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Life-threatening “hyper-progression” on immunotherapy revealed
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Background: Distinguishing pseudo-progression from true progression on immunotherapy remains a
clinical challenge. Clinical tools to aid in this task are currently lacking. DNA mismatch repair (MMR) status
is a known predictive marker for anti-programmed death (PD)-1 therapy, but its role in helping to address
this situation is not well-defined.

Case Description: We report the first case, to our knowledge, of life-threatening hyper-progression
which was later revealed to be pseudo-progression in a patient with a deficient MMR (dMMR) tumor. We
describe a 62-year-old man with advanced dMMR gastric cancer who was being treated with pembrolizumab
monotherapy. After three doses of pembrolizumab he exhibited signs and symptoms that met all applicable
definitions of hyper-progression in the setting of acute life-threatening gastrointestinal hemorrhage,
extensive radiographic progression of metastases, and increasing carcinoembryonic antigen (CEA). Comfort
measures were considered given the appearance of hyper-progression. But partly given the patient’s request,
aggressive support was provided, including blood products, vasopressors, and splenic artery embolization.
His condition improved, and subsequent scans revealed regression of his metastases and decreased CEA,
confirming pseudo-progression. Pembrolizumab was restarted. The patient remains on pembrolizumab with
minimal tumor burden more than one year later.

Conclusions: This case demonstrates that life-threatening hyper-progression can represent pseudo-
progression and suggests that MMR status could be important to consider in determining the aggressiveness

of clinical management during apparent hyper-progression.
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Introduction

Immune checkpoint inhibitors (ICI), alone or in combination
with chemotherapy, have become standard therapies for
the treatment of many solid tumors. ICIs are particularly
effective in patients whose tumors exhibit deficient DNA
mismatch repair (AIMMR), which is observed in >10% of

gastric tumors and 2-4% of other tumors (1,2). These
tumors have inactivated or suppressed expression of MMR
proteins secondary to genetic aberrations at the germline
or somatic level leading to decreased ability to correct
replication errors in microsatellites and predispose carriers
to DNA damage and development of cancer (3). dMMR can
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be detected by immunohistochemistry (IHC) to assess lost
expression of at least one (out of four) MMR proteins (i.e.,
MLHI, PMS2, MSH2 and MSHG6) or polymerase chain
reaction-based test that quantifies the frequency of changes
in alleles in the microsatellite region (4). Next-generation
sequencing has recently emerged to become another
diagnostic tool for this purpose (5). ICIs are believed to be
more efficacious in dAMMR [vs. MMR-proficient (pMMR)]
tumors due to the presence of hypermutations that leads to
neoantigen generation and immune stimulation (6). Pseudo-
progression is an ICI-related phenomenon characterized
by radiographic enlargement of cancer metastases or the
appearance of new lesions—believed to represent infiltration
by immune cells—followed by their radiographic regression
(7,8). The possibility that true cancer progression may
actually represent pseudo-progression complicates clinical
decision-making because tools that distinguish the two
disparate situations are lacking. Although the reported rate of
pseudo-progression is generally <10% (9), failure to identify
it can profoundly impact patient survival and quality-of-life.
Hyper-progression (i.e., rapid tumor worsening) is another
pattern of response to ICI that occurs in 4-29% of patients
(10-12). It is generally established by ruling out pseudo-
progression (13), but this has not been extensively examined.
Whether MMR status should be considered in situations of
potential hyper-/pseudo-progression is not well-defined.

Highlight box

Key findings

* Life-threatening medical complications that met all applicable
definitions of hyper-progression was revealed to be pseudo-
progression in a patient who received PD-1 blockade therapy for
deficient DNA mismatch repair (IMMR) gastric cancer.

What is known and what is new?

* Hyper-progression and pseudo-progression are two atypical
patterns of response to immune checkpoint inhibitors (ICI). Tools
that are currently available to clinicians to distinguish pseudo-
progression from true cancer progression or hyper-progression are
limited.

e This case report demonstrates that defining hyper-progression or
pseudo-progression by changes in tumor size and/or clinical status
only may be inadequate.

What is the implication, and what should change now?

