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Abstract: Due to specific genetic characteristics, therapeutic options for colorectal cancer 
(CRC) with DNA mismatch repair deficient (dMMR)/microsatellite instability-high (MSI-H) 
are limited. Although programmed death 1 (PD-1) blockade has been shown to be highly 
effective therapy for dMMR/MSI-H CRC, there is a need to develop new therapeutic 
paradigms to further improve survival rates of patients with dMMR/MSI-H CRC. So far, 
there is no case report on the use of immunotherapy combined with radiotherapy (RT) for the 
treatment of dMMR/MSI-H metastatic CRC (mCRC). Here, we report a 64-year-old patient 
diagnosed with mCRC who experienced a complete pathological response (pCR) after 
successfully conversion treatment with pembrolizumab and RT, and remains to be tumor- 
free during a follow-up of 11 months while off therapy. Immunohistochemical staining for 
MLH1, MSH2, MSH6, and PMS2 on the intestinal biopsy samples revealed loss of MLH1 
and PMS2 protein expression. The present case report adds to the limited data on the safety 
and effectiveness of local RT combined with immunotherapy for patients with dMMR/MSI- 
H mCRC. This combination therapy appears to be a potential treatment for dMMR/MSI-H 
mCRC and deserves further exploration. 
Keywords: immunotherapy, radiotherapy, pembrolizumab, pathological complete response, 
colorectal cancer

Introduction
Colorectal cancer (CRC) is one of the most common and lethal cancers in the 
world.1 Approximately a quarter of CRC cases are diagnosed at an advanced stage.2 

5-fluorouracil (5-FU)-based chemotherapy combinations are treatment standard for 
metastatic CRC (mCRC).3 However, evidence suggests that patients with DNA 
mismatch repair deficient (dMMR)/microsatellite instability-high (MSI-H) mCRC 
are less responsive to conventional chemotherapy and have poorer prognosis 
relative to those with mismatch repair-proficient (pMMR) or microsatellite-stable 
(MSS) disease.4 Programmed death 1 (PD-1) blockade has emerged as a highly 
effective therapy for dMMR/MSI-H mCRC.3 Past studies show that the PD-1 
inhibitors, pembrolizumab and nivolumab, could lead to durable response in 
patients with previously treated dMMR/MSI-H mCRC.5,6 Data from the 
KEYNOTE-177 study3 found that relative standard chemotherapy in patients with 
dMMR/MSI-H mCRC, pembrolizumab significantly improves progression-free 
survival (PFS), objective response rate (ORR), and complete response (CR) rate, 
doubling median PFS from 8.2 months to 16.5 months, extending ORR from 33.1% 
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to 43.8%, and increasing CR rate from 3.9% to 11.1%. 
Additionally, relative to chemotherapy, PD-1 monoclonal 
antibody has fewer overall treatment-related adverse 
events. Based on Phase 3 KEYNOTE-177 trial findings, 
the Food and Drug Administration (FDA) approved pem-
brolizumab as first-line treatment in patients with unre-
sectable or metastatic dMMR/MSI-H CRC.7 Despite 
remarkable advances in immune checkpoint inhibitor 
(ICI) therapy, more than half of the patients do not respond 
to immune monotherapy.8 To maximize response rates to 
ICIs, combined immunotherapies, both systemic and local, 
are being developed. The CheckMate142 study increased 
ORR to 69% and CR rate to 13% by combining ipilimu-
mab, a cytotoxic T-lymphocyte antigen-4 (CTLA-4) inhi-
bitor, with nivolumab, a PD-1 inhibitor.6 Thus, combining 
nivolumab with low-dose ipilimumab may be a new first- 
line treatment option for patients with dMMR/MSI-H 
mCRC. However, overlapping toxicities from the dual 
immunotherapy remains a challenge. Moreover, treatment 
modalities for immunotherapies like atezolizumab (Trial 
identifier: NCT02912559; NCT02997228; NCT01633970) 
in combination with chemotherapy are also being explored 
(Clinical trial details can be accessed at ClinicalTrials.gov 
database). A growing body of preclinical and clinical data 
suggests that the immune system is a critical determinant 
of response to radiotherapy (RT).9,10 RT is used to control 
local disease but recent technological advances in RT 
delivery markedly enhanced local tumor control and in 

some cases reduced metastatic burden.11 Some reports 
and studies indicate that in various cancers, including 
metastatic melanoma,12 non-small cell lung cancer,13 and 
prostate cancer,14 local RT in combination with immu-
notherapy may improve therapeutic responses. While 
there might be synergistic or complementary effect 
between the two modalities, little is known of the under-
lying mechanisms.15 However, to the best of our knowl-
edge, there are no case reports on immunotherapy-RT 
combination in patients with dMMR/MSI-H mCRC. 
Here, we describe the course of treatment in an interesting 
and challenging case of a patient with dMMR/MSI-H 
mCRC who underwent successful surgical resection and 
achieved complete pathological response (pCR) after 
immunotherapy-RT combined treatment, suggesting that 
patients with dMMR/MSI-H mCRC may benefit from 
combined immunotherapy-RT treatment modalities.

