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Microsatellite instability-high/deficient mismatch repair (MSI-H/dMMR) status of tumors is
a distinct predictive biomarker of immune checkpoint inhibitors (ICIs) for colorectal and
non-colorectal cancer populations. The overall response rate (ORR) varies from
approximately 40% to 60%, indicating that nearly half of MSI-H tumors do not respond
to ICIs. The mechanism of response heterogeneity in MSI-H/dMMR cancers is unclear.
Some patients who have been treated with ICIs have developed a novel pattern of
progression called hyperprogression, which is defined as unexpected accelerated tumor
growth. No case of MSI-H/dMMR immunotherapy-associated hyperprogression has
been reported in the literature. Here, we present the case of a patient with dMMR
gastrointestinal cancer who suffered hyperprogressive disease (HPD) after treatment with
nivolumab. We explored the potential mechanisms of HPD by clinical, immune, and
genomic characteristics. Extremely high levels of serum LDH, low TMB and TILs, and the
disruption of TGFb signaling, may be related to hyperprogression.

Keywords: MSI-H/dMMR, immune checkpoint inhibitors, hyperprogression, gastrointestinal cancer, case report
1 INTRODUCTION

About 2–4% of diagnosed cancer patients are subtyped as “microsatellite instability-high (MSI-H)”
or “deficient in mismatch repair (dMMR)” (1) Tumors with these genetic characteristics generally
have exceptionally high tumor mutation burden and enriched infiltration of immune cells. These
tumors are also known as “hot tumor” (2). Several vital clinical trials have confirmed that the
microsatellite instability-high/deficient mismatch repair (MSI-H/dMMR) status is a distinct
predictive biomarker of ICIs for colorectal (3) and non-colorectal (1, 4, 5) cancer populations.
The overall response rate (ORRs) varies from approximately 40% to 60% (1, 3, 6, 7). Based on the
org September 2021 | Volume 12 | Article 7492041
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different responses to immunotherapy, this phenomenon attracts
significant interest in the heterogeneity and relevant mechanisms
of MSI-H/dMMR cancer.

In contrast to chemotherapy and other types of anti-tumor
therapy, immunotherapy-induced progression patterns are
distinctive, including pseudoprogression and hyperprogression
disease (HPD) (8). Pseudoprogression is defined as an initial
increase in the tumor burden followed by a later or dissociated
response (9). On the other hand, HPD manifests as rapid tumor
growth combined with poor overall survival. The acknowledged
mechanisms and valuable predictors of HPD remain largely
unclear. There is evidence that some gene variations and
clinical characteristics may be involved in the mechanism of
HPD in different types of cancer. In non-small cell lung cancer
and melanoma, patients who harbor MDM2/MDM4
amplification and EGFR alterations are reported to be more
likely to develop hyperprogression (10–12). In contrast, those
harboring the TP53 mutation without co-existence of STK11 or
EGFR mutation have a high CD8 T cell density and, thus, a high
response to ICIs (10). Approximately 1–6% of gastrointestinal
cancer patients exhibit hyperprogression (HPD) (13). With
respect to HPD in MSI-H/dMMR cancers, these phenomena
and the mechanisms have not been reported.

Here, we present the first case of a patient with dMMR
gastrointestinal cancer with primary resistance to immunotherapy,
who experienced HPD after two doses of nivolumab. Nivolumab is
a programmed death receptor-1 (PD-1)-blocking antibody and is
approved for different types of cancer. Rapid hyperprogression was
not observed. Pre-immunotherapy circulating tumor DNA
(ctDNA) analysis using 150-gene panel next-generation
sequencing, immunohistochemistry, multiplex fluorescence
immunohistochemistry (mIHC), and blood inflammatory indexes
were used to examine the immune microenvironment as well as the
patient’s genomic and clinical features. We also explored possible
mechanisms of HPD. Furthermore, we identified the underlying
mechanism and demonstrated the importance of personalized
treatment for clinical practice.
2 CASE DESCRIPTION

