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ABSTRACT

With the advent of immunotherapy as one of the keystones
of the treatment of our patients with cancer, a number of
atypical patterns of response to these agents has been
identified. These include pseudoprogression, where the
tumor initially shows objective growth before decreasing

in size, and hyperprogression, hypothesized to be a
drug-induced acceleration of the tumor burden. Despite

it being >10 years since the first immune-oncology

drug was approved, neither the biology behind these
paradoxical responses has been well understood, nor their
incidence, identification criteria, predictive biomarkers, or
clinical impact have been fully described. Immune-based
Response Evaluation Criteria in Solid Tumors (iRECIST)
guidelines have been published as a revision to the RECIST
V.1.1 criteria for use in trials of immunotherapeutics, and
the iRECIST subcommittee (of the RECIST Working Group)
is working on elucidating these aspects, with data sharing
a current major challenge to move forward with this unmet
need in immuno-oncology.

INTRODUCTION

It is more than a decade now since the first
immune-oncology drug (10) was approved by
the Federal Drug Administration (FDA), and,
since then, this class of agents has become
the standard of care in many cancers. During
the development of ipilimumab, investiga-
tors reported unusual response patterns with
patients who appeared to have initial disease
progression going on later to have deep and
durable tumor shrinkage.! Based on those
data, response criteria were developed to
capture pseudoprogressive disease to IO
drugs,” which were initially based on WHO
criteria and used bidimensional measure-
ments. Later, variations assessments were
based on unidimensional measurements, but
continued to add new lesions into the sum of
measures from baseline.®*

Concerns were also raised about a second
potentially unique response pattern termed
hyperprogression disease (HPD), where
patients  developed rapidly progressive
disease shortly after initiating treatment with
10 drugs.”

,! Sabine Schmid,? Sally Lau,® Lesley Seymour,*
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Response Evaluation Criteria in Solid
(RECIST) were developed and
implemented >20 years ago,’ 7 and have
become the standard criteria for response-
based end points. The RECIST Working
Group (RWG) strategy for developing and
validating response criteria is to create a data
warehouse of individual patient data. A major
initiative was undertaken for targeted anti-
cancer agents, as modified response criteria
had also been proposed in the late 1990s for
these agents. However, the RWG was able to
demonstrate that RECIST V.1.1 performed
satisfactorily here as well, and no revisions
were needed.”®

A modified RECIST V.1.1 for immune-
based therapeutics (termed iRECIST) was
developed in 2016, and published in 2017
by an international multidisciplinary group,
created by the RWGwhen attempts to generate
a data warehouse to formally test response
criteria for IO drug trials were stymied by the
protocol-specific nature of response criteria
in use at the time. The iRECIST recommen-
dations concern the collection and manage-
ment of data after RECIST V.I.1 defined
progression. iRECIST defines when treat-
ment past progression (TPP) is reasonable
or justified and limits the duration of TPP in
the face of continued progression. iRECIST
collects data on new lesions separately in a
manner consistent with RECIST V.1.1 itself,
rather than adding new lesions to the sum of
measurements at baseline, to ensure that data
are fully analyzable.

Despite the enormous success of immu-
notherapies, in 2022, there remains no
clear consensus on many areas pertaining to
response, including those as whether modi-
fied response criteria are required, what
those criteria should be, how HPD is defined,
nor whether response patterns are unique
to select classes of immune active agents.
Efforts to overcome these challenges have
been hindered by many issues predominantly
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related to inconsistency in designs, data collection and
analyses, and the resulting inability to easily pool data
and test and then validate criteria. Overall, a major
challenge remains in encouraging the sharing of data
from completed trials; while academic groups remain
committed to these efforts, the collaboration of commer-
cial entities is critical. The RWG continues to create ware-
houses as well as evaluating radiomics and genomic data
to continue to test, optimize, and validate any required
changes to standard RECIST. In addition to the iRECIST
initiative, the RWG is actively engaged in collecting data
and testing and validating definitions of HPD.

The objective of this article is to review the current
definitions, current research, and associated challenges
to determine the incidence and impact of both pseudo-
progression and HPD, and the need for specific immune
response criteria to capture them. However, given the
iRECIST guideline was published approximately 5 years
ago, we also evaluated the uptake of the iRECIST guide-
line and other immune criteria in clinical trials of immu-
notherapy agents, to understand the frequency that trial
sponsors are using the available tools.

