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Introduction

Immune checkpoint blockade therapy is currently the 
most popular tumor immunotherapy, with the most 
widely used and studied immune checkpoint inhibitors 
(ICIs) being programmed death-1 (PD-1)/PD-1 ligand  
(PD-L1) inhibitors. These inhibitors have been successfully 
used in the treatment of most solid tumors. Currently, 
the biomarkers for predicting the response of PD-1/PD-

L1 immunotherapy include PD-L1, deficient mismatch 
repair or microsatellite instability-high (dMMR/MSI-H), 
and tumor mutation burden (TMB), of which high 
TMB (TMB-H, i.e., TMB >10 mut/Mb) was approved 
by the Food and Drug Administration (FDA) in 2020 
as a biomarker for response to the PD-1 inhibitor, 
pablizumab, in the treatment of solid tumors (1). In the 
Keynote 158 trial, TMB emerged as a second pan-cancer 
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immunotherapy biomarker. According to the response rate 
to ICI therapy among different tumor types, researchers 
have classified tumors into “cold”, “hot”, “excluded”, and 
“immunosuppressed” tumors. Colorectal cancer, which has 
shown a low response rate to ICI therapy, is considered a 
“cold” tumor (2). At present, the National Comprehensive 
Cancer Network (NCCN) guidelines only recommend 
pembrolizumab monotherapy or nivolumab in combination 
with ipilimumab as a treatment for dMMR/MSI-H 
metastatic colorectal cancer. dMMR/MSI-H colorectal 
cancer represent 5% of all metastatic colorectal cancer 
cases and are characterized by TMB-H and high immune 
infiltration compared with microsatellite-stable (MSS) 
colorectal cancer (3). However, it has been shown that a 
small proportion of patients with MSS metastatic colorectal 
cancer continue to exhibit TMB-H despite therapy (4). 
In these patients, the response to ICI treatment remains 
unclear. We also don’t know whether TMB-H can be used 
as a good predictor of the clinical benefit of MSS metastatic 
colorectal cancer.

Sintilimab is a type of PD-1 inhibitors, has been 
approved for first-line treatment of patients with advanced-
stage or inoperable hepatocellular carcinoma (HCC), 
squamous cell cancer and non-squamous non-small cell 
lung cancer (NSCLC) in China. Fruquintinib belongs to 
tyrosine kinase inhibitors, which acts as a highly selective 
inhibitor for all types of vascular endothelial growth factor 
(VEGFR) receptors, including VEGFR1, VEGFR2, 
and VEGFR3, has been approved for third-line or later 
treatment of patients with metastatic colorectal cancer in 
China.

Herein, we report the case of a 64-year-old woman with 
metastatic colorectal cancer who showed microsatellite 
stability but TMB-H in response to the PD-1 inhibitor, 
sintilimab, used in combination with the VEGFR inhibitor, 
fruquintinib, and report the preliminary results. In this case, 
although there is no definite evidence, it is also tentatively 
suggested that TMB-H might be able to act as a good 
predictor of clinical benefit. We present the following case 
in accordance with the CARE reporting checklist (available 
at https://atm.amegroups.com/article/view/10.21037/atm-
22-359/rc).

Case presentation

A 64-year-old woman was hospitalized for abdominal pain 
and blood and mucus in the stool in the First Affiliated 
Hospital of Guangzhou University of Chinese Medicine 