2.1 Case Presentation
A47-year-oldmale patient presentedwithconstant abdominal pain
for 4 months and was sent to the hospital for physical examination
in October 2017. Computed tomography (CT) revealed multiple
masses in the pancreatic body and both the lungs, with enlarged
abdominal and supraclavicular lymph nodes, suggesting a heavy
tumor load. The patient underwent supraclavicular lymph node
dissection. Immunohistochemistry results suggested poorly
differentiated metastatic adenocarcinoma. Based on CT imaging,
the doctor-in-charge diagnosed that the tumor originated from the
pancreas. Gemcitabine plus paclitaxel (Abraxane) chemotherapy
was used as first-line treatment. Two months later, follow-up CT
revealed tumor progression in both the lungs (Figure 1A).
Positron-emission tomography–CT revealed increased intake of
18F-fluorodeoxyglucose in the intest inal mesentery,
cervicothoracic, abdominal lymph nodes, and both the lungs,
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indicating significant tumor load once again (Figure 1D). One
enlarged abnormal cervical lymph node was punctured for
examination because the patient refused dissection biopsy and
immunohistochemistry was used to analyze the possible site of
origin, tumor expression of MMR protein, and gene variation.
Immunohistochemistry (IHC) of the second biopsy indicated that
the tumor most likely originated from the gastrointestinal duct
(IHC showed CDX2 positivity as shown in Figure 1B, microscopic
magnification ×100). A 5–10% loss of MLH1 and PMS2 protein
expression andPD-L1 expressionwas also observed (Figures 1C,D,
microscopic magnification ×100), suggesting a dMMR status in
this patient. With a performance status (PS) score of 1, nivolumab
(200 mg every 2 weeks) was used as second-line treatment.
Unfortunately, 1.5 month after the commencement of
nivolumab (one dose of nivolumab), the patient experienced
rapid deterioration in lung function, including obvious dyspnea
and lethargy, and his performance status score deteriorated to 3. A
follow-up chestCT scan confirmed rapidmetastatic progression in
the lungs and lymphnodes (Figure1A).Moreover, laboratory tests
revealed significant high serum lactate dehydrogenase (1360 IU/L,
ranging from to 110-220 IU/L). Two days later, the patient died of
respiratory failure.

2.2 Diagnostic Assessments
2.2.1 Blood Test and Biopsy
Serum lactate dehydrogenase and other blood tests were
obtained the day before each treatment. The dissected lymph
supraclavicular lymph node, and punctured cervical lymph
node tissues were obtained under ultrasound and CT
guidance, respectively.

2.2.2 Diagnosis of HPD
Currently, the most accepted definition of HPD is based on the
study by Baptiste et al. (9) which detailed the following criteria:
time to failure <2 months and TGKexp: TGKref >2. Tumor growth
kinetics (TGK) are estimated to quantitatively assess the
progression of the patient. According to Baptiste’s definition,
our patient’s TGKexp and TGKref were 2.1 and 0.7.8, respectively,
and the ratio (TGKexp: TGKref) was 2.18. This value was
calculated with reference to a single lesion, but the CT scan
revealed a large number of newly developed lesions (Figure 1A).
The tumor growth curve as shown in Figure 1E also indicated
explosive tumor progression. The time to failure of the patient
was 1.5 months. The ratio of TGKexp and TGKref was 2.18. As
such, he met the definition of immunotherapy hyperprogression.

2.2.3 Gene Analysis
A 150-gene panel next generation sequencing (NGS) of
circulating tumor DNA analysis (3D Medicines Co., Shanghai)
before administration of nivolumab revealed six gene mutations
with high frequency, including MLH1 p.N287Kfs (56.32%),
TCF7L2 p.K462Sfs (36.85%), TP53 p.H179Y (41.4%),
ACVR2A p.K437Rfs (69.51%), TGFBR2 p.K128Sfs (66.46%),
and TSC1 p.T635Rfs (5.41%). Tumor NGS was detected via
the punctured tissues. Three mutation genes were inspected
(Figure 2D), including MLH1 p.N287Kfs (34.3%), TP53
p.H179Y (38.4%), and TSC1 p.T635Rfs (1.7%). Tumor
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mutation burden (TMB) was also calculated. With a TMB of 7.26
Muts/Mb, the tumor was categorized as low TMB.