Pseudoprogression and immune-modified response criteria
Since the initial reports of unusual response patterns
in patients treated with IO drugs, including pseudopro-
gression, researchers have sought to understand its true
prevalence and to understand whether immune-modified
response criteria are required for clinical trials with
response-based end points. Of course, understanding how
common pseudoprogression is would be pertinent even
for clinical trials with survival as an end point, if proto-
cols mandate the agent being tested to be discontinued
at the first sign of RECIST V.1.1 progression, presuming
continued treatment with the immune checkpoint inhib-
itor might affect outcomes. The two most used criteria
are immune related RECIST (irRECIST) and immune
RECIST (iRECIST).

Published reports to date suggest a wide variation in the
reported rates of pseudoprogression, ranging from 1% to
16%, although in most trials they appear to be low. Anal-
yses conducted by the FDA applying iRECIST suggest a
low impact on response rates.'” Similar pooled analyses of
trials which used irRECIST also confirm some impact on
response rates but did not impact to a significant degree
the interpretation of progression-free survival (PFS)'! or
overall survival (OS)."* Given the potential importance of
pseudoprogression on outcome, we sought to investigate
the frequency of uptake of iRECIST by clinical trial spon-
sors in the years after the guideline was published.

Assessment of the uptake of iRECIST

We undertook a study to determine the uptake of
iRECIST in clinical trial protocols. Our primary objective
was to evaluate the proportion of trials testing immune-
based therapies in solid tumors that included iRECIST
defined response registered on clinicaltrials.gov between
March 2017 and October 2019. While we collected data

on other immune criteria that were used, we focused on
the iRECIST guideline given the aim of iRECIST was to
attempt to standardize immune criteria, and the objective
of the iRWG is to understand if the iRECIST criteria are
required, or if RECIST V.1.1 is sufficient. We also planned
to evaluate whether iRECIST was used as a secondary
end point (as per iRECIST recommendations), to assess
factors associated with the use of iRECIST criteria in
response reporting including the cancer type, phase of
trial, and sponsor of trial; and assess the use of other
immune-related response criteria.

Methods

Trials of immunotherapy agents in patients with solid
tumors that included a response-based end point/s
(including objective response rate and PFS), were eligible
if they were registered on clinicaltrials.gov between March
2017 and October 2019. Search terms included pembroli-
zumab, nivolumab, atezolizumab, durvalumab, avelumab,
ipilimumab, tremelimumab. Programmed cell death
protein 1 (PD-1), programmed death-ligand 1 (PD-L1),
cytotoxic T-lymphocyte antigen 4 (CTLA-4), lymphocyte-
activation gene 3 (LAG-3), T-cell immunoglobulin and
mucin domain 3 (TIM-3), T cell immunoreceptor with Ig
and ITIM domains (TIGIT), V-domain immunoglobulin
suppressor of T cell activation (VISTA), B7-H3, A2aR,
CD73, 0X40, glucocorticoid-induced tumour necrosis
factor receptorrelated protein (GITR), inducible T cell
costimulator (ICOS), 4-1BB, CD27, CD70, CD40, killer
Ig-like receptors (KIR), CD47, and arginase inhibitors.
Trials which were suspended, withdrawn, terminated, or
had an unknown status were excluded. Studies examining
hematological malignancies were excluded since stan-
dardized criteria other than RECIST, such as the interna-
tional working group response criteria in lymphoma, are
used to evaluate response. All autologous T cell therapy
including chimeric antigen receptor-T cells, tumor-
infiltrating lymphocytes, intratumoral T cells, dendritic
cells, natural killer cells were excluded. Studies involving
the use of cancer vaccines alone were also excluded,
unless in combination with pembrolizumab, nivolumab,
atezolizumab, durvalumab, avelumab, ipilimumab, or
tremelimumab given the lack of data on atypical response
patterns, as were studies involving the use of cytokines
alone.

The use of iRECIST response as a primary or secondary
end point in assessing response was recorded to deter-
mine how the guideline is being applied. In addition,
information on the specific drugs, cancer type, phase of
trial, and the sponsor was collected (table 1) to explore
for any associations with the uptake of iRECIST criteria.
As the registry (clinicaltrials.gov) may not include infor-
mation of the response tool included in the protocol,
a random subset of academic non-cooperative group
study chairs for trials that did not include iRECIST were
selected and study chairs or trial sponsors were contacted
to confirm if iRECIST was used in the trial (yes/no), and
if yes, was iRECIST used as a secondary or exploratory end
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Table 1 Summary of trials including iRECIST as tool to evaluate immune response

