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Background: Patients with microsatellite stable (MSS) advanced colorectal cancer (CRC) have few
alternatives for salvage therapy and a large unmet clinical need. Preclinical studies demonstrate that
fruquintinib combined with anti-programmed death protein 1 (PD-1) has a synergistic anti-tumor effect. But
a few phase 2 clinical studies show inconsistent efficacy of this combination therapy in CRC. The aim of this
study was to investigate the efficacy, safety, and predictors of fruquintinib plus PD-1 antibodies in refractory
MSS metastatic CRC (mCRC) in a real-world setting.

Methods: We performed a retrospective single-center analysis to assess the outcomes of patients with MSS
mCRC who were treated with fruquintinib plus anti-PD-1 antibodies subsequent to the failure of standard
therapies at the Hunan Cancer Hospital. The overall survival (OS), progression-free survival (PFS), objective
response rate (ORR), disease control rate (DCR), and toxicity were reviewed and evaluated. The primary
endpoint was OS. The impact on OS and PFS was examined using the Cox regression model.

Results: Between 1 January 2019 and 30 June 2022, we enrolled 70 eligible patients. The median follow-
up was 17.2 months (range, 5.3-32.9 months). The median OS (mOS) and median PFS (mPFS) were 19.48
and 5.5 months respectively. The ORR was 11.43% and the DCR was 84.29%. Multivariate Cox regression
analysis reveals liver metastasis (LM) without local treatment was a risk factor for OS [hazard ratio (HR) =5.31,
P=0.0184], whereas that with local treatment (HR =2.19, P=0.263) was not. The most common adverse events
were hand-foot syndrome (37.14%), hypertension (34.29%), mucositis oral (32.86%). No serious adverse
effects or adverse effect-related deaths were reported. There were no instances of severe adverse effects or
deaths related to adverse effects reported.

Conclusions: Our study indicates that the combination of fruquintinib and anti-PD-1 antibodies can
improve the OS and PFS with a tolerable toxicity profile for Chinese patients with refractory MSS mCRC.
LM without local therapy is a negative prognostic factor for OS, but those with local treatment can

significantly prolong survival. We require additional well-structured, prospective, and extensive studies to
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confirm and validate these findings.

Keywords: Colorectal cancer (CRC); immunotherapy; microsatellite stable (MSS); fruquintinib; programmed

death protein 1 (PD-1)

Submitted Nov 23, 2023. Accepted for publication Dec 18, 2023. Published online Dec 27, 2023.

doi: 10.21037/jgo-23-931

View this article at: https://dx.doi.org/10.21037/jgo-23-931

Introduction

Globally, colorectal cancer (CRC) is the primary cause of
cancer-related mortality (1). The survival rate of refractory
CRC is dismal and therapeutic options are limited after
the standard chemotherapy with or without targeted drugs.
Currently, regorafenib and trifluridine/tipiracil (TAS-102)
are recommended as the third-line treatment regimen for
metastatic CRC (mCRC) patients (2,3). Fruquintinib is
a highly selective small-molecule inhibitor of VEGFRI,
VEGFR2, and VEGFR3 that is administered orally and
exhibits potent activity. In light of the FRESCO study’s
findings (4), the National Medical Products Administration
(NMPA) has granted regulatory approval for the use of
fruquintinib in the third-line treatment of advanced CRC.
Both regorafenib and fruquintinib are antiangiogenic
medications used as third-line therapies for advanced CRC.

Highlight box

Key findings

* We observed the median overall survival and median progression-
free survival were 19.48 and 5.5 months respectively in a real world
study.

* Liver metastases is poor prognostic factor, however addition of
local treatment can significantly prolong patient survival.

What is known and what is new?

® The survival rate of refractory colorectal cancer (CRC) is dismal.
Anti-programmed death protein 1 (PD-1) antibody nearly no
activity in microsatellite stable (MSS) metastatic CRC (mCRC).
Anti-angiogenesis combined with anti-PD-1 therapies has
synergistic anti-tumor activity.

® This study evaluated and analyzed the clinical effect of fruquintinib
plus anti-PD-1 antibody in refractory MSS mCRC.

What is the implication, and what should change now?

