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ABSTRACT
Immunotherapy is the standard of care for several 
cancers and the field continues to advance at a rapid 
pace, with novel combinations leading to indications in an 
increasing number of disease settings. Durable responses 
and long- term survival with immunotherapy have been 
demonstrated in some patients, though lack of initial 
benefit and recurrence after extended disease control 
remain major hurdles for the field. Many new combination 
regimens are in development for patients whose disease 
progressed on initial immunotherapy. To guide clinical trial 
design and support analyses of emerging molecular and 
cellular data surrounding mechanisms of resistance, the 
Society for Immunotherapy of Cancer (SITC) previously 
generated consensus clinical definitions for resistance 
to single- agent anti- PD- 1 immune checkpoint inhibitors 
(ICIs) in three distinct scenarios: primary resistance, 
secondary resistance, and progression after treatment 
discontinuation. An unmet need still exists, however, for 
definitions of resistance to ICI- based combinations, which 
represent an expanding frontier in the immunotherapy 
treatment landscape. In 2021, SITC convened a workshop 
including stakeholders from academia, industry, and 
government to develop consensus definitions for 
resistance to ICI- based combination regimens for 
improved outcome assessment, trial design and drug 
development. This manuscript reports the minimum drug 
exposure requirements and time frame for progression 
that define resistance in both the metastatic setting and 
the perioperative setting, as well as key caveats and areas 
for future research with ICI/ICI combinations. Definitions 
for resistance to ICIs in combination with chemotherapy 
and targeted therapy will be published in companion 
volumes to this paper.

INTRODUCTION
Immunotherapy in the form of immune 
checkpoint inhibitors (ICIs) has transformed 
the standard of care for a number of solid 
tumors, offering some patients durable 
disease control. Despite the dramatic clinical 
benefit sometimes seen with ICI therapy, resis-
tance remains a major barrier. Many tumors 

do not initially respond to ICI monotherapy 
(ie, primary resistance) and recurrence may 
occur even after periods of extended disease 
control (ie, secondary resistance).1 2

Previously, the Society for Immunotherapy 
of Cancer (SITC) developed consensus defi-
nitions for clinical phenotypes of resistance to 
single- agent checkpoint blockade for thera-
pies targeting programmed cell death protein 
1 and its ligand (PD- (L)1).3 The definitions 
identified minimum drug exposure require-
ments, best response, and requirements for 
confirmatory scans to define primary resis-
tance, secondary resistance, and disease 
progression after discontinuation of therapy 
to support standardized study enrolment 
criteria and facilitate appropriate compari-
sons in post- anti- PD- (L)1 clinical trials. The 
SITC- defined resistance phenotypes for 
monotherapy have been shown to be associ-
ated with distinct clinical outcomes including 
tumor burden, tumor growth, likelihood to 
receive further systemic therapy, and post- 
progression survival. This paper expands on 
that earlier effort by defining resistance to 
combinations involving more than one check-
point inhibitor. Also covered is resistance to 
ICI combinations in the perioperative setting, 
an increasingly important concern as immu-
notherapy demonstrates benefit in the treat-
ment of early- stage disease.

Strategies to overcome primary and 
secondary immunotherapy resistance are 
an active and ongoing area of investigation. 
Combinations involving multiple ICIs, ICIs 
with chemotherapy, targeted therapies and 
radiotherapy have been investigated to this 
aim. Some of these approaches have been 
already approved by the US Food and Drug 
Administration (FDA) and by regulatory 
agencies in other countries in a variety of 
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solid tumor settings. A substantial unmet medical need 
exists, however, for patients with tumors that progress 
after ICI- based combinations. Uniform resistance defi-
nitions are needed to support drug development by 
ensuring standardized clinical trial enrollment and strat-
ification criteria.

Recognizing that the clinical definitions of primary resis-
tance, secondary resistance, and resistance that develops 
after discontinuation of therapy for multidrug approaches 
may be distinct from those for anti- PD- (L)1 mono-
therapy, SITC’s Immunotherapy Resistance Committee 
convened a workshop on immunotherapy combinations. 
Participants were assigned to working groups to define 
resistance to one of three broad categories: anti- PD- (L)1 
in combination with other ICIs, anti- PD- (L)1 in combi-
nation with chemotherapy, and anti- PD- (L)1 in combina-
tion with anti- VEGF tyrosine kinase inhibitors (TKIs) or 
antiangiogenic antibodies. The definitions developed for 
anti- PD- (L)1 in combination with other ICIs are reported 
in this paper—definitions for the other classes of combi-
nations are outside the scope of this volume and may 
be found in companion manuscripts. The definitions 
reported in this paper are based on the best available 
evidence and the expert consensus of the SITC Immuno-
therapy Resistance Committee Immunotherapy Combi-
nations Working Group. As additional evidence becomes 
available from ongoing trials, understanding of resistance 
will likely evolve and these definitions may be updated.

