumor- specific CD8+ T 
cells relative to disease burden.52 63 64 The mechanisms 
by which tumors avoid elimination after ICI treatment—
both intrinsic and acquired—are also incompletely 
understood. Some features associated with non- response 
to PD- (L)1 blockade include a lack of neoantigens, upreg-
ulation of alternative checkpoints, silencing of antigen 
presentation machinery, aberrant IFNγ signaling in the 
microenvironment, and exclusion of cytotoxic T cells or 
all immune cells.63 65–68 Notably, features of responsive-
ness and non- responsiveness may be disease- specific.

Combination approaches may enhance tumor responses 
to anti- PD- (L)1 by augmenting neoantigen production 
and/or presentation,19 increasing CD8+ T cell infiltra-
tion, proliferation, and survival,23 inhibiting alternative 
checkpoints or other immunosuppressive factors within 
the TME,15 69 70 and several other mechanisms that are 
still actively being elucidated.11 13 71 72 When combining 
immune therapies with cytotoxic, antiangiogenic or 
molecular- targeted agents, both direct antitumor effects 
and secondary immune modulatory effects of the latter 
agents may contribute to the overall clinical antitumor 
effect, but the relative contribution of each component 
cannot be distinguished clinically or with laboratory 
correlative studies.12 13 73 74 Responses to combination 
treatment approaches that do not include additional 
immunotherapies may be less durable, as was the case with 
anti- PD- 1 plus BRAF/MEK inhibition in melanoma.75 76 
The most evident readout for approaches that induce 
tumor antigen- specific T cells in the advanced disease 
setting is the appearance of long rightward plateaus in 
the tails of Kaplan- Meier PFS and OS curves,77–79 indica-
tive of prolonged patient benefit even after most patients 
have stopped therapy.

ASSESSING POTENTIAL VALUE IN PHASE III TRIALS
For the purposes of this paper, the value of a trial is 
primarily dependent on the potential benefit for patients 
within the context of the particular patient population. 
Also important is the possibility for the study to improve 
outcomes for future patients. As such, the framework for 
evaluating value includes assessment of the mechanism 
and biology of the combination, phase I and phase II 
data, trial design, and potential for impact. The frame-
work for assessing value is illustrated in figure 1.

Mechanism and biology
Preclinical data serve many purposes, including charac-
terization of pharmacokinetics and pharmacodynamics 
of individual drugs and combinations, identification 
of optimal doses of each drug in combination and 
their potential schedule dependencies, exploration of 
biomarkers, and identification of potential mechanisms 
of resistance. When evaluating the preclinical data 
supporting a planned phase III trial of an anti- PD- (L)1- 
based combination regimen, activity as monotherapy, 
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interactions between the agents, and validity of the 
models used are three key factors for consideration, as 
summarized in box 1.

In the years after the 2009 publication of the Inter-
national Conference for Harmonization guideline on 
non- clinical requirements for oncology therapeutics 
development (ICH S9), the average number of non- 
clinical studies performed and number of animals used 
per development program has consistently trended 
downward.80 A 2021 systematic review of immuno-
therapy combination trials found that 72% of studies 
lacked published data in more than one model system 
supporting efficacy of the specific combination in the 
target indication.13 Even though the FDA’s guidance 
document on development of combinatorial regimens 
states that preclinical data including appropriate animal 
models and toxicology studies are required to assess the 
potential of a multidrug indication,81 many combination 
trials of oncology drugs are initiated to empirically eval-
uate an agent in combination with a standard of care, and 
often without scientific or preclinical evidence to support 
the combination regimen.

Combination approaches may enhance response 
rates via additivity or synergy or by independent action, 

where benefit at the population level occurs because 
each patient has more than one opportunity for expo-
sure to one drug that will have meaningful antitumor 
activity for them.74 Preclinical data should ideally show 
that an investigational combination addresses a specific 
mechanism responsible for non- response in the clinic, 
which would ultimately enable a therapeutic antitumor 
immune response, such as the observation of expansion 
of effector CD8+ T cells following combination ipilim-
umab plus nivolumab not seen for either single agent.70 
It is further important to validate that the combination 
does not restrain the activity of anti- PD- (L)1, which is a 
distinct possibility for some T cell- ablative chemothera-
pies or small molecule inhibitors that block or restrain T 
cell activation, signaling, and/or proliferation.

A major challenge for immunotherapy is the paucity 
of preclinical models that faithfully recapitulate the 
ongoing interplay between tumor and immune system 
during human oncogenesis, progression, and metas-
tasis.10 47 Transplantable tumor models lack tissue- specific 
immune contexture82 and genetically engineered induc-
ible tumor models have been shown to carry distinct 
mutational signatures with lower neoantigen burdens 
compared with human disease.83 84 New models such as 
the NINJA mouse85 with inducible expression of neoan-
tigens, may overcome some of these shortcomings. Also 
promising are humanized mouse models co- engrafted 
with human CD34+ hematopoietic stem and precursor 
cells and human leukocyte antigen (HLA)- matched cell 
line- derived or patient- derived tumors.86 87 However, 
genetically homogenous inbred mice that were raised in 
sterile environments will never adequately account for 
the profound variability in human patients nor the effects 
of the microbiome on immunotherapy efficacy.88 The 

Box 1 Key considerations for preclinical and early 
clinical data supporting planned phase III studies of 
immunotherapy- based combinations

Mechanism and biology for immunotherapy combinations
 ⇒ Additive or synergistic biology.
 ⇒ Validity of preclinical models.
 ⇒ Single- agent activity (preclinical and early clinical).

Figure 1 Framework for evaluating planned phase III trials in immuno- oncology. This framework assumes that fundamental 
practical and institutional considerations for a study are satisfied and is intended to assess the immuno- oncology aspects of 
a planned trial. The highest priority is placed on clinical data. If the preclinical and early clinical data are both unconvincing, 
extreme caution is warranted before moving forward. Detailed descriptions for the evaluation and prioritization of individual 
components of the framework are provided in the text.
Abbreviation: PD- (L)1, programmed cell death protein 1 and its ligand
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inclusion of veterinary models89 in the preclinical port-
folio enhances the potential value for a planned phase III 
trial; however, these studies are currently almost as diffi-
cult to conduct and interpret as human trials.

With improved mechanistic understanding of the path-
ways by which tumors exclude cytotoxic effector cells or 
evade recognition and elimination, additional rational 
combination approaches may be explored that include 
agents without activity as monotherapies. In these cases, 
it will be important to establish preclinical evidence that 
the inactive agent modulates the immune microenvi-
ronment toward blockade or reversal of a critical and 
non- redundant pathway of immune suppression or infil-
tration by tumor- antigen- specific T cells, with or without 
the presence of an IFNγ gene expression signature.59 65–68

Phase I and phase II data
Data from early- phase trials provides the first evidence 
that the mechanistic rationale from preclinical studies 
translates into safe and effective treatments for human 
patients. Several characteristics of ICIs are mismatched to 
the traditional paradigm for phase I and phase II devel-
opment including a non- linear relationship between dose 
and efficacy49 50 60 and the potential for a poor concor-
dance between short- term objectives such as extending 
median PFS, and the impact on long- term survival for the 
entire population or a significant subset of patients.77 78 90 
Effective assessment of immunotherapy agents in early- 
phase studies is a major obstacle for the field10 and 
combinations are even more complicated to evaluate 
in phase I due to patient heterogeneity, potential for 
selection biases that exist at institutions with large phase 
I programs, strong and variable monotherapy response 
rates to PD- (L)1 inhibitors, and lack of prospective 
randomization.

The design of the phase I and phase II studies follows 
from the indication in which the investigational combi-
nation is being evaluated. With respect to likelihood of 
success in subsequent phase III trials and overall impact, 
priority should be given to combinations that demon-
strate activity in anti-PD- (L)1- resistant tumors or tumors 
that do not typically respond to anti-PD- (L)1- based 
therapy. Assessing activity in populations progressing on 
prior anti- PD- (L)1 can be confounded by several factors 
including late responses, lack of confirmed progression, 
and variable mechanisms of resistance—selection of 
patients for these trials has been addressed in a recently 
published SITC manuscript.91 Finally, toxicity data should 
indicate that the combination will be tolerable, especially 
in settings where the benefit of the combination relative 
to the individual drugs given in sequence is merely addi-
tive. The key considerations for evaluating phase I and 
phase II data are summarized in box 2.

The combination approaches that have been success-
fully developed to date have mostly included agents that 
have activity as monotherapies. Examples of agents that 
have been approved in combination with anti- PD- (L)1 
include the anti- cytotoxic T lymphocyte antigen- 4 

(CTLA- 4) checkpoint inhibitor ipilimumab,92 antiangio-
genic agents,14 tumor cell- targeted small molecules,17 93 
and chemotherapies.16 18

This paradigm may not be absolute, however. The 
anti- LAG3 checkpoint inhibitor relatlimab, which has 
minimal to no activity as a single agent, was approved by 
the FDA based on improved PFS for patients with previ-
ously untreated metastatic or unresectable melanoma 
who were treated with relatlimab in combination with 
nivolumab compared with those receiving nivolumab 
alone in RELATIVITY- 047.94 Compelling rationale for the 
clinical development of relatlimab plus nivolumab was 
provided by durable responses seen with the combination 
in patients with melanoma whose disease had progressed 
on prior anti- PD- (L)1 treatment.95 This example stands 
in contrast to the phase III ECHO- 301/KEYNOTE- 252 
trial96 evaluating the combination of pembrolizumab plus 
the inhibitor of indoleamine 2,3- dioxygenase- 1 (IDO- 1), 
epacadostat and the phase III PIVOT IO 001 trial97 eval-
uating the combination of nivolumab plus the second- 
generation interleukin- 2, bempegaldesleukin—other 
agents without activity as monotherapy. Importantly, no 
biomarkers indicative of response to the combination 
were described in early studies, nor was evidence of effi-
cacy in a population with tumors resistant to anti- PD- 1 
established before proceeding to phase III in either case.

In evaluating the early- phase data supporting a planned 
phase III trial, particularly when evaluating combinations 
in PD- (L)1 antagonist- naïve populations, randomized 
phase II studies may provide important information on 
the likelihood of success in later stages. Historically, phase 
II trials in oncology have been significantly less likely to 
be designed with randomization and placebo controls 
compared with other medical and surgical disciplines.98 
Non- controlled phase II studies are at risk of leading to 
phase III trials with little likelihood of demonstrating 
benefit if data from earlier trials does not adequately esti-
mate the outcomes that patients would expect without 
receiving the investigational intervention and if the 
endpoints selected do not definitively measure antitumor 
activity as compared with disease biology.99 Both are true 
for immunotherapy combinations.

Randomization should be encouraged in phase II not 
only because it allows for more precise estimates of the 

Box 2 Key considerations for phase I/II data in planned 
phase III studies of immunotherapy- based combinations

Phase I and phase II data for immunotherapy combinations
 ⇒ Single- agent activity (clinical).
 ⇒ Randomization in phase II.
 ⇒ Activity in standard of care/programmed cell death protein 1 and its 
ligand (PD- (L)1)- resistant tumors.

 ⇒ Activity in tumor types that do not typically respond to PD- 1 pathway 
blockade.

 ⇒ Responses are durable (including off- treatment).
 ⇒ Agents have non- overlapping toxicities.
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required effect size and sample size for definitive trials,100 
but also because it reduces the potential for errors intro-
duced due to intertrial variability and non- representative 
patient selection. A multi- arm, randomized phase II trial 
with appropriate statistical assessment also provides the 
opportunity to test for bona- fide interaction between the 
components of a combination as opposed to independent 
drug action, which could potentially be recapitulated by 
giving the agents in sequence, or biomarker- based selec-
tion to identify the populations that derive benefit with 
monotherapy.74 Because of the small size of random-
ized phase II trials, it is important to make sure there 
are no major imbalances in the prognostic factors of 
the two arms and to carefully assess the performance of 
the control arm relative to the historical expectation. In 
the randomized phase II CITYSCAPE study evaluating 
the combination of atezolizumab plus the anti- TIGIT 
tiragolumab in advanced NSCLC, the performance of 
the control arm was much worse than what was seen in 
the phase III IMpower110 study that led to regulatory 
approval for atezolizumab monotherapy.101 The phase 
III SKYSCRAPER trial subsequently failed to meet its PFS 
endpoint.