* In refractory MSS mCRC patients, the combination of
fruquintinib and anti-PD-1 antibody is a promising treatment
option, significantly improve prognosis, but further prospective
studies need to be conducted.
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but the progression-free survival (PFS) and overall survival
(OS) of monotherapy are around 3-4 and 7-9 months,
respectively, and the objective response rate (ORR) is <5%.
Thus, the development of more effective treatments for
patients with this disease is an urgent unmet need. Current
exploration directions for salvage therapy in advanced
refractory CRC include the combining anti-VEGEF/VEGFR
agents with either chemotherapy (5-8) or PD-1 inhibitors.
Anti-programmed death protein 1 (PD-1) antibody has
demonstrated the amazing anti-oncogenesis activity in
microsatellite instability-high (MSI-H) mCRC (9), but the
ORR is 0% in the microsatellite stable (MSS) mCRC (10).
Approximately 95% of mCRC patients are MSS and given
that the inhibition of the PD-1/programmed death ligand
1 (PD-L1) axis alone has proven insufficient for proficient
mismatch repair (pMMR)/MSS mCRC, to overcome
immune resistance in this condition, the combination of
an antiangiogenic agent with immunotherapy have been
explored. Vascular abnormality is a hallmark of most solid
tumors and facilitates immune evasion. Tumor angiogenesis
not only facilitates tumor growth and metastasis but also
constructs an immunosuppressive tumor microenvironment
(TME), rendering it resistant to immunotherapy.

Growing data in recent years has demonstrated that anti-
angiogenesis therapy can initiate anti-tumor CD8" T cell
immunity and infiltrate, possibly through endothelial cell
activation and vascular normalization (11,12), and Treg
cell infiltration is continuously inhibited. Therefore, the
inherently immunosuppressive tumor microenvironment
shifts towards an immune-supportive state, subsequently
amplifying the efficacy of anti-PD-1 therapies (13).
However, the efficacy of the combination of small molecule
anti-angiogenic drugs and PD-1 inhibitors is controversial,
and the conclusions are not consistent.

The combination of nivolumab and regorafenib
demonstrates promising antitumor effects in a CRC group
participating in the phase Ib REGONIVO study. Among
24 Japanese patients with MSS mCRC, the ORR was 33%,
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with a median PFS of 7.9 months, while the median OS
had not yet been reached (14). Subsequent similar study
has yielded highly conflicting results. The North American
REGONIVO study demonstrated an overall ORR of 7%,
with no response observed (0%) specifically in patients
presenting with concomitant liver metastases (15). Another
similar study, REGOMUNE, which employed regorafenib
in combination with avelumab, also failed to achieve
comparable efficacy (16), the ORR was 0%, the median
PFS and OS were 3.6 and 10.8 months, respectively. The
reasons for this difference in these findings are unclear and
may be related to differences in PD-1 drugs, variations in
regorafenib dosages, ethnic differences, and biases resulting
from small sample sizes. There is currently no ongoing
phase 3 clinical trial investigating the combined use of
fruquintinib with PD-1 inhibitors. The existing phase
1b/2 prospective studies, limited by small sample sizes
and insufficient follow-up time, individually demonstrate
ORRs of 21.5%, 26%, and 20%, respectively, surpassing
the efficacy seen with fruquintinib monotherapy (17-19).
However, due to the limited sample size, further exploration
is warranted to assess the effectiveness of fruquintinib in
conjunction with PD-1 inhibitors and to identify potential
beneficiary subgroups. Here, with a larger sample size
and longer follow-up length, we sought to examine the
safety, risks, and effectiveness of fruquintinib + anti-
PD-1 antibodies in refractory MSS mCRC in a real-world
context. This study aims to provide a more realistic insight
into the treatment’s actual effectiveness and safety within
authentic clinical settings with reduced costs. We present
this article in accordance with the STROBE reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-23-93 1/rc).

Methods

This retrospective study was approved by the independent
ethics committee of the Hunan Cancer Hospital (No.
2023-55) and conducted in accordance with the Helsinki
Declaration (as revised in 2013) and the requirement of
informed consent was waived by the Ethics Committee
due to the observational retrospective design. The study
was registered with ClinicalTrials.gov (number, NCT
06011330).

Study design and participants

Retrospective single-arm, single-center studies were
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conducted on MSS/pMMR mCRC patients who received
fruquintinib and anti-PD-1 antibodies as third-line or
subsequent therapies at Hunan Cancer Hospital between
January 1, 2019, and June 30, 2022. The inclusion criteria
were: (I) aged 18 years or older; (II) with histologically
or cytologically confirmed adenocarcinoma of the colon
or rectum; (III) following disease progression after
a minimum of two lines of standard chemotherapy,
incorporating fluorouracil, oxaliplatin, and irinotecan,
either in combination with or without targeted medications
like cetuximab and bevacizumab; (IV) patients had at least
1 non-resectable measurable lesion to evaluate according
to the Response Evaluation Criteria in Solid Tumors
(RECIST version 1.1); (V) MMR proteins or MSI testing
was accomplished by immunohistochemistry (IHC)
or polymerase chain reaction (PCR). Other eligibility
criteria included an Eastern Cooperative Oncology Group
performance status of 0-2, prior treatment with TAS-102,
regorafenib, and anti-PD-1 antibody was allowed. The
exclusion criteria comprised: (I) patients who received fewer
than one treatment cycle; (I) patients experiencing multiple
complications; (III) patients with dMMR or MSI-H; (IV)
concurrent administration of other chemotherapy drugs.