METHODS
To generate expert consensus definitions on clinical 
phenotypes of resistance to immunotherapy combina-
tions, SITC convened representatives from academia, 
industry, and government for a daylong workshop, held 
virtually in May 2021. Prior to the workshop, attendees 
completed a survey describing clinical scenarios for resis-
tance to immunotherapy combinations. Discussion of the 
premeeting survey results in one of three breakout rooms 
(focused on immunotherapy/immunotherapy combina-
tions, immunotherapy/targeted therapy combinations, 
and immunotherapy/chemotherapy combinations) led 
to the definitions reported in this manuscript and its 
companion volumes. Workshop attendees are listed in 
online supplemental file 1.

Disclosures of potential conflicts of interest were made 
prior to the onset of manuscript development. Recog-
nizing that workshop attendees are among the leading 
experts on the subject matter under consideration, any 
identified potential conflicts of interests were managed 
as outlined in SITC’s disclosure and conflict of interest 
resolution policies. As noted in these policies, attendees 
disclosing a real or perceived potential conflict of interest 
may be permitted to participate in consideration and 
decision making of a matter related to that conflict, but 
only if deemed appropriate after discussion and agree-
ment by the participants.

General assumptions on resistance to immunotherapy 
combinations
The consensus definitions for ICI combinations are 
intended to inform clinical trial design and drug devel-
opment in the context of patients with solid tumors being 
treated with systemic therapy. Consistent with the 2020 
SITC definitions for resistance to anti- PD(L)1 mono-
therapy, these definitions aim to identify patients who 
would have a ≤5% chance of subsequent clinical benefit if 
treatment was continued past progression. At this point, 
the definitions do not encompass recommendations for 
clinical management, which should be based on the best 
judgment of the treating physicians for their individual 
patients.

This manuscript focuses on ICI combinations 
consisting of an anti- PD- (L)1 agent administered with 
another antibody directed at an additional immune 
checkpoint. Combinations involving non- antibody- based 
immune- modulating agents such as cytokines or trans-
forming growth factor traps were not included in these 
definitions. At the time of publication, three ICI combi-
nation regimens were approved by the US FDA. The anti- 
CTLA- 4 antibody ipilimumab is given in combination 
with the anti- PD- 1 antibody nivolumab for indications in 
colorectal cancer with microsatellite instability, advanced 
renal cell carcinoma (RCC), mesothelioma, melanoma, 
non- small cell lung cancer (NSCLC) and hepatocellular 
carcinoma (HCC). Another anti- PD- 1 and anti- CTLA- 4 
combination, durvalumab with tremelimumab, is also 
FDA approved for advanced HCC and NSCLC. Ipilim-
umab plus nivolumab is approved as a stand- alone combi-
nation, as well as with platinum- based chemotherapy for 
the treatment of NSCLC. Durvalumab plus tremilim-
umab is approved in combination with platinum- based 
chemotherapy in NSCLC as well.4–10 ICI combinations 
with chemotherapy are discussed in a companion manu-
script. The anti- lymphocyte activation gene 3- (LAG- 3) 
ICI relatlimab in combination with nivolumab gained 
approval in 2022 for the treatment of metastatic mela-
noma based on the phase III RELATIVITY- 047 trial11 
and ongoing studies are evaluating its activity in other 
disease settings. Additional agents targeting checkpoints 
beyond PD- (L)1, LAG- 3, and CTLA- 4 are also being eval-
uated. The anti- T cell immunoreceptor with Ig and ITIM 
domains (TIGIT) antibody tiragolumab in combination 
with anti- PD- L1 atezolizumab demonstrated improved 
ORR and PFS compared with atezolizumab alone for 
patients with NSCLC.12 However, the subsequent phase 
III SKYSCRAPER- 01 trial failed to meet its coprimary 
endpoint of progression- free survival, and the overall 
survival co- primary endpoint was not yet mature at the 
time of manuscript publication. The resistance defini-
tions offered here are presumed to be agent- agnostic and 
applicable to approved and investigational ICI combina-
tion regimens for the purposes of guiding further devel-
opment of the same combinations or alternative rational 
regimens.
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Importantly, ICI combinations are administered 
under distinct dosing regimens. This has implications 
for determining whether resistance is to one or both 
agents. Although the mechanism of action of CTLA- 4 
in antitumor immunity has yet to be elucidated, CTLA- 4 
is known to suppress effector T cells both by increasing 
the threshold for activation and attenuating expansion.13 
Anti- CTLA- 4 agents are thought to support activation and 
proliferation of CD8+ and CD4+ effector T cells, regard-
less of TCR specificity, in addition to reducing regula-
tory T cell- mediated immunosuppression in the draining 
lymph node. Anti- PD- (L)1 is generally understood to 
reinvigorate exhausted tumor antigen- specific effector T 
cells in the tumor microenvironment.14 15 Expression of 
PD- 1 and PD- L1 on other cell types such as myeloid cells 
and B cells indicates that these populations may also play 
a role in antitumor immunity.16 17 LAG3 is also expressed 
on exhausted T cells in tumors and canonically binds to 
major histocompatibility complex class II. The mecha-
nisms of immune suppression mediated by LAG3 are not 
known,18 however, anti- LAG3 synergizes with anti- PD- 1 
to enhance tumor killing by CD8+ T cells in preclinical 
models. Anti- CTLA- 4 and anti- PD- 1 act at early and later 
time points in the cancer- immunity cycle,19 respectively, 
and combination approaches lead to the expansion of 
distinct populations of antitumor effector memory T cells 
compared with monotherapy.20 Combination regimens 
involving anti- PD- 1 and anti- CTLA- 4 are also associated 
with higher incidences of severe toxicity.21

