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Background: There are limited treatment options available for patients with metastatic colorectal cancer 
(mCRC). About 95% of CRC patients have mismatch repair proficient/microsatellite stable (pMMR/
MSS) tumors are virtually unresponsive to programmed cell death protein 1 (PD-1) antibody treatment. 
This report shows that a patient with pMMR/MSS mCRC achieved significant response and the longest 
progression-free survival (PFS) of 28 months currently reported from tyrosine kinase inhibitors (TKIs) 
targeting vascular endothelial growth factor receptor (VEGFR) family (VEGFR-1,2,3) (fruquintinib) plus 
anti-PD-1 immunotherapy in the third line, providing a new and promising treatment option for some MSS 
mCRC patients.
Case Description: This case details a 65-year-old male with CRC who was diagnosed with pT4aN2bM0, 
IIIC, and pMMR/MSS after curative surgery in August 2018. Subsequently, he received adjuvant 
chemotherapy [FOLFOX (folinic acid, fluorouracil, and oxaliplatin) for 5 cycles], first-line treatment (pelvic 
radiation plus capecitabine), and second-line treatment [TOMIRI (raltitrexed and irinotecan) plus cetuximab 
for 2 cycles]. Lung, liver, and pelvic cavity metastases worsened in October 2019. He began receiving the 
fruquintinib plus PD-1 inhibitor (FP) regimen as third-line treatment and after 3 cycles, the size of the 
lung lesions was significantly reduced and evaluated as partial response (PR), whereas the liver and pelvic 
cavity lesions remained stable. As of December 2021, he had received a total of 33 courses of FP regimen. 
In February 2022, liver metastases progressed. In brief, he achieved a long PFS of 28 months and an overall 
survival (OS) of 40 months from the third-line treatment. Additionally, the patient only experienced mild 
proteinuria after the combined treatment and tolerated well. 
Conclusions: Fruquintinib combined with immunotherapy could exert good therapeutic effects with safety 
in MSS mCRC patients. And patients with lung metastasis may be the principal beneficiaries. 
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Introduction 

Colorectal cancer (CRC) is one of the most common 
malignant tumors with new cases reaching 940,000 
worldwide every year. About 80% of CRC patients have 
developed distant metastasis at the time of diagnosis, and 
about 50% of patients that had objective responses still 
have postoperative recurrence and metastasis. Although 
metastatic CRC (mCRC) patients receiving systemic 
chemotherapy in first- and second-line settings generally 
have good response, geriatric and patients with decreased 
functional status are often not good candidates for 
chemotherapy and later-line treatment options are limited. 
Although the latest studies have reported that programmed 
cell death protein 1 (PD-1) antibodies (pembrolizumab, 
nivolumab, etc.) as first-line treatment in patients with 
mismatch repair gene deficiency (dMMR) mCRC were 
more effective than standard first-line chemotherapy 
combined with targeted therapy, and associated with 
significantly prolonged progression-free survival (PFS) 
(keynote-177) (1), mismatch repair proficient/microsatellite 
stable (pMMR/MSS) CRC patients did not benefit from 
PD-1 antibody therapy (2). Therefore, establishment of 
immunotherapy in pMMR remains a great importance.

In recent years, the exploration of various targeted 
drugs [such as epidermal growth factor receptor (EGFR) 
inhibitors, vascular endothelial growth factor (VEGF) 
inhibitors, B-Raf proto-oncogene (BRAF) inhibitors, etc.], 
and further combination with immunotherapy has become 