Case Presentation
A 64-year-old male with a history of abdominal pain and 
bloody stool for several days was admitted into the clinic in 
June 2019. He then underwent colonoscopy biopsy, which 
revealed adenocarcinoma (Figure 1A). Abdominal contrast- 
enhanced computed tomography (CT) revealed that ascending 
colon cancer had broken through the serosa with multiple 
mesenteric and retroperitoneal lymph node metastases, inferior 
vena cava and right ureter involvement, and right kidney and 
right renal arteriovenous invasion (July 4, 2019) (Figure 2). 

Figure 1 (A) The pathological findings of colonoscopy biopsy. It shows that atypical cells are arranged in an irregular glandular tube-like arrangement, with large and deeply 
stained nuclei and obvious mitosis (H&E, 40x). (B) The microscopic findings of the resected specimen. There is only mucus but no exact cancer cells were found (H&E, 40x).
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Based on clinical tumor-node-metastasis (cTNM), the cancer 
was classified as cT4N2M1. Mutation analysis revealed wild-
type KRAS, NRAS, and BRAF. Immunohistochemical stain-
ing for MLH1, MSH2, MSH6, and PMS2 on the patient’s 
archival intestinal biopsy samples revealed loss of MLH1 
and PMS2 expression (Figure 3). The case was evaluated by 
a multidisciplinary team (MDT) that concluded that the lesions 
were potentially resectable and started treatment with conver-
sion chemotherapy. Three cycles (2019-8-15, 2019-9-2, 2019- 
9-26) of leucovorin (400 mg/m2), 5-fluoropyrimidine 
(2400 mg/m2), irinotecan (180 mg/m2) and oxaliplatin 
(85 mg/m2) (FOLFOXIRI) resulted in stable disease (SD). 

Tumor response was assessed using response evaluation cri-
teria in solid tumors (RECIST) guidelines (version1.1). In 
August, the patient’s serum carcinoembryonic antigen (CEA) 
levels also rose from 10.18ng/mL to 21.7ng/mL (normal range: 
0-3.4ng/mL). Based on the facts that immunohistochemistry 
showed the patient had locally confirmed MSI-H status, that he 
had received 1 prior line of therapy (FOLFOXIRI), and that the 
unsatisfactory efficacy of previous first-line regimen, the MDT 
developed a treatment strategy combining immunotherapy 
(pembrolizumab) and intensity-modulated RT to explore the 
potential benefit of a second intervention. After four cycles of 
pembrolizumab (200mg every 3 weeks) and concurrent 25 

Figure 2 The intestinal and kidney mass treatment effect images of patient at baseline, after pembrolizumab and after surgery, respectively. The red arrow indicates the 
lesion.
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radiation treatments (metastatic lesions in retroperitoneal 
lymph nodes were also included in the RT field that included 
colon lesions, right kidney, and retroperitoneal lymph nodes), 
with a total dose of 45Gy (from 2019–10 to 2020–1, 
Figure 4) administered in conversion setting, CT scanning 
revealed that the patient had robust partial remission (PR) 
(Figure 2). CEA also declined to the normal range (Figure 5). 
Upon comprehensive assessment, the MDT concluded that the 
patient could undergo synchronous resection during surgery. 
Intraoperative dissection showed that the neoplasm was 
located in the ileocecal valve, involved the intestine for 
a cycle, and invaded the back of the right kidney parenchyma. 
Thus, the patient was treated with expansive radical right 
hemicolectomy + right nephrectomy + retroperitoneal lympha-
denectomy on March 19, 2020 (Figure 6). Postoperative patho-
logical examination revealed complete primary and secondary 
tumor response without evidence of malignancy. Microscopic 
examination found only mucus but no viable cancer cells in the 
whole intestinal layer, perianal fat, fibrous tissue around the 
ureter, and lymph nodes around the vena cava (Figure 1B). The 
renal parenchyma, ureteral stump, and the distal and proximal 
incisions of the colon were all cancer-free. Tumor response to 

radiochemotherapy was complete response of Tumor 
Regression Grade 0 (TRG 0). No immune-related adverse 
events were recorded in the treatment period. The patient 
recovered well after surgery and received no anticancer regi-
mens. He continues outpatient follow up 11 months postopera-
tively and no colon cancer recurrence has been observed 
through CT evaluation and CEA detection. The patient had 
a history of hypertension for more than 10 years and regularly 
took antihypertensive drugs. He had no known history of 
colorectal carcinoma or related gastrointestinal diseases. 
Appendectomy and cholecystectomy were performed for 
“acute appendicitis” and “cholecystolithiasis”.