For several indications in disease settings in which the 
early response elicited by CTLA- 4 inhibition in combi-
nation with PD- (L)1 blockade can be sustained via 
anti- PD- (L)1 alone, the anti- CTLA- 4 agent is only admin-
istered for a limited number of cycles at treatment initia-
tion, which is referred to as ‘induction’ for the purposes 
of this paper. In other settings, both agents are adminis-
tered until disease progression or unacceptable toxicity, 
referred to hereafter as ‘continuous’ dosing. Examples of 
induction dosing include the FDA- labeled indications for 
ipilimumab plus nivolumab for metastatic melanoma and 
RCC among other indications, where an induction phase 
of a combination of the anti- CTLA- 4 agent ipilimumab is 
administered with the anti- PD- 1 agent nivolumab every 3 
weeks for 4 doses and is followed by a maintenance phase 
of the anti- PD- 1 agent nivolumab alone of varying dura-
tions—the optimal duration remaining unclear and under 
investigation in some settings. The number of cycles may 
vary across agents and disease types. For example, the 
durvalumab plus tremelimumab regimen that demon-
strated survival benefit in the treatment of HCC in the 
phase III HIMALAYA trial consisted of a single priming 
dose of the anti- CTLA- 4 agent tremelimumab.

Settings where dosing is continuous include the ipilim-
umab plus nivolumab indication for mesothelioma, where 
the anti- CTLA- 4 agent is given every 6 weeks with the anti- 
PD- 1 agent every 3 weeks. Of note, ipilimumab is admin-
istered at 1 mg/kg in mesothelioma—a lower dose than 
the 3 mg/kg used in most cases in advanced melanoma. 

Frequently, multiple dose levels are evaluated in the early 
phase trials for combination ICI regimens, and only the 
regimens with the most favorable efficacy and safety are 
advanced to registrational studies, leading to inconsisten-
cies in the label dosing schedules across disease settings. 
As another example, dose reduction of the anti- CTLA- 4 
component was necessary to reduce adverse events in the 
phase I CheckMate 012 trial that evaluated ipilimumab 
in combination with nivolumab for first- line treatment of 
advanced NSCLC5

Continuous dosing of both agents until disease progres-
sion or toxicity is also the case for the combination of the 
anti- LAG- 3 relatlimab in combination with the anti- PD- 1 
agent nivolumab for the treatment of melanoma, which 
was FDA approved based on the phase III RELATIVI-
TY- 047 trial. The combination on that trial was given as a 
fixed dose every 4 weeks.

These definitions assume objective assessment of 
disease burden with Response Evaluation Criteria In 
Solid Tumors version 1.1 (RECIST v1.1). Of note, for the 
purposes of these definitions, oligometastatic lesions that 
are managed with local therapy measures when overall 
disease control is maintained would not be considered 
evidence of resistance. As such progressive disease as 
determined by RECIST v1.1 is not automatically defined 
as resistance. Progression that defines resistance for the 
purposes of these definitions is wide- spread progression 
or appearance of new lesions that are not amenable to 
local treatment. Although several alternative criteria 
have been described to account for the atypical patterns 
of radiographic findings sometimes seen with immuno-
therapy,22–24 these measures are still not routinely used 
as endpoints in registration trials. As such, we do not 
address them here.