a popular and clinically important direction for exploring 
subsequent-line treatments for mCRC. Fruquintinib is 
a potent, highly selective small-molecule inhibitor of a 
vascular endothelial growth factor receptor (VEGFR)-1/2/3 
that blocks the angiogenesis associated with tumor 
proliferation (3). Compared with placebo, fruquintinib has 
been shown to result in a statistically significant increase 
in overall survival (OS) for third and later line mCRC 
patients (9.3 vs. 6.6 months, P<0.001) (FRESCO trial) (4). 
In the phase 1b/2 trial, however, fruquintinib plus PD-1 
inhibitor (FP) (sintilimab) for patients with MSS mCRC 
showed a remarkably longer survival with median PFS of  
6.9 months and median OS of 14.8 months, compared to the 
phase Ib study of fruquintinib monotherapy with median 
PFS of 5.8 months and median OS of 8.8 months (5,6). 
Furthermore, preclinical studies in an MSS mouse model 
found that fruquintinib combined with immunotherapy 
could synergistically reduce angiogenesis and enhance the 
anti-tumor immune response (7,8). Thus, the combination 
of fruquintinib and PD-1 inhibitors may break the deadlock 
in MSS CRC patients with virtually no response to 
immunotherapy. This report shows that a patient with MSS 
mCRC achieved a significant response from fruquintinib 
plus anti-PD-1 immunotherapy as the third treatment 
line. We present this article in accordance with the CARE 
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-23-862/rc).

Case presentation

A 65-year-old male was admitted to Renji Hospital 
on August 10, 2018, due to recurrent hematochezia. 
Colonoscopy showed a 5 cm × 4 cm neoplasia of the 
rectum 3 cm from the anal verge, invading nearly 80% of 
the circumference. Pathology identified adenocarcinoma 
of the rectum. The patient immediately underwent Miles’ 
resection that is the optimal surgical operation for cancer 
involving the lowermost third of the rectum on August 16, 
2018 (Figure 1). The postoperative pathology showed rectal 
mucinous adenocarcinoma, invading the outside of the 
plasma membrane and involving 9/14 lymph nodes, with 
no clear choroidal aneurysm embolus or nerve invasion. A 
diagnosis of stage IIIc (pT4aN2bM0) adenocarcinoma was 
suggested in this patient. Genetic testing suggested that 
RAS genes had no mutations. No single-nucleotide variants 
(SNVs) were detected in PMS2, MSH2, MSH6, or MLH1, 
suggesting pMMR, and the MSI status was stable (MSS). 
Immunohistochemistry (IHC) for several makers showed 
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the following: (PD-L1) (0% positive), PD-1 (0% positive), 
ki-67 (70% positive), and p53 (++). 

On September 19, 2018, the patient started postoperative 
treatment with the FOLFOX regimen (folinic acid, 
fluorouracil, and oxaliplatin) for 5 cycles. However, 
a computed tomography (CT) scan suggested diffuse 
thickening of pelvic mesangium with multiple lymph 
node metastases around bilateral iliac vessels. Disease-
free survival (DFS) after surgery was 4 months. Then, the 
patient received first-line treatment with pelvic radiation 
therapy (2Gy/Fx, planned TD50Gy/25Fx), combined 
with oral chemotherapy with capecitabine (1 g bid d1–5, 
qw) from December 2018 to January 2019. The disease 

was stable until August 2019 with the first PFS (PFS1) of 
8 months. The next CT scan found multiple metastasis 
including abdominal-pelvic, liver (maximum lesion diameter 
of 15 mm), lung (maximum lesion diameter of 31 mm), and 
small hilar mediastinal lymph nodes. The patient received 
second-line treatment with TOMIRI regimen (irinotecan 
and raltitrexed) plus cetuximab, just lasting for 2 cycles. A 
CT scan uncovered lesion progression again in October 
2019 with the second PFS (PFS2) of 2 months. 

At that time, the lesions in both lungs had increased in 
number and some had enlarged with a maximum diameter 
of 31 mm in inferior lobe of right lung (first image of Figure 
2A). Multiple pathologic lymph nodes in the mediastinum 
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Figure 1 Diagram of patient’s treatment history and clinical course. PD, progressive disease; DFS, disease-free survival; PFS, progression-
free survival; FOLFOX, folinic acid, fluorouracil, and oxaliplatin; TOMIRI, irinotecan + raltitrexed; m, month. 