Treatment

The PD-1 inhibitor was intravenously administered on
day 1, with recommended dosages as follows: nivolumab
at 240 mg every 2 weeks; pembrolizumab, tislelizumab,
and sintilimab at 200 mg every 3 weeks; and toripalimab at
240 mg every 3 weeks. Fruquintinib was orally administered
once daily in a 28-day cycle (21 day on /7 day off). The
treatment initiated at 5 mg, with potential adjustments to
3 or 4 mg later in the cycle if the initial dosage isn’t well
tolerated.

Assessments

Patients were followed up until the cutoff date of 10 February
2023 or being lost to follow-up. All of the patients were
followed up at 2-monthly periods after the initiation of
treatment. Patients who failed to attend their follow-up
visit were sent an e-mail or letter and received a phone call.
The primary endpoint was set as OS. OS was measured
as the time from the study-specific treatment to death for
any reason. Data on patient deaths were obtained from the
government’s death registry. The second endpoint, PFS,
was defined as the duration from the start of treatment to
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From 1% January 2019 to 30" June 2022,
288 mCRC patients received frugintinib
as salvage treatment in the Hunan Cancer
Hospital

204 of them did not combined with PD-1
| 6 patients had severe complications
11 patients combined with TAS-102

7 patients can not follow up

70 patients were enrolled in the final analysis

66 patients discontinued treatment
® 49 patients discontinued due to PD
* 14 patients discontinued due to AE
e 3 patients discontinued for other reasons

10" February 2023, 4 patients ongoing

Figure 1 Flowchart of the whole study. mCRC, metastatic
colorectal cancer; PD-1, programmed cell death protein 1; PD,
progressive disease; AE, adverse events. TAS-102, trifluridine/

tipiracil.

the RECIST-defined progression of the disease or death,
whichever occurs first.

Tumor measurements were conducted using computed
tomography (CT) scans every 8 weeks, following RECIST
version 1.1 guidelines, until disease progression or the
initiation of subsequent treatment. Assessment of tumor
response encompassed complete response (CR), partial
response (PR), stable disease (SD), and progressive disease
(PD). Additionally, evaluations included the calculation of
the ORR as the combined sum of CR and PR, while the
disease control rate (DCR) was calculated as the combined
sum of CR, PR, and SD.

Adverse events, laboratory abnormalities (hematology,
clinical chemistry, and urinalysis), vital signs, electrocardiograms,
and echocardiograms were all considered in the safety
evaluations. The Common Terminology Criteria for Adverse
Events, version 4.03 of the National Cancer Institute, was
used to grade treatment-related adverse events (TRAEs) (20).

Statistical analysis

Statistical sample size calculation: enrollment duration
of 18 months, follow-up period of 18 months, two-tailed
0=0.05, power =0.8, primary endpoint is OS. In comparison
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to the FRESCO study which had a median OS of
9.3 months, aiming to elevate it to 15 months, the sample
size was estimated at 49 cases, considering a dropout rate
of 20%. The anticipated final sample size was 62 cases.
However, 70 cases were actually enrolled. Efficacy and
safety were analyzed in all patients who received at least
1 cycle of treatment. The baseline characteristics were
described with n (%) or median [95% confidence interval
(CD)] appropriately. OS and PFS were estimated using the
Kaplan-Meier method, while the log-rank test determined
survival curve disparities. Variables with P<0.05 in
univariate analysis were assessed using the Cox regression
model. Calculations included the hazard ratio (HR) and
95% CI to analyze their impact. Statistical significance was
established at P<0.05. All data were analyzed using R 4.0.2
(R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline characteristics

We enrolled 70 eligible patients with MSS/pMMR mCRC.
Figure 1 illustrates the flow chart for the patient selection
process. Clinical characteristics of the patients are listed
in Table 1. The median age was 59 (range, 35-76) years,
and 37 (52.86%) were male. Out of the total, 47 patients
(67.14%) had undergone treatment beyond the third
line. Liver metastasis (LM) was present in 51 patients
(72.86%) and 24 (47.06%) of those with LM received local
treatment [ablation, stereotactic body radiation therapy
(SBRT), or surgery]. Of the patients, 53 (75.71%) had
lung metastases. A total of 28 (40%) patients had already
received regorafenib for advanced disease, and 17 (24.3%)
patients had already received anti-PD-1 antibody. Some
75.7% of the patients used sintilimab, and 18.6% of the
patients used toripalimab. The median number of cycles of
fruquintinib plus anti-PD-1 antibodies administration was
4 (range, 1-18). A total of 61 patients used more than or
equal to 2 cycles.