All trials iRECIST not stated iRECIST stated
Trial characteristics N=1542 N=1406 N=136 P value
Study type 0.58
Interventional 1507 (98) 1375 (98) 132 (97)
Observational 35 (2) 31 (2) 4 (3)
Study design 0.37
Randomized 403 (26) 374 (27) 29 (21)
Non-randomized 1104 (72) 1001 (71) 103 (76)
Observational cohorts 35 (2) 31 (2) 4 (3)
Drug regimen 0.04
CPI monotherapy 244 (16) 228 (16) 16 (12)
CPI combinations 1119 (72) 1008 (72) 111 (82)
CPI and radiation 179 (12) 170 (12) 9 (6)
Trial phase* 0.10
| or |-l 597 (40) 537 (39.5) 60 (46)
Il or -1 752 (50) 686 (50) 66 (50)
Il 139 (9) 134 (10) 5 (4)
vV 5(0.3) 5(0.5) 0 (0)
Study sponsor 0.002
Industry 593 (39) 526 (37) 67 (49)
Academic cooperative groups 174 (11) 154 (11) 20 (15)
Academic, non-cooperative groups 775 (50) 726 (52) 49 (36)
Immune response criteria N/A
iRECIST 136 (9) 0(0) 136 (100)
Other immune criteria 43 (3) 43 (3) 0(0)
None—RECIST V.1.1 only 1144 (74) 1144 (81) 0 (0)
No response criteria specified 219 (14) 219 (16) 0(0)

*Not applicable to all 1542 trials.

iRECIST, immune-based Response Evaluation Criteria in Solid Tumors; N/A, not available.

point. If no, information on alternative immune response
criterion was sought. We also contacted several academic
cooperative groups, but not all responded so data are not
included. The proportions and characteristics of studies
employing iRECIST were summarized using descriptive
statistics. Prespecified variables influencing the use of
iRECIST including the cancer type, phase of trial, and
type of sponsor were tested using a multivariate logistic
regression.

Results

Of 2622 trials that were initially identified for review, 1080
trials were excluded as they did not meet the prespecified
eligibility criteria (273 cancer type; 356 non-cancer or
non-immunotherapy trials; 386 did not include response
evaluation; 65 other reasons).

Seventy-four per cent (n=1144 of 1542) trials reported
using RECIST V.1.1. In comparison, immune response
criteria were specified in 12% (n=179), of which 76%
used iRECIST and 24% used other immune criteria. The

characteristics by sponsor, phase of trial, design of trial
are summarized in table 1. When analyzed by year, the
uptake of iRECIST has increased (figure 1) from 2% in
2017 to 9%-13% between 2018 and 2019, with a corre-
sponding decrease in the use of other immune response
criteria.

We contacted 10% of non-cooperative group study
chairs of immunotherapy trials that did not report the
use of iIRECIST (or other immune criteria) either in
clinicaltrials.gov or trial publications in order to deter-
mine if iRECIST had actually been included in the trial
protocol, and if so as a primary, secondary, or exploratory
end point. Of 81 chairs contacted, 22 responded with 5
(23%) responding that iRECIST was actually included as
aresponse end point. Therefore, itis likely that the imple-
mentation of iRECIST is higher than we have estimated.
We also observed an increasing uptake up until 2019.

The proportion of clinical trials using iRECIST rather
than other immune-related criteria has increased,
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indicating more standardization across studies over time,
which was one of the objectives of the iRECIST guide-
line. Furthermore, iRECIST was incorporated in both
academic and industry sponsored trials, and across phase
I, 11, and III trial designs.

iRECIST and pseudoprogression conclusions

Our study demonstrated a minority of clinical trials
incorporated immune response criteria up until 2019,
however, of the trials that did, the use of iRECIST has
increased and it may be that uptake has continued to
increase since 2019. Given the potential impact of pseu-
doprogression, but equally the need to avoid patients
being exposed to an ineffective drug, understanding the
benefit of the iRECIST guideline compared with RECIST
V.1.1 is important.

No immune-modified response criteria, including
iRECIST, have yet been validated and the iRWG
continues to collect data in order to test whether modi-
fications of RECIST V.1.1 are in fact required. However,
a recent pooled analysis of trials submitted to the FDA
showed that response rates to PD-1/PD-L1 inhibitors,
whether measured by RECIST vV.1.1 or iRECIST, were
very similar but remained useful in subgroups with atyp-
ical response patterns.]O Certainly, the additional scans
required in iRECIST may be a barrier due to increases in
cost as well as radiation exposure for patients, and other
initiatives being investigated such as radiomic and tumor
burden evaluations, do also increase cost and complexity.
RECIST was developed as simple, easy to implement
set of response criteria across large international sites
allowing consistent interpretation of results and to date
has performed well even for new classes of anticancer

therapies such as targeted agents; whether modifications
are needed for IO drugs remains unclear.