Figure 2 Chest CT scanning. (A) Chest CT scanning revealed multiple nodular high-density lesions of varying sizes in both lungs, with 
the largest lesion located in the right lower lobe. The baseline evaluation before the third-line treatment on October 11, 2019 showed a 
maximum lesion diameter of approximately 31 mm, which gradually decreased in size from January 7, 2020 to February 17, 2022, with sizes 
of 24, 24, 19, and 10 mm, respectively (from left to right). (B) Chest CT scanning showed multiple lymph node shadows in the mediastinum 
and both lung hila, with the longest diameter approximately 41 mm in the baseline evaluation on October 11, 2019. The enlarged lymph 
node gradually reduced in size from January 7, 2020 to February 17, 2022, with sizes of 25, 22, 22, and 19 mm, respectively (from left to 
right). Red arrows indicated the main lesions. CT, computed tomography. 
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and both lung hila had increased in number and size, with 
the longest diameter of around 41 mm (first image of Figure 
2B). The largest lesion in the right lobe of the liver had 
also increased to 30 mm in size (Figure 3). Subsequently, 
starting from October 2019, patient received fruquintinib 
(3 mg d1–14 q21d) plus PD-1 inhibitor (sintilimab, 200 mg 
d1 q21d) (FP regimen) as third-line treatment, lasting for 
33 cycles. After 3 cycles of treatment, the patient achieved 
a partial response (PR) in January 2020 (Figure 2). There 
was a partial reduction in the size of the lesions in both 
lungs and the enlarged lymph nodes in the mediastinum 
and both lung hila observed in a CT scan in January 2020, 
with the diameter of the largest lesions being reduced to 
24 and 25 mm, respectively. The largest lesion of the liver 
was stable with a size of 33 mm (Figure 3A-3D). Then, the 
patient continued FP regimen and maintained PR. The 
lesions in the lung or the enlarged lymph nodes decreased 

continuously (Figure 2). Additionally, the tumor markers 
and related inflammatory factors also rapidly decreased and 
remained at normal levels after the third or fifth cycle of FP 
regimen (Figure 4). However, the maximum lesion of the 
liver with 33 mm in size started increasing from December 
2021 (Figure 3E). Finally, the largest lesion of liver 
expanded to 60 mm in February 2022 and the patient was 
assessed with a progressive disease (PD) (Figure 3F). Despite 
all this, the patient achieved PR and had a significantly 
long PFS of 28 months from fruquintinib plus anti-PD-1 
immunotherapy. 

In addition, the patient tolerated the combined treatment 
of the FP regimen well. The patient never experienced 
bone marrow suppression, liver damage, hypothyroidism, 
myocardial damage, or immunotherapy-related pneumonia 
(Figure 5), and there were no grade 3 or higher other events. 
In January 2020, the patient had a urine protein level of 
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Figure 3 Abdominal CT scanning. Abdominal CT scanning showed uneven decrease in liver density, with scattered round low density 
shadows in the right lobe of the liver. The maximum diameter was estimated to be about 30 mm before the third-line treatment on October 
15, 2019 (A), and then it was almost unchanged with size of 30 mm from January, 2020 to February, 2021 (B-D). The liver lesion slightly 
increased to 33 mm in December, 2021 (E), and finally it expanded to 60 mm on February 17, 2022 (F). CT, computed tomography.



Journal of Gastrointestinal Oncology, Vol 14, No 6 December 2023 2621

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2023;14(6):2617-2626 | https://dx.doi.org/10.21037/jgo-23-862

2+ and a 24-hour urine protein level of 1.0 g/24 h. This 
improved after starting losartan potassium tablets (1# Qd). 
Furthermore, the patient didn’t experience hypertension 
during the treatment of the combined regimen, so we 
couldn’t assume that the proteinuria was related to 
hypertension. Of note, there was renal impairment present 
prior to starting the third-line treatment and not to 
deteriorate. As fourth line treatment, the patient received 8 
courses of TAS102 plus cetuximab until November 2022. 
Due to liver damage, the chemotherapy was suspended. 
Currently, the patient is under conservative supportive 
treatment. As of February 2023, the patient’s OS has reached 
54 months from the initial diagnosis of rectal cancer.