in September 2007, and underwent laparoscopic left 
hemicolectomy in December 2007. Her postoperative 
pathological examination of the left hemi-colon suggested 
moderately differentiated adenocarcinoma (pT3N2bM0, 
stage IIIC). From September 2007 to February 2008, the 
patient underwent six cycles of adjuvant chemotherapy 
(three cycles each of FOLFOX and XELOX regimens), 
followed by surgery. Computed tomography (CT) 
performed in July 2009 showed right parametrial 
occupancy, which was considered indicative of metastasis. 
The patient subsequently underwent a comprehensive 
staging procedure laparoscopically for ovarian cancer 
in November 2009. Her postoperative pathological 
examination suggested the following: moderately to poorly 
differentiated adenocarcinoma of the right ovary, right 
broad ligament, and peritoneum. This finding, combined 
with clinical and immunohistochemistry (IHC) results, was 
considered indicative of gastrointestinal adenocarcinoma 
metastasis. There were no signs of cancer in the other 
tissues or lymph nodes. The patient then underwent four 
cycles of chemotherapy (TC regimen) from November 
2009 to January 2010. A repeat positron emission 
tomography (PET)-CT was performed in October 2014, 
which revealed a hypermetabolic lesion in the left iliac 
fossa, which was considered to be a metastatic tumor. 
Histopathology of the punctured mass showed infiltration 
of a moderately to poorly differentiated adenocarcinoma. 
The patient then underwent two cycles of chemotherapy 
with the FOLFOX regimen, followed by concurrent 
chemoradiotherapy (one cycle of the XELOX regimen 
and capecitabine monotherapy). Repeat pelvic magnetic 
resonance imaging (MRI) upon completion of radiotherapy 
showed that the tumor beside the external iliac vessels had 
completely disappeared, indicating a complete response. 
Follow-up examinations until October 2019, during which 
time CT was repeated regularly, suggested no recurrence of 
pelvic tumors (Figure 1A). Reviews of thoracic CT scans in 
August 2019 and October 2019 suggested persistent clinical 
remission of the left upper lung lesion (Figure 1B). The 
patient had a good quality of life through immunotherapy at 
the follow-up until September 2021, with a review of chest 
radiography showing mostly normal findings (Figure 1C).

A review of thoracic CT findings in December 2018 
suggested mass or nodular shadows in the anterior segment of 
the left lung and multiple lymphadenomegaly in the mediastinum 
and left hilar region; thus, the possibility of a tumor could 
not be excluded. PET-CT suggested that the left upper lung 
lesion was malignant. Multiple lymph nodes metastases were 
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noted in the left supraclavicular, left hilar, mediastinal, and 
retroperitoneal regions along with suspected adrenal metastases. 
Bronchoscopic biopsy (Figure 2A,2B) performed in December 
2018 suggested metastatic intestinal adenocarcinoma. 
Immunohistochemical staining results were as follows: CK7, 
negative; CK20, partially positive; TTF-1, negative; Napsin 
A, negative; CDX-2, partially positive; and villin, positive. 
One cycle of the FOLFOXIRI regimen was administered in 
January 2019, and the chemotherapy regimen was changed 
to cetuximab combined with irinotecan due to IV degree 
myelosuppression. Treatment response of the left upper 
lung lesion was evaluated as a progressive disease (PD) after 
five cycles of chemotherapy, after which the patient declined 

chemotherapy. To determine the next treatment option, 
biopsy tissues obtained in December 2018 were subjected 
to IHC and next-generation sequencing (NGS) test, the PD-
L1 IHC suggested that PD-L1 expression was 1% (Figure 2C), 
and the NGS findings were as follows: microsatellite stability  
(Figure 3A), TMB-H (14.52 mut/Mb, Figure 3B), wild-type 
NRAS/KRAS/BRAF expression, and TP53 mutation. As 
NGS suggested a TMB-H status, immunotherapy was 
considered potentially effective. After obtaining informed 
consent, the patient was treated with six cycles of treatment 
with the PD-1 inhibitor, sintilimab, from June 2019 to 
October 2019; in four of the cycles, the VEGFR inhibitor, 
fruquintinib, was administered in combination with 
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Figure 1 Imaging findings of the patient. (A) Pelvic CT scan: lymphatic metastases around the left external iliac artery, the red arrows 
indicate the lesion. (B) Thoracic CT scan: the left upper lung lesion and multiple lymphadenomegaly in the mediastinum and left hilar, the 
red arrows indicate the lesion. (C) Chest radiography suggesting approximately normal findings. CT, computed tomography.
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sintilimab. Due to grade 2 hand-foot skin reaction and 
hoarseness after taking fruquintinib, the patient voluntarily 
stopped the drug in October 2019 and continued 
immunotherapy with sintilimab alone until January 2020, 
and eventually chose to discontinue immunotherapy for 
financial reasons, having received a total of 10 cycles 
of immunotherapy. She continued traditional Chinese 
medicine (TCM) therapy after stopping immunotherapy, 

and her last follow‐up examination was performed 
in September 2021. Figure 4 shows the diagnosis and 
treatment administered in this case.