Primary resistance
In the 2020 SITC definitions, primary resistance to anti- 
PD- (L)1 monotherapy was defined to identify the popu-
lation of patients who would not benefit from prolonged 
exposure to the drug. The mechanisms of resistance to 
single- agent and combination ICI therapy may be over-
lapping or distinct. ICI combinations (ie, adding anti- 
CTLA- 4, anti- LAG- 3 or anti- TIGIT to anti- PD- (L)1) may 
alleviate some tumor- extrinsic (ie, microenvironment- 
mediated or immune- mediated) mechanisms of primary 
resistance to monotherapy by enhancing T cell priming 
and activation in the lymph nodes or relieving exhaus-
tion in the tumor microenvironment.2 25–29 Due to the 
complexity of conducting continuous molecular assess-
ment of the tumor immune microenvironment, resistance 
definitions based on clinical parameters are necessary for 
trial design and drug development. For the purposes of 
these definitions, primary resistance is defined based on 
drug exposure and best response.

Similar to the definition for primary resistance to anti- 
PD- (L)1 monotherapy, the task force determined that 
a minimum drug exposure requirement of a minimum 
of two full cycles of exposure to both drugs (6–12 weeks, 
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depending on the dosing schedule) would be necessary 
to define resistance. Rapid responses to combination ipili-
mumab plus nivolumab were seen in the CheckMate 069 
trial, with the majority of patients having tumor reduction 
on the first scan, which was at 12 weeks. However, 4 out of 
the 44 responses occurred only after 16 weeks.30 In other 
disease settings or with other combinations, however, the 
time to response to therapy may be more prolonged and 
responses after the 12- week time point are observed. For 
example, the median time to response to ipilimumab 
plus nivolumab for advanced renal cell carcinoma in 
CheckMate 214 was 2.8 months4 and the median time 
to response to nivolumab plus relatlimab in RELATIVI-
TY- 047 was 2.79 months.11 Primary resistance is defined 
by progressive disease or stable disease lasting less than 
6 months, although there was some consideration that 
a 3- month time frame should be used in some settings 
(mirroring the mandatory safety follow- up period used 
on many clinical trials) based on the expected pharma-
cokinetics and pharmacodynamics of ICIs31 and to avoid 
delay in switching treatment for aggressive malignancies. 
Because initial tumor growth followed by response is a 
possibility with ICI combinations, a confirmatory scan 
is required after 4 weeks or more after initial evidence 
of progressive disease to rule out pseudoprogression, 
provided that the patient is clinically stable. The defini-
tion for primary resistance is summarized in table 1.

Secondary resistance
Similar to primary resistance, secondary resistance, 
characterized by initial benefit from an immunotherapy 
combination followed by progressive disease, may arise via 
multiple tumor- intrinsic (eg, MHC silencing, T cell exclu-
sion) and tumor- extrinsic (eg, defective T cell priming 
and activation) mechanisms.2 25 27 28 The mechanisms of 
secondary resistance to combinations including an anti- 
PD- (L)1 agent plus an anti- CTLA- 4 agent may be distinct 

as compared with an anti- LAG- 3 agent or another inves-
tigational agent, given the overlapping but unique roles 
each checkpoint plays in suppressing antitumor immu-
nity.18 Clinically, the phenotype will manifest as initial 
benefit, followed by progressive disease regardless of the 
molecular pathways involved.

Secondary resistance requires initial benefit with 
therapy. In the absence of widely available biomarker- 
based approaches to validate immunological tumor 
control, such a benefit must be established by RECIST 
v1.1 criteria, with a response that persists for at least 
12–24 weeks, depending on the tumor type and the 
natural history of the disease. As with primary resistance, 
isolated sites of progression that may be managed with 
local therapy do not define disease progression for these 
definitions. The minimum drug exposure time frame 
requirements and duration of best response to define 
secondary resistance are summarized in table 2.

A minimum drug exposure of 6 months is necessary 
to define secondary resistance, with a best response of 
complete response, partial response, or stable disease, as 
defined by RECIST v1.1 criteria. Importantly, the resis-
tance definition for ICI combinations depends on the 
natural history of the tumor type and the dosing of the 
ICI combination. For aggressive malignancies, a shorter 
period of disease control may still indicate clinical benefit, 
and, as such, the consensus of the group was that a shorter 
duration of best response should be required for the defi-
nition for secondary resistance to ICI combinations for 
patient safety concerns. Therefore, for mesothelioma, 
NSCLC, and other rapidly growing tumors, secondary 
resistance requires a 3- month duration of best response.