Endpoints evaluated in phase II should also be rele-
vant to the immune mechanism of action of anti- PD- (L)1 
combinations, with consideration given to evaluation 
of longer- term milestone survival102 or biomarker- based 
measures of tumor response. Notably, the phase III 
IMspire150 trial evaluating the combination of atezoli-
zumab with vemurafenib and cobimetinib76 for the treat-
ment of BRAF- mutant melanoma was not preceded by 
a randomized phase II study—although this regimen 
gained FDA approval based on an investigator- assessed 
PFS endpoint, it has not gained acceptance in practice 
due primarily to weak evidence of benefit by immune- 
based clinical endpoints (ie, milestone PFS, durability of 
response, and OS) relative to immunotherapy alone. A 
similar triplet, spartalizumab with dabrafenib and trame-
tinib, did not demonstrate evidence of an immune effect 
in a randomized phase II study and the phase III COMBI- I 
trial evaluating the regimen was negative.75

Randomization in phase II may not be necessary if 
the combination is being evaluated in tumors that are 
resistant to the standard of care or for tumor types that 
typically do not respond to anti- PD- (L)1 such as micro-
satellite stable colorectal cancer, soft tissue sarcomas, or 
well- differentiated neuroendocrine tumors. The pivotal 
study for atezolizumab in combination with bevacizumab 
for the treatment of advanced HCC, IMbrave150, for 
example, was initiated based on response rates in the 
phase I setting.103 For combination targeted and cytotoxic 
therapies, proof of concept in the form of a ≥20% increase 
above the median historical response rate without the 
experimental agent in phase II has been shown to enrich 
for success in phase III.6 Consideration should be given to 
adaptive, biomarker- driven designs in phase II to stratify 
patients based on known determinants of response to 
anti- PD- (L)1 such as tumor mutation burden (TMB) and 

PD- L1 status to determine if an investigational agent has 
immune- enhancing effects in ‘cold’ tumors. Examples 
of this strategy include the BIONIKK and INFORM2 
trials.104 105

Master protocols or platform trials incorporating 
adaptive design features to evaluate single drugs across 
multiple populations, multiple drugs on a single popula-
tion, or complex multi- arm, multi- stage designs including 
multiple treatments simultaneously are increasingly 
being advanced. These trials are information- rich and 
often include biomarker components for patient selec-
tion. Although the statistical power for these trials may 
be reduced because of small sample size and frequent 
crossover, the likelihood of exposing individual patients 
to the best therapy may be increased because crossover 
allows patients to receive subsequent treatments based 
on initial responses.106 Although these novel designs may 
provide interesting exploratory evidence—especially 
on biomarkers—several combinations that advanced 
through adaptive trials have failed to demonstrate benefit 
in phase III.

With long- term follow- up results emerging for the regis-
tration trials for immunotherapy combinations, it is now 
apparent that many patients achieve years- long disease 
control (remission or even cure) after cessation of treat-
ment. Among the 12 patients who completed 2 years of 
pembrolizumab treatment for advanced non- squamous 
NSCLC in KEYNOTE- 021, for example, all had durable 
response beyond 2 years, as reported by an estimated 
3- year DOR rate of 100%.3 Analysis of treatment- free 
survival (TFS, defined as the area between Kaplan- Meier 
curves for time to protocol therapy cessation and time to 
subsequent systemic therapy initiation or death) for the 
patients with metastatic melanoma treated in CheckMate 
067 demonstrated superiority for combination nivolumab 
plus ipilimumab (11.1 months) versus either mono-
therapy (4.6 months with nivolumab and 8.7 months with 
ipilimumab).107 Similar results were seen for patients with 
RCC treated with nivolumab and ipilimumab versus suni-
tinib in CheckMate 214 including in the International 
Metastatic RCC Database Consortium (IMDC) favorable 
risk population.108 Durable responses (lasting >1 year) in 
phase I and phase II trials may provide evidence that a 
combination contributes to the establishment of immune 
memory leading to tumor rejection.

Finally, the toxicity data from phase I and phase II trials 
should be carefully scrutinized. While synergistic toxicity 
of combinations is undesirable, the increase in toxicity 
must be weighed against the potential benefit. The para-
digm for dose selection for cytotoxic chemotherapies all- 
too often leads to inadequately characterized toxicities in 
registrational trials for immunotherapies and molecularly 
targeted agents.35 Toxicities not predicted by preclinical 
models may emerge in early- phase trials, such as the 
unexpected hepatotoxicity seen with the combination of 
vemurafenib and ipilimumab109 or the combination of 
pazopanib with either pembrolizumab or nivolumab.110 111 
The tolerability of immunotherapy agents administered 
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as combinations may be radically distinct from the respec-
tive monotherapies. For example, standard doses of 
nivolumab and ipilimumab could not be given concomi-
tantly in the phase I trial of the dual regimen for advanced 
melanoma,15 although overall activity with dual immuno-
therapy exceeded that expected of either single agent 
across dosing schedules. Active combinations may also 
have distinct safety profiles in different patient popula-
tions, as was seen in the phase I CheckMate 012 trial eval-
uating nivolumab plus ipilimumab as first- line treatment 
for advanced NSCLC112 in which decreasing the dose and 
frequency of administration of anti- CTLA- 4 compared 
with the melanoma indication was necessary to reduce 
adverse events. Complicating matters further, reducing 
the dose of a more active agent in order to accommodate 
the toxicity of another agent in a combination may lead 
to diminished benefit, as was seen in IMspire150 where 
vemurafenib was given at 720 mg in the atezolizumab arm 
instead of the standard 960 mg dose used in the control 
arm. No improvement was seen in PFS assessed by inde-
pendent review for the triplet regimen compared with 
BRAF/MEK inhibition alone, possibly due to submaximal 
activity of the immunotherapy component in the context 
of the combination in addition to dose- dependent tyro-
sine kinase inhibitor (TKI) activity being worse than the 
standard of care.76

Trial design
Robust preclinical and phase I/II data are necessary 
but not sufficient for the success of later stage trials. In 
order to maximize value to patients and the field, phase 
III trials evaluating immunotherapy combinations should 
be designed to account for the unique characteristics of 
agents with immune mechanisms of action and to include 
integrated translational studies that will provide informa-
tive data even if desired endpoints are not met. The key 
considerations for trial design are summarized in box 3.

As discussed in the Assumptions on immunotherapy 
combinations section, treatment with anti- PD- (L)1 
is expected to lead to atypical patterns of radio-
graphic response, delayed separation of OS curves, 
and long- term event- free survival (EFS) in a subset of 
patients.2 4 Because of these characteristics, traditional 
clinical trial design schemes used for cytotoxic and tumor 
or vasculature- targeted therapies may fail to adequately 
demonstrate patient benefit for combinations involving 
immunotherapies.

For most phase III trials in the advanced cancer setting, 
evidence of benefit is based on a time- to- event primary 

endpoint using a statistical design that assumes an expo-
nential distribution in which the hazard of an endpoint 
event remains constant over time—thus also propor-
tional between two treatment groups over time—with 
patients continuing to experience events. The delayed 
clinical benefit and durable responses expected with 
anti- PD- (L)1 can result in non- proportional hazards in 
the treatment arms (with hazards for the treatment arms 
actually crossing in some cases).113 114 As a result, typical 
statistical models may be inappropriate or at least have a 
loss of statistical power to demonstrate difference between 
immunotherapy and control arms, and thus studies may 
take considerably longer to reach the targeted number of 
endpoint events for analysis.78 79 115

The challenges for statistical design in immuno- 
oncology underscore the importance of randomized 
phase II data to inform phase III trial design, as discussed 
in the Phase I and phase II data section. Although 
requiring several years of follow- up in every phase II 
immunotherapy trial to detect the emergence of a tail in 
the survival curve would be an unreasonable prerequisite 
for moving to phase III, milestone OS and PFS analyses at 
shorter- term time points (eg, 12 and 18 months) and the 
identification of patients with TFS can inform whether 
the combination is displaying characteristics of immune- 
mediated tumor control. With information from phase 
II, appropriate statistical plans may be used to accom-
modate non- proportionality for immunotherapy trials, 
such as weighted log- rank tests, piecewise exponential 
distributions, or cure rate models.78 79 115–117 Statistical 
methods to estimate treatment effects in the presence 
of the experimental and control arms crossing have also 
been published.118–120 Finally, results from randomized 
biomarker- driven phase II trials also inform phase III 
decisions between an enrichment/targeted, biomarker 
stratified, or unselected design.121 Randomized phase II 
endpoints, however, must be interpreted in the context of 
the agents being used in the combination and the disease 
setting being treated—short- term endpoints such as ORR 
may be less informative for combinations involving highly 
active cytotoxic chemotherapies, for example.

Successful phase III oncology trials are more likely 
to employ biomarker- driven patient selection.37 As 
mentioned in previous sections, the identification and 
validation of reliable biomarkers to predict clinical 
benefit with anti- PD- (L)1- based combinations remains 
an unsolved challenge for the field. Validated surrogate 
markers for benefit with immunotherapy and surrogate 
endpoints for OS for drug development would greatly 
streamline phase III trials.

The discovery and validation of immunotherapy 
biomarkers is an ongoing priority for the field. Several 
key considerations must be taken into account for 
biomarker discovery trial design. Predictive biomarkers 
may be identified in secondary analyses in randomized 
clinical trials via interaction test between the treatment 
and the biomarker in an appropriate statistical model.122 
It is important to differentiate between predictive and 

Box 3 Key considerations for trial design in planned 
phase III studies of immunotherapy- based combinations

Trial design for immunotherapy combinations
 ⇒ Translational studies.
 ⇒ Integrated biomarker program.
 ⇒ Selection of optimal endpoints.
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prognostic biomarkers either by the inclusion of a control 
arm in biomarker discovery or confirmation within 
a single- arm study of a clear effect of the therapy. The 
tissue source for analysis must also be taken into account 
(ie, metastatic lesion rather than primary) as well as the 
timing for obtaining samples (ideally within 1 year of treat-
ment). In order to isolate the contribution of the immu-
notherapy component, it is important that biomarker 
analyses exclude samples that have been exposed to inter-
vening therapy. Furthermore, the biomarker preferably 
should be confirmed for an immunotherapy- only regimen 
to rule out effects of a cytoablative or T cell- restraining 
component of a combination. Finally, it is important to 
analyze the interaction test between the biomarker and 
an appropriate immunotherapy endpoint, such as TFS, 
rather than short- term outcome measures.

Static and dynamic measures of tumor immune status 
and response to treatment are needed and trial protocols 
should specify when and how samples should be collected 
as well as analyzed (ie, fresh or archival tissue; primary or 
metastatic disease, including disease site; core biopsy or 
resection, etc). Promising future areas for development 
include molecular profiling to understand the tumor- 
intrinsic microenvironment,59 68 artificial intelligence- 
based algorithms for analyzing fixed or even live tissue 
specimens (eg, Graticule or Elephas platforms),123–126 
blood- based biomarkers of disease burden such as 
circulating tumor DNA (ctDNA),127 128 and functional 
imaging to assess immune responses.129–131 An example 
of this approach is the exploratory analyses of the IMvigor 
010 phase III study evaluating adjuvant atezolizumab 
compared with observation for patients with operable 
urothelial cancer that demonstrated positive ctDNA after 
resection could serve as a prognostic marker to identify 
the subgroup of patients most likely to have a chance of 
benefit from an effective adjuvant therapy.132

Durability of response after stopping therapy offers clin-
ical evidence that either all tumor was eliminated, or an 
immunotherapy combination elicited immune memory, 
as discussed in the Phase I and phase II data section. 
Most clinical trials of immunotherapies mandate treat-
ment for 2 years or until disease progression, but some 
patients may be able to stop therapy earlier if antitumor 
immune memory has been established. In CheckMate 
153, patients with previously treated advanced NSCLC 
still receiving treatment at 1 year were randomly assigned 
to continue nivolumab until disease progression or 
unacceptable toxicity or to stop therapy with the option 
of on- study retreatment after disease progression.5 In 
exploratory analyses, median PFS was longer in the popu-
lation that continued nivolumab beyond 1 year compared 
with those that discontinued therapy. However, this study 
did not formally investigate or stratify by response status 
at random assignment and therefore patients who were 
likely cured may have been included in the continuation 
of therapy group. It will be important for future trials to 
identify sensitive biomarkers for minimal residual disease 
to identify patients who may safely discontinue treatment. 