However, major challenges exist with fully evaluating
the need for revisions to the RECIST V.1.1 criteria for use
in trials of immunotherapeutics; as the iRECIST guide-
lines were only published in 2017, most larger pivotal
trials are only maturing now, have not been published,
and thus are not suitable to be shared in order to formally
test whether immune-modified response criteria are
indeed required, or are suitable for early clinical trials
where response-based end points are critical for the
‘go-no go’ decision, given the increased complexity and
costs. Furthermore, data acquisition remains a challenge
as described later.

HYPERPROGRESSION: UNUSUAL RESPONSE AND ADVERSE
EFFECT?

HPD was first reported in the literature as the unexpected
acceleration of tumor growth after the initiation of treat-
ment with 10 drugs, with a consequent negative clinical
impact for these patients.'”” Due in part to the lack of a
standard definition and measurement criteria of HPD,
the retrospective nature of most published series, the
lack of prebaseline or early on IO treatment imaging that
excluded many patients from analysis in those studies,
and the diverse kinds of 10 treatments and tumor types
involved (with the most sensitive ones, such as melanoma,
being less likely to be associated with HPD), a high vari-
ability in the rate of HPD has been described in these
studies ranging from 6% to 43%, with a pooled incidence
of 13.4%."
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Some investigators initially suggested these observa-
tions might be explained merely by overly aggressive
tumor biology, independent of 10 treatment. However,
the cumulative data regarding HPD from different series,
systematic reviews, and a meta-analysis over the past few
years, as well as the intriguing crossing of Kaplan-Meier
actuarial survival curves in randomized studies of the 10
investigational arm and the chemotherapy control arm
in the early treatment period, such as Checkmate-057
(figure 2)," together do favor a causal effect of IO drugs
on the dramatic acceleration of tumor growth dynamics
during IO therapy."®

Notably, although previously reported anecdotally in
non-l1O trials, the incidence appears far higher with 10
drugs. In a multicenter, retrospective study comparing
the incidence of HPD in patients with lung cancer
receiving PD-1/PD-L1 inhibitors and in those treated
with single-agent chemotherapy, HPD occurred in 14%
of patients treated with immunotherapy (n=406), which
was almost triple the incidence than patients receivin
chemotherapy that met the HPD criteria (n=59, 5%)."
Critically, even though many clinical trials of IO drugs
have demonstrated an OS benefit, these data do suggest
that a subset of patients may actually be harmed by 10
drugs, and the identification of predictive factors is essen-
tial so that these patients can be treated with other effec-
tive therapies. Furthermore, if HPD occurs typically early
in treatment—often in the first 1-2 cycles—it may not be
sufficient to merely stop the IO drugs, and identification
of patients most likely to experience HPD is important.

Establishing a standardized criterion to identify HPD
is a high unmet need in immunotherapy because, if
prospectively confirmed in large-scale studies, this
phenomenon would imply the occurrence of a paradox-
ical aggravation of cancer growth induced by immune

drugs in a meaningful percentage of our patients. The
lack of a proper definition for HPD, and the major
conceptual and practical differences between the various
measurement criteria, make it extremely challenging to
determine its precise prevalence and impact.'*

There is consensus that the evaluation of prebaseline
CT scans is important in order that a differential tumor
growth dynamic pre-immunotherapy and on-immuno-
therapy can be demonstrated (the hallmark of HPD),
although patients who present ab initio with advanced
disease may not have prior scans, and it is not considered
appropriate to delay the initiation of standard therapies
merely to document tumor growth dynamics.

Changes in tumor growth dynamics can be captured
based on two similar, although different, parameters
(table 2). On one hand, the analysis of ‘tumor growth
rate’ (TGR) combines the sums of target lesions and the
time between tumor evaluations, allowing for a dynamic
and quantitative evaluation of tumor three-dimensional
volume changes'®; this assessment had been initially used
to define HPD related to IO treatment, by exploring the
difference in TGRs before and on IO drugs. An alternate
method, which also compares tumor growth dynamics
before and during IO administration, also uses TGR but
simplified as the measurements of the ‘tumor growth
kinetics’ (TGK) based only on changes in the bidimen-
sional, RECIST-based, sum of the longest diameters of
the target lesions over time.'” A final method that has
been proposed uses tumor dynamics on treatment only,
regardless of pretreatment tumor growth changes; these
delineate aggressive tumor growth but cannot differen-
tiate between treatment-induced HPD versus treatment-
independent aggressively growing disease.”’ Given the
difficulty with accessing prebaseline imaging for patients
presenting with advanced disease or being referred to

Ramon-Patino JL, et al. J Immunother Cancer 2022;10:e004849. doi:10.1136/jitc-2022-004849 5