Under induction dosing, where one ICI is administered 
by design for only a limited number of initial cycles (typi-
cally 4 cycles), progressive disease occurring after 6 months 
is defined as secondary resistance to the monotherapy 

Table 1 Drug exposure and best response requirements for primary resistance to ICI combinations

Resistance 
phenotype

Drug exposure 
requirement Best response

Confirmatory scan 
for PD requirement

Confirmatory scan 
time frame

Primary 
resistance

A minimum of 2 cycles of 
both drugs (6–12 weeks)

PD, SD < 6 months Yes, if clinically 
stable

At least 4 weeks after 
PD, if clinically feasible

ICIs, immune checkpoint inhibitors; PD, progressive disease; SD, stable disease.

Table 2 Drug exposure and best response requirements for secondary resistance to ICI combinations

Resistance phenotype
Drug exposure 
requirement Best response

Confirmatory scan for 
PD requirement

Confirmatory scan time 
frame

Secondary resistance* >6 months CR, PR, or SD
≥6 months†

Yes, if clinically stable At least 4 weeks after PD, if 
clinically feasible

*For ICI combinations administered as induction dosing (ie, one agent is dropped after a set number of cycles) secondary resistance is 
defined for the monotherapy that was continued.
†For aggressive tumors such as mesothelioma and NSCLC, 3 months is required.
CR, complete response; ICI, immune checkpoint inhibitor; NSCLC, non- small cell lung cancer; PD, progressive disease; PR, partial 
response; SD, stable disease.
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for the drug that was continued. If continuous dosing is 
utilized with a combination ICI regimen, secondary resis-
tance may be determined for the combination.

Resistance in the perioperative setting
Anti- PD- (L)1 agents and other ICIs are increasingly 
becoming incorporated into the management of early- 
stage disease, with the intent of reducing the risk of 
recurrence after curative- intent surgery. The goal of 
administering ICIs in the neoadjuvant setting is to elicit 
a robust antitumor immune response while the lesion 
is in situ, whereas adjuvant immunotherapy is delivered 
with the aim of immunological control of micrometa-
static residual disease. Immunotherapy in the perioper-
ative setting has been demonstrated to improve survival 
outcomes in many settings, although data are still some-
what sparse on ICI combinations. Emerging evidence 
indicates that some tumors will require combination 
immunotherapy approaches in the perioperative setting 
to obtain maximal benefit.

Definitions of resistance to perioperative immuno-
therapy are complicated by the difficulty in establishing 
a bona fide response. Although examination of resection 
specimens in the neoadjuvant setting is an established 
technique for determining response to chemotherapies 
and targeted therapies in many tumor types, the delayed 
clinical effects and immune memory associated with 
ICIs may not be apparent at the time of surgery. More-
over, in the postoperative setting, in the absence of easy- 
to- measure dynamic biomarkers for minimal residual 
disease after resection, failure of adjuvant immuno-
therapy cannot be detected until gross regrowth. Regard-
less of the challenges, ICI- based combinations in the 
perioperative setting represent an important and rapidly 
expanding frontier in immunotherapy research. Defini-
tions for immunotherapy resistance in early- stage disease 
are needed to support drug development with consistent 
enrollment and stratification criteria across trials.

Resistance in the adjuvant setting
Adjuvant therapy is typically administered for a fixed 
duration after definitive therapy, typically surgery or 
chemoradiation. The duration may vary by disease 
histology and indication, though these definitions 
assume that the patients received surgery and adjuvant 
therapy as planned and adequate drug exposure was 
achieved. While the minimum drug exposure require-
ments to elicit antitumor immunity are still not known, 
and durable responses have been observed with single 
doses or reduced doses in some settings, the consensus of 
this manuscript development group was that two cycles of 

treatment is necessary to define resistance. Although no 
ICI combinations were approved in the adjuvant setting 
at the time of manuscript writing, multiple dual immu-
notherapy regimens are being evaluated postresection in 
ongoing trials.

For ICI combinations in the adjuvant setting, the 
consensus was that resistance should be defined by the 
time interval elapsed after discontinuation of the combi-
nation. Primary resistance is defined as recurrence on 
therapy or within a window where the drugs and their 
effects on cytotoxic immune cells are assumed to still 
be active. Recurrence after the time period at which an 
ICI would no longer be expected to be present31 32 may 
not confer resistance. While the pharmacokinetics and 
pharmacodynamics of ICIs are complex, with prolonged 
receptor occupancy and durable effects on immune cells 
possible even after clearance, the group was in agree-
ment that five half- lives was a reasonable time threshold 
to consider that the majority of the agent is cleared. As 
such, the consensus of the group was that recurrence ≤12 
weeks after the last dose of therapy should be deemed 
primary resistance and recurrence that occurs 12 weeks 
after the last dose may not be determined to be resis-
tance, as summarized in table 3. Rechallenge studies will 
be needed to validate the time points that define resis-
tance after adjuvant therapy discontinuation, such as the 
results that have been reported in the metastatic setting 
in melanoma.33 34