Patients who have elected to discontinue therapy after 
12 months when no active disease is observed on CT 
scan, positron emission tomography (PET)/CT scan, or 
tumor biopsy had a post- discontinuation 3- year EFS rate 
of 95% in a retrospective study,133 and the prospective 
ECOG EA6192 PET- Stop trial to validate this approach 
is ongoing. These biomarker- based strategies should be 
prioritized to identify regimens which produce lasting 
antitumor immunity in the absence of ongoing therapy, 
enabling survivors to stop oncology treatment and return 
more fully to their precancer lives.

Neoadjuvant trials also offer a unique opportunity 
to evaluate the potential efficacy of an investigational 
regimen directly in the resection specimen. ICIs admin-
istered before surgery may induce a robust immune 
response against a broad repertoire of tumor antigens 
while the lesion is still in situ. Even with limited cycles, 
ICIs administered in the neoadjuvant setting have been 
demonstrated to elicit tumor antigen- specific T cells 
and major pathologic responses.134 Lymphocytic infil-
tration, necrotic tumor, and antigen- specific T cells in 
the resection specimen for a combination administered 
in the neoadjuvant setting can offer direct evidence 
for immune activity of a combination on a much more 
rapid timeline than required for the emergence of a tail 
on the survival curve in the metastatic setting. Caution 
is warranted, however, in applying pathologic complete 
response criteria developed for cytotoxic therapies to 
combinations with an anti- PD- (L)1 backbone, as distinct 
histopathologic features are observed in resection speci-
mens after neoadjuvant treatment with immune agents.135 
Furthermore, although neoadjuvant pembrolizumab 
plus chemotherapy did demonstrate improvements in 
pathologic complete response rate and event- free survival 
for patients with high- risk TNBC in KEYNOTE- 522,136137 
the correlation between pathologic responses and OS 
has not yet been established for immuno- oncology based 
approaches, and may be confounded by the chemo-
therapy component.

Potential for impact
Provided the mechanistic rationale for a combination is 
solid, the early- phase data supports safety and efficacy, 
and the planned phase III trial is adequately designed, 
the final feature that determines potential value is the 
impact that the new regimen would have for patients and 
the field should it gain approval. Several of the consid-
erations described in the previous sections also factor 
into the assessment of potential for impact, including 
the inclusion of correlative and translational studies to 
help understand the biology and early integration of the 
biomarker program.

The measure of potential impact that seems most 
straightforward to assess is unmet medical need, however, 
definitions of this term vary substantially among stake-
holders and are inconsistently applied.138 Historically, 
unmet medical need has been used to describe a clin-
ical setting with few treatment options and poor survival 
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outcomes. An analysis of 237 indications described by 
investigators in publications as ‘unmet medical need’ 
included nearly 100 instances where the disease inci-
dence was 1,000–10,000 cases per year and 5–10 National 
Comprehensive Cancer Network (NCCN)- recommended 
regimens were available with 5- year survival rates of 50% 
or greater.139 For the immunotherapy field, substantial 
unmet medical need exists for effective options to treat 
tumors that either do not respond or respond initially 
and then progress after first- line anti- PD- (L)1- based 
regimens.10

The design of second- line immunotherapy combi-
nation trials is further complicated when the first- line 
therapy includes anti- PD- (L)1, as it is difficult to differ-
entiate bona- fide activity of a new agent from a ‘long tail’ 
from prior therapy. Combinations that render immune- 
excluded and immune desert tumors susceptible to infil-
tration and elimination by cytotoxic T cells would also 
fulfill an unmet need. As an example, the SWOG1616 trial 
is evaluating the addition of ipilimumab to nivolumab 
versus ipilimumab alone for patients with melanoma 
who have exhibited progressive disease on anti- PD- (L)1 
monotherapy based on the hypothesis that anti- CTLA- 4 
will augment inadequate T cell infiltration and that 
the tumor- specific infiltrating T cells will require PD- 1 
blockade in order to stay active.140 Similar rationales are 
provided for combinations exploring intratumoral injec-
tions of oncolytic virus or toll receptor agonists together 
with PD- (L)1 pathway blockade.

In evaluating the landscape of competing trials to 
assess unmet need, it is important to consider the magni-
tude and type of efficacy expected for an investigational 
combination. Additionally, patient- centered concepts of 
value39 40 should be taken into account such as the poten-
tial for an investigational combination to offer disease 
control and even treatment- free remissions, with fewer 
detrimental impacts on QOL compared with the standard 
of care option or to reduce direct and indirect aspects of 
the financial burden of cancer care.

A TOOL FOR INVESTIGATORS TO EVALUATE PHASE III 
IMMUNOTHERAPY COMBINATION TRIALS
Based on the principal components for assessing poten-
tial value of phase III immunotherapy clinical trials 
described in the preceding section, a checklist for priori-
tizing planned phase III trials evaluating immunotherapy 
combinations is provided in table 1. Importantly, this 
checklist assumes that fundamental practical and insti-
tutional considerations for a study are satisfied (eg, the 
study is adequately powered, ethical approval is granted, 
funding is available, etc). The main purpose of the check-
list is to enhance the likelihood of success based on the 
immuno- oncology aspects of a trial. Individual items on 
the checklist are categorized based on the application to 
preclinical, early clinical, or trial design considerations 
and assigned a level of priority to assist investigators in 
determining if the portfolio of supporting data and 

planned design are adequate to move forward to phase 
III.

The highest priority (level I) is placed on clinical 
data. Evidence for efficacy in a well- designed random-
ized phase II study where the contribution of individual 
components to activity is clearly defined may be sufficient 
to move forward to phase III even if the preclinical port-
folio is lacking. This is especially true for combinations 
involving dual immunotherapies. By contrast, a combi-
nation lacking data from a randomized phase II would 
be more compelling with evidence of antitumor activity 
in multiple preclinical models, a well- defined immune 
mechanism of action, and a predictive biomarker to 
allow for selection of patients. If the preclinical and early 
clinical data are both unconvincing, extreme caution is 
warranted in moving forward to phase III.

To apply the checklist, an investigator considers the 
gestalt of high- priority and low- priority items satisfied 
by the combination. Generally, compelling data from a 
randomized phase II trial alone may be sufficient, whereas 
multiple trial design or preclinical parameters are neces-
sary to support moving forward to phase III.

Considerations for hematologic malignancies
Anti- PD- (L)1 therapy is a relatively minor component 
of the armamentarium for hematologic malignancies, 
although pembrolizumab and nivolumab have both 
demonstrated efficacy for the treatment of relapsed and 
refractory Hodgkin lymphoma.141 142 The checklist or a 
modified version may still be applied to evaluate potential 
value of phase III trials for hematologic malignancies, even 
when the backbone agent is not an ICI. Furthermore, the 
immunotherapies that are most commonly deployed in 
the treatment of hematologic malignancies may represent 
the next frontier for immune- unresponsive solid tumors. 
Multispecific antibodies143 and chimeric antigen receptor 
T cell therapies144 145 are actively being developed for the 
treatment of solid tumors. The ability to sample hemato-
logic cancers at the single- cell level has also allowed resis-
tance mechanisms for these modalities to be studied more 
directly.146 147 Lessons learned from hematologic malig-
nancies will be paramount as these approaches advance 
through development for solid tumors, for example, the 
paradigm of a shorter intense induction treatment plan 
leading to off- therapy control as well as sensitive methods 
for evaluating minimal residual disease.

FUTURE DIRECTIONS TO MAXIMIZE VALUE IN PHASE III 
IMMUNOTHERAPY COMBINATION TRIALS
Several anti- PD- (L)1- based immunotherapy combi-
nations are now integrated into the standard of care 
for solid tumors, and the pace of development is not 
expected to slow. However, it must be emphasized that 
a positive result in phase III does not guarantee mean-
ingful benefit to patients.39 148 149 For example, statistical 
significance does not always correlate with clinical signif-
icance. Furthermore, for studies designed with PFS as 
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Table 1 A checklist for assessing planned phase III immunotherapy combination trials

Checklist item Explanation

Priority level
(I, II, or III, with I being 
the highest)

Mechanism and biology

Additive or synergistic biology In preclinical studies, mechanisms of the combination are well 
understood and address mechanisms of non- response to either 
agent (most importantly of the most active agent), which are 
documented or highly plausible in a substantial proportion of the 
intended patient population

III

Validity of Preclinical Models Evidence of antitumor activity in multipl preclinical models, 
which is clearly superior to eaither single agent alone (immune 
competent, HLA matched, humanized if possible or veterinary 
models)

III
(depending on validity of 
model, extent of activity)

Single- agent activity (preclinical) The combination partner for anti- PD- (L)1 shows single- agent 
activity (and if not, an immunotherapy is demonstrated to actually 
enhance an immune response)

II

Phase I and II data

Single- agent activity (early clinical) Pharmacodynamic data or neoadjuvant and correlative studies 
show that the combination (or the single agent being added to 
anti- PD- (L)1) has the intended immune or biological effect, and 
that the combination is working as an immunotherapy as the 
mechanism for antitumor efficacy

I (if IO/IO)
II (if other combination)

Randomization in phase II The combination demonstrates increased activity (ORR/PFS/OS) 
in a well- designed randomized phase II trial, and clearly identifies 
the contribution of the anti- PD- (L)1 combination partner

I (if IO/IO)
II (if other combination)

Activity in standard of care/anti- PD- (L)1- 
resistant tumors

The combination demonstrates convincing antitumor activity 
(ie, a combination of CR/PR/prolonged SD that exceeds 25% or 
clinically substantial increases in PFS or OS compared with very 
well- matched historical controls from large databases) in patients 
with clearly documented SOC- resistant/refractory tumors in which 
continuing or introducing anti- PD- (L)1 alone would produce no 
more than 0%–5% clinical activity (and the combination partner 
also has minimal activity)

II

Activity in tumor types that typically do not 
respond to PD- 1 pathway blockade

The combination displays antitumor effects in tumor types 
unresponsive to IO therapy (eg, prostate cancer, MSS colon 
cancer, ER+ breast cancer, hematologic malignancies) and the 
properties of the response indicate that the activity is immune- 
mediated (ie, survival curves plateau)

II

Responses are durable (including off treatment) A substantial proportion of the responses observed with the 
combination in phase I and II trials are prolonged (exceed 1 year) 
and/or are complete or near complete, and treatment can be 
discontinued without relapse in most of the responders

II
(depending on setting:
may be higher for anti- 
PD- (L)1- resistant tumors)

Agents have non- overlapping toxicities The combination has tolerable and manageable adverse effects, 
avoiding overlapping/synergistic toxicities—benefit to risk is 
acceptable

II

Trial design

Translational studies The clinical trial includes tissue collection (eg, baseline tumor and 
blood, and on- study tissue sampling) which can be used (within 
the trial or for future investigation) for informative correlative 
studies to understand tumor biology and mechanisms of response 
and resistance

II

Integrated biomarker program Predictive biomarkers can be used that allow selection of patients 
most likely to benefit from the combination

II

Stop therapy The trial mandates a stop in therapy (perhaps based on a 
predetermined biomarker such as ctDNA) to determine if durable 
responses persist

II

CR, complete response; ctDNA, circulating tumor DNA; ER, estrogen receptor; HLA, human leukocyte antigen; IO, immuno- oncology; MSS, 
microsatellite stable; ORR, overall response rate; OS, overall survival; PD- (L)1, programmed cell death 1 and its ligand; PFS, progression- free 
survival; PR, partial response; SD, stable disease; SOC, standard of care.
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the primary endpoint, successful prolongation of PFS is 
not always associated with prolonged survival,42 nor does 
not necessarily improve QOL.150 151 The optimal phase 
III trial is well- sized for the analysis of OS and captures 
measures that are particularly important for immuno-
therapies, such as DOR and TFS.1 Because continuous 
treatment may not be necessary to affect a long- lasting 
immune response, limited durations of therapy should 
also be studied to evaluate the durability of immune- 
mediated tumor control. To this end, it is recommended 
that clinical definitions should be established to define 
when a treatment effect is considered durable and when 
therapy can safely be stopped.