¢ Considering mismatch repair status in deciding the aggressiveness
of clinical management during apparent “hyper-progression”,
given the substantially higher rate of durable response to ICI in
dMMR tumors, is important.

© Journal of Gastrointestinal Oncology. All rights reserved.

Here we report the first case, to our knowledge, of
life-threatening hyper-progression which was revealed to
be pseudo-progression in a patient with dMMR gastric
cancer, which was found to have loss of MLH1 and
PMS?2 expression based on IHC testing. We present the
following case in accordance with the CARE reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-709/rc).

Case presentation

A 62-year-old man with gastroesophageal junctional
(GEJ) adenocarcinoma was initially diagnosed with
T3NxMO disease and received curative-intent concurrent
chemoradiation with carboplatin plus paclitaxel (14). Six
weeks after completion of chemoradiation, he was found to
have new hepatic metastases and was started on treatment
with 5-fluorouracil, leucovorin plus oxaliplatin (FOLFOX).
He then experienced a best radiographic response of stable
disease, and his dysphagia worsened and weight declined.
At that point, results from tumor testing returned revealing
loss of MLH1 and PMS2 protein expression, signifying
dMMR. Given emerging data that 86% of patients with
dMMR gastric/GE] adenocarcinomas may experience
durable response lasting more than 10 months with
pembrolizumab (15), treatment was switched to this anti-
programmed death 1 (PD-1) agent.

After 2 doses of pembrolizumab (200 mg every 3 weeks),
the patient noted significant improvement in dysphagia and
calorie intake. A week after the third dose, he presented
to a local emergency department with copious melena,
hematochezia, and hematemesis. He was profoundly
hypotensive (blood pressure 66/48) and had a 2-point
drop in hemoglobin within 24 hours. Upper endoscopy
showed a large, diffusely ulcerated, friable mass in the lower
esophagus and clotted blood in the stomach. After receiving
5 units of red blood cells (RBCs), he was transferred to the
intensive care unit. Computed tomography (CT) imaging
showed wall irregularity of the splenic artery that was
concerning, although not definitive, for erosion from the
gastric primary, as well as a marked increase in the number,
size and conspicuity of hepatic masses (Figure I). His serum
tumor marker, carcinoembryonic antigen (CEA), had also
increased.

Palliative care and interventional radiology were
consulted to assist in weighing the benefits and risks of
possible interventions, and a less aggressive management
plan was pursued for multiple reasons. The patient had
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Figure 1 Serial contrast-enhanced abdominal CT scans and CEA levels. Top: total size of tumor-related lesions markedly increased from

baseline pre-pembrolizumab (scan 1) to the time of life-threatening gastric bleed (scan 2). This was followed by a decrease in their size and

continued response after pembrolizumab was re-initiated (scans 3 through 7). CEA levels over time mirrored changes in the size and number

of tumor-related lesions. Bottom: serial CT scans showed markedly increased number, size and conspicuity of tumor-related masses in the

liver (yellow arrows), followed by regression of those lesions when pembrolizumab was re-initiated later. Tumor burden was determined

using iRECIST. At his most recent scan, the patient met criteria for iPR based on iRECIST. CEA, carcinoembryonic antigen; CT, computed

tomography; iRECIST, immune Response Evaluation Criteria in Solid Tumors; iPR, immune partial response.

seemingly unequivocal tumor progression symptomatically
and radiographically and met all applicable definitions
of hyper-progression (i.e., doubled tumor size or growth
rate within 2 months of initiating treatment) (10,11),
suggesting that pseudo-progression was exceedingly
unlikely or impossible. Typical survival of metastatic gastric
cancer patients who hyper-progress on immunotherapy is
20-65 days (16). The source of bleeding was unclear and
would require further workup. Supportive care without
aggressive intervention could translate into comfort care
measures only if hemodynamic instability developed.
Forty-eight hours later, the patient’s hemoglobin
dropped to 6.4 after recurrent melena. He received 1 unit
of RBCs and medical oncology was consulted to explore
all options including comfort measures only. The patient
insisted on full-code status citing prior advice from an
oncologist that increases in tumor size, particularly one that

© Journal of Gastrointestinal Oncology. All rights reserved.

is dAMMR, could represent pseudo-progression, and a more
aggressive management plan was pursued.