As with primary resistance in the advanced disease 
setting, the dosing schedule has implications for the resis-
tance type. If one drug only was administered during a 
maintenance period or discontinued due to toxicity, then 
recurrence after adjuvant therapy is resistance to the 
monotherapy. If both agents are administered continu-
ously, progression within 12 weeks after the last dose is 
considered resistance to the combination of both agents.

Confirmatory biopsies to confirm relapse of the same 
malignancy is recommended for the definitions of resis-
tance in the adjuvant setting, especially if the recurrence 
occurs more than 6 months after the primary resection. 
Even in cases where regrowth is considered highly likely to 
originate from the primary resected lesion and in a loca-
tion distinct from common sites of relapse, biopsies are 
important to collect in order to understand mechanisms 
of resistance. At academic centers, this can be assessed if 
the patient is enrolled in a biomarker protocol.

Resistance in the neoadjuvant setting
At the time of manuscript preparation, somewhat 
sparse data were available on ICI combinations in the 

Table 3 Resistance definitions for the adjuvant setting

Resistance phenotype Time from adjuvant therapy discontinuation

Primary resistance in the adjuvant setting ≤12 weeks or recurrence on therapy
Undeterminable >12 weeks
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neoadjuvant setting. Case reports have described patho-
logical complete responses with preoperative single- 
agent checkpoint blockade.35–37 Neoadjuvant nivolumab 
in combination with ipilimumab has been shown to 
result in the expansion of more tumor- infiltrating T cell 
clones compared with the same regimen in the adjuvant 
setting.38 Single- agent pembrolizumab given in the neoad-
juvant setting and continued in the adjuvant setting after 
surgery was associated with a 42% reduced risk of recur-
rence compared with adjuvant therapy alone in patients 
with high- risk melanoma in the SWOG 1801 trial.39 
Neoadjuvant anti- LAG3 in combination with anti- PD- 1 
continued into the adjuvant setting was associated with 
a 57% pathological complete response rate and a 70% 
overall pathological response rate among 30 patients with 
high- risk melanoma treated in a phase II trial.40 Patholog-
ical response was observed in 20/20 (100%, 95% CI 86 to 
100%) mismatch repair deficient rectal tumors, with 19 
major pathological responses (defined as ≤10% residual 
viable tumor) and 12 pathological complete responses 
in NICHE- 2.41 In the phase II OpACIN- neo trial, all of 
the patients with macroscopic stage III melanoma who 
achieved pathological response after neoadjuvant treat-
ment with nivolumab in combination with ipilimumab 
(n=7 out of 9) remained relapse- free at 4 years, and 
tumor mutation burden as well as interferon gamma 
gene expression signatures were identified as predictive 
biomarkers.42 The PRADO trial, which was an expansion 
of OpACIN- neo, reported a 72% pathological response 
rate in 99 patients, and the 24- month relapse- free survival 
and distant metastasis- free survival rates were 93% and 
98% in patients with a major pathological response in the 
resection specimen (<10% viable tumor).43 These studies 
are exciting and lay the groundwork for larger trials to 
establish neoadjuvant ICI combinations in the treatment 
paradigm for early- stage disease.

Despite the remarkable rate of pathological response, 
which often exceed the clinical and radiographic 
responses, pathological responses to immunotherapy have 
not yet been validated as a reliable surrogate for overall 
survival.44 Furthermore, neoadjuvant therapy is typically 
given for a limited number of cycles before resection. 
Given the sometimes prolonged time to first response 
with ICI therapy, the short course of drug exposure 
during typical neoadjuvant treatment may be inadequate 
to assess for an adequate response to the drug combina-
tion. Further research on blood- based and tumor- based 
biomarkers of response and resistance to neoadjuvant 
therapy is needed. Circulating tumor DNA (ctDNA) has 
been demonstrated to associate with a survival benefit in 
clinical trials with ICI therapy in the adjuvant setting in 
lung cancer and in urothelial cancer,45 46 and big data 
approaches for analysis of resection specimens using 
multiplex immunofluorescence is capable of identifying 
lymphocyte infiltration phenotypes associated with long- 
term benefit with neoadjuvant checkpoint blockade.47 As 
technologies mature and more data becomes available, 
concrete definitions for resistance may be developed.