Open access

I

Table 2 Selected hyperprogression disease definitions

Tumor growth Prebaseline tumor Tumor
parameter Definition of tumor growth acceleration assessment evaluation TTF References
TGR TGV=3log(V/V0)/d, Yes Target N/A Champiat et
TGR=TGV, s/ TGV, >2 lesions al®
TGK TGD=S,-S0/d, Yes Target N/A Saada-Bouzid
TGK=TGD,,/TGD,.>2 lesions et al*®
Early tumor >40% increase in target lesion sum from No Target <2months Matos et a/*°
burden baseline lesions and
increase >2new lesions in an organ already involved new lesions
at the first
spread to a new organ at the first radiological
evaluation
Combined TGK* or TGRT+TTF <2 months Yes Target <2months
parameters lesions and Saada-Bouzid
new lesions et al’®, Kim et

Tumor volume V=41R%/3.

a127

d,, difference between two points of time; N/A, not applicable; S, sum of major diameter of target lesions; TGD, tumor growth
diameter; TGK, tumor growth kinetic represents the change of tumor diameters in a two-dimensional approach; TGR, tumor
growth rate represents the change of tumor volume in a three-dimensional approach; TGV, tumor growth volume; TTF, time to

failure when progression was detected.

tertiary care centers, the latter method may still be of
value to define HPD, especially in the context of random-
ized clinical trials with a non-IO drug comparator.

Although it has become clear that immune checkpoint
inhibitors (ICI) drugs are associated with HPD, after
more than a decade of usage in standard clinical prac-
tice, there are still no standard radiological criteria for
the evaluation of HPD (table 2). This is not merely of
academic interest for early clinical trialists, but an urgent
issue for patients, oncologists and regulatory authorities,
the clarification of which has been stymied by rigid data
sharing policies.

Several smaller, usually single center studies have
attempted to address this key topic. A retrospective single
site study comparing four selected HPD criteria in their
own series of consecutive patients on IO treatments
showed the use of the Le Tourneau method to assess HPD
to be the preferred one, as it captures adequately this
atypical progression and TGK is more convenient to use
than TGR.?! HPD resulted in the clinical deterioration of
patients as reflected in shorter PFS and lower likelihoods
of receiving additional, salvage therapies, compared with
other patients who had disease progression as their best
response but no HPD. Worse clinical outcome for patients
with HPD compared with patients with natural progres-
sive disease have also been demonstrated in other two
studies: one assessing 5 different definitions of HPD in a
multicenter cohort series of 405 consecutive patients with
lung cancer,”? and the other one being a systematic review
and meta-analysis evaluation of 24 studies including 3109
patients and evaluating all described HPD criteria.'*
Although these data are suggestive, there remains no
validated definition of HPD. One major obstacle has

been the inability of academic investigators to share data
due to restrictive contracts with commercial entities,
and the reluctance of many investigators to increase the
complexity and costs of a clinical trial by adding an addi-
tional timepoint (prebaseline) requiring formal RECIST
measurements.

HPD is still not properly captured in clinical trials nor
during IO treatment. As noted above, reasons include the
lack of a validated definition as well as the practical chal-
lenges in accessing prebaseline CT scans if previously on
another therapeutic study that has contractual limitations
on the usage of imaging or if IO drugs are used in the
adjuvant or in the frontline setting. Moreover, in order
to measure pre-immunotherapy and on-immunotherapy
TGR or TGK, practical guidelines on when to define
target and non-target lesions (at prebaseline or baseline?)
are not available; in a therapeutic study, response is based
on a comparison to baseline imaging and prebaseline
scans may have different target and non-target lesions.
Technical aspects of the different definitions of HPD, in
relation to the potential use of non-target lesions or to the
size of baseline diameter sizes, might lead to underestima-
tion or overestimation of HPD.!*

HPD needs to be formally evaluated, including the
incidence, the impact on outcomes and ability to access
other potentially effective therapies, and, most impor-
tantly, any predictive factors that might allow the identi-
fication of patients at highest risk. Regulatory agencies,
pharmaceutical companies, oncologists and patient asso-
ciations would then need to develop safety, reporting
and management protocols to protect patients from the
potential harmful effects of HPD. Actions might include:
incorporating mandatory early HPD assessment in 10
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clinical trials; specific reporting of HPD as a grade 3-5
treatmentrelated adverse event; ensuring patients are
adequately informed including in the informed consent
document about the potential for HPD-related toxicity;
incorporating HPD as a new category of immune-related
tumor response (which is being assessed currently by the
iRECIST subcommittee); and including this HPD infor-
mation in the product labels of approved 10 drugs.

