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Abstract: Immune checkpoint blockade using immune checkpoint inhibitors, including
cytotoxic T-lymphocyte-associated antigen-4 and programmed cell death protein-1/
programmed cell death ligand-1 inhibitors, has revolutionized systematic treatment for
advanced solid tumors, with unprecedented survival benefit and tolerable toxicity. Nivolumab,
pembrolizumab, cemiplimab, avelumab, durvalumab, atezolizumab, and ipilimumab are
currently approved standard treatment options for various human cancer types. The response
rate to immune checkpoint inhibitors, however, is unsatisfactory, and unexpectedly, atypical
radiological responses, including delayed responses, pseudoprogression, hyperprogression,
and dissociated responses (DRs), are observed in a small subgroup of patients. The benefit

of immunotherapy for advanced patients who exhibit atypical responses is underestimated
according to the conventional response evaluation criteria in solid tumors (RECIST). In
particular, DR is considered a mixed radiological or heterogeneous response pattern when
responding and nonresponding lesions or new lesions coexist simultaneously. The rate of DR
reported in different studies encompass a wide range of 3.3-47.8% based on diverse definition
of DR. Although DR is also associated with treatment efficacy and a favorable prognosis, it

is different from pseudoprogression, which has concordant progressive lesions and can be
regularly captured by immune RECIST. This review article aims to comprehensively determine
the frequency, definition, radiological evaluation, probable molecular mechanisms, prognosis,
and clinical management of immune-related DR and help clinicians and radiologists
objectively and correctly interpret this specific atypical response and better understand and
manage cancer patients with immunotherapy and guarantee their best clinical benefit.
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Introduction

Immune checkpoint blockade using immune
checkpoint inhibitors (ICIs), including cytotoxic
T-lymphocyte-associated antigen-4 (CTLA-4)
and programmed cell death protein-1 (PD-1)/
programmed cell death ligand-1 (PD-L1) inhibi-
tors, has revolutionized the systematic treatment
for various human solid tumors at the metastatic
stage, with unprecedented survival benefit and
tolerable toxicity. ICIs selectively restore and nor-
malize the body’s antitumor immune responses by
disrupting the immunoinhibitory signals mediated
by the PD-1/PD-L1 and CTLA-4 axes in the

tumor microenvironment.! Nivolumab, pembroli-
zumab, cemiplimab, avelumab, durvalumab, ate-
zolizumab, and ipilimumab are currently approved
standard treatment options and have shifted the
treatment paradigm for various cancer types,
including previously treated or untreated non-
small cell lung cancer INSCLC), melanoma, and
other human solid tumors.?

Unlike conventional cytotoxic agents or targeted
treatments, immunotherapy with ICIs can result
in different response patterns because of their
unique mechanisms of pharmacological action.?
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Figure 1. Radiological changes based on PET
evaluation for a representative metastatic lung cancer
patient who exhibited DR during immunotherapy.

The patient was a 68-year-old man with metastatic
adenocarcinoma and positive tumor cell PD-L1
expression through immunohistochemistry using the
PD-L1 22 C3 pharmDx assay (Dako, Inc.). (a) He initially
was treated with a first-line regimen of camrelizumab
in combination with chemotherapy. Initial baseline

PET showed multiple metabolic lesions in the lower
lobe of the right lung, right lobe of the liver, and right
adrenal gland. Multiple metabolic bone lesions of

the L1 vertebra, left iliac crest, left acetabulum, and

left ischium were also visible (black arrows). (b) After
two cycles of treatment, the first PET evaluation was
performed and showed significant metabolic regression
or disappearance of previous primary pulmonary
lesions and all metastatic lesions (black arrows) and
metabolic progression of the proximal right humerus
(red arrows). At that time, CT did not show PD, but PET/
CT confirmed PD. He was also classified as having
metabolic PD by PERCIST because of the appearance of
a new metabolic lesion in the proximal right humerus
but a partial metabolic response by other imPERCIST
criteria. He had a stable clinical performance status
and continued to receive immunotherapy with a durable
clinical benefit for 6 months.