All procedures performed in this study were in 
accordance with the Declaration of Helsinki (as revised in 
2013). This study was approved by the Ethics Committee of 
Renji Hospital Affiliated to Shanghai Jiao Tong University 
School of Medicine (Shanghai, China) (No. CR2023-
004). Written informed consent was provided by the 
patient and his family for publication of this report and 

any accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal

International Multidisciplinary Team (iMDT) 
discussion

Discussion among physicians from Shanghai Renji 
Hospital

The pMMR/MSS subtype represents approximately 95% of 
mCRC. In recent years, a variety of anti-vascular targeting 
drugs (such as regorafenib, fruquintinib, etc.) have emerged 
to cover the treatment gap for advanced CRC at later-line 
settings. Currently, approved drugs include regorafenib, 
fruquintinib, and TAS-102, as guideline standard third-line 
treatment for MSS CRC (9,10). Additionally, a network 
meta-analysis (NMA) presented at the European Society for 
Medical Oncology (ESMO) 2022 may provide a reference 
for clinical applications (4,11-15). This analysis identified 
randomized controlled trials (RCT) of NMA through a 
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Figure 4 The line chart of changes of tumor markers and related inflammatory factor during the course of the third-line treatment. (A-C) 
The main tumor markers of CEA, CA50, and CA19-9 rapidly decreased and remained at normal levels after the third or fifth cycle of the FP 
therapy, and remained at normal levels. (D) The tumor related immunosuppressive inflammatory factor, IL-10 also reduced to normal level 
after the third cycle of the FP therapy. Green dot: the value within normal range. Red dot: the value exceeding the upper limit of the normal 
range or below the lower limit of the normal range. CEA, carcinoembryonic antigen; CA50, carbohydrate antigen 50; CA19-9, carbohydrate 
antigen 19-9; IL-10, interleukin-10; FP, fruquintinib plus PD-1 inhibitor; PD-1, programmed cell death protein 1.
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Figure 5 The line chart of changes of blood routine and biochemical indicators during the course of the third-line treatment. (A-C) The 
blood routine includes WBC, HGB, and PLT, which were almost no abnormal values during the treatment of the FP regimen. (D,E,G-I) 
The patient also never experienced liver damage (AST, ALT), hypothyroidism (TSH, FT4) and myocardial damage (cardiac troponin I) 
during the treatment of FP regimen as well. (F) Increased creatinine had appeared before the third-line treatment, and this regimen did not 
exacerbate the renal damage. Green dot: the value within normal range. Red dot: the value exceeding the upper limit of the normal range 
or below the lower limit of the normal range. WBC, white blood cells; HGB, hemoglobin; PLT, platelet; AST, aspartate transaminase; ALT, 
alanine transaminase; TSH, thyroid-stimulating hormone; FT4, free thyroxine; FP, fruquintinib plus PD-1 inhibitor; PD-1, programmed 
cell death protein 1.

systematic literature review conducted in February 2022, 
including 3 global or US-only RCTs (REDOs, RECOURSE, 
and CORRECT) and 4 Asia-only RCTs (FRESCO, TERRA, 
Yoshino 2012, and CONCUR) (4,11-15). The median PFS 
of different third-line treatments including fruquintinib, 
regorafenib of 80 mg, regorafenib of 160 mg, trifluridine-
tipiracil (TAS-102), and the best supportive-care group for 
mCRC, was 3.9, 2.8, 2.1, 2.0, and 1.9 months, respectively. 
This meta-analysis revealed that fruquintinib had the 
longest median PFS and dominantly reduced the risk of 
disease progression or death, making it the preferred third-
line option for advanced CRC in clinical practice. 