Trials evaluating immunotherapy combinations should 
ideally include comparisons to arms in which the agents 
are given in sequence to assist in ruling out the possi-
bility for independent drug action,74 especially when 
one component of a combination may suppress anti-
tumor T cell responses. The phase III DREAMseq trial 
demonstrated superior OS and ORR when patients with 
stage III- IV BRAF- mutant melanoma received ipilim-
umab plus nivolumab followed by dabrafenib plus trame-
tinib at disease progression compared with the inverse 
sequence,113 and the phase II SECOMBIT trial also found 
favorable survival outcomes with an immunotherapy- 
first sequence.152 The INSIGNIA trial (EA5163/S1709) 
is studying whether pembrolizumab alone as a first- line 
treatment followed by pemetrexed and carboplatin with 
or without pembrolizumab after disease progression is 
superior to induction with pembrolizumab, pemetrexed 
and carboplatin followed by pembrolizumab and peme-
trexed maintenance for the treatment of stage IV NSCLC. 
Future studies should continue to address the effect of 
sequencing.

The identification, validation, and integration of 
biomarkers for response prediction and evaluation 
are also high priorities for future combination trials. 
The inclusion of biomarker- based patient selection is 
not only predictive of phase III studies leading to FDA 
approval,28 36 37 41 but also may provide value for patients 
by helping select treatments with the greatest likelihood 
of benefit. Furthermore, biomarkers may also assist in 
‘right- sizing’ therapy by identifying patients who have 
been cured and may safely discontinue treatment. As 
discussed in the Trial design section, patients with no 
evidence of active disease by PET/CT and tumor biopsy 
have been demonstrated to achieve durable EFS after 
discontinuation of therapy.133 Further biomarker vali-
dation is needed to identify patients who may benefit 
from immunotherapy—such as the use of ctDNA132 as 
well as sensitive surrogate markers for early response, for 
example.129 130

Future iterations of the checklist may include numerical 
values associated with each item, enabling investigators 
to weigh potential value and directly compare planned 
phase III trials based on a score. In order to objectively 
weigh each criterion, it will be necessary to perform retro-
spective and prospective analyses with multiple variations 

of experimental combinations of values. Simulation- based 
approaches may accelerate this undertaking. Similar to 
biomarker validation, receiver operating characteris-
tics analysis will be necessary to evaluate the predictive 
power of the checklist, if converted into a quantitative 
instrument. Such an undertaking, although important, is 
beyond the scope of this manuscript, which is intended 
to provide the conceptual and theoretical framework for 
the checklist.

CONCLUSION
The advent of anti- PD- (L)1 ushered in a new era for 
oncology and transformed the outlook for tumors 
that were once almost universally fatal. Combinations 
involving anti- PD- (L)1 plus chemotherapies, tumor- 
targeted therapies, and blockade of additional immune 
checkpoints have all demonstrated superior response 
rates and survival outcomes compared with ICI mono-
therapy in some disease indications, expanding the popu-
lation of patients who derive benefit with immunotherapy. 
Not all agents offer enhanced benefit when administered 
in combination with anti- PD- (L)1 and a surfeit of combi-
nation trials with shaky mechanistic rationale, weak data 
from phase I and phase II, and inadequate design to 
evaluate agents with immune mechanisms of action is of 
low value to the immunotherapy field and to patients. To 
maximize the return on investment for phase III trials 
and increase the likelihood that patients will benefit, go/
no- go decisions should be based on a rigorous framework. 
SITC urges widespread adoption of the checklist tool for 
assessing potential value in phase III studies to maximize 
the return on investment in terms of financial, time, and 
human costs for late- stage oncology trials and ultimately 
offer improved outcomes to patients with cancer.

Author affiliations
1Georgetown Lombardi Comprehensive Cancer Center, Washington, District of 
Columbia, USA
2University of Missouri Kansas City, Kansas City, Missouri, USA
3Istituto Nazionale Tumori IRCCS Fondazione "G Pascale", Napoli, Italy
4The David and Etta Jonas Center for Cellular Therapy, University of Chicago, 
Chicago, Illinois, USA
5Engenuity Life Sciences, Burlingame, California, USA
6Center for Cancer Immunology, Winship Cancer Institute at Emory University, 
Atlanta, Georgia, USA
7UPMC Hillman Cancer Center, Pittsburgh, USA
8DCTD/DTP- IOB, ImmunoOncology Branch, NCI, Bethesda, Maryland, USA
9Gastrointestinal Malignancies Section, National Cancer Institue CCR Liver Program, 
Bethesda, Maryland, USA
10Center for Immuno- Oncology, National Cancer Institute, Bethesda, Maryland, USA
11Yale Cancer Center, New Haven, Connecticut, USA
12Normunity, Inc, South San Francisco, California, USA
13Royal Marsden Hospital, London, UK
14St. John's Cancer Institute, Santa Monica, California, USA
15Experimental Oncology, New Drug Development, European Instititue of Oncology 
IRCCS, Milan, Italy
16Winship Cancer Institute of Emory University, Atlanta, Georgia, USA
17Dana- Farber/Harvard Cancer Center, Boston, Massachusetts, USA
18Harvard Medical School, Boston, Massachusetts, USA
19Ingram Cancer Center, Nashville, Tennessee, USA
20Yale School of Medicine, New Haven, Connecticut, USA

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-005413 on 29 S

eptem
ber 2022. D

ow
nloaded from

 

http://jitc.bmj.com/


12 Atkins MB, et al. J Immunother Cancer 2022;10:e005413. doi:10.1136/jitc-2022-005413

Open access 

Twitter Paolo A Ascierto @PAscierto, Leisha A Emens @EmensLeisha, Robert L 
Ferris @robertferrismd, James L Gulley @gulleyj1, Kim A Margolin @kmargolin, 
Luca Mazzarella @matsadoc and Brian I Rini @brian_rini

Acknowledgements The authors acknowledge SITC staff for their contributions 
including Sam Million- Weaver, PhD, for medical writing; Angela Kilbert and Emily 
Gronseth, PhD for editorial support; and Matthew Erickson and Nichol Larson for 
project management, editorial support and assistance. The authors thank Martin 
"Mac" Cheever for conversations during initial manuscript development, prior to his 
passing. Additionally, the authors wish to thank SITC for supporting the manuscript 
development.

Contributors MBA originated the concept of the checklist. MBA and MS led the 
conception and design of the work as the Chairs of the manuscript development 
group. All other authors are listed alphabetically. KAM, RSH, and RWH provided 
input on the direction and scope of the project as members of a steering committee 
formed prior to beginning the manuscript development. All authors contributed 
equally during the manuscript development, providing input on the outline, 
contributing to the writing, and offering critical review and editing during the 
manuscript development.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests MBA—Consulting Fees: Aveo, BMS, Eisai, Exelixis, 
Genentech, Iovance, Merck, Novartis, Pfizer, Roche, Pyxis, Werewolf, Asher Bio, 
Calithera, Idera, Agenus, Apexigen, Neoleukin, Adagene, AstraZeneca, Elpis, 
ScholarRock, Surface, ValoHealth, Sanofi, Fathom; Ownership Interest (less than 
5%): Werewolf, Pyxis, Elpis. HA- S—Nothing to disclose. PAA—Consulting Fees: 
BMS, Roche, Array, Novartis, Merck Serono, Pierre Fabre, Incyte, Medimmune, 
AstraZeneca, Sun Pharma, Sanofi, Idera, Ultimovacs, Sandoz, Immunocore, 4SC, 
Italfarmaco, Nektar, Boehringer- Ingelheim, Eisai, Regeneron, Daiichi Sankyo, Pfizer, 
Oncosec, Nouscom, Lunaphore, Seagen, iTEOS, Medicenna; Contracted Research: 
BMS, Roche- Genentech, Array, Sanofi. MRB—Consulting Fees: Novartis, Kite/Gilead, 
CRISPR Therapeutics, Autolus, Takeda, Agios, Iovance, Bluebird Bio, BMS; Fees 
for Non- CE Services: Agio, BMS, Incyte, Sanofi, Kite/Gilead; Contracted Research: 
Immatics, Novartis, Kite/Gilead, CRISPR Therapeutics, Autolus, TMUNITY. DSC—
Ownership Interest (less than 5%): IGM Biosciences, Corvus. MD—Consulting Fees: 
Lava Therapeutics, Amgen, Janssen, Roche/Genentech. LAE—Consulting Fees: 
Genentech, F. Hoffmann- La Roche, Chugai, GPCR, Gilead, Immune Onc, Immutep, 
Shionogi, Mersana; Contracted Research: AbbVie, AstraZeneca, Bolt Therapeutics, 
Bristol Myers Squibb, Compugen, Corvus, CytomX, EMD Serono, Genentech, 
F. Hoffmann- La Roche, ImmuneOnc, Maxcyte, Merck, Next Cure, Silverback, 
Takeda, Tempest; Grants from Non- Industry Entities: HeritX Incorporated, NSABP 
Foundation, Translational Breast Cancer Research Consortium, Breast Cancer 
Research Foundation, National Cancer Institute, Department of Defense, Johns 
Hopkins University, University of California San Francisco, Cornell University, Dana 
Farber Cancer Institute. Royalties: Elsevier; IP Rights: Aduro Biotech. MSE—Nothing 
to Disclose. RLF—Consulting Fees: Achilles Therapeutics, Aduro Biotech, Bicara 
Therapeutics, BMS, Brooklyn Immunotherapeutic, Everest Clinical Research 
Corporation, F. Hoffman- La Roche, Genocea Biosciences, Hookipa Biotech GmbH, 
Instill Bio, Kowa Research Institute, Lifescience Dynamics Limited, MacroGenics, 
Merck, Mirati Therapeutics, Nanobiotix, Novasenta, Numab Therapeutics AG, 
OncoCyte Corporation, Pfizer, PPD Development, L.P., Rakuten Medical, Sanofi, 
Seagen, Vir Biotechnology, Zymeworks; Contracted Research: AstraZeneca/
MedImmune, BMS, Merck, Novasenta, Tesaro; Stock: Novasenta. TFG—Contracted 
Research: AstraZeneca, BMS, Merck, Sillajen, Vascular Biogenics. JLG—Nothing 
to disclose. RSH—Consulting Fees: AbbVie Pharmaceuticals, ARMO Biosciences, 
AstraZeneca, Bayer HealthCare Pharmaceuticals, Bolt Biotherapeutics, BMS, 
Candel Therapeutics, Cybrexa Therapeutics, eFFECTOR Therapeutics, Eli Lilly and 
Company, EMD Serono, Foundation Medicine, Genentech/Roche, Genmab, Gilead, 
Halozyme Therapeutics, Heat Biologics, I- Mab Biopharma, Immunocore, Infinity 
Pharmaceuticals, Loxo Oncology, Merck and Company, Mirati Therapeutics, Nektar, 
Neon Therapeutics, NextCure, Novartis, Ocean Biomedical, Oncternal Therapeutics, 
Pfizer, Ribbon Therapeutics, Ventana Medical Systems, Sanofi, Seattle Genetics, 
Shire PLC, Spectrum Pharmaceuticals, STCube Pharmaceuticals, Symphogen, 
Takeda, Tesaro, Tocagen, WindMIL Therapeutics, Xencor; Contracted Research: 
AstraZeneca, Eli Lilly and Company, Genentech/Roche, Merck and Company; 
Board Member (non- executive/independent): Immunocore Holdings Limited, 
Junshi Pharmaceuticals. RWH—Stock: Black Diamond, Xilio. JL—Consulting Fees: 
Iovance, Boston Biomedical, Pfizer, BMS, GSK, Novartis, Incyte, Immunocore, YKT 
Global, iOnctura, Apple Tree, Roche, Pierre Fabre, AstraZeneca, EUSA Pharma, 
MSD, Ervaxx, Merck, Ipsen, Aptitude, Eisai, Calithera, Ultmovacs, Seagen; 
Contracted Research: BMS, MSD, Novartis, Pfizer, Achilles, Roche, Nektar, Covance, 