Some patients receiving immunotherapy present
with typical responses, including a complete
response (CR), a partial response (PR), stable
disease (SD), or progressive disease (PD), but
atypical patterns of response may occur in a sub-
group of patients, including a delayed response

(DeR), pseudoprogressive disease (PsPD), hyper-
progressive disease (HPD), and a dissociated
response (DR). DeR is observed following initial
SD and subsequent therapeutic responses. PsPD
represents an uncommon response pattern in
which objective responses occur after temporary
tumor growth.3* As an aggressive pattern of can-
cer progression, HPD causes tumor progression
at an accelerated and unexpected rate and an
increase in volume within a short period of time.>
By contrast, DR is considered a type of mixed or
heterogeneous radiological response when
responding and nonresponding lesions and new
lesions coexist within the same patient simultane-
ously (Figure 1). In particular, PsPD, HPD, and
DR are considered a category of atypical tumor
responses that are different from conventional
tumor responses. PsPD, HPD, and DeR, how-
ever, have concordant progressive lesions and can
be captured when two consecutive assessments
conducted before or after immunotherapy are
completed, whereas DR is captured at a single
time point for different target lesions that present
inverse responses to immunotherapy (Figure 2).

Immunotherapy-associated DR is rarely reported
and patients with DR have different biological
specifications, clinical benefits, and prognostic
significance compared to those with real disease
progression. This review article aims to compre-
hensively determine the frequency, definition,
radiological evaluation, probable molecular
mechanisms, prognosis, and clinical management
of immune-related DR and help clinicians and
radiologists objectively and correctly interpret
this specific atypical response and better under-
stand and manage cancer patients with immuno-
therapy and guarantee their best clinical benefit.

Frequency of immune-related DR

DR has been previously reported in cancer
patients treated with systematic chemotherapy
and anti-epidermal growth factor receptor
(EGFR)-targeted therapy.® Almost 13.9-39.0%
of NSCLC patients have DR following systematic
targeted therapy or chemotherapy.”° In 2015, the
first patient with metastatic renal cell carcinoma
(RCC) was reported to develop DR when he
developed a new lesion following single-agent
anti-PD-L1 treatment as part of a clinical trial.10
Most DR cases have been reported in individual
case reports, case series reports, and retrospective
studies.!! In an open, nonrandomized, current
care study, 62 NSCLC patients were scheduled
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Figure 2. Three types of response patterns based on the radiological evaluation of existing target lesions per RECIST 1.1 criteria.

(a) Typical response patterns include complete response, partial response, stable disease, and progressive disease by measuring the
variation in the sum of the longest diameters of the target lesions. (b) General atypical response patterns include DeR, PsPD, and
HPD that have concordant progressive lesions and can be captured when two consecutive assessments are completed. HPD is often
defined as a greater than 50% increase in the tumor burden, twofold or more increase in the tumor growth ratio or a tumor growth
kinetics ratio during treatment with immunotherapy compared with that observed before immunotherapy. (c) DR is a specific mixed
or heterogeneous response pattern. Unlike general atypical responses, DR is captured at a single time point for different target

lesions with inverse responses to immunotherapy.

10, immunotherapy; SLD, sum of the longest diameters; TL1, target lesion 1; TL2, target lesion 2.

to initiate immunotherapy as their first or later
systemic treatment and were prospectively evalu-
ated, and five patients developed DR.!12 Different
ICI monotherapies, including nivolumab, pem-
brolizumab, and atezolizumab, contribute to the
occurrence of DR. DR has also been found in
patients receiving combination immunotherapy,
such as nivolumab in combination with ipili-
mumab and PD-1/PD-L1 inhibitors in combina-
tion with chemotherapy, targeted therapy, or
radiotherapy.!3!4 In a retrospective study includ-
ing 360 cancer patients who participated in clini-
cal trials for combination immunotherapy, DR
was observed in 12 (3.3%) patients and PsPD in
10 (2.8%) patients.'* Several metastatic solid
tumors, including NSCLC and RCC, can develop
as DR after immunotherapy.!?1° Like general
atypical response patterns such as PsPD and
HPD,20:21 different rates of DR have been
described depending on the tumor type. A combi-
nation analysis of published documents showed
that there seemed to be an association between
the frequency of DR and type of solid cancer,
with a DR rate of 30.3% in RCC, 14.3% in
endometrial carcinoma, 13.2% in NSCLC, and
12.5% in mesothelioma (Figure 3). DR occurred