2.2.4 Analysis of the Tumor Immune
Microenvironment
To further explore the possible refractory mechanism of HPD in
this patient, the lymph node tissue tumor microenvironment
(TME) of the patient was examined and PD-L1 protein
expression was detected in the formalin-fixed, paraffin-
embedded (FFPE) punctured tumor tissues using the Dako
PD-L1 IHC 22C3 pharmDx assay. The expression levels of
CD8+, CD68+, CD56+ cells, pan cytokeratin, and HLA-DR
were assessed and calculated using multiplex fluorescence
immunohistochemistry (mIHC). Quantitative analysis of the
tumor microenvironment showed that the degree of CD8+,
CD68+, and CD56+ cells in the tumor stroma, and tumor
region, were 0.59% and 1.28%, respectively, along with 0.15%,
0.30%, and 0.63% and 0.49%, respectively (Figure 2C).
3 DISCUSSION

This is the first reported case of HPD in MSI-H/dMMR
gastrointestinal cancer, with no HPD-related gene mutation
found in our patient. This is also the first report to demonstrate
Frontiers in Immunology | www.frontiersin.org 3
characteristics such as performance status, laboratory tests, TMB,
TME, and tumor immune infiltrations (TILs) factors, and some
gene alterations, to explain the case better.

Some clinical parameters are reliable predictive prognostic
factors for patients with ICI-treated cancer. Studies have shown
that high levels of serum lactate dehydrogenase (LDH), tumor
burden, and poor performance status are independent baseline
factors associated with hyperprogression (14, 15). According to
the authors, LDH levels are strongly correlated with prognosis.
The prognosis of patients within the normal range is within 16.1
months, but decreases to 2.3 months for those with LDH levels
2.5 times above the upper limit. The authors also demonstrated
that low tumor burden and good performance status are also
characteristics of favorable OS. As described, the patient had
poor performance status, high LDH level, and a rather high
tumor burden. The unfortunate outcome was consistent with
previous conclusions.

In this case, the patient went through HPD although his TMB
was 7.26 Muts/Mb (150-gene panel). TMB is stratified into two
subtypes: low and high TMB. High TMB is usually defined as
above the median burden based on whole exome sequencing
(WES) or different gene panels (16). Optimal TMB cut-offs vary
among different studies. However, levels lower than 10 Muts/Mb
are generally categorized as low (1, 11, 17). TMB is a reliable
efficacy factor for immunotherapy (11, 18–21). Studies have
A

B

C

E

D

FIGURE 1 | Radiologic images before and after nivolumab showing distinct TGR differences. (A) Representative computed tomography scans of the patient’s lung
before, at baseline, and during treatment. (B) Second immunohistochemistry (IHC) showing CDX2 positivity, indicating that the possible original tumor site may be the
gastrointestinal duct. (C) Second IHC indicating a PD-L1 expression rate of 5–10%. (D) Second IHC showing loss of MMR protein expression; *loss of MLH1 protein
expression; **loss of expression of PMS2 protein. (E) Positron emission tomography/computed tomography (PET-CT) scan suggesting extensive tumor burden.
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demonstrated that those with low TMB, as seen in this case,
showed less favorable survival rate (11, 17, 18, 20–24). MSI-H/
dMMR tumors are identified with high clonality of non-
synonymous mutations (also high TMB), leading to the
presence of robust altered proteins, known as neoantigens (25).
Neoantigens are thought to be relevant to tumor control, as they
can be targeted by the immune system, leading to a series of
cytolytic activities of the immune cells (1, 3, 25–27). With ORRs
varies from 31.7% to 40% (3, 28, 29), nivolumab was approved
for the treatment of melanoma, pancreatic, colorectal cancer,
gastric cancer and so on. The intolerance and toxicities are
mostly immune-mediated, along with infusion-related
reactions and embryo-fatal adverse events. In this case, it is not
hard to speculate that the low TMB reflected a minimal
neoantigen, and was thus refractory to nivolumab. Hence, it is
reasonable to assume that the heterogeneity of dMMR is partially
responsible for the low levels of TMB and hyperprogression.