As up to 40% of patients do not have accessible prebase-
line scans,'* including patients that are treatment naive
(ie, first line for metastatic disease, and as adjuvant
therapy), the identification of reliable biomarkers, other
than conventional imaging, is high priority, both to iden-
tify HPD and other unusual responses during IO therapy,
and to identify predictive factors. None has been seen so
far and the biological rationale of HPD is still uncertain.*
Older age, higher number of metastatic sites, or molec-
ular alterations such as murine double minute gene
(MDM)2/MDM4 amplification or epidermal growth
factor receptor have been postulated as being associated
with HPD.** Radiomics, allowing the evaluation of total
tumor burden, and circulating tumor DNA or circulating
tumor cells (CTC) burden dynamics may allow better
definition and evaluation of HPD.

In the absence of more formal recommendations at
present, patients treated with 10 therapy should be care-
fully followed at the beginning of their treatment, when
the risk of HPD is highest. Early onset of worsening
cancer-related symptoms that suggests HPD should lead
to earlier imaging re-evaluation so that patients with HPD
can be switched immediately to other treatment. This is
particularly relevant in the adjuvant setting.

Conclusions and next steps

Response-based end points, usually based on RECIST,
such as response, progression, and time-dependent
end points such as PFS or relapse-free survival remain
important tools in the development of new anticancer
therapies. Although initially developed for clinical trial
usage, they are also increasingly used in clinical practice
to guide treatment decisions in a less subjective manner.

The advent of highly effective IO therapies has brought
new challenges with the identification of novel, or at a
minimum, a higher incidence of, atypical patterns of
response. Standardization and validation of the defini-
tion of these counterintuitive patterns of response, that
is, pseudoprogression and HPD, observed in patients with
cancer treated with IO drugs—especially the immune
checkpoint inhibitors, is a critical, and yet unresolved
issue in IO. These response patterns, especially HPD,
may not be captured within standard response criteria
and may have meaningful consequences in the treatment
of our patients as well as from the perspective of clinical
drug development.

Although there has been progress in developing and
testing criteria to capture pseudoprogression and HPD,
these have to date generally been limited to single-center
or single drug/company evaluations, and it remains

unclear whether any are universally applicable. Where it
has been possible to combine data from multiple sources,
for example, in the publications by the FDA, limitations
include the number of differentimmune response criteria
that were used, which are disparate, as some add new
lesion measurements to the sum or measures identified
at baseline while others do not, and vary in the number of
lesions assessed as well as whether bidimensional or unidi-
mensional measurements are collected.

Because of these challenges, byears ago the RWG devel-
oped and released the iRECIST recommendations in an
attempt to standardize data collection and management.
Shortly thereafter, the Hyperprogression Working Group
of the Task Force on Methodology for the Development
of Innovative Cancer Therapies® was incorporated into
the RWG iRECIST subcommittee. The iRECIST subcom-
mittee is a multidisciplinary group of experts from the
academia and the pharmaceutical industry. It is actively
engaged on collecting data to enable the testing and vali-
dation of any modification to RECIST as well as validating
the definition of HPD.

The RWG has successfully created two large data ware-
houses to test and validate RECIST and RECIST V.1.1.
Although data sharing and collection is always chal-
lenging and requires the careful development of mutual
agreements addressing the usage, including commitment
not to re-analyze individual trials, it has been extremely
challenging to do this for 10 drugs, which has significantly
delayed progress in this critical area to the disadvantage
of the scientific community engaged in developing new
anticancer therapies, and most importantly patients who
are at risk of having to discontinue effective therapies
(pseudoprogression), or be given or continue IO drugs
that may shorten survival (HPD). Repeatedly, academic
investigators have been unable to share anonymized data
to address these important questions because of overly
restrictive contractual obligations to pharmaceutical
companies, despite clear patient consent. Similarly, major
pharmaceutical companies who were active partner of
RWG initially and who have adopted RECIST-based end
points, are now unable or unwilling to consider such
collaboration for IO drugs. RWG is also exploring novel
approaches to elucidate whether an anticancer drug is
working, such as radiomics, enhanced MRI, PET scan-
ning, deep learning algorithms, and liquid biopsies, and
developing collaborations; two international expert work-
shops are being conducted in early 2022 addressing these
areas of interest.

The RWG is actively pursuing other mechanism of data
sharing including, for example, sharing the information
of a random subset of the total patients participating in a
given clinical trial (to prevent re-analyses of the study) or
a federated approach to data sharing—where the data do
not travel from where it is located but the software analyt-
ical tool does. Ultimately, all interested parties—patients,
academia, pharma, and regulators must have a shared
understanding of the key importance of these questions
in order to ensure successful collection of data so that
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better tools to evaluate and manage atypical response
patterns can be developed and validated.