between 4.7% and 22.1% in four retrospective
and one prospective trial involving 672 NSCLC
patients from 2018 to 2021. Recently, Wong
et al.13 reported that DR occurred in nearly half of
patients with advanced RCC via a detailed lesion-
by-lesion analysis of serial imaging. Thus, the rate
of DR reported in these studies encompasses a
wide range of 3.3-47.8%. Conventional medical
imaging modalities such as computed tomogra-
phy (CT) or magnetic resonance imaging (MRI)
and nuclear medicine imaging such as positron
emission tomography (PET) are clinically per-
formed to explore cancer, notably for the extension
evaluation following systematic immunotherapy.
The DR rate identified by PET and computerized
tomography (CT) was 10.0-47.8% and 3.3—
22.1%, respectively (Table 1).

Definition of immune-related DR by
radiological evaluation criteria

RECIST 1.1 and iIRECIST

How are patients with immune-related DR
defined? Mixed tumor response phenomena in
some patients have been reported, where some
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Figure 3. Association between the frequency of DR and type of solid cancer.
Like general atypical response patterns such as PsPD and HPD, different rates of DR
have been described depending on the tumor type. A combination analysis showed
that there seemed to be significant difference regarding the frequency of DR in
different type of solid cancer (p = 0.0001).

target lesions are decreased in size, whereas oth-
ers have grown. RECIST 1.1, the most com-
monly used conventional treatment response
evaluation criterion, is widely used to determine
the occurrence of DR, although it is not clearly
defined in radiological criteria (Table 2). As an
unconventional immune-related pattern of
response, DR occurs across organs and tissues.
Like other atypical response patterns, the defini-
tion of DR varied across studies (Table 1). DR is
mostly defined as the concomitant decrease in
certain tumoral elements and increase in other
elements.1214-16,19 For example, Bernard-Tessier
et al.'* defined DR as a concomitant relative
decrease greater than 30% in some tumor lesions
and a relative increase greater than 20% in others
(significant increase = 5 mm in the sum of meas-
ures). In contrast, three types of DR were recently
constructed by Vaflard er al.l8: (1) one target
lesion with CR/PR and one with PD (DR1); (2)
one target lesion with SD and one with PD
(DR2); and (3) one target lesion with CR/PR and
one with SD (DR3). DR2 and DR3 were observed
in 44% and 10% of patients, respectively, and the
rate of DR1 was 8%, which was consistent with
previous evaluation criteria for DR. Similarly,
Wong et al.!3 reported a relatively high frequency
of DR (47.8%), where DR was defined as a mixed
response with new lesions, as well as mixed stable

and progressing or regressing lesions. Thus, the
rate of DR occurrence could be overestimated
because of the incorporation of stable target
lesions for DR evaluation. If patients have one
target lesion with SD and one with PD, they are
evaluated as real PD, but not DR, with unfavora-
ble outcomes. The following criteria should be
recommended to define DR on CT: (1) patients
who have both CR/PR (at least a 30% decrease in
some lesions) and progressive lesions (at least a
20% increase in other lesions) simultaneously
and (2) patients who have CR/PR lesions but
with the appearance of one or more new lesions
or apparent deterioration of unmeasurable
lesions. These criteria are consistent with previ-
ous suggestions made by other investigators.5-22
The lesions to evaluate DR may be primary
lesions or metastatic lesions located in various
organs. Although CR/PR and PD can be identi-
fied for different target lesions, the overall
response evaluation for an individual patient
could be PR, SD, or PD, which is dependent on
the extent of the change for responding and non-
responding lesions (Figure 2).