Department of Oncology
However, the options for later-line treatment of mCRC 

are still limited. It is well known that immune checkpoint 
blockade therapy has achieved promising results in the 
treatment of dMMR/microsatellite instability-high 
(MSI-H) CRC, but checkpoint inhibitor monotherapy 
is virtually inactive in MSS mCRC (16-18). Therefore, 
there is an urgent need to explore more effective treatment 
options for MSS mCRC patients and find out the specific 
biomarkers. Several experimental studies have demonstrated 
that FP combination therapy decreased angiogenesis, 
enhanced normalization of vascular structure, increased 
infiltration and activation of CD8+ T cells, promoted pro-
inflammatory subtype (M1)/anti-inflammatory alternatively 
activated subtype (M2) ratio of macrophages, decreased 
the ratio of myeloid-derived suppressor cells (MDSCs) and 
regulatory T cells in mice, and reprogrammed the immune 
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microenvironment, thereby enhancing the antitumor effect 
(7,8). Thus, the efficacy of the new regimen (fruquintinib 
combined with immunotherapy) for MSS mCRC was 
further explored in more and more clinical practices. 

In a phase 1b/2 trial, fruquintinib combined with a 
PD-1 inhibitor (sintilimab) for patients with MSS mCRC 
achieved a median PFS of 6.9 months [95% confidence 
interval (CI): 5.4–8.3] and a median OS of 14.8 months 
(95% CI: 8.8–not reached) (5). Also, the previous real-world 
studies of fruquintinib combined with PD-1 inhibitor for 
MSS mCRC with or without liver metastases showed that 
the median PFS (3.8, 95% CI: 2.8–4.8; 5.4, 95% CI: 4.0–6.8; 
or 5.5 months, 95% CI:3.5–7.5) and median OS (14.9, 95% 
CI: 7.6–21.7; or 10.5 months, 95% CI: not reached) were 
better than those achieved with the standard regimen of 
fruquintinib monotherapy to an extent (19-21). According 
to a recent study involving 8 cases of MSS colorectal 
extrahepatic metastases, a combination of immunotherapy 
and anti-vascular tyrosine kinase inhibitors (TKIs) targeting 
multiple sites can provide significant clinical advantages 
for patients with MSS CRC (22). All lung lesions in this 
observation study achieved PR, and the PFS ranged from 
7 to 21 months. It was very similar to our case in which 
both lung lesions and mediastinal lymph nodes decreased 
significantly, and even the largest lesion in the lung 
decreased from 31 to 10 mm during treatment. Although 
this patient also had concurrent liver metastasis, the liver 
lesion under the treatment regimen remained stable for 
at least 26 months. We are pleased to report that they 
achieved the longest PFS of 28 months and the longest OS 
of 40 months among patients with MSS mCRC who have 
received fruquintinib plus sintilimab thus far. 

Here, we also observed that interleukin-10 (IL-10)  
decreased after 3 cycles of fruquintinib treatment and the 
lung lesions shrank obviously in this case. M2 macrophages 
are the main inhibitory cells in the tumor microenvironment 
and regulate the response to anti-tumor therapy (23). and 
IL-10 is mainly secreted by the tumor and activates M2 
through the IL-10 receptor of macrophages (24). The 
decrease of IL-10 may indicate the weakening of immune 
suppression and suggest that immunotherapy can exert 
anti-tumor effects. Together, some MSS CRC patients 
become the advantageous population for this combined 
regimen. Hence, we recommend fruquintinib combination 
immunotherapy for patients with MSS mCRC, especially 
with lung metastases, and patients with liver metastases are 
also recommended to this treatment if their economic status 

and physical strength are conducive. The local therapy to 
the liver may be indicated given the immune sink nature of 
liver metastases in colorectal cancer. 

Department of nephrology
It is important to note that the recommended dosage for 
fruquintinib monotherapy is 5 mg, and a phase 1b/II study 
has confirmed the combination dosage of fruquintinib 
with PD-1 inhibitor. However, there is currently no 
available data regarding the use of fruquintinib in patients 
with renal impairment. Considering that this patient had 
renal dysfunction, we finally decided to administer a low 
dosage. During the treatment period, the patient had 
no other obvious side effects except for transient minor 
urinary protein, from which he quickly and fully recovered 
after receiving symptomatic treatment. Even the kidney 
dysfunction was not aggravated, and virtually remained 
at the original level. Despite being treated with the low 
dose, the patient achieved an excellent response and was 
very sensitive to the combination of fruquintinib and PD-1 
inhibitor, which revealed that the patient was obviously the 
dominant candidate type for this regimen. Unfortunately, 
the patient did not receive treatment on time in January 
2022 due to the COVID-19 outbreak, and the liver 
metastases had progressed significantly by the time of the 
review in February 2022.