Twitter Jorge Luis Ramon-Patino @j_Iramon and Sally Lau @SallyCMLau
Contributors First three authors contributed equally to this work.

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 None declared.
Patient consent for publication Not applicable.
Provenance and peer review 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
Jorge Luis Ramon-Patino http://orcid.org/0000-0002-7308-823X
Janice Juan Ning Li http://orcid.org/0000-0002-5700-2889

REFERENCES

1 Di Giacomo AM, Danielli R, Guidoboni M, et al. Therapeutic efficacy
of ipilimumab, an anti-CTLA-4 monoclonal antibody, in patients with
metastatic melanoma unresponsive to prior systemic treatments:
clinical and immunological evidence from three patient cases. Cancer
Immunol Immunother 2009;58:1297-306.

2 Wolchok JD, Hoos A, O'Day S, et al. Guidelines for the evaluation of
immune therapy activity in solid tumors: immune-related response
criteria. Clin Cancer Res 2009;15:7412-20.

3 Nishino M, Giobbie-Hurder A, Gargano M, et al. Developing a
common language for tumor response to immunotherapy: immune-
related response criteria using unidimensional measurements. Clin
Cancer Res 2013;19:3936-43.

4 Hodi FS, Ballinger M, Lyons B, et al. Imnmune-modified response
evaluation criteria in solid tumors (imRECIST): refining guidelines
to assess the clinical benefit of cancer immunotherapy. JCO
2018;36:850-8.

5 Borcoman E, Kanjanapan Y, Champiat S, et al. Novel patterns of
response under immunotherapy. Ann Oncol 2019;30:385-96.

6 Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to
evaluate the response to treatment in solid tumors. J Nat/ Cancer Inst
2000;92:205-16.

7 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer 2009;45:228-47.

8 Litiere S, Isaac G, De Vries EGE, et al. RECIST 1.1 for response
evaluation apply not only to chemotherapy-treated patients but also
to targeted cancer agents: a pooled database analysis. J Clin Oncol
2019;37:1102-10.

9 Seymour L, Bogaerts J, Perrone A, et al. iIRECIST: guidelines for
response criteria for use in trials testing immunotherapeutics. Lancet
Oncol 2017;18:e143-52.

10

20

21

22

23

24

25

26

27

Mulkey F, Theoret MR, Keegan P, et al. Comparison of iRECIST
versus RECIST V.1.1 in patients treated with an anti-PD-1 or

PD-L1 antibody: pooled FDA analysis. J Immunother Cancer
2020;8:e000146.

Lai Y-C, Chang W-C, Chen C-B, et al. Response evaluation for
immunotherapy through semi-automatic software based on
RECIST 1.1, irRC, and iRECIST criteria: comparison with subjective
assessment. Acta radiol 2020;61:983-91.

D’Angelo SP, Apolo AB, Eggleton P. Comparison of tumor
assessments using RECIST 1.1 and irRECIST, and association with
overall survival. J ImmunoTher Cancer 2022.

Champiat S, Dercle L, Ammari S, et al. Hyperprogressive disease is
a new pattern of progression in cancer patients treated by anti-PD-1/
PD-L1. Clin Cancer Res 2017;23:1920-8.

Park HJ, Kim KW, Won SE, et al. Definition, incidence, and
challenges for assessment of Hyperprogressive disease during
cancer treatment with immune checkpoint inhibitors. JAMA Netw
Open 2021;4:€211136-16.

Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus docetaxel in
advanced Nonsquamous non-small-cell lung cancer. N Engl J Med
2015;373:1627-39.

de Miguel M, Calvo E. Clinical challenges of immune checkpoint
inhibitors. Cancer Cell 2020;38:326-33.

Ferrara R, Mezquita L, Texier M, et al. Hyperprogressive disease in
patients with advanced Non-Small cell lung cancer treated with PD-
1/PD-L1 inhibitors or with single-agent chemotherapy. JAMA Oncol
2018;4:1543-52.

Gomez-Roca C, Koscielny S, Ribrag V, et al. Tumour growth rates
and RECIST criteria in early drug development. Eur J Cancer
2011;47:2512-6.

Le Tourneau C, Servois V, Diéras V, et al. Tumour growth kinetics
assessment: added value to RECIST in cancer patients treated with
molecularly targeted agents. Br J Cancer 2012;106:854-7.

Matos |, Martin-Liberal J, Garcia-Ruiz A, et al. Capturing
hyperprogressive disease with immune-checkpoint inhibitors using
RECIST 1.1 criteria. Clin Cancer Res 2020;26:1846-55.