Currently, specific radiological criteria, including
two-dimensional immune-related response crite-
ria (irRC), immune-related RECIST (irRECIST),
and immune RECIST (GRECIST), were devel-
oped and used to define patients with atypical
response patterns because conventional RECIST
1.1 is not sufficient to capture PsPD and can
cause underestimation of the clinical benefit from
the treatment of ICIs (Table 2).23-25> A monocen-
tric retrospective analysis showed that 11% of
progressive NSCLC patients had an underesti-
mated benefit of PD-1 or PD-L1 inhibitor ther-
apy based on the RECIST 1.1 criteria.l® DR,
however, is not clearly defined in the immune-
related radiological criteria. According to the
iRECIST criteria, the overall response evaluation
for an individual patient with DR could be iPR,
iSD, iUPD, or iCPD. Thus, DR could be mis-
classified as true progression by RECIST, as well
as iIRECIST criteria.

PERCIST and imPERCIST

In general, it is difficult to capture DR by conven-
tional RECIST 1.1 criteria based on primary CT
analyses. Deep analyses of CT images are
required. In addition, some investigators prefer to
define DR by PET that provides the advantage of
a highly sensitive whole-body functional exami-
nation. Nuclear medicine imaging seems to be
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superior to conventional CT by showing a meta-
bolic tumor feature and has been well described
to identify immune-related PsPD.26 Metabolic
response criteriasuch asPET RECIST (PERCIST)
may demonstrate higher rate of accurate predic-
tion in comparison with CT in patients with
NSCLC and unresectable recurrent malignant
pleural mesothelioma.26-27

DR, however, could also be included in the category
of metabolic PD by PERCIST. Immunotherapy-
modified PERCIST (mPERCIST) was estab-
lished by which the appearance of new lesions alone
did not result in metabolic PD and was included in
the sum of standardized uptake value normalized
by lean body mass peak (SULpeak) if they showed
higher uptake than existing target lesions or if fewer
than five target lesions were detected on the base-
line analysis.?8 As dual-time-point evaluation scale,
imPERCIST introduces a need to confirm a PD
such as the updated radiological criteria, but such a
control may limit the risk of a false-positive PET
scan.?? The DR case presented in Figure 1 was
classified as metabolic PD by PERCIST because of
the appearance of a new metabolic lesion in the
proximal right humerus but a partial metabolic
response by imPERCIST. Thus, DR should not
simply be included in the category of progressive,
stable, or responsive disease. No consensus, how-
ever, exists regarding the assessment of DR by
PET. A recently suggested DR definition inspired
by PERCIST is a concomitant relative metabolic
decrease >30% in the metabolism of some target
lesions and a relative metabolic increase >30% in
the remaining lesions (and/or new metabolic
lesions).® Early total metabolic tumor volume
evolution on ¥)FDG-PET/CT, an interesting canu-
lated parameter that can be easily (semi)-automati-
cally determined, was found to be associated with
long-term outcome in advanced melanoma patients
with pembrolizumab treatment.3° Evaluation by
PET, however, has some limitations. First, the
specificity can be low for a multifunctional radi-
otracer!® FDG whose uptakes concern tumor and
some inflammatory cells. Second, an immune acti-
vation induced by immunotherapy can be observed
in tumor-draining lymph nodes with an!® FDG
uptake and be misinterpreted as disease progres-
sion.3! Third, compared with other medical imag-
ing modalities such as CT or MRI, nuclear
medicine imaging PET as a mode of disease reeval-
uation is not feasible due to financial reasons.
Finally, PET requires radiation protection and its
spatial resolution is not good compared with CT
and MRI.

Overall, the morphological and metabolic fea-
tures of the tumor response should be incorpo-
rated into a new consensus on the definition of
immune-related DR that comprehensively con-
siders selected target lesions and new lesions. DR
assessment with all radiological techniques may
result in different degrees of bias because of diffi-
culty in discriminating between pseudoprogres-
sive and real progressive lesions of DR and a lack
of pathological confirmation. Vaflard e: all®
reported that the frequency of DR on CT scans
was 10.0% in several cancer types with an ICI
either alone or in combination with another ICI.
The occurrence of DR was more common if one
target lesion was biopsied.