Immunocore, Pharmacyclics, Aveo. KAM—Consulting Fees: Iovance DMC, ImaginAb 
SAB, Checkmate Pharma DSMB, Xilio advisor, Werewolf advisor, all except ImaginAb 
less than 10k/year;Temporary higher consulting fees: ImaginAb (to provide one 
time extra consulting up to 25k). LM—Consulting Fees: Tethis spa; Fees for Non- CE 
Services: Roche. SSR—Consulting Fees: Amgen, BMS, Genentech/Roch, Merck, 
AstraZeneca, Takeda, Eisai, Daiichi Sankyo, Sanofi, GSK, Lilly; Contracted Research: 
Tesaro, Merck, AstraZeneca, Advaxis, BMS, Amgen, Takeda, Genmab, GSK. MMR—
Consulting Fees: BMS, Tolmar, WebMD; Contracted Research: Novartis, Pfizer, 
Ipsen, TerSera, Merck, Pierre Fabre, Roche, AstraZeneca, BMS, Bayer, DebioPharm. 
BIR—Consulting Fees: BMS, Pfizer, GNE/Roche, Aveo, Synthorx, Compugen, 
Merck, Corvus, Surface Oncology, 3DMedicines, Aravive, Alkermes, Arrowhead, 
GSK, Shionogi, Eisai; Contracted Research: Pfizer, F. Hoffmann- La Roche, Incyte, 
AstraZeneca, Taris, Seattle Genetics, Arrowhead Pharmaceuticals, Immunomedics, 
Bristol Myers Squibb, Mirati Therapeutics, Merck, Surface Oncology, Dragonfly 
Therapeutics, Aravive, Exelixis; Ownership Interest (less than 5%): PTC therapeutics. 
MS—Consulting Fees: Adaptimmune, Pfizer, Kadmon, Pierre- Fabre, Biond, 
Nextcure, Incyte, Alligator, Bristol Myers, Ocellaris, Simcha, Rootpath, Numab, 
Evolveimmune, Biontech, Immunocore, Glaxo Smith Kline, Adagene, Asher, 
Kanaph, iTEOS, Genocea, Trillium, Sapience, Targovax, Molecular Partners, Ontario 
Institute for Cancer Research, Jazz Pharmaceuticals, Gilead, Innate pharma, Tessa, 
Stcube, Oncosec, Regeneron, AstraZeneca, Agenus, Idera, Apexigen, Verastem, 
Rubius, Genentech- Roche, Boston Pharmaceutical, Servier, Dragonfly, Boehringer 
Ingelheim, Nektar, Pieris, AbbVie, Zelluna, Seattle Genetics; Stock options: Adaptive 
Biotechnologies, Amphivena, Intensity, Actym, Evolveimmune, Nextcure, Repertoire, 
Oncohost, Rootpath, Asher; Stock: Johnson and Johnson, Glaxo- Smith Kline. SITC 
staff: SMW—Shares owned: Pacific Biosciences, Editas Medicine. ME, AK—Nothing 
to disclose.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Michael B Atkins http://orcid.org/0000-0003-3901-9924
Paolo A Ascierto http://orcid.org/0000-0002-8322-475X
Daniel S Chen http://orcid.org/0000-0001-5085-3579
Leisha A Emens http://orcid.org/0000-0002-7694-0731
Marc S Ernstoff http://orcid.org/0000-0002-8132-7069
Robert L Ferris http://orcid.org/0000-0001-6605-2071
Tim F Greten http://orcid.org/0000-0002-0806-2535
James L Gulley http://orcid.org/0000-0002-6569-2912
Kim A Margolin http://orcid.org/0000-0002-5248-4356
Luca Mazzarella http://orcid.org/0000-0002-4043-3279
Meredith M Regan http://orcid.org/0000-0002-2428-6109
Mario Sznol http://orcid.org/0000-0003-4137-9662

REFERENCES
 1 Regan MM, Werner L, Rao S, et al. Treatment- Free survival: a novel 

outcome measure of the effects of immune checkpoint Inhibition- A 
pooled analysis of patients with advanced melanoma. J Clin Oncol 
2019;37:3350–8.

 2 Kaufman HL, Atkins MB, Dicker AP, et al. The value of cancer 
immunotherapy Summit at the 2016 Society for immunotherapy 
of cancer 31st anniversary annual meeting. J Immunother Cancer 
2017;5:38.

 3 Awad MM, Gadgeel SM, Borghaei H, et al. Long- Term overall 
survival from KEYNOTE- 021 cohort G: pemetrexed and carboplatin 
with or without pembrolizumab as first- line therapy for advanced 
Nonsquamous NSCLC. J Thorac Oncol 2021;16:162–8.

 4 Kaufman HL, Atkins MB, Subedi P, et al. The promise of Immuno- 
oncology: implications for defining the value of cancer treatment. J 
Immunother Cancer 2019;7:129.

 5 Waterhouse DM, Garon EB, Chandler J, et al. Continuous versus 
1- year Fixed- Duration nivolumab in previously treated advanced 
non- small- cell lung cancer: CheckMate 153. J Clin Oncol 
2020;38:3863–73.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-005413 on 29 S

eptem
ber 2022. D

ow
nloaded from

 

https://twitter.com/PAscierto
https://twitter.com/EmensLeisha
https://twitter.com/robertferrismd
https://twitter.com/gulleyj1
https://twitter.com/kmargolin
https://twitter.com/matsadoc
https://twitter.com/brian_rini
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3901-9924
http://orcid.org/0000-0002-8322-475X
http://orcid.org/0000-0001-5085-3579
http://orcid.org/0000-0002-7694-0731
http://orcid.org/0000-0002-8132-7069
http://orcid.org/0000-0001-6605-2071
http://orcid.org/0000-0002-0806-2535
http://orcid.org/0000-0002-6569-2912
http://orcid.org/0000-0002-5248-4356
http://orcid.org/0000-0002-4043-3279
http://orcid.org/0000-0002-2428-6109
http://orcid.org/0000-0003-4137-9662
http://dx.doi.org/10.1200/JCO.19.00345
http://dx.doi.org/10.1186/s40425-017-0241-6
http://dx.doi.org/10.1016/j.jtho.2020.09.015
http://dx.doi.org/10.1186/s40425-019-0594-0
http://dx.doi.org/10.1186/s40425-019-0594-0
http://dx.doi.org/10.1200/JCO.20.00131
http://jitc.bmj.com/


13Atkins MB, et al. J Immunother Cancer 2022;10:e005413. doi:10.1136/jitc-2022-005413

Open access

 6 Harris SJ, Brown J, Lopez J, et al. Immuno- oncology 
combinations: raising the tail of the survival curve. Cancer Biol Med 
2016;13:171–93.

 7 Zimmermann S, Peters S. Appraising the tail of the survival curve 
in the era of PD- 1/PD- L1 checkpoint blockade. JAMA Oncol 
2019;5:1403–5.

 8 Nowell PC. The clonal evolution of tumor cell populations. Science 
1976;194:23–8.

 9 Vasan N, Baselga J, Hyman DM. A view on drug resistance in 
cancer. Nature 2019;575:299–309.

 10 Hegde PS, Chen DS. Top 10 challenges in cancer immunotherapy. 
Immunity 2020;52:17–35.

 11 Ott PA, Hodi FS, Kaufman HL, et al. Combination immunotherapy: a 
road map. j. immunotherapy cancer 2017;5:16.

 12 Schmidt EV, Chisamore MJ, Chaney MF, et al. Assessment of 
clinical activity of PD- 1 checkpoint inhibitor combination therapies 
reported in clinical trials. JAMA Netw Open 2020;3:e1920833.

 13 Tan AC, Bagley SJ, Wen PY, et al. Systematic review of 
combinations of targeted or immunotherapy in advanced solid 
tumors. J Immunother Cancer 2021;9:e002459.

 14 Finn RS, Qin S, Ikeda M, et al. Atezolizumab plus bevacizumab 
in unresectable hepatocellular carcinoma. N Engl J Med 
2020;382:1894–905.

 15 Wolchok JD, Kluger H, Callahan MK, et al. Nivolumab plus 
ipilimumab in advanced melanoma. N Engl J Med 2013;369:122–33.

 16 Paz- Ares L, Luft A, Vicente D, et al. Pembrolizumab plus 
chemotherapy for squamous non- small- cell lung cancer. N Engl J 
Med 2018;379:2040–51.

 17 Rini BI, Plimack ER, Stus V, et al. Pembrolizumab plus axitinib 
versus sunitinib for advanced renal- cell carcinoma. N Engl J Med 
2019;380:1116–27.

 18 Cortes J, Cescon DW, Rugo HS, et al. Pembrolizumab plus 
chemotherapy versus placebo plus chemotherapy for previously 
untreated locally recurrent inoperable or metastatic triple- negative 
breast cancer (KEYNOTE- 355): a randomised, placebo- controlled, 
double- blind, phase 3 clinical trial. Lancet 2020;396:1817–28.

 19 Heinhuis KM, Ros W, Kok M, et al. Enhancing antitumor response 
by combining immune checkpoint inhibitors with chemotherapy in 
solid tumors. Ann Oncol 2019;30:219–35.

 20 Wang Q, Ju X, Wang J, et al. Immunogenic cell death in anticancer 
chemotherapy and its impact on clinical studies. Cancer Lett 
2018;438:17–23.

 21 Beyranvand Nejad E, van der Sluis TC, van Duikeren S, et al. 
Tumor eradication by cisplatin is sustained by CD80/86- Mediated 
costimulation of CD8+ T cells. Cancer Res 2016;76:6017–29.

 22 Boni A, Cogdill AP, Dang P, et al. Selective BRAFV600E inhibition 
enhances T- cell recognition of melanoma without affecting 
lymphocyte function. Cancer Res 2010;70:5213–9.

 23 Kuske M, Westphal D, Wehner R, et al. Immunomodulatory effects 
of BRAF and MEK inhibitors: implications for melanoma therapy. 
Pharmacol Res 2018;136:151–9.

 24 Spector NL, Blackwell KL. Understanding the mechanisms behind 
trastuzumab therapy for human epidermal growth factor receptor 
2- positive breast cancer. J Clin Oncol 2009;27:5838–47.

 25 Wallin JJ, Bendell JC, Funke R, et al. Atezolizumab in combination 
with bevacizumab enhances antigen- specific T- cell migration in 
metastatic renal cell carcinoma. Nat Commun 2016;7:12624.

 26 Bayless NL, Bluestone JA, Bucktrout S, et al. Development of 
preclinical and clinical models for immune- related adverse events 
following checkpoint immunotherapy: a perspective from SITC and 
AACR. J Immunother Cancer 2021;9:e002627.

 27 Zloza A, Karolina Palucka A, Coussens LM, et al. Workshop 
on challenges, insights, and future directions for mouse and 
humanized models in cancer immunology and immunotherapy: a 
report from the associated programs of the 2016 annual meeting 
for the Society for immunotherapy of cancer. J Immunother Cancer 
2017;5.

 28 Hay M, Thomas DW, Craighead JL, et al. Clinical development 
success rates for investigational drugs. Nat Biotechnol 
2014;32:40–51.

 29 DiMasi JA, JAJAjot D. Pharmaceutical R&D performance by firm 
size: approval success rates and economic returns. Am J Ther 
2014;21:26–34.

 30 DiMasi JA, Hermann JC, Twyman K, et al. A tool for predicting 
regulatory approval after phase II testing of new oncology 
compounds. Clin Pharmacol Ther 2015;98:506–13.

 31 AW L, Siah KW, Wong CH. Machine learning with statistical 
imputation for predicting drug approvals. SSRN 2018.

 32 Feijoo F, Palopoli M, Bernstein J, et al. Key indicators of phase 
transition for clinical trials through machine learning. Drug Discov 
Today 2020;25:414–21.

 33 Moore TJ, Zhang H, Anderson G, et al. Estimated costs of 
pivotal trials for novel therapeutic agents Approved by the US 
food and drug administration, 2015- 2016. JAMA Intern Med 
2018;178:1451–7.

 34 Scannell JW, Blanckley A, Boldon H, et al. Diagnosing the 
decline in pharmaceutical R&D efficiency. Nat Rev Drug Discov 
2012;11:191–200.