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and national research committees and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from this patient for publication of this case 
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Figure 2 Pathological morphology features and IHC results of the patient. (A) The left upper lung lesion biopsy result is metastatic intestine 
adenocarcinoma. H&E staining, ×100. (B) The hilar lymph node biopsy result is metastatic intestine adenocarcinoma. H&E staining, ×100. 
(C) The left upper lung lesion PD-L1 IHC suggested that PD-L1 expression is 1%. PD-L1 IHC staining, ×400. Positive control means PD-
L1 positive IHC staining in tumor cells; negative control means PD-L1 negative IHC staining in tumor cells. H&E, hematoxylin and eosin; 
IHC, immunohistochemistry; PD-L1, programmed death-ligand 1.
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Figure 3 The NGS testing result of microsatellite status and TMB. (A) The microsatellite status result shows MSS (MSI status by 
MSIsensor based on NGS), the red arrow indicates the microsatellite status score. (B) The TMB analysis reveals TMB-H (higher than 85% 
of colon cancers, by NGS), the red arrow indicates the exonic mutations per Mb. TMB, tumor mutation burden; NGS, next-generation 
sequencing. MSS, microsatellite-stable; MSI, microsatellite instability; TMB-H, high TMB.

Figure 4 Flow of diagnosis and treatment. CT, computed tomography; PD, progressive disease; PR, partial response; TP, Taxol (paclitaxel)-
Platinum (cisplatin/carboplatin) regimen.
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report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Discussion

Immune checkpoint blockade therapy has achieved excellent 
results in the treatment of dMMR/MSI-H colorectal 
cancer, and the results of three large multicenter studies, 
including Keynote-164, Keynote-177, and Checkmate-142 
(5-7), have confirmed that PD-1/PD-L1 inhibitors or 
cytotoxic T-lymphocyte associated protein 4 (CTLA-4) 

inhibitors can achieve better clinical benefits compared to 
single-agent chemotherapy or chemotherapy combined 
with targeted therapy. However, dMMR/MSI-H colorectal 
cancer represent 5% of all metastatic colorectal cancer 
cases (3), with most patients showing a microsatellite-steady 
state. The reduced infiltration of immune cells within the 
immune microenvironment of MSS colorectal cancer, 
especially the reduced infiltration of CD8+ T-cells (8), which 
play a major role in killing tumor cells, also reduces the 
response rate to immunotherapy. Therefore, improvement 
of the response rate to immunotherapy in MSS colorectal 
cancer has become an urgent issue related to the use of 
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immunotherapy in colorectal cancer treatment.
Currently, the FDA has approved TMB-H (TMB 

>10 mut/Mb) as a biomarker for pembrolizumab in the 
treatment of solid tumors. The key factor underlying the 
use of TMB-H as an efficacy prognostic indicator for ICIs 
is that TMB can indirectly reflect the ability to produce 
neoantigens in solid tumors (9,10). Since mutated tumor 
genes can produce new proteins, the degradation products 
of these proteins are presented by major histocompatibility 
complex to form neoantigens on the surface of tumor 
cells. These are then recognized by activated CD8+ T 
cells, thereby triggering an immune response targeting 
tumor cells and altering the immune microenvironment 
of the tumor tissue (11), and ultimately allowing ICIs 
to take effect. A meta-analysis based on 117 clinical  
studies (12) showed that in most solid tumors, higher 
TMB was associated with better efficacy of ICI treatment. 
TMB has been confirmed as an independent predictor of 
treatment efficacy for ICIs (13,14), with almost all dMMR/
MSI-H colorectal cancers and even some MSS colorectal 
cancers exhibiting TMB-H. One study that included 
6,004 cases of colorectal cancer (4) showed that a total of 
302 cases (5%) exhibited MSI-H, of which 301 showed 
TMB-H, and another 164 of 5,702 cases that exhibited 
microsatellite stability still exhibited TMB-H. Therefore, 
in this case, based on the above findings, the combination of 
the PD-1 inhibitor, sintilimab, with the VEGFR inhibitor, 
fruquintinib, was chosen to treat the patient in the event 
of failure of multiple lines of chemotherapy, and excellent 
efficacy was achieved.