Overnight, he developed hypotensive shock after
further melena and hematemesis. Vasopressor support
with norepinephrine was started, and he received 6 units
of RBCs, 2 units of fresh frozen plasma, and 1 pool of
platelets. CT angiogram revealed protrusion of the splenic
artery into the wall of the GEJ tumor, a new infarction in
the spleen, and new hyperdense material in the stomach
likely representing interval hemorrhage. Embolization of
the splenic artery was performed. His condition stabilized
and he was discharged home after 7 days of hospitalization.

In the outpatient setting, he was determined to be a
candidate for further anticancer therapy, and the initial plan
was to discontinue immunotherapy and switch to cytotoxic
therapy. However, repeat CEA showed an interval decrease,
prompting repeat CT imaging. Surprisingly, the new scan
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showed marked interval response with decrease in the size
and number of hepatic metastases (Figure ), indicating that
the earlier expansion of hepatic lesions actually represented
pseudo-progression. Pembrolizumab was resumed. His
tumor lesions responded further, including at his most
recent follow-up 13 months later. He is physically active
and has no cancer symptoms.

All procedures performed in the study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

Discussion

This case challenges our current approach to assessing
progression on ICI by demonstrating that even life-
threatening “hyper-progression” can represent pseudo-
progression. If not for this patient’s strong and clearly
expressed wish for aggressive care, it is possible that comfort
measures only could have been pursued with subsequent
death.

Hyper-progression and pseudo-progression are
two patterns of atypical response to ICI. The former is
generally understood as rapid, true disease progression while
the later indicates delayed response with initial, radiographic
tumor growth followed by tumor shrinkage (9,17). The
concept of hyper-progression was examined independently
by three groups of researchers and common to the proposed
criteria is rapid and/or accelerated tumor growth within
2 months of initiation of treatment that was seen respectively
in 9%, 4% and 29% of patients in their studies (10-12). Only
Champiat ez /. included 13 patients with gastrointestinal
cancers (8 colorectal cancer, 2 cholangiocarcinoma, 2 gastric/
esophageal cancer and 1 pancreatic cancer) and 2 patients
(1 colorectal cancer and 1 with cholangiocarcinoma) were
found to have hyper-progression, which was defined by a
twofold or greater increase of tumor growth rate in the first
cycle of immunotherapy compared to the growth rate during
the wash-out, off-therapy period (10). Pseudo-progression
was first observed in 9.7% (22 of 227) of patients with
melanoma who received ipilimumab (18). A systematic review
comprising 19 clinical trials across melanoma, non-small-cell
lung carcinoma and renal cell carcinoma reported that 6% of
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patients developed pseudo-progression following treatment
with nivolumab or pembrolizumab (19). Overall, the rates of
hyper-/pseudo-progression in gastrointestinal cancers have
not been analyzed systematically to date. Our patient’s target
lesions grew from 35 to 75 mm with development of multiple
new hepatic metastases after 7 weeks of ICI. Although
he met all proposed definitions of hyper-progression that
was associated with poor survival (10-12), he was found to
have pseudo-progression with durable treatment response,
suggesting that defining hyper- or pseudo-progression by
changes in tumor size only may be inadequate.

Tools that are currently available to clinicians to
distinguish pseudo-progression from true progression or
hyper-progression are limited for both dMMR and pMMR
tumors (20). Serum CEA has been proposed for this purpose.
One case report showed that the CEA level decreased at
the time of pseudo-progression in a patient receiving anti-
PD-1 for colorectal cancer (21), and another study suggested
that CEA levels increase more in patients with true disease
progression compared to those with pseudo-progression
(107% wvs. 32%) (22). However, our patient demonstrates
that a twofold or greater increase in CEA can be unreliable
in identifying true progression as CEA levels can be
elevated due to non-malignant factors such as inflammation
and reduced hepatic clearance. Clinical stability (versus
deterioration) in association with radiographic progression
has also been considered an important parameter to
distinguish pseudo-progression from true progression based
on Immune Response Evaluation Criteria in Solid Tumors
(iRECIST) (7,9,13). Radiographic progression in most cases
of pseudo-progression is relatively mild but the degree of
change can vary in pseudo-progression patients with gastric
cancer according to the case series reported by Michalarea
et al. (23). In addition, circulating tumor DNA (ctDNA)
may be a potential tool for identifying true progression
(24,25). Radiographic confirmation of true progression with
a recommended minimal interval of 4 weeks as proposed by
iRECIST (7) is not feasible in urgent situations.