Heterogeneity of MSI-H/dMMR TILs was also observed by
Harry H. Yoon et al. (30) TILs have been considered as positive
prognostic predictive factors in tumor patients since the early
1900s. It is widely acknowledged that CD8+ TIL percentage is the
most important predictive factor in immunotherapy (31).
Compared with the MSS/pMMR status, CD3+ and CD8+ TILs
Frontiers in Immunology | www.frontiersin.org 4
are significantly more abundant in MSI-H/dMMR patients (30).
In this case, as shown in Figures 2A, C, CD8+ lymphocytes,
CD68+ macrophages, and CD56+ NK cell infiltration
percentages were rather low. The PD-L1 assay (Figure 2A,
original magnification ×200) also revealed extremely low
lymphocytes. According to Yoon et al., lower TILs in dMMR
are associated with younger, non-smoking, and low histological
grade patients. The tumor proportion score (TPS) and combined
positive score (CPS) were also examined (Figure 2B, original
magnification ×200). The patient’s TPS and CPS were 0% and
0%, respectively (Dako 22C3 pharmDx, Santa Barbara, CA).

TME is classified into four types based on T cell infiltration
and the presence of PD-L1 (32), and TME type III was
categorized in this case. While T cell infiltration was observed
in the patient, it appears that some unknown mechanisms
prevented the effector T cells from functioning normally. A
recent study also described that abnormal function of effector
T cells may be a hindrance to their proliferation, execution, and
maturation in immunotherapy-resistant TME type III patients
(33). In addition, TILs in the tumor context have been proven to
be a major positive prognostic predictive factor (34). Hence, low
TIL percentages in patients cannot be neglected when attempting
to elucidate the mechanism. Finally, although not yet listed as a
A B

C D

FIGURE 2 | Results showing tumor microenvironment and genomic mutation copies alteration in autopsy specimens. (A) Representative images of PanCK (pan
cytokeratin), CD56, CD8, CD68, and HLA-DR as shown by mIHC. Nuclei (blue) and counterstained by DAPI. Original magnification ×200. (B) Tumor proportion
score (TPS) and combined positive score (CPS). (C) Quantification results of TIL percentages by mIHC in the tumor stroma and margin. (D) Alteration of the genomic
mutation copies before and after immunotherapy.
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negative factor of immunotherapy, some studies have indicated
that TGFb signaling could restrict T cells movement in TM. This
then leads to a lack of response to anti-PD therapy and
hyperprogression (35, 36).

Recent studies of TGFb signaling may elucidate the possible
mechanisms of hyperprogression. TGFb is a bifunctional
regulator that plays an important role in tumor initiation and
progression, and deletions in the TGFBR2 gene loci can lead to
TGFb signaling disruption. Studies have confirmed that TGFb-
derived epithelial-mesenchymal transition (EMT) can increase
mesenchymal cells and lead to tissue fibrosis (34, 37). The pivotal
role of TGFb in tumor microenvironment (TME) fibrogenesis
suggests that TGFb signaling may restrict T cell movement and
counteract anti-tumor immunity (35). TGFb also plays a vital
role in immunotherapy. By limiting the infiltration of
inflammatory/immune cells, it could suppress CD8+ T cells
and NK cell-mediated anti-tumor response (38). TGFb inhibits
T cell proliferation at the transcriptional level and represses their
cytotoxic activity, resulting in tumor progression, and in some
cases, hyperprogression. Xiong et al. found regulated TGFb in
the consistent sequencing of two patients with HPD (36).
Unfortunately, our patient did not exhibit such a tendency
(Figure 2D), but the small sample size in the study by Xiong
et al. limited its credibility. Although TGFb has not yet been
confirmed as a negative regulator in immunotherapy, it is a new
mechanism that merits further exploration. Apart from TGFb,
deregulated WNT signaling could also increase resistance to
TILs, as long as there is activation of epithelial-to-mesenchymal
transition (EMT), and both methods could limit the infiltration
of TILs, especially CD8+ lymph cells (39). In conclusion, TGFb
activation and WNT deregulation may explain the reason for
nivolumab resistance and hyperprogression in this case.

Thus, HPD is a comprehensive-cause phenomenon. Studies
have suggested that poor clinical characteristics, such as low
TMB, heterogeneity of MSI-H/dMMR status, low levels of TILs,
TGFBR2 alteration, and TME type III patients could develop
Frontiers in Immunology | www.frontiersin.org 5
mechanism-unknown immune resistance. In this case, they may
also lead to HPD.
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