Importantly, however, sensitivity may be defined in 
the neoadjuvant setting if a major pathological response 
is observed in the resection specimen, providing more 
compelling evidence of activity than by radiologic 
response alone. If a major pathological response is 
observed in the resection specimen, provided neoadju-
vant immunotherapy is administered and the treatment is 
continued after surgery, then the definitions for primary 
and secondary resistance to the combination may be 
applied if tumor regrowth is seen following combination 
therapy. In cases in which postoperative therapy is not 
administered after neoadjuvant therapy, yet major patho-
logical response was achieved, primary and secondary 
resistance definitions in the adjuvant setting may be 
used. Secondary resistance would be considered to have 
occurred if a patient experiences a major pathological 
response and has relapse of disease within 12 weeks of 
administration of combination ICIs. If no major patho-
logical response is observed in the resection specimen 
after neoadjuvant immunotherapy, then the resistance 
phenotype cannot be determined. Evaluation of resis-
tance based on response in the resection specimen is 
summarized in figure 1.

Resistance after halting therapy
Although the optimal duration of ICI therapy has not 
been established, multiple scenarios may lead to a patient 
discontinuing treatment before evidence of relapse or 
progression, including toxicities, trial design, socioeco-
nomic reasons, patient preference, or other factors. 
Unlike conventional chemotherapy and targeted therapy, 
however, the effects of immunotherapy can often persist 
after discontinuation of treatment.48 49 Indeed, delayed 
toxicity is also a possibility.50 The definition for resistance 
after discontinuation depends on the reason for halting 
therapy. Importantly, a major distinction exists between 
stopping treatment due to the achievement of maximal 
clinical benefit or trial design and cessation of therapy 
due to adverse events or financial and/or social reasons. 
Importantly, tumor regrowth or recurrence after therapy 
is discontinued due to toxicity does not define resistance. 
Additionally, prolonged benefit even after discontinu-
ation due to toxicity has been observed in some cases, 
for example, with the use of anti- CTLA- 4 plus anti- PD- 1 
therapy for the treatment of advanced melanoma.8 Even 
for patients who discontinue the anti- CTLA- 4 portion 
of their treatment as a result of toxicity, therapeutic 
benefit has often been observed. Therefore, the timing 
of progression after discontinuation for toxicity should 
be used in the same way to define resistance as when 
progression occurs after discontinuation due to comple-
tion of planned therapy.

When therapy is discontinued for reasons other than 
toxicity and adequate drug exposure (ie, 2 cycles or 
6–12 weeks) has been achieved, the definition of resis-
tance depends on timing of progression after discon-
tinuation of therapy. These definitions are concordant 
with the timeline for resistance in the adjuvant setting. 
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If a patient had adequate drug exposure (ie, 2 cycles or 
6–12 weeks) and tumor regrowth occurs ≤12 weeks after 
the last dose is given, the tumor has primary resistance. 
For checkpoint inhibitors administered on a contin-
uous schedule (double checkpoint inhibitors), progres-
sive disease ≤12 weeks after the last dose of both agents 
should be deemed resistance to the full combination. For 
induction regimens (ie, one drug was administered for a 
fixed number of cycles and then monotherapy was given 
as maintenance) progressive disease ≤12 weeks after the 
last dose should define resistance to the monotherapy. If 
complete or partial response was achieved and progres-
sive disease occurs >12 weeks after discontinuation, the 
resistance phenotype must be assessed based on rechal-
lenge. Confirmatory scans are not required to establish 
resistance if regrowth occurs 12 weeks or longer after 
therapy is halted. Resistance scenarios after discontinua-
tion of therapy are summarized in table 4.

Future directions
Through the development of the resistance definitions 
in this manuscript, several important areas for future 
research were identified. First, prospective trials are 

needed to establish validity of these definitions. Addition-
ally, data should be collected on outcomes after rechal-
lenge and stratified by time interval. Moreover, it will be 
important to understand the implications of the different 
types of resistance as defined in this manuscript, both 
retrospectively and prospectively, by assessing overall 
survival rates from the time of disease progression and 
stratifying the analyses by primary and secondary resis-
tance scenarios. Future studies evaluating later- line treat-
ments in the post- ICI setting should enroll by resistance 
phenotype to identify effective salvage therapies, such as 
the pilot trial demonstrating that fecal microbiota trans-
plant provided clinical benefit in 6 out of 15 patients with 
primary resistance to anti- PD- 1.51

The identification and validation of biomarkers 
of response and resistance to immunotherapy is 
an ongoing priority for the field. Trials evaluating 
immunotherapy combination should be designed 
with integrated biomarker collection and analyses 
so that future research efforts can define resistance 
with greater certainty. In particular, samples to 
measuring ctDNA should be collected at baseline and 

Figure 1 Schematic for evaluation of resistance to immune checkpoint inhibitor (ICI) combinations based on presence of 
pathological response and continuation of therapy in the neoadjuvant setting. Note that the definition for primary resistance in 
the neoadjuvant setting requires both drugs to have been received. Major pathological response should be evaluated based on 
remaining viable tumor thresholds specific to individual disease settings.