Furthermore, most studies defined DR on the
first radiological evaluation, but DR may be
observed during subsequent evaluations (3 or
more months after initiative treatment). In a ret-
rospective study investigating 50 NSCLC patients
with immunotherapy, 12% and 10% of patients
developed PsPD and DR, respectively.!” A subse-
quent PET identified more than half of them with
DR (26%) and PsPD (32%), both patterns being
strongly associated with a clinical benefit of con-
tinuous immunotherapy. Thus, unlike general
atypical response patterns, including PsPD and
DeR, DR should be evaluated not only at the first
time point of immunotherapy using radiological
analysis but also at later time points of immuno-
therapy. A confirmation assessment must be done
in subsequent 4-8 weeks after an occurrence of
atypical response.

Pathological features and probable
mechanisms of immune-related DR
Radiological evaluations, such as CT and PET,
are clinically used to define DR, but the real
lesions of PsPD could be misclassified as pro-
gressive lesions of DR, resulting in the overesti-
mation of the frequency of DR. DR was reported
to be more common when the target lesion was
biopsied.!® In the real-world clinical setting,
conducting a biopsy for all progressive lesions
may be impossible for suspected DR because
some patients refuse to have a biopsy, or the
location and size of the progressive target lesions
limit the application of this invasive operation.
In a recent study of five patients with nivolumab-
related DR, only two patients consented to biop-
sies of the growing lesion, including cell block
analysis of the pleural effusion and kidney
biopsy.!>
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Tumor-draining lymph nodes

The precise mechanism of immune-related DR
remains unknown. Generally, the responsive and
progressive sites in patients with DR are not spe-
cific. Target lesions with DR may be lymph nodes
or solid organs. As immunologically privileged
sites, metastatic tumor-draining lymph nodes
(TDLNSs) are the most common sites where size
changes often occur because of the coexistence of
original cytotoxic T cells and immunosuppressive
immune cells. In murine models testing PD-1
blockade, the efficacy of treatment was abolished
by the ablation or surgical resection of TDLNSs or
depletion of CD8* T cells prior to anti-PD-1
treatment.32 Targeted delivery of ICI to TDLNs
alone was associated with increased antitumor
immunity and therapeutic effects compared with
regular systemic immunotherapy. In murine mod-
els of spontaneously metastatic breast cancer,
neoadjuvant immunotherapy presented greater
therapeutic efficacy than adjuvant treatment, with
elevated and sustained peripheral tumor-specific
immune responses.3? These studies highlight the
evidence that supports TDLNSs as the likely most
important sites for initiating tumor-specific
immune response.34 In fact, lymph nodes as target
lesions for evaluation in immunotherapy tend to
fluctuate up and down in size more frequently
than solid organs and may be misleading. This is
supported by a recently published study showing a
specific ‘nodal immune flare’ phenomenon in
which NSCLC patients demonstrate radiologi-
cally abnormal nodes due to a pathological inflam-
matory response after neoadjuvant ICIs (16%),
but not after neoadjuvant chemotherapy (0%).%°
Such temporary inflammatory response can be
observed in lymph nodes and be misinterpreted as
disease progression. Although no data directly
show the frequency of responding lesions being
seen in lymph nodes while progressive lesions may
be in other viscera, avoiding using lymph nodes as
target lesions and exclusion of lymph nodes in
response criteria for immunotherapy should be
considered, to precisely defined patients with DR
or other atypical responses.