 35 Shah M, Rahman A, Theoret MR, et al. The Drug- Dosing 
Conundrum in Oncology - When Less Is More. N Engl J Med 
2021;385:1445–7.

 36 Fogel DB. Factors associated with clinical trials that fail and 
opportunities for improving the likelihood of success: a review. 
Contemp Clin Trials Commun 2018;11:156–64.

 37 Jardim DL, Groves ES, Breitfeld PP, et al. Factors associated with 
failure of oncology drugs in late- stage clinical development: a 
systematic review. Cancer Treat Rev 2017;52:12–21.

 38 Sacks LV, Shamsuddin HH, Yasinskaya YI, et al. Scientific and 
regulatory reasons for delay and denial of FDA approval of initial 
applications for new drugs, 2000- 2012. JAMA 2014;311:378–84.

 39 Schildmann J. Value and values in cancer care. assessing the 
benefit of treatment in patients with advanced cancer. Oncol Res 
Treat 2019;42:35–40.

 40 Tseng EK, Hicks LK. Value based care and patient- centered 
care: divergent or complementary? Curr Hematol Malig Rep 
2016;11:303–10.

 41 Wong CH, Siah KW, Lo AW. Estimation of clinical trial success rates 
and related parameters. Biostatistics 2019;20:273–86.

 42 Robinson AG, O'Donnell J, Booth C, et al. Patient perspectives of 
value of delayed disease progression on imaging (imaging PFS). A 
treatment trade- off experiment. J Cancer Policy 2021;30:100301.

 43 Hodi FS, O'Day SJ, McDermott DF, et al. Improved survival with 
ipilimumab in patients with metastatic melanoma. N Engl J Med 
2010;363:711–23.

 44 Kantoff PW, Higano CS, Shore ND, et al. Sipuleucel- T 
immunotherapy for castration- resistant prostate cancer. N Engl J 
Med Overseas Ed 2010;363:411–22.

 45 Nathan P, Hassel JC, Rutkowski P, et al. Overall survival benefit with 
Tebentafusp in metastatic uveal melanoma. N Engl J Med Overseas 
Ed 2021;385:1196–206.

 46 Clynes RA, Towers TL, Presta LG, et al. Inhibitory Fc receptors 
modulate in vivo cytotoxicity against tumor targets. Nat Med 
2000;6:443–6.

 47 Chen DS, Mellman I. Oncology meets immunology: the cancer- 
immunity cycle. Immunity 2013;39:1–10.

 48 Dunn GP, Bruce AT, Ikeda H, et al. Cancer immunoediting: from 
immunosurveillance to tumor escape. Nat Immunol 2002;3:991–8.

 49 Wei SC, Duffy CR, Allison JP. Fundamental mechanisms 
of immune checkpoint blockade therapy. Cancer Discov 
2018;8:1069–86.

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

 51 Tumeh PC, Harview CL, Yearley JH, et al. PD- 1 blockade induces 
responses by inhibiting adaptive immune resistance. Nature 
2014;515:568–71.

 52 Im SJ, Hashimoto M, Gerner MY, et al. Defining CD8+ T cells 
that provide the proliferative burst after PD- 1 therapy. Nature 
2016;537:417–21.

 53 Siddiqui I, Schaeuble K, Chennupati V, et al. Intratumoral Tcf1+PD- 
1+CD8+ T Cells with Stem- like Properties Promote Tumor Control in 
Response to Vaccination and Checkpoint Blockade Immunotherapy. 
Immunity 2019;50:e10:195–211.

 54 Miller BC, Sen DR, Al Abosy R, et al. Subsets of exhausted CD8+ T 
cells differentially mediate tumor control and respond to checkpoint 
blockade. Nat Immunol 2019;20:326–36.

 55 Iwai Y, Ishida M, Tanaka Y, et al. Involvement of PD- L1 on 
tumor cells in the escape from host immune system and tumor 
immunotherapy by PD- L1 blockade. Proc Natl Acad Sci U S A 
2002;99:12293–7.

 56 Blank C, Brown I, Peterson AC, et al. PD- L1/B7H- 1 inhibits the 
effector phase of tumor rejection by T cell receptor (TCR) transgenic 
CD8+ T cells. Cancer Res 2004;64:1140–5.

 57 Hirano F, Kaneko K, Tamura H, et al. Blockade of B7- H1 and PD- 1 
by monoclonal antibodies potentiates cancer therapeutic immunity. 
Cancer Res 2005;65:1089–96.

 58 Turajlic S, Litchfield K, Xu H, et al. Insertion- and- deletion- derived 
tumour- specific neoantigens and the immunogenic phenotype: a 
pan- cancer analysis. Lancet Oncol 2017;18:1009–21.

 59 Keenan TE, Burke KP, Van Allen EM. Genomic correlates 
of response to immune checkpoint blockade. Nat Med 
2019;25:389–402.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-005413 on 29 S

eptem
ber 2022. D

ow
nloaded from

 

http://dx.doi.org/10.20892/j.issn.2095-3941.2016.0015
http://dx.doi.org/10.1001/jamaoncol.2019.2186
http://dx.doi.org/10.1126/science.959840
http://dx.doi.org/10.1038/s41586-019-1730-1
http://dx.doi.org/10.1016/j.immuni.2019.12.011
http://dx.doi.org/10.1186/s40425-017-0218-5
http://dx.doi.org/10.1001/jamanetworkopen.2019.20833
http://dx.doi.org/10.1136/jitc-2021-002459
http://dx.doi.org/10.1056/NEJMoa1915745
http://dx.doi.org/10.1056/NEJMoa1302369
http://dx.doi.org/10.1056/NEJMoa1810865
http://dx.doi.org/10.1056/NEJMoa1810865
http://dx.doi.org/10.1056/NEJMoa1816714
http://dx.doi.org/10.1016/S0140-6736(20)32531-9
http://dx.doi.org/10.1093/annonc/mdy551
http://dx.doi.org/10.1016/j.canlet.2018.08.028
http://dx.doi.org/10.1158/0008-5472.CAN-16-0881
http://dx.doi.org/10.1158/0008-5472.CAN-10-0118
http://dx.doi.org/10.1016/j.phrs.2018.08.019
http://dx.doi.org/10.1200/JCO.2009.22.1507
http://dx.doi.org/10.1038/ncomms12624
http://dx.doi.org/10.1136/jitc-2021-002627
http://dx.doi.org/10.1186/s40425-017-0278-6
http://dx.doi.org/10.1038/nbt.2786
http://dx.doi.org/10.1097/MJT.0b013e318269198f
http://dx.doi.org/10.1002/cpt.194
http://dx.doi.org/10.1016/j.drudis.2019.12.014
http://dx.doi.org/10.1016/j.drudis.2019.12.014
http://dx.doi.org/10.1001/jamainternmed.2018.3931
http://dx.doi.org/10.1038/nrd3681
http://dx.doi.org/10.1056/NEJMp2109826
http://dx.doi.org/10.1016/j.conctc.2018.08.001
http://dx.doi.org/10.1016/j.ctrv.2016.10.009
http://dx.doi.org/10.1001/jama.2013.282542
http://dx.doi.org/10.1159/000496119
http://dx.doi.org/10.1159/000496119
http://dx.doi.org/10.1007/s11899-016-0333-2
http://dx.doi.org/10.1093/biostatistics/kxx069
http://dx.doi.org/10.1016/j.jcpo.2021.100301
http://dx.doi.org/10.1056/NEJMoa1003466
http://dx.doi.org/10.1056/NEJMoa1001294
http://dx.doi.org/10.1056/NEJMoa1001294
http://dx.doi.org/10.1056/NEJMoa2103485
http://dx.doi.org/10.1056/NEJMoa2103485
http://dx.doi.org/10.1038/74704
http://dx.doi.org/10.1016/j.immuni.2013.07.012
http://dx.doi.org/10.1038/ni1102-991
http://dx.doi.org/10.1158/2159-8290.CD-18-0367
http://dx.doi.org/10.1038/nrc3239
http://dx.doi.org/10.1038/nature13954
http://dx.doi.org/10.1038/nature19330
http://dx.doi.org/10.1016/j.immuni.2018.12.021
http://dx.doi.org/10.1038/s41590-019-0312-6
http://dx.doi.org/10.1073/pnas.192461099
http://dx.doi.org/10.1158/0008-5472.can-03-3259
http://dx.doi.org/10.1158/0008-5472.1089.65.3
http://dx.doi.org/10.1016/S1470-2045(17)30516-8
http://dx.doi.org/10.1038/s41591-019-0382-x
http://jitc.bmj.com/


14 Atkins MB, et al. J Immunother Cancer 2022;10:e005413. doi:10.1136/jitc-2022-005413

Open access 

 60 Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and 
immune correlates of anti- PD- 1 antibody in cancer. N Engl J Med 
2012;366:2443–54.

 61 Herbst RS, Soria J- C, Kowanetz M, et al. Predictive correlates 
of response to the anti- PD- L1 antibody MPDL3280A in cancer 
patients. Nature 2014;515:563–7.

 62 Helmink BA, Reddy SM, Gao J, et al. B cells and tertiary 
lymphoid structures promote immunotherapy response. Nature 
2020;577:549–55.

 63 Ayers M, Lunceford J, Nebozhyn M, et al. IFN-γ-related mRNA 
profile predicts clinical response to PD- 1 blockade. J Clin Invest 
2017;127:2930–40.

 64 Huang AC, Postow MA, Orlowski RJ, et al. T- Cell invigoration to 
tumour burden ratio associated with anti- PD- 1 response. Nature 
2017;545:60–5.

 65 Pai SI, Cesano A, Marincola FM. The paradox of cancer immune 
exclusion: immune oncology next frontier. Cancer Treat Res 
2020;180:173–95.

 66 Hugo W, Zaretsky JM, Sun L, et al. Genomic and transcriptomic 
features of response to anti- PD- 1 therapy in metastatic melanoma. 
Cell 2016;165:35–44.

 67 Trujillo JA, Luke JJ, Zha Y, et al. Secondary resistance to 
immunotherapy associated with β-catenin pathway activation 
or PTEN loss in metastatic melanoma. J Immunother Cancer 
2019;7:295.

 68 Williams JB, Li S, Higgs EF, et al. Tumor heterogeneity and clonal 
cooperation influence the immune selection of IFN-γ-signaling 
mutant cancer cells. Nat Commun 2020;11:602.

 69 Lipson EJ, Tawbi HA- H, Schadendorf D, et al. Relatlimab (RelA) plus 
nivolumab (NIVO) versus NIVO in first- line advanced melanoma: 
primary phase III results from RELATIVITY- 047 (CA224- 047). Journal 
of Clinical Oncology 2021;39:9503.

 70 Wei SC, Anang N- AAS, Sharma R, et al. Combination anti- CTLA- 4 
plus anti- PD- 1 checkpoint blockade utilizes cellular mechanisms 
partially distinct from monotherapies. Proc Natl Acad Sci U S A 
2019;116:22699–709.

 71 Galon J, Bruni D. Approaches to treat immune hot, altered and cold 
tumours with combination immunotherapies. Nat Rev Drug Discov 
2019;18:197–218.

 72 Chen DS, Mellman I. Elements of cancer immunity and the cancer- 
immune set point. Nature 2017;541:321–30.

 73 Ocana A, Amir E, Yeung C, et al. How valid are claims for synergy in 
published clinical studies? Ann Oncol 2012;23:2161–6.

 74 Palmer AC, Sorger PK. Combination cancer therapy can confer 
benefit via Patient- to- Patient variability without drug additivity or 
synergy. Cell 2017;171:e13:1678–91.

 75 Nathan P, Dummer R, Long GV, et al. LBA43 Spartalizumab plus 
dabrafenib and trametinib (Sparta- DabTram) in patients (PTS) with 
previously untreated BRAF V600–mutant unresectable or metastatic 
melanoma: results from the randomized Part 3 of the phase III 
COMBI- i trial. Annals of Oncology 2020;31:S1172.