However, many questions regarding the treatment of 
this case remain unresolved. A crucial point is whether the 
threshold for using TMB-H as a predictor of treatment with 
ICIs should be higher for colorectal cancer without immune 
infiltration in the MSS state compared with other solid 
tumors. In this case, the TMB was 14.52 mut/Mb, which 
meets the FDA definition of TMB-H for solid tumors 
based on the Keynote-158 study (15). That study included 
anal squamous cell carcinomas, biliary adenocarcinomas, 
well and moderately differentiated neuroendocrine tumors, 
endometrial carcinomas, cervical squamous cell carcinomas, 
vulvar squamous cel l  carcinomas,  small-cel l  lung 
carcinomas, malignant pleural mesotheliomas, papillary or 
follicular thyroid carcinomas, salivary gland carcinomas, and 
any other advanced solid tumor (except colorectal cancer) 
with MSI-H, and thus, the results were not fully applicable 
to MSS colorectal cancer in terms of the experimental 
design. Clinical practice studies have shown major 

differences in the TMB threshold criteria between cancer 
types, and their findings suggest that differences in panels, 
detection platforms, bioinformatics analysis methods, 
and other factors may have a major impact on the TMB 
threshold (16). One study by Samstein et al. confirmed (14) 
that the TMB threshold for immunotherapy benefit varies 
across cancer types. In studies of different cancer types 
based on tests performed by Foundation One, the TMB 
threshold for benefit from treatment with atezolizumab 
in bladder cancer (17) was 16 mut/Mb, and that for  
NSCLC (18) was 13.5 mut/Mb in first-line treatment 
and 17.1 mut/Mb in second-line treatment. For NSCLC, 
small-cell lung cancer (SCLC), and melanoma, the TMB 
thresholds were 307, 248, and 100 mut/Mb, respectively, 
based on whole-exome sequencing (WES) detection (19-21). 
Meanwhile in colorectal cancer, the TMB-H thresholds 
obtained from different studies fluctuated between 10 
and 41 mut/Mb (4,9,22). Since the interpretation criteria 
of dMMR/MSI-H are widely accepted worldwide and 
the threshold of TMB-H remains debatable due to the 
discrepant factors described above, the generalized use 
of TMB >10 mut/Mb as an indicator of pan-cancer 
immunotherapy benefit will cause much confusion in 
clinical practice, and the TMB-H threshold should be based 
on different cancer types for further clarification.

On the other hand, while the treatment strategy of ICI 
therapy combined with VEGFR-targeted therapy achieved 
excellent clinical efficacy in this case, targeted therapy may 
still play a critical role in reversing the immunosuppressive 
microenvironment of MSS colorectal cancer, inducing the 
development of immune microenvironment characteristics 
similar to those of dMMR/MSI-H colorectal cancer, 
thereby allowing patients to benefit from ICI therapy. 
VEGFR inhibitors can play an effective role in the 
tumor microenvironment, not only in normalizing tumor 
vasculature, but also in enhancing the infiltration of 
immunologically active cells such as CD8+ T cells (23,24), 
which can improve clinical efficacy when combined with 
PD-1/PD-L1 inhibitor therapy; several studies involving 
HCC and melanoma (25-27) have confirmed these ideas. 
In the REGONIVO study (28), treatment with regorafenib 
combined with nivolumab for patients with advanced MSS 
colorectal cancer who had failed multiple chemotherapy 
treatments yielded an objective response rate (ORR) of 
36% and a median progression-free survival (mPFS) of 
7.9 months. In another exploratory study of camrelizumab 
combined with apatinib for MSS metastatic colorectal 
cancer, some patients also achieved stable disease (SD) (29). 
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In 2021, American Society of Clinical Oncology (ASCO) 
published a phase Ib study of fruquintinib in combination 
with sintilimab for metastatic colorectal cancer (abstract 
2514) (30), with preliminary results showing an overall 
ORR of 22.7% and a disease control rate (DCR) of 86.4%. 
For all 44 patients enrolled, the mPFS was 5.6 months, 
and the median overall survival (mOS) was 11.8 months. 
However, the study has not yet published the results of 
the subgroup analysis based on microsatellite status, and 
it still deserves further attention (30). Although published 
evidence suggesting a synergistic effect of immunotherapy 
combined with targeted therapy in MSS colorectal cancer 
is limited, it can still be used to propose new treatment 
strategies and research directions for the treatment of MSS 
colorectal cancer. As in the present case, many questions 
remain that deserve further exploration, and resolving 
these questions may provide more hope for the treatment 
of MSS colorectal cancer that has failed multiple lines of 
chemotherapy or shown intolerance to chemotherapy. 
Combining both economic and efficacy aspects, the 
regimen of sintilimab combined with fruquintinib is more 
applicable in China. In the context of our case report, we 
believe that this treatment option deserves to be considered 
for refractory metastatic colorectal cancer that has failed 
multiple lines of chemotherapy, regardless of MSI status, 
as long as NGS testing suggests TMB-H, with the aim of 
achieving good clinical outcomes.
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