Histological and genetic heterogeneity

Tumor heterogeneity within individual patients
may be responsible for these inconsistent responses
to immunotherapy. First, histological temporal
heterogeneity existed between the primary and
metastatic lesions. In a recent report, a patient had
adenosquamous histology of the primary lesion,
but kidney biopsy revealed a pathology of

adenocarcinoma when the lesions in the kidney
progressed.l® Second, genetic alterations are asso-
ciated with DR. Previous studies have indicated
that 8.8% of lung adenocarcinoma patients with a
mixed response to EGFR tyrosine kinase inhibi-
tors exhibit intertumorally discordant EGFR
mutations.® In the case of HPD, genetic altera-
tions, such as MDM2/MDM4 amplification and
AKT1 E17K activation, have been found in HPD
patients with immune checkpoint blockade.3%37 In
a novel murine synchronous melanoma model,
intertumoral genetic heterogeneity contributed to
changes in the tumor microenvironments for dif-
ferent lesions and heterogeneous lesion-specific
responses.3® In addition, differences in the tumor
microenvironments between primary or meta-
static lesions may be responsible. Tumors growing
at different sites have distinct tumor microenvi-
ronments, which influence the responses to immu-
notherapy and lead to different therapeutic
responses. Metastatic adrenal lesions are sensitive
to therapy in NSCLC patients with atypical
responses,!%39 but this was not the case for patients
with microsatellite instability-high metastatic
colorectal cancer, melanoma, and uterine carcino-
sarcoma.*0-41 As a marker of the response to immu-
notherapy, PD-L1 expression 1is discordant
between samples from two different sites in nearly
one in four patients.*> An atypical radiological
response with ICI treatment was reported in an
elderly patient with high PD-L1-expressing lung
adenocarcinoma.!! Metastatic lesions, including
lymph nodes, pleural fluid, soft tissue and adrenal
gland, were more frequently highly positive for
PD-L1 expression than primary lesions (33.8%
versus 28.4%), suggesting that discordant responses
can occur among different lesions.3

Immune microenvironment

Immune cells inside the microenvironment are
likely responsible for the inconsistent responses to
immunotherapy across organs.** Previous preclin-
ical studies have revealed that the site of tumor
growth dictates the response to immunotherapy.
The antitumor response to immunotherapy com-
prising three specific agonist antibodies, termed
tri-mAb, is markedly reduced in orthotopic tumors
and visceral tumors compared with subcutaneous
tumors.* This phenomenon could be explained
by orthotopic tumors having a specific microenvi-
ronment associated with immunosuppressive M2
macrophages. Similar tissue-specific responses in
different anatomical sites to other immunothera-
pies, including an intralymphatic mRNA vaccine
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comprising mRNA encoding the HPV16-E7
oncoprotein and combination treatment with anti-
CTLA-4 and anti-PD-1 antibodies, have been
verified in mouse models of colon cancer.#546 The
recruitment of Ly6C* monocytes from the blood
was also responsible for antibody-dependent
tumor cell killing of melanoma in the skin but not
in the lung.4” Using a novel murine synchronous
melanoma model, Qin ez al.3® found that intertu-
moral genetic differences were sufficient to gener-
ate a distinct tumor immune microenvironment
that led to the independent regulation of the
PD-1/PD-L1 axis. Intratumoral delivery and
tumor tissue-targeted agents, including immu-
nostimulatory monoclonal antibodies, pattern
recognition receptor agonists, genetically engi-
neered viruses, bacteria, cytokines and immune
cells, are attractive strategies to increase the i situ
bioavailability and efficacy of immunothera-
pies.*8:4 The local tissue microenvironment likely
determines which immune populations contribute
to specific therapeutic responses or progression.
Some radiological measures can be carried out to
overcome tumor heterogeneity, such as including
smaller lesions as target lesions and developing
new radiotracers targeting specifically an immune
cell receptor, or an active inflammatory signal can
increase the specificity of radiological assessment.

Prognosis and clinical management for
patients with immune-related DR

In contrast to PR/CR, DR is viewed as an unfa-
vorable prognostic factor of survival for patients
receiving targeted or systematic chemotherapy.”
In nearly all studies regarding the response pat-
tern of immune-related DR, however, patients
with DR had a prolonged overall survival (OS) or
increased clinical benefit compared with those
who achieved true disease progression (Table 1).
Sato er al. reported that advanced nivolumab-
treated NSCLC patients showing DR had signifi-
cantly longer OS than those showing PD (46.9
versus 8.2 months). A durable clinical benefit was
observed in approximately 20-50% of patients
with DR after treatment with immunotherapy. In
some patients with DR captured on subsequent
PET evaluation, a 6-month clinical benefit of
immunotherapy was reached.!” Furthermore,
patients with DR had a longer OS than those with
concordant PD (without DR), but no significant
difference was found in OS between patients with
concordant PR (without DR) and those with con-
cordant SD (without DR).!5 The survival of
patients with DR was comparable with that

reported for patients with concordant PR or
SD.12:15 These findings indicate that the clinical
survival benefit of immunotherapy may be under-
estimated when patients have a DR by conven-
tional radiological evaluation using RECIST.