 76 Gutzmer R, Stroyakovskiy D, Gogas H, et al. Atezolizumab, 
vemurafenib, and cobimetinib as first- line treatment for 
unresectable advanced BRAFV600 mutation- positive melanoma 
(IMspire150): primary analysis of the randomised, double- blind, 
placebo- controlled, phase 3 trial. The Lancet 2020;395:1835–44.

 77 Hoos A, Eggermont AMM, Janetzki S, et al. Improved 
endpoints for cancer immunotherapy trials. J Natl Cancer Inst 
2010;102:1388–97.

 78 Chen T- T. Statistical issues and challenges in immuno- oncology. J 
Immunother Cancer 2013;1:18.

 79 Mick R, Chen T- T. Statistical challenges in the design of late- 
stage cancer immunotherapy studies. Cancer Immunol Res 
2015;3:1292–8.

 80 Bonelli M, Di Giuseppe F, Beken S. Impact analysis of ICH S9 
on non- clinical development of anticancer drugs. Regul Toxicol 
Pharmacol 2015;73:361–6.

 81 Food and Drug Administration. Guidance for industry: 
codevelopment of two or more new investigational drugs for use in 
combination; 2013.

 82 Fridman WH, Pagès F, Sautès- Fridman C, et al. The immune 
contexture in human tumours: impact on clinical outcome. Nat Rev 
Cancer 2012;12:298–306.

 83 Evans RA, Diamond MS, Rech AJ, et al. Lack of immunoediting 
in murine pancreatic cancer reversed with neoantigen. JCI Insight 
2016;1.

 84 McFadden DG, Politi K, Bhutkar A, et al. Mutational landscape 
of EGFR-, MYC-, and Kras- driven genetically engineered mouse 
models of lung adenocarcinoma. Proc Natl Acad Sci U S A 
2016;113:E6409–17.

 85 Damo M, Fitzgerald B, Lu Y, et al. Inducible de novo expression 
of neoantigens in tumor cells and mice. Nat Biotechnol 
2021;39:64–73.

 86 Morton JJ, Bird G, Refaeli Y, et al. Humanized mouse xenograft 
models: narrowing the Tumor- Microenvironment gap. Cancer Res 
2016;76:6153–8.

 87 Meraz IM, Majidi M, Meng F, et al. An improved patient- derived 
xenograft humanized mouse model for evaluation of lung cancer 
immune responses. Cancer Immunol Res 2019;7:1267–79.

 88 Gopalakrishnan V, Helmink BA, Spencer CN, et al. The influence 
of the gut microbiome on cancer, immunity, and cancer 
immunotherapy. Cancer Cell 2018;33:570–80.

 89 Park JS, Withers SS, Modiano JF, et al. Canine cancer 
immunotherapy studies: linking mouse and human. J Immunother 
Cancer 2016;4:97.

 90 Shameer K, Zhang Y, Jackson D, et al. Correlation between early 
endpoints and overall survival in non- small- cell lung cancer: a Trial- 
Level meta- analysis. Front Oncol 2021;11:672916.

 91 Kluger HM, Tawbi HA, Ascierto ML, et al. Defining tumor resistance 
to PD- 1 pathway blockade: recommendations from the first meeting 
of the SITC immunotherapy resistance Taskforce. J Immunother 
Cancer 2020;8.

 92 Larkin J, Chiarion- Sileni V, Gonzalez R, et al. Combined nivolumab 
and ipilimumab or monotherapy in untreated melanoma. N Engl J 
Med 2015;373:23–34.

 93 Motzer RJ, Penkov K, Haanen J, et al. Avelumab plus axitinib 
versus sunitinib for advanced renal- cell carcinoma. N Engl J Med 
2019;380:1103–15.

 94 Tawbi HA, Schadendorf D, Lipson EJ, et al. Relatlimab and 
nivolumab versus nivolumab in untreated advanced melanoma. N 
Engl J Med 2022;386:24–34.

 95 Ascierto PA, Bono P, Bhatia S, et al. Efficacy of BMS- 986016, a 
monoclonal antibody that targets lymphocyte activation gene- 3 
(LAG- 3), in combination with nivolumab in PTS with melanoma who 
progressed during prior anti–PD- 1/PD- L1 therapy (MEL prior io) in 
all- comer and biomarker- enriched populations. Annals of Oncology 
2017;28:v611–2.

 96 Long GV, Dummer R, Hamid O, et al. Epacadostat plus 
pembrolizumab versus placebo plus pembrolizumab in patients with 
unresectable or metastatic melanoma (ECHO- 301/KEYNOTE- 252): 
a phase 3, randomised, double- blind study. Lancet Oncol 
2019;20:1083–97.

 97 Khushalani NI, Diab A, Ascierto PA, et al. Bempegaldesleukin 
plus nivolumab in untreated, unresectable or metastatic 
melanoma: phase III pivot io 001 study design. Future Oncol 
2020;16:2165–75.

 98 Michaelis LC, Ratain MJ. Phase II trials published in 2002: a 
cross- specialty comparison showing significant design differences 
between oncology trials and other medical specialties. Clin Cancer 
Res 2007;13:2400–5.

 99 Ratain MJ, Sargent DJ. Optimising the design of phase II 
oncology trials: the importance of randomisation. Eur J Cancer 
2009;45:275–80.

 100 Sharma MR, Stadler WM, Ratain MJ. Randomized phase II trials: 
a long- term investment with promising returns. J Natl Cancer Inst 
2011;103:1093–100.

 101 Cho BC, Abreu DR, Hussein M, et al. Tiragolumab plus 
atezolizumab versus placebo plus atezolizumab as a first- 
line treatment for PD- L1- selected non- small- cell lung cancer 
(CITYSCAPE): primary and follow- up analyses of a randomised, 
double- blind, phase 2 study. Lancet Oncol 2022;23:781- 792.

 102 Chen T- T. Milestone survival: a potential intermediate endpoint 
for immune checkpoint inhibitors. J Natl Cancer Inst 2015;107. 
doi:10.1093/jnci/djv156. [Epub ahead of print: 25 06 2015].

 103 Schmid P, Adams S, Rugo HS, et al. Atezolizumab and nab- 
paclitaxel in advanced triple- negative breast cancer. N Engl J Med 
2018;379:2108–21.

 104 Epaillard N, Simonaggio A, Elaidi R, et al. BIONIKK: a phase 2 
biomarker driven trial with nivolumab and ipilimumab or VEGFR 
tyrosine kinase inhibitor (TKI) in naïve metastatic kidney cancer. Bull 
Cancer 2020;107:eS22–7.

 105 van Tilburg CM, Witt R, Heiss M, et al. INFORM2 NivEnt: the 
first trial of the INFORM2 biomarker driven phase I/II trial series: 
the combination of nivolumab and entinostat in children and 
adolescents with refractory high- risk malignancies. BMC Cancer 
2020;20:523.

 106 Mazzarella L, Morganti S, Marra A, et al. Master protocols in 
immuno- oncology: do novel drugs deserve novel designs? J 
Immunother Cancer 2020;8.

 107 Wolchok JD, Chiarion- Sileni V, Gonzalez R, et al. Long- Term 
outcomes with nivolumab plus ipilimumab or nivolumab alone 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-005413 on 29 S

eptem
ber 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1056/NEJMoa1200690
http://dx.doi.org/10.1038/nature14011
http://dx.doi.org/10.1038/s41586-019-1922-8
http://dx.doi.org/10.1172/JCI91190
http://dx.doi.org/10.1038/nature22079
http://dx.doi.org/10.1007/978-3-030-38862-1_6
http://dx.doi.org/10.1016/j.cell.2016.02.065
http://dx.doi.org/10.1186/s40425-019-0780-0
http://dx.doi.org/10.1038/s41467-020-14290-4
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.9503
http://dx.doi.org/10.1200/JCO.2021.39.15_suppl.9503
http://dx.doi.org/10.1073/pnas.1821218116
http://dx.doi.org/10.1038/s41573-018-0007-y
http://dx.doi.org/10.1038/nature21349
http://dx.doi.org/10.1093/annonc/mdr608
http://dx.doi.org/10.1016/j.cell.2017.11.009
http://dx.doi.org/10.1016/j.annonc.2020.08.2273
http://dx.doi.org/10.1016/S0140-6736(20)30934-X
http://dx.doi.org/10.1093/jnci/djq310
http://dx.doi.org/10.1186/2051-1426-1-18
http://dx.doi.org/10.1186/2051-1426-1-18
http://dx.doi.org/10.1158/2326-6066.CIR-15-0260
http://dx.doi.org/10.1016/j.yrtph.2015.07.022
http://dx.doi.org/10.1016/j.yrtph.2015.07.022
http://dx.doi.org/10.1038/nrc3245
http://dx.doi.org/10.1038/nrc3245
http://dx.doi.org/10.1172/jci.insight.88328
http://dx.doi.org/10.1073/pnas.1613601113
http://dx.doi.org/10.1038/s41587-020-0613-1
http://dx.doi.org/10.1158/0008-5472.CAN-16-1260
http://dx.doi.org/10.1158/2326-6066.CIR-18-0874
http://dx.doi.org/10.1016/j.ccell.2018.03.015
http://dx.doi.org/10.1186/s40425-016-0200-7
http://dx.doi.org/10.1186/s40425-016-0200-7
http://dx.doi.org/10.3389/fonc.2021.672916
http://dx.doi.org/10.1136/jitc-2019-000398
http://dx.doi.org/10.1136/jitc-2019-000398
http://dx.doi.org/10.1056/NEJMoa1504030
http://dx.doi.org/10.1056/NEJMoa1504030
http://dx.doi.org/10.1056/NEJMoa1816047
http://dx.doi.org/10.1056/NEJMoa2109970
http://dx.doi.org/10.1056/NEJMoa2109970
http://dx.doi.org/10.1093/annonc/mdx440.011
http://dx.doi.org/10.1016/S1470-2045(19)30274-8
http://dx.doi.org/10.2217/fon-2020-0351
http://dx.doi.org/10.1158/1078-0432.CCR-06-1488
http://dx.doi.org/10.1158/1078-0432.CCR-06-1488
http://dx.doi.org/10.1016/j.ejca.2008.10.029
http://dx.doi.org/10.1093/jnci/djr218
http://dx.doi.org/10.1016/S1470-2045(22)00226-1
http://dx.doi.org/10.1093/jnci/djv156
http://dx.doi.org/10.1056/NEJMoa1809615
http://dx.doi.org/10.1016/S0007-4551(20)30283-6
http://dx.doi.org/10.1016/S0007-4551(20)30283-6
http://dx.doi.org/10.1186/s12885-020-07008-8
http://dx.doi.org/10.1136/jitc-2019-000475
http://dx.doi.org/10.1136/jitc-2019-000475
http://jitc.bmj.com/


15Atkins MB, et al. J Immunother Cancer 2022;10:e005413. doi:10.1136/jitc-2022-005413

Open access

versus ipilimumab in patients with advanced melanoma. J Clin 
Oncol 2022;40:127–37.

 108 Regan MM, Jegede OA, Mantia CM, et al. Treatment- free survival 
after immune checkpoint inhibitor therapy versus targeted therapy 
for advanced renal cell carcinoma: 42- Month results of the 
CheckMate 214 trial. Clin Cancer Res 2021;27:6687–95.

 109 Ribas A, Hodi FS, Callahan M, et al. Hepatotoxicity with 
combination of vemurafenib and ipilimumab. N Engl J Med 
2013;368:1365–6.

 110 Hammers HJ, Plimack ER, Infante JR, et al. Safety and efficacy of 
nivolumab in combination with ipilimumab in metastatic renal cell 
carcinoma: the CheckMate 016 study. J Clin Oncol 2017;35:3851–8.

 111 Chowdhury S, Infante JR, Hawkins R, et al. A phase I/II study to 
assess the safety and efficacy of pazopanib and pembrolizumab 
combination therapy in patients with advanced renal cell carcinoma. 
Clin Genitourin Cancer 2021;19:434–46.

 112 Hellmann MD, Rizvi NA, Goldman JW, et al. Nivolumab plus 
ipilimumab as first- line treatment for advanced non- small- cell 
lung cancer (CheckMate 012): results of an open- label, phase 1, 
multicohort study. Lancet Oncol 2017;18:31–41.