Table 4 Resistance scenarios after halting therapy in the metastatic disease setting

Administration schedule Timing of tumor regrowth Resistance phenotype

Continuous ≤12 weeks after the last dose Primary resistance to the combination

>12 weeks after the last dose Secondary resistance to the combination

Induction ≤12 weeks after the last dose Primary resistance to the drug that was continued

>12 weeks after the last dose Must be assessed based on rechallenge

These definitions assume that adequate drug exposure (ie, 12 weeks or 2–4 cycles) was provided.
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on- treatment. Measurement of ctDNA has demon-
strated prognostic utility to identify patients with 
lung or urothelial cancer who benefit from atezoli-
zumab.52 53 Further studies are needed to determine 
if dynamics of this blood- based biomarker may be 
used as a surrogate for response and recurrence. 
Longitudinal studies with dynamic ctDNA assessment, 
imaging, and liquid biomarker measurements should 
be performed to identify signatures of primary and 
secondary resistance at different time points during 
and after cessation of therapy. Other factors that have 
been identified that are associated with response to 
ICI such as PD- L1, TMB, and other markers of intra-
tumoral inflammation should also be collected and 
analyzed for correlations with resistance phenotypes. 
Big data approaches47 for evaluating resection speci-
mens and tumor biopsies should also be encouraged 
to continue identifying the cellular populations asso-
ciated with non- response to ICIs within the tumor 
microenvironment.

CONCLUSION
ICI combinations are becoming the standard of care 
for several solid tumors. The pace of drug develop-
ment shows no signs of abating, and combination 
immunotherapy is demonstrating clinical benefit 
even in some tumors that typically do not respond 
to single- agent PD- (L)1 blockade. Basket trials such 
as the SWOG 1609 DART study54 that evaluate a 
single intervention in a population of patients with 
multiple diseases with common unifying risk factors 
are expanding the landscape by evaluating dual 
CTLA- 4/PD- (L)1 blockade in rare tumors. Ongoing 
studies are advancing novel ICI targets such as LAG- 
3,18 TIM- 3,55 and TIGIT56 from preclinical models 
through late- stage trials. As ever- increasing numbers 
of patients are treated with ICI combinations, clear 
and clinically relevant definitions for resistance are 
clearly essential for future drug development. Addi-
tionally—although clinical management is beyond 
the scope of this manuscript—clinical definitions of 
resistance are important in order to avoid treatment 
beyond futility and unnecessary toxicity as well as to 
guide and allow for rechallenge with a given immu-
notherapy regimen if resistance definitions have not 
been met.

A major obstacle to evaluating resistance defini-
tions identified during the discussion was a lack of 
an immunotherapy comparator arm in many random-
ized trials. Designing immunotherapy trials with 
maximum likelihood of positive results and useful 
data is a priority for SITC,57 with several ongoing 
efforts at guidance documents on optimal endpoints, 
rationale, and analyses for phase III studies. The resis-
tance definitions described herein will further help 
inform trial design to ensure appropriate compari-
sons within and across studies.

The definitions set forth in this paper were based 
on the expert consensus and clinical experience of 
attendees at the SITC Immunotherapy Resistance 
Committee Combinations Resistance Workshop, with 
the intent of identifying patients with a 95% chance of 
not responding if therapy was continued, or resumed 
in the case of induction therapy. The workshop 
attendees recognized that limited data were avail-
able to inform the definitions of resistance in some 
scenarios (eg, neoadjuvant therapy) and, as such, a 
second major outcome of the meeting was a call for 
data sharing to validate the differences in survival 
outcomes depending on the resistance scenario. 
Additionally, prospective data should be collected 
on outcomes after rechallenge, as described in the 
Future directions section. Finally, although this paper 
strictly defined resistance phenotypes based on clin-
ical presentations, mechanistic studies to understand 
the biology of non- responsiveness to immunotherapy 
are also essential. In addition to supporting drug 
development, the authors hope that these consensus 
definitions will also facilitate the important transla-
tional and reverse translational research on immuno-
therapy resistance by biologically comparing samples 
from similar resistance scenarios.
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