Gomes da Morais AL, de Miguel M, Cardenas JM, et al. Comparison
of radiological criteria for hyperprogressive disease in response to
immunotherapy. Cancer Treat Rev 2020;91:102116.

Kas B, Talbot H, Ferrara R, et al. Clarification of definitions of
Hyperprogressive disease during immunotherapy for non-small cell
lung cancer. JAMA Oncol 2020;6:1039-46.

Champiat S, Ferrara R, Massard C, et al. Hyperprogressive disease:
recognizing a novel pattern to improve patient management. Nat Rev
Clin Oncol 2018;15:748-62.

Kato S, Goodman A, Walavalkar V, et al. Hyperprogressors after
immunotherapy: analysis of genomic alterations associated with
accelerated growth rate. Clin Cancer Res 2017;23:4242-50.
Smoragiewicz M, Bogaerts J, Calvo E, et al. Design and conduct

of early clinical studies of immunotherapy agent combinations:
recommendations from the task force on methodology for

the development of innovative cancer therapies. Ann Oncol
2018;29:2175-82.

Saada-Bouzid E, Defaucheux C, Karabajakian A, et al.
Hyperprogression during anti-PD-1/PD-L1 therapy in patients

with recurrent and/or metastatic head and neck squamous cell
carcinoma. Ann Oncol 2017;28:1605-11 https://pubmed.ncbi.nim.
nih.gov/28419181/

Kim CG, Kim KH, Pyo K-H, et al. Hyperprogressive disease during
PD-1/PD-L1 blockade in patients with non-small-cell lung cancer.
Ann Oncol 2019;30:1104-13 https://pubmed.ncbi.nim.nih.gov/
30977778

8 Ramon-Patino JL, et al. J Immunother Cancer 2022;10:e004849. doi:10.1136/jitc-2022-004849


https://twitter.com/j_lramon
https://twitter.com/SallyCMLau
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7308-823X
http://orcid.org/0000-0002-5700-2889
http://dx.doi.org/10.1007/s00262-008-0642-y
http://dx.doi.org/10.1007/s00262-008-0642-y
http://dx.doi.org/10.1158/1078-0432.CCR-09-1624
http://dx.doi.org/10.1158/1078-0432.CCR-13-0895
http://dx.doi.org/10.1158/1078-0432.CCR-13-0895
http://dx.doi.org/10.1200/JCO.2017.75.1644
http://dx.doi.org/10.1093/annonc/mdz003
http://dx.doi.org/10.1093/jnci/92.3.205
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1200/JCO.18.01100
http://dx.doi.org/10.1016/S1470-2045(17)30074-8
http://dx.doi.org/10.1016/S1470-2045(17)30074-8
http://dx.doi.org/10.1136/jitc-2019-000146
http://dx.doi.org/10.1177/0284185119887588
http://dx.doi.org/10.1158/1078-0432.CCR-16-1741
http://dx.doi.org/10.1001/jamanetworkopen.2021.1136
http://dx.doi.org/10.1001/jamanetworkopen.2021.1136
http://dx.doi.org/10.1056/NEJMoa1507643
http://dx.doi.org/10.1016/j.ccell.2020.07.004
http://dx.doi.org/10.1001/jamaoncol.2018.3676
http://dx.doi.org/10.1016/j.ejca.2011.06.012
http://dx.doi.org/10.1038/bjc.2012.10
http://dx.doi.org/10.1158/1078-0432.CCR-19-2226
http://dx.doi.org/10.1016/j.ctrv.2020.102116
http://dx.doi.org/10.1001/jamaoncol.2020.1634
http://dx.doi.org/10.1038/s41571-018-0111-2
http://dx.doi.org/10.1038/s41571-018-0111-2
http://dx.doi.org/10.1158/1078-0432.CCR-16-3133
http://dx.doi.org/10.1093/annonc/mdy398
http://dx.doi.org/10.1093/annonc/mdx178
https://pubmed.ncbi.nlm.nih.gov/28419181/
https://pubmed.ncbi.nlm.nih.gov/28419181/
http://dx.doi.org/10.1093/annonc/mdz123
https://pubmed.ncbi.nlm.nih.gov/30977778
https://pubmed.ncbi.nlm.nih.gov/30977778

	iRECIST and atypical patterns of response to immuno-­oncology drugs
	Abstract
	Introduction
	Pseudoprogression and immune-modified response criteria
	Assessment of the uptake of iRECIST
	Methods
	Results
	iRECIST and pseudoprogression conclusions

	Hyperprogression: unusual response and adverse effect?
	Conclusions and next steps

	References