 113 Atkins MB, Lee SJ, Chmielowski B. DREAMseq (doublet, 
randomized evaluation in advanced melanoma sequencing): a 
phase III trial—ECOG- ACRIN EA6134. American Society of Clinical 
Oncology 2021.

 114 Albiges L, Tannir NM, Burotto M, et al. Nivolumab plus ipilimumab 
versus sunitinib for first- line treatment of advanced renal cell 
carcinoma: extended 4- year follow- up of the phase III CheckMate 
214 trial. ESMO Open 2020;5:e001079.

 115 Chen T- T. Predicting analysis times in randomized clinical trials with 
cancer immunotherapy. BMC Med Res Methodol 2016;16:12.

 116 Schoenfeld D. The asymptotic properties of nonparametric tests for 
comparing survival distributions. Biometrika 1981;68:316–9.

 117 Shi H, Yin G. Landmark cure rate models with time- dependent 
covariates. Stat Methods Med Res 2017;26:2042–54.

 118 Latimer NR. Treatment switching in oncology trials and the 
acceptability of adjustment methods. Expert Rev Pharmacoecon 
Outcomes Res 2015;15:561–4.

 119 Latimer NR, Abrams KR, Lambert PC, et al. Adjusting for treatment 
switching in randomised controlled trials - A simulation study 
and a simplified two- stage method. Stat Methods Med Res 
2017;26:724–51.

 120 Latimer NR, Abrams KR, Lambert PC, et al. Assessing methods 
for dealing with treatment switching in clinical trials: a follow- up 
simulation study. Stat Methods Med Res 2018;27:765–84.

 121 Freidlin B, McShane LM, Polley M- YC, et al. Randomized phase II 
trial designs with biomarkers. J Clin Oncol 2012;30:3304–9.

 122 Ou F- S, Michiels S, Shyr Y, et al. Biomarker discovery 
and validation: statistical considerations. J Thorac Oncol 
2021;16:537–45.

 123 Althammer S, Tan TH, Spitzmüller A, et al. Automated image 
analysis of NSCLC biopsies to predict response to anti- PD- L1 
therapy. J Immunother Cancer 2019;7:121.

 124 Blom S, Paavolainen L, Bychkov D, et al. Systems pathology by 
multiplexed immunohistochemistry and whole- slide digital image 
analysis. Sci Rep 2017;7:15580.

 125 Baxi V, Edwards R, Montalto M, et al. Digital pathology and artificial 
intelligence in translational medicine and clinical practice. Mod 
Pathol 2022;35:23–32.

 126 Bera K, Schalper KA, Rimm DL, et al. Artificial intelligence in digital 
pathology - new tools for diagnosis and precision oncology. Nat 
Rev Clin Oncol 2019;16:703–15.

 127 Giroux Leprieur E, Herbretau G, Dumenil C, et al. Circulating tumor 
DNA evaluated by next- generation sequencing is predictive of 
tumor response and prolonged clinical benefit with nivolumab 
in advanced non- small cell lung cancer. Oncoimmunology 
2018;7:e1424675.

 128 Bratman SV, Yang SYC, Iafolla MAJ, et al. Personalized circulating 
tumor DNA analysis as a predictive biomarker in solid tumor 
patients treated with pembrolizumab. Nat Cancer 2020;1:873–81.

 129 Gibson HM, McKnight BN, Malysa A, et al. IFNγ PET imaging as a 
predictive tool for monitoring response to tumor immunotherapy. 
Cancer Res 2018;78:5706–17.

 130 Kristensen LK, Christensen C, Alfsen MZ, et al. Monitoring 
CD8a+ T Cell Responses to Radiotherapy and CTLA- 4 Blockade 
Using [64Cu]NOTA- CD8a PET Imaging. Mol Imaging Biol 
2020;22:1021–30.

 131 Borm FJ, Smit J, Oprea- Lager DE, et al. Response prediction and 
evaluation using PET in patients with solid tumors treated with 
immunotherapy. Cancers 2021;13. doi:10.3390/cancers13123083. 
[Epub ahead of print: 21 06 2021].

 132 Powles T, Assaf ZJ, Davarpanah N, et al. ctDNA guiding adjuvant 
immunotherapy in urothelial carcinoma. Nature 2021;595:432–7.

 133 Gibney GT, Zaemes J, Shand S, et al. Pet/Ct scan and biopsy- 
driven approach for safe anti- PD- 1 therapy discontinuation 
in patients with advanced melanoma. J Immunother Cancer 
2021;9:e002955.

 134 Krishnamoorthy M, Lenehan JG, Maleki Vareki S. Neoadjuvant 
immunotherapy for high- risk, resectable malignancies: 
scientific rationale and clinical challenges. J Natl Cancer Inst 
2021;113:823–32.

 135 Cottrell TR, Thompson ED, Forde PM, et al. Pathologic features of 
response to neoadjuvant anti- PD- 1 in resected non- small- cell lung 
carcinoma: a proposal for quantitative immune- related pathologic 
response criteria (irPRC). Ann Oncol 2018;29:1853–60.

 136 Schmid P, Cortes J, Pusztai L, et al. Pembrolizumab for early triple- 
negative breast cancer. N Engl J Med 2020;382:810–21.

 137 Schmid P, Cortes J, Dent R, et al. Event- Free survival with 
pembrolizumab in early triple- negative breast cancer. N Engl J Med 
2022;386:556–67.

 138 Vreman RA, Heikkinen I, Schuurman A, et al. Unmet medical need: 
an introduction to definitions and Stakeholder perceptions. Value 
Health 2019;22:1275–82.

 139 Lu E, Shatzel J, Shin F, et al. What constitutes an "unmet medical 
need" in oncology? An empirical evaluation of author usage in the 
biomedical literature. Semin Oncol 2017;44:8–12.

 140 Vanderwalde AM, Latkovic- Taber M, Hu- Lieskovan S, et al. 
Combining ipilimumab (IPI) and nivolumab (nivo) in advanced 
melanoma following progression on a PD- 1 inhibitor (SWOG 
S1616). Journal of Clinical Oncology 2018;36:TPS9597–TPS.

 141 Herrera AF. Where does PD- 1 blockade fit in HL therapy? 
Hematology Am Soc Hematol Educ Program 2018;2018:213–20.

 142 Dada R. Program death inhibitors in classical Hodgkin's lymphoma: 
a comprehensive review. Ann Hematol 2018;97:555–61.

 143 Goebeler M- E, Bargou RC. T cell- engaging therapies - BiTEs and 
beyond. Nat Rev Clin Oncol 2020;17:418–34.

 144 Scarfò I, Maus MV. Current approaches to increase CAR T cell 
potency in solid tumors: targeting the tumor microenvironment. J 
Immunother Cancer 2017;5:28.

 145 Knochelmann HM, Smith AS, Dwyer CJ, et al. Car T cells in solid 
tumors: blueprints for building effective therapies. Front Immunol 
2018;9:9.

 146 Chandrasekaran S, Funk CR, Kleber T, et al. Strategies to overcome 
failures in T- cell immunotherapies by targeting PI3K-δ and -γ. Front 
Immunol 2021;12:718621.

 147 Shah NN, Fry TJ. Mechanisms of resistance to CAR T cell therapy. 
Nat Rev Clin Oncol 2019;16:372–85.

 148 Del Paggio JC, Azariah B, Sullivan R, et al. Do contemporary 
randomized controlled trials meet ESMO thresholds for meaningful 
clinical benefit?. Annals of Oncology 2017;28:157–62.

 149 Tibau A, Molto C, Ocana A, et al. Magnitude of clinical benefit of 
cancer drugs Approved by the US food and drug administration. 
2018;110:486–92.

 150 Hwang TJ, Gyawali B. Association between progression‐free 
survival and patients’ quality of life in cancer clinical trials. Int. J. 
Cancer 2019;144:1746–51.

 151 Kovic B, Jin X, Kennedy SA, et al. Evaluating progression- free 
survival as a surrogate outcome for health- related quality of life 
in oncology: a systematic review and quantitative analysis. JAMA 
Intern Med 2018;178:1586–96.

 152 Ascierto PA, Mandalà M, Ferrucci PF, et al. Sequencing of 
Ipilimumab Plus Nivolumab and Encorafenib Plus Binimetinib for 
Untreated BRAF- Mutated Metastatic Melanoma (SECOMBIT): A 
Randomized, Three- Arm, Open- Label Phase II Trial. J Clin Oncol 
2022:JCO2102961.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-005413 on 29 S

eptem
ber 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1200/JCO.21.02229
http://dx.doi.org/10.1200/JCO.21.02229
http://dx.doi.org/10.1158/1078-0432.CCR-21-2283
http://dx.doi.org/10.1056/NEJMc1302338
http://dx.doi.org/10.1200/JCO.2016.72.1985
http://dx.doi.org/10.1016/j.clgc.2021.04.007
http://dx.doi.org/10.1016/S1470-2045(16)30624-6
http://dx.doi.org/10.1136/esmoopen-2020-001079
http://dx.doi.org/10.1186/s12874-016-0117-3
http://dx.doi.org/10.1093/biomet/68.1.316
http://dx.doi.org/10.1177/0962280217708681
http://dx.doi.org/10.1586/14737167.2015.1037835
http://dx.doi.org/10.1586/14737167.2015.1037835
http://dx.doi.org/10.1177/0962280214557578
http://dx.doi.org/10.1177/0962280216642264
http://dx.doi.org/10.1200/JCO.2012.43.3946
http://dx.doi.org/10.1016/j.jtho.2021.01.1616
http://dx.doi.org/10.1186/s40425-019-0589-x
http://dx.doi.org/10.1038/s41598-017-15798-4
http://dx.doi.org/10.1038/s41379-021-00919-2
http://dx.doi.org/10.1038/s41379-021-00919-2
http://dx.doi.org/10.1038/s41571-019-0252-y
http://dx.doi.org/10.1038/s41571-019-0252-y
http://dx.doi.org/10.1080/2162402X.2018.1424675
http://dx.doi.org/10.1038/s43018-020-0096-5
http://dx.doi.org/10.1158/0008-5472.CAN-18-0253
http://dx.doi.org/10.1007/s11307-020-01481-0
http://dx.doi.org/10.3390/cancers13123083
http://dx.doi.org/10.1038/s41586-021-03642-9
http://dx.doi.org/10.1136/jitc-2021-002955
http://dx.doi.org/10.1093/jnci/djaa216
http://dx.doi.org/10.1093/annonc/mdy218
http://dx.doi.org/10.1056/NEJMoa1910549
http://dx.doi.org/10.1056/NEJMoa2112651
http://dx.doi.org/10.1016/j.jval.2019.07.007
http://dx.doi.org/10.1016/j.jval.2019.07.007
http://dx.doi.org/10.1053/j.seminoncol.2017.02.009
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.TPS9597
http://dx.doi.org/10.1182/asheducation-2018.1.213
http://dx.doi.org/10.1007/s00277-017-3226-0
http://dx.doi.org/10.1038/s41571-020-0347-5
http://dx.doi.org/10.1186/s40425-017-0230-9
http://dx.doi.org/10.1186/s40425-017-0230-9
http://dx.doi.org/10.3389/fimmu.2018.01740
http://dx.doi.org/10.3389/fimmu.2021.718621
http://dx.doi.org/10.3389/fimmu.2021.718621
http://dx.doi.org/10.1038/s41571-019-0184-6
http://dx.doi.org/10.1093/annonc/mdw538
http://dx.doi.org/10.1002/ijc.31957
http://dx.doi.org/10.1002/ijc.31957
http://dx.doi.org/10.1001/jamainternmed.2018.4710
http://dx.doi.org/10.1001/jamainternmed.2018.4710
http://dx.doi.org/10.1200/JCO.21.02961
http://jitc.bmj.com/

	Maximizing the value of phase III trials in immuno-oncology: A checklist from the Society for Immunotherapy of Cancer (SITC)
	Abstract
	Introduction
	Definition of value in phase III clinical trials
	Assumptions on immunotherapy combinations
	Assessing potential value in phase III trials
	Mechanism and biology
	Phase I and phase II data
	Trial design
	Potential for impact

	A tool for investigators to evaluate phase III immunotherapy combination trials
	Considerations for hematologic malignancies

	Future directions to maximize value in phase III immunotherapy combination trials
	Conclusion
	References