Discussion
ICI directed against PD-1 proteins is highly effective and 
now a first-line standard-of-care therapy for patients with 
dMMR/MSI-H mCRC.16 Based on impressive perfor-
mance against advanced disease, clinical trials are evaluat-
ing the role of ICI in dMMR/MSI-H CRC in the adjuvant 
and neoadjuvant setting. The NICHE study16 found patho-
logical response in all 20 dMMR/MSI-H patients who 
received ipilimumab + nivolumab, with 12 pCRs.16 

Figure 3 Immunohistochemical staining for MLH1, MSH2, MSH6, and PMS2 on the intestinal biopsy samples reveal loss of MLH1 and PMS2 protein expression (40x).
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Despite advances in ICI therapies in CRC treatment, >50% 
of patients with dMMR/MSI-H mCRC do not respond.8 

Thus, strategies for expanding PD-1 immunotherapy ben-
efits are underway to improve dMMR/MSI-H mCRC 

outcomes. The PD-1/PD-L1 axis is a potent inhibitor of 
immune activation, particularly through inhibition of 
effector T-cell function.17 Therapeutic blockade of the 
axis can normalize T-cell effector function and reset 
immunity.18 Hence, the way to improve PD-1 immu-
notherapy may involve combinations with treatments that 
induce effector T-cell inflammation.19 RT has promising 

Figure 4 The irradiated gross tumor volume and the radiation dose plan.

Figure 5 Dynamic change curves of CEA in peripheral blood during the whole 
treatment process. 
Abbreviation: CEA, carcinoembryonic antigen.

Figure 6 Resection samples of intestines and kidneys.
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potential for use in combination therapy. Because RT has 
local and systemic effects on the immune system, its 
combination with immunotherapy may maximize anti- 
tumor immune response, inducing durable disease 
control.20 Radiation may improve immunotherapy through 
increased tumor antigen release, activation of innate 
immune pathways, increased T-cell infiltration, augmented 
antigen presentation, and modulation of immunosuppres-
sive cells.8 Moreover, preclinical observations show that 
ionizing radiation can upregulate PD-L1 expression and 
reduce tumor burden, which may improve ICI efficacy.8 

Some clinical data also confirm that RT may sustainably 
maintain host immunity in favorable immune environ-
ments with ICI treatment as well as temporary immune 
response.21 Abscopal effect is worth mentioning although 
not apply to this case. It refers to tumor responses at sites 
distant from the irradiated volume and it is a rare event.22 

The specific mechanism underlying abscopal responses is 
unclear and relatively unexplored in clinical settings. It is 
thought that it may result from the induction of a systemic 
immune response triggered by combined immunostimula-
tory effects of RT and immunotherapy.22

Here, we present a case in which the patient pro-
foundly responded to immuno-radiotherapy with good 
tolerance to the treatment regimen. The final outcome is 
highly encouraging and the pCR of primary and second-
ary lesions makes this case unique. To our knowledge, 
this is the first report of RT combination with immu-
notherapy to achieve pCR in second-line treatment of 
dMMR/MSI-H mCRC. In view of findings from the 
KEYNOTE-177 trial, 11.1% of dMMR/MSI-H mCRC 
patients achieved complete response using pembrolizu-
mab alone. We could not precisely assess the contribution 
of RT in this case, but it is clear that the combined therapy 
was safe and effective in this patient. Nonetheless, there 
are still many points that are yet to be clarified. First, 
although the patient postoperative pathology confirmed 
that response to the combination treatment was pCR, 
preoperative CT assessment of the lesions is still obvious. 
Raising the question if current imaging techniques like 
CT, and RECIST evaluation criteria are suitable for eval-
uating immunotherapy efficacy and whether other ima-
ging techniques like Magnetic Resonance Imaging (MRI) 
or Positron Emission Tomography-Computer 
Tomography (PET-CT) are better choices. Secondly, opti-
mal RT delivery for immune activation is complex and 
many challenges remain for this combination modality, 
including determination of optimal RT dosing/ 

fractionation, administration of optimal timing or sequen-
cing for these two treatment protocols, safety of combina-
tion therapy, and identification of biomarkers for 
predicting treatment efficacy.23,24 Finally, specific 
mechanism underlying immunotherapy-RT cooperation 
is unknown and numerous clinical trials (Trial identifier: 
NCT 04558684; NCT03507699; NCT04663763; 
NCT04017455) are trying to address this question. 
Especially, a single arm Phase II clinical trial at 
MSKCC (NCT02437071) is assessing the response rate 
of mCRC to combination pembrolizumab and either RT or 
radiofrequency ablation. We also expect the result of this 
clinical trial will further shed the light about the addi-
tional benefit provided by combining radiotherapy and 
pembrolizumab instead of monotherapy with pembrolizu-
mab. Findings from these clinical trials will clarify the 
mechanisms of combination therapy and enable optimiza-
tion of RT regimens to maximize synergy with 
immunotherapy.

In conclusion, the combination therapy of PD-1 block-
ade and RT is a potential treatment strategy for mCRC. 
Randomized studies are warranted to determine whether 
RT-PD-1 blockade combination therapy potentiates efficacy.
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