In this patient, the key feature that led the patient to
advocate for aggressive care and continued immunotherapy
was the dMMR status of the patient’s tumor. While
the predictive value of dJMMR has been established, its
importance in assessing pseudo-progression has not been
previously appreciated. Available data suggests that the
rates of hyper-progression do not appear to differ between
dMMR and pMMR tumors but the rates of true progression
as best overall response are significantly higher in pMMR
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tumors (26). Accordingly, this case report suggests that
consideration of the tumor’s MMR status may be helpful in
determining the aggressiveness of providing supportive care
to a patient with apparent “hyper-progression”. In a study
of 18 patients with dMMR gastric cancer, pembrolizumab
monotherapy led to an overall response rate of 55.6% (27)
and another study that enrolled 61 patients with metastatic
gastric cancer reported a response rate of 85.7% in
7 patients with MSI-H tumors (15). Although neither study
documented hyper-progression or pseudo-progression,
the high response rate of dMMR gastric cancer to ICI
support consideration of an aggressive approach before
discontinuing ICI.

The clinical management of true hyper-progression on
ICI alone (without concurrent cytotoxic chemotherapy) is
not clear. Options include discontinuation of ICI potentially
followed immediately by cytotoxic therapy. Another
potential option is to add cytotoxic therapy to ICI, or to
have potentially avoided hyper-progression from the outset
by having administered ICI in combination with concurrent
cytotoxic chemotherapy. The benefits of this latter
approach is suggested by recent results from phase 3 clinical
trials in gastroesophageal cancer that compared ICI alone
versus chemotherapy alone (28-30), which showed early
progression and death in the ICI alone arm, as compared
with the chemotherapy alone arm. This early progression/
death was not evident in the arm in which ICI was given
concurrently with chemotherapy.

Research is ongoing to further identify predictive
markers of hyper-/pseudo-progression (16,20,22,24,25,31).
Recent evidence indicates that PD-1 blockade can
paradoxically upregulate immunosuppression in the
tumor microenvironment and potentially lead to hyper-
progression. Proliferative PD-1-expressing regulatory
T cells (Tregs; FoxP3"CD45-CD4") were found to be
increased in patients with hyper-progression but reduced
in those without hyper-progression after treatment with
anti-PD-1 in gastric cancer (16). Further, a higher ratio of
tumor-infiltrating PD-1" cytotoxic T cells (CD8") to PD-1*
regulatory T cells (CD4") was associated with favorable
treatment response and survival to anti-PD-1 (32). These
data underscore the importance of further delineating the
function and phenotype of tumor-infiltrating immune
cells to understand the pathogenesis of hyper-/pseudo-
progression. In addition, inter-tumoral heterogeneity
among dMMR and pMMR tumors has been shown to
be associated with clinical response to ICI (1,33-35),
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suggesting that heterogeneity between dMMR tumors may
further contribute to differential immune reactions to ICI.

Conclusions

This case challenges our current approach to assessing
progression on immunotherapy. First, it demonstrates
that even life-threatening hyper-progression can represent
pseudo-progression. Second, clinical parameters previously
implicated as being able to distinguish pseudo- from true
progression (e.g., stable/declining CEA, clinical stability)
may be unreliable (our patient’s CEA increased, clinical
status deteriorated). Other tools, including ctDNA and
radiographic confirmation four weeks later, are not feasible
in urgent situations. Third, this case highlights the potential
importance of considering MMR status in deciding the
aggressiveness of clinical management during apparent
hyper-progression, given the substantially higher rate of
durable response in dAMMR tumors. While the value of
dMMR in predicting response to ICIs has been established,
its importance in assessing pseudo-progression has not
been previously appreciated. These considerations have
implications for decision-making across a spectrum of
specialties that may be acutely consulted.
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