Clinical efficacy

The cut-oft date was 10 February 2023. The median follow-
up was 17.2 months (range, 5.3-32.9 months). A total of
39 (55.7%) patients were still alive, among whom 4 patients
were still receiving study treatment up to the cut-off date.

Treatment discontinuation primarily resulted from PD
(n=49, 70.00%). The mOS and mPFS were 19.48 months
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Table 1 Baseline characteristics

Characteristics Number (n=70)

Male 37 (52.86)
Age, year
Median [range] 59 [35-76]
>65 11 (15.71)
ECOG PS of 1° 67 (95.71)
Normal BMI (kg/m®) 64 (91.43)
Left-located primary tumor 44 (62.86)
Metastases
Lung 53 (75.71)
Liver 51 (72.86)
Peritoneum 16 (22.86)
Lymph node 27 (38.57)
Omentum 7 (10.00)
Bone 12 (17.14)
Metastases >3 44 (62.86)
Failed second-line therapy 24 (34.29)
Surgery 52 (74.29)
KRAS mutation
Wild 29 (41.43)
Mutant 37 (52.86)
Unknown 4 (5.71)
Local treatment for liver metastasis
Yes 24 (34.29)
No 27 (38.57)
Prior regorafenib 28 (40.00)

Data are reported as No. (%) unless otherwise indicated. , all
patients were of ECOG PS 1 or 2. ECOG PS, Eastern Cooperative
Oncology Group performance status; BMI, body mass index.

[95% CI: 14.95-not available (NA)] and 5.5 months (95%
CI: 4.30-6.77), respectively (Figures 2,3). There was no
significant difference in mOS between patients with LM or
non-liver metastases (NLM) (18.76 months vs. NA, P=0.19;
Figure 44). However, at the 1-year landmark analysis,
NLM (n=11) had better mOS than LM (n=31, P=0.046;
Figure 4B). Moreover, patients with LM who underwent
local treatment had a significantly better mOS than those
who did not receive local treatment (23.13 vs. 12.16 months,

© Journal of Gastrointestinal Oncology. All rights reserved.
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Figure 2 The KM-plot of overall survival. mOS, median overall
survival; NA, not applicable; mo, month; KM, Kaplan-Meier.
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Figure 3 The KM-plot of progression-free survival. mPFS,

median progression-free survival; mo, month; KM, Kaplan-Meier.

P=0.034; Figure 5). Additionally, the mOS of patients with
LM who underwent local treatment was not significantly
different to those with NLM (23.13 vs. NA, P=0.69).

None of the patients achieved CR. Eight patients
(11.43%) achieved a PR, while 51 patients (72.86%)
experienced SD. The ORR of patients with LM and those
with NLM were 7.8% and 21.0%, respectively. The DCR
was 84.29% (n=59). The l-year OS rate was 70.66%,
and the 6-month PFS rate was 43.05% (Table 2). Of the
8 responding patients, 4 patients had liver metastases, 3 of
whom were treated with local therapy for liver metastases.

We conducted univariate and multivariate Cox regression
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analysis to explore potential predictors for outcomes under
this regimen. In univariate Cox regression for OS, LM
without local treatment (HR =2.79, 95% CI: 1.01-7.74,
P=0.049) showed a significant difference from NLM,
whereas LM with local treatment (HR =1.26, 95% CI:
0.43-3.70, P=0.672) did not. Additionally, KRAS mutant
(HR =2.85, 95% CI: 1.27-6.41, P=0.011) also indicated
a significantly poor outcome. Based on the results of
univariate analysis, OS did not exhibit significant differences
concerning sex, age, primary lesion resection, or prior
regorafenib treatment (P>0.05). For PFS, lung metastasis
was a potential risk factor (HR =3.04, 95% CI: 1.36-6.81,

P=0.007). Furthermore, multivariate Cox regression was
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Table 2 Efficacy

Outcomes Estimate
CR 0

PR 8(11.43)
SD 51 (72.86)
ORR 8(11.43)
DCR 59 (84.29)

mOS (month) 19.48 (14.95-NA)

mPFS (month) 5.5 (4.30-6.77)
6-month PFS rate 43.05 (32.12-57.71)

1-year OS rate 70.66 (60.59-82.41)

Data are reported as No. (%) for counts, median (95% CI)
for times, and percentage (95% CI) for rates. CR, complete
response; PR, partial response; SD, stable disease; ORR,
objective response rate; DCR, disease control rate; mOS,
median overall survival; mPFS, median progression-free survival;
PFS, progression-free survival; OS, overall survival; NA, not
applicable; Cl, confidence interval.

performed for adjusted results. Herein, LM without local
treatment (HR =5.31, 95% CI: 1.33-21.31, P=0.0184) was
still a risk factor for OS, whereas that with local treatment
(HR =2.19, 95% CI: 0.55-8.69, P=0.263) was not. Besides,
peritoneal and/or omentum metastasis, KRAS mutant, and
low body mass index (BMI) were also identified as potential
risk factors. Similar to the results from univariate Cox

regression, lung metastasis was a potential risk factor for
PFS (Tibles 3,4).
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Table 3 Cox regression for OS
Univariate Multivariate

Variable

HR (95% CI) P value HR (95% ClI) P value
Male 0.94 (0.46-1.93) 0.864
>65 years 0.84 (0.32-2.22) 0.730
LM with LT (vs. NLM) 1.26 (0.43-3.70) 0.672
LM without LT (vs. NLM) 2.79 (1.01-7.74) 0.049 5.31(1.33-21.31) 0.0184
Lung metastasis 1.19 (0.51-2.79) 0.683
Peritoneal or omentum metastasis 1.09 (0.26-4.69) 0.904 8.08 (1.07-61.09) 0.0429
KRAS mutant 2.85 (1.27-6.41) 0.011 4.32 (1.62-11.53) 0.0035
Low BMI 2.12 (0.74-6.10) 0.164 8.14 (1.98-33.46) 0.0036
Primary lesion resected 0.60 (0.27-1.33) 0.211
Lines =3 1.19 (0.53-2.69) 0.675

OS, overall survival; HR, hazard ratio; Cl, confidence interval; LM, liver metastasis; LT, local treatment; NLM, non-liver metastases; BMI,

body mass index.

Table 4 Cox regression for PFS

Univariate Multivariate

Variable

HR (95% Cl) P value HR (95% ClI) P value
Male 1.06 (0.60-1.88) 0.847
>65 years 0.65 (0.29-1.48) 0.306
LM with LT (vs. NLM) 1.25 (0.59-2.66) 0.554
LM without LT (vs. NLM) 2.09 (0.95-4.60) 0.066
Lung metastasis 3.04 (1.36-6.81) 0.007 8.77 (2.55-30.20) 0.0006
Peritoneal or omentum metastasis 0.91 (0.32-2.59) 0.863 6.24 (1.20-32.59) 0.0298
KRAS mutant 0.93 (0.51-1.68) 0.804
Low BMI 0.85 (0.30-2.37) 0.754
Primary lesion resected 0.68 (0.34-1.36) 0.275
Lines =3 1.32 (0.71-2.47) 0.377

PFS, progression-free survival; HR, hazard ratio; Cl, confidence interval; LM, liver metastasis; LT, local treatment; NLM, non-liver

metastases; BMI, body mass index.

Safety

Out of the 70 patients, 61 (87.1%) had at least 1 TRAE
and 6 (8.6%) patients had grade 3/4 TRAE (Table 5). The
most common adverse events of all grades were hand-
foot syndrome (37.14%, n=26), hypertension (34.29%,
n=24), mucositis oral (32.86%, n=23), diarrhea (27.14%,
n=19), and fatigue (17.14%, n=12). A total of 20 (28.5%)
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patients discontinued treatment due to TRAEs. The dose of
fruquintinib was reduced in 4 cases. There were no deaths
attributed to the treatment.

Discussion

There are currently few trials examining the effectiveness
and safety of fruquintinib and PD-1 inhibitor in
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Table 5 Adverse events

AEs All grades, n (%) Grade =3, n (%)
Hand-foot syndrome 26 (37.14) 2 (2.86)
Hypertension 24 (34.29) 0
Mucositis oral 23 (32.86) 0
Diarrhea 19 (27.14) 2 (2.86)
Fatigue 12 (17.14) 0
Autoimmune disorder 11 (15.71) 1(1.43)
Liver dysfunction 9 (12.86) 1(1.43)
Proteinuria 5(7.14) 0
Hyperthyroidism 3 (4.29) 0
Hypothyroidism 1(1.43) 0

AEs, adverse events.

combination. Here, we explored the efficacy and safety
of fruquintinib in conjunction with anti-PD-1 therapy in
MSS/pMMR mCRC patients as a late-line therapy. This
study showed that the combination therapy resulted in
a promising clinical outcome amongst Chinese patients
diagnosed with mCRC, experiencing tumor progression
after at least 2 prior chemotherapy regimens in real-world
settings. the OS and PFS were 19.48 and 5.5 months,
respectively. It is very similar to the results of a phase
Ib/II prospective study that explored the safety and
synergistic anti-tumor effect of fruquintinib in combination
with sintilimab (an anti-PD-1 Ab) in patients with advanced
CRC in the late-line therapy. In the 5 mg-intermittent
cohort, the mPFS was 6.9 months, the mOS was
20.0 months (19), the ORR was 20%, and the DCR was
100%. In our study, the ORR and DCR were 11.43%
and 84.29%, respectively. About 75.7% of the anti-PD-1
antibodies used in this study were sintilimab, and 18.6% of
the patients used toripalimab. In two separate prospective,
single-arm, single-center phase II clinical studies of
fruquintinib combined with toripalimab, the median PFS
was observed to be 5.98 and 6 months, respectively. The
ORR were 21.5% and 16.7% (17,21). Yuan et /. conducted
a phase 2 prospective study (FRUIT trial) and discovered
that fruquintinib in combination with tislelizumab (an anti-
PD-1 Ab) and SBRT was effective as a late-line treatment
for MSS mCRC patients. The median PFS was 5.1 months,
with an ORR of 26% and a DCR of 83% (18). Due to the
short period of observation in these prospective studies,
OS data have not yet been obtained. The ORR and
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PES of the above studies were improved compared with
fruquintinib alone, which is consistent with our findings. In
a retrospective trial, fruquintinib coupled with anti-PD-1
antibody resulted in an mPFS of 3.8 months and an mOS
of 14.9 months in patients with resistant mCRC. The DCR
was 62.2% (28/45) and ORR was 11.1% (5/45) (22).

Meta-analyses conducting indirect comparisons
between fruquintinib and regorafenib revealed no
significant differences in their efficacy and safety profiles
(23,24). Nevertheless, there is an absence of head-to-head
comparative clinical studies regarding their effectiveness.
Usually patients can tolerate the recommended dose of 5 mg
fruquintinib and rarely need dose reduction (25). On the
contrary, most patients cannot tolerate the recommended
dose of 160 mg when using regorafenib, and most of them
start with 80 mg/120 mg in clinical practice (26).

Given that regorafenib is covered by medical insurance
in China before fruquintinib, in this study, 40% of patients
had used regorafenib in previous treatment, however there
was no difference in PFS and OS compared with patients
who did not use regorafenib. This is consistent with the
conclusion of the FRECO2 study (25).

Previous studies have shown that LM is a poor
prognostic factor in MSS/pMMR mCRC patients, and that
patient with NLM derive clinical benefits from immune
checkpoint inhibitors. In a retrospective study assessing
the response rate (RR) and PFS to PD-1 or PD-L1 based
therapy in patients with MSS mCRC, it was observed
that NLM patients had significantly better PFS than
those with LM (4 vs. 1.5 months; P<0.0001) (27). Another
retrospective study aimed to evaluate the efficacy and safety
of combining regorafenib or fruquintinib with sintilimab in
patients with MSS mCRC. Subgroup analysis revealed that
NLM patients responded more positively to this combined
regimen than LM patients (ORR: 21.4% vs. 9.1%) and
achieved improved OS (26 vs. 10.0 months, P=0.016) (28).
Organ sites have exhibited differential responses, with
lymph node and LM among the most and least responsive,
respectively (29,30).

In the REGONIVO study, only 2 of 13 patients with LM
showed objective response. In our study, we found that there
was no statistically significant difference in OS between LM
and NLM, but the NLM had numerically better survival,
and the 2 survival curves diverged significantly after 1 year.
Further analysis using the landmark method showed a
statistically significant difference in OS between LM and
NLM after 1 year, which is consistent with the long-tail
effect of immunotherapy. We conducted a stratified analysis
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on whether patients with LM received local treatment. The
OS of patients with local treatment for LM was significantly
better than that of patients without local treatment.
Interestingly, there was no statistically significant difference
in OS between patients with local treatment for LM and
NLM. Multivariate Cox regression analysis showed that
LM without local treatment is a poor prognostic factor for
survival. As an organ with immunological tolerance, the
liver might suppress both intrahepatic and extrahepatic
immune responses in cancer patients. This suppression
could be associated with reduced marginal CD8" T-cell
infiltration, potentially providing a mechanism for this
outcome (30) Additionally, the liver is believed to be
associated with a high proportion of immunosuppressive
cells (31). Considering that these patients have extensive
metastases, we believe that the reason why patients who
received local treatment for LM alone had a significantly
longer OS may be as follows: first, the liver is an important
metabolic organ, and once LM lesions are not controlled, it
may lead to abnormal liver function, jaundice, coagulation
dysfunction, and other further effects on the patient’s
subsequent treatment. Secondly, local treatment for LM
can not only delay the progression of local disease, but also
lead to the production of new immune antigens, which
can stimulate the function of immune cells and significantly
enhance T-cell immune responses, resulting in stronger
antitumor immunity and prolonged survival (32-34). Out
of the 51 patients with LM, 4 responded to treatment,
3 of whom received local therapy for LM. Although LM
is considered a poor prognostic factor and can predict
suboptimal response to treatment, targeting the liver lesions
with local therapy may potentially reverse this adverse factor.
Consistent with other studies, in our study, lung
metastases were not a poor prognostic factor, although they
adversely affected PFS. In the current study, all patients
with lung metastases were accompanied with other site
metastases that may confound their presumed response.
About half of patients with mCRC have a mutation in
the KRAS oncogene, according to previous studies, it leads
to a bad prognosis and a highly aggressive tumor biology.
There was no statistically significant difference in PFS
between patients with KRAS mutations and those with wild-
type KRAS. This was consistent with the findings of Zhang
et al. (35). However, this study has not yet determined the
OS outcome due to insufficient follow-up time. In our
study, KRAS mutation was a poor prognosis factor for OS.
This study has several limitations. Firstly, it was a
single-center retrospective study, inherently prone to

© Journal of Gastrointestinal Oncology. All rights reserved.

2433

selection bias. Secondly, the utilization of 5 different anti-
PD-1 antibodies affected the consistency of the treatment
process. Thirdly, the relatively small sample size limits
generalizability. Fourthly, the PD-L1 combined positive
score (CPS) and tumor mutation burden (TMB) were not
available, impeding the identification of the ideal population
for immunosuppressant use. Lastly, the occurrence of
the COVID-19 pandemic during the study period might
have adversely influenced the study’s outcomes. So far,
all studies on the combination of anti-angiogenic drugs
and PD-1 inhibitors have been small-sample phase I/11
prospective or retrospective studies with single-arm designs.
The conclusions are inconsistent, and there is a lack of
double blind, randomized controlled phase III studies.
The LEAP 017 study is the only ongoing phase III study
(NCT04776148).

Conclusions

Combining fruquintinib with anti-PD-1 antibodies appears
to be a viable and well-tolerated therapeutic strategy
for patients with refractory MSS mCRC. Particularly in
patients with LM, the inclusion of localized treatment
notably extends patient survival. Further comprehensive
research is essential to assess effectiveness and delineate the
primary beneficiary population.

Acknowledgments

The authors thank all the patients enrolled in this study
and their families. Also, the authors are grateful to Chao
Zhao and Zheng Wang from HUTCHMED Ltd. for their
assistance in data analysis.

The study was accepted as a poster presentation in
abstract form at the 2023 ESMO GI Annual Meeting
(https://doi.org/10.1016/j.annonc.2023.04.201).

Funding: None.

Footnote

Reporting Checklist: The authors have completed the
STROBE reporting checklist. Available at https://jgo.
amegroups.com/article/view/10.21037/jgo-23-931/rc

Data Sharing Statement: Available at https://jgo.amegroups.
com/article/view/10.21037/jgo-23-931/dss

Peer Review File: Available at https://jgo.amegroups.com/

7 Gastrointest Oncol 2023;14(6):2425-2435 | https://dx.doi.org/10.21037/jgo-23-931


https://doi.org/10.1016/j.annonc.2023.04.201
https://jgo.amegroups.com/article/view/10.21037/jgo-23-931/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-931/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-931/dss
https://jgo.amegroups.com/article/view/10.21037/jgo-23-931/dss
https://jgo.amegroups.com/article/view/10.21037/jgo-23-931/prf

2434
article/view/10.21037/jgo-23-931/prf

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://jgo.amegroups.
com/article/view/10.21037/jgo-23-931/coif). The authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the
independent ethics committee of the Hunan Cancer
Hospital (No. 2023-55) and individual consent for this
retrospective analysis was waived.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J
Clin 2021;71:209-49.

2. LiJ, Qin S, Xu R, et al. Regorafenib plus best supportive
care versus placebo plus best supportive care in Asian
patients with previously treated metastatic colorectal
cancer (CONCUR): a randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Oncol 2015;16:619-29.

3. Xu]J, Kim TW, Shen L, et al. Results of a Randomized,
Double-Blind, Placebo-Controlled, Phase III Trial of
Trifluridine/Tipiracil (TAS-102) Monotherapy in Asian
Patients With Previously Treated Metastatic Colorectal
Cancer: The TERRA Study. ] Clin Oncol 2018;36:350-8.

4. LiJ, Qin S, Xu RH, et al. Effect of Fruquintinib vs Placebo
on Overall Survival in Patients With Previously Treated
Metastatic Colorectal Cancer: The FRESCO Randomized
Clinical Trial. JAMA 2018;319:2486-96.

5. Kuboki Y, Nishina T, Shinozaki E, et al. TAS-102 plus

© Journal of Gastrointestinal Oncology. All rights reserved.

Yang et al

10.

11.

12.

13.

14.

15.

16.

. Study of fruquintinib plus anti-PD-1 mAb in refractory mCRC

bevacizumab for patients with metastatic colorectal cancer
refractory to standard therapies (C-TASK FORCE): an
investigator-initiated, open-label, single-arm, multicentre,
phase 1/2 study. Lancet Oncol 2017;18:1172-81.

Dai Y, Sun L, Zhuang L, et al. Efficacy and safety of low-
dose apatinib plus S-1 versus regorafenib and fruquintinib
for refractory metastatic colorectal cancer: a retrospective
cohort study. ] Gastrointest Oncol 2022;13:722-31.
Tabernero J, Prager GW, Fakih M, et al. Trifluridine/
tipiracil plus bevacizumab for third-line treatment of
refractory metastatic colorectal cancer: The phase 3
randomized SUNLIGHT study. J Clin Oncol 2023;41:4.
Li L, Wang T, Wu Z, et al. Fruquintinib in combination
with sintilimab or TAS-102 as third-line or above
treatment in patients with metastatic colorectal cancer: a
real-world study. Transl Cancer Res 2023;12:3034-44.
Diaz LA Jr, Shiu KK, Kim TW), et al. Pembrolizumab
versus chemotherapy for microsatellite instability-high

or mismatch repair-deficient metastatic colorectal cancer
(KEYNOTE-177): final analysis of a randomised, open-
label, phase 3 study. Lancet Oncol 2022;23:659-70.

Le DT, Uram JN, Wang H, et al. PD-1 Blockade in
Tumors with Mismatch-Repair Deficiency. N Engl ] Med
2015;372:2509-20.

Shigeta K, Matsui A, Kikuchi H, et al. Regorafenib
combined with PD1 blockade increases CD8 T-cell
infiltration by inducing CXCL10 expression in
hepatocellular carcinoma. ] Immunother Cancer
2020;8:e001435.

Wang Y, Wei B, Gao J, et al. Combination of Fruquintinib
and Anti-PD-1 for the Treatment of Colorectal Cancer. J
Immunol 2020;205:2905-15.

Fukumura D, Kloepper ], Amoozgar Z, et al. Enhancing
cancer immunotherapy using antiangiogenics:
opportunities and challenges. Nat Rev Clin Oncol
2018;15:325-40.

Fukuoka S, Hara H, Takahashi N, et al. Regorafenib

plus nivolumab in patients with advanced gastric (GC) or
colorectal cancer (CRC): An open-label, dose-finding, and
dose-expansion phase 1b trial (REGONIVO, EPOC1603).
J Clin Oncol 2019;37:2522.

Fakih M, Raghav KPS, Chang DZ, et al. Single-arm,
phase 2 study of regorafenib plus nivolumab in patients
with mismatch repair-proficient (pMMR)/microsatellite
stable (MSS) colorectal cancer (CRC). J Clin Oncol
2021;39:3560.

Cousin S, Cantarel C, Guegan JP, et al. Regorafenib-
Avelumab Combination in Patients with Microsatellite

7 Gastrointest Oncol 2023;14(6):2425-2435 | https://dx.doi.org/10.21037/jgo-23-931


https://jgo.amegroups.com/article/view/10.21037/jgo-23-931/prf
https://jgo.amegroups.com/article/view/10.21037/jgo-23-931/coif
https://jgo.amegroups.com/article/view/10.21037/jgo-23-931/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

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

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

© Journal of Gastrointestinal Oncology. All rights reserved.

Stable Colorectal Cancer (REGOMUNE): A Single-
arm, Open-label, Phase II Trial. Clin Cancer Res
2021;27:2139-47.

Ma S, Chen R, Duan L, et al. Efficacy and safety of
toripalimab with fruquintinib in the third-line treatment
of refractory advanced metastatic colorectal cancer: results
of a single-arm, single-center, prospective, phase II clinical
study. ] Gastrointest Oncol 2023;14:1052-63.

Yuan X, Zhang M, Hou H. Fruquintinib combined

with tislelizumab and SBRT as a later-line therapy in
microsatellite stability (MSS) metastatic colorectal cancer
(mCRC): Results from the FRUIT trial. J Clin Oncol
2023;41:150.

Guo Y, Zhang W, Ying J, et al. Phase 1b/2 trial of
fruquintinib plus sintilimab in treating advanced solid
tumours: The dose-escalation and metastatic colorectal
cancer cohort in the dose-expansion phases. Eur J