Several issues on the treatment of this patient were further 
discussed as follows

Q1. What are the more promising individuals of 
the fruquintinib plus anti-PD-1 immunotherapy 
combination regimen for the treatment of MSS mCRC 
apart from patients with lung metastasis, such as other 
clinical or genetic features?
Expert opinion 1: Matteo Donadon
To date,  fruquintinib plus anti-PD-1 in MSS mCRC 
patients should be considered in the context of clinical 
trials for those patients non-responders to the conventional 
regimens. It would be of great interest to consider basic and 
translational studies on in vivo and in vitro tumor models 
(for instances of colorectal liver metastases) to further 
understand the basic mechanisms behind their action.
Expert opinion 2: Francesco Mannavola
A paucity of prospective data exists to give a valid answer to 
this question, however it is plausible that combinations of 
fruquintinib and anti-PD1 inhibitors may be more useful in 
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pre-treated MSS mCRC patients with RAS wild type and left 
sided tumors, especially in those with no liver metastases.

Q2. What are the current clinical indications or 
consensus for the option of fruquintinib plus anti-PD-1 
immunotherapy exploration regimen or fruquintinib 
monotherapy for MSS mCRC patients?
Expert opinion 1: Matteo Donadon
Currently, there is no consensus on fruquintinib plus anti-
PD-1 immunotherapy for MSS mCRC patients. More 
attention should be given and, as said before, clinical trials 
and basic studies should be planned. Potential candidates 
are those MSS mCRC patients non responders to others 
more standard treatments.
Expert opinion 2: Francesco Mannavola
Fruquintinib is a new generation TKI with high affinity 
to VEGFR-1/2/3 and significant clinical activity in 
patients with pretreated mCRC. Studies have shown that 
combination of fruquintinib and PD-1 inhibitors can 
synergistically inhibit the progression of colorectal cancer 
cells, change the tumor microenvironment, and promote 
immune antitumor activity (7,8). Patients with MSS mCRC 
failing previous line of therapies, including those who 
progressed under other antiangiogenic agents, otherwise 
not eligible to ICIs, are the ideal candidates for fruquintinib 
and immunotherapy combination in clinical trials. Although 
this regimen appears to be more effective in patients with 
lung metastases, those with liver disease should not be 
excluded from trials at this time.

Q3. Is there further guidance on the dose and course 
of the fruquintinib plus anti-PD-1 immunotherapy 
combination regimen, especially in patients with 
hepatic and renal impairment?
Expert opinion 1: Matteo Donadon
The experience on anti-PD1 immunotherapy in patients 
with liver and renal insufficiency is limited. While it 
is reasonable to modulate and reduce the dose in such 
patients, more experiences and more studies should be 
performed to answer that question.
Expert opinion 2: Francesco Mannavola
There are still no data on the safety of fruquintinib 
i n  c a s e  o f  i m p a i r e d  h e p a t i c  o r  r e n a l  f u n c t i o n , 
while both hepatotoxicity and renal toxicity appear 
negligible.  Pharmacokinetic studies have shown that 
fruquintinib is mostly metabolised in the liver, with 
subsequent biliary and renal-predominant excretion (25,26). 
While ICIs use is safe in case of impaired hepatic or renal 

function, fruquintinib should still be used with caution in 
these cases while awaiting data from ongoing trials.

Conclusions

The TKI targeting the VEGFR family, fruquintinib, 
combined with a PD-1 inhibitor (sintilimab) brought 
significant clinical benefits to this MSS mCRC patient, 
especially for the lung metastasis, which may be a 
breakthrough of immune unresponsiveness for the 
beneficiary individual with MSS CRC. The combination 
regimen was found to be well tolerated.
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