DR may be considered a useful marker to make a
clinical decision regarding whether one patient
should continue or discontinue immunotherapy
following the detection of progressive lesions by
RECIST 1.1. Importantly, DR is not simply con-
sidered a true PD and does not represent real
acquired resistance to immunotherapy with ICIs.
Immediate discontinuing immunotherapy or
switching to other systematic treatment, includ-
ing chemotherapy or targeted therapy, may not be
an optional early strategy. If a patient is initially
assessed as DR, oncologists must do next assess-
ment in subsequent 4-8 weeks, and continue on
immunotherapy because patient’s prognosis is
good, or consider local therapy for PD lesions and
continue treatment, or move on to the next line of
therapy. Deciding to keep patients on immuno-
therapy, however, could be based on several fac-
tors, such as the extent of disease progression,
real-time patient performance status assessed by
the physician in clinical practice, and risk of
developing immune-related adverse events.
Pathological, genetic, and clinical risk factors
such as neutrophil-to-lymphocyte ratio are help-
ful for distinguishing between atypical responses
and true PD.5%51 In some patients who exhibit
DR and discontinue immunotherapy, subsequent
rechallenge with ICIs alone or in combination
with local therapy may be alternative strategies,
like the situation for those with HPD.?1,52:53
Recent retrospective studies showed that, after
incomplete responses to immunotherapy, early
surgical resection brought the potential benefit
and remained the only definitive method to ren-
der patients free of disease, particularly for those
whose adrenal gland was viewed as a potential
sanctuary site of metastases.4%5455 In another
proof-of-concept study, additional ablation
increased the objective response rate and pro-
longed OS in advanced hepatocellular carcinoma
patients with SD or mixed responses to previous
anti-PD-1 therapy.5°

Conclusion

DR is considered a type of mixed or heterogene-
ous radiological response and captured at a single
time point for different target lesions that present
inverse responses to immunotherapy. DR has a
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reported wide frequency of 3.3-47.8% in patients
receiving immunotherapy based on different radi-
ological evaluations and DR definitions. PET
seems to capture more patients with DR than con-
ventional CT scan. Frequency of DR occurrence
could be overestimated because of the incorpora-
tion of stable target lesions into DR evaluation.
Tumor and immune microenvironment heteroge-
neity within an individual cancer patient could be
responsible for DR and therapeutic response to
immunotherapy. The patients who exhibited DR
show relatively favorable outcomes wversus those
with true PD. DR at the initial or subsequent radi-
ological evaluation may be a surrogate factor in
determining whether a patient could continue
immunotherapy treatment. Clinicians should be
familiar with DR through the interpretation of
radiological, clinical, and pathological data, to
better understand and manage cancer patients
with immunotherapy and guarantee the best clini-
cal benefit. The definition of DR must be con-
firmed and the molecular and cellular mechanism
of DR should be elucidated through pathological,
immunological, cellular, and molecular investiga-
tions. The iRECIST could be considered to ana-
lyze DR. Novel immune-related therapeutic
evaluation criteria based on the modified morpho-
logical and new metabolic features of tumor
response and biomarker assessments that can
accurately predict response to immunotherapy
and represent the clinical benefit of patients with
DR should be established. Furthermore, specific
clinical treatment options, including continuous
immunotherapy, additional local therapy, and
intratumoral or tumor tissue-targeted immuno-
therapies, should be developed to achieve higher
functional concentrations or bioavailability of
immune mediators in specific tumor tissues for
individual progressive lesions in patients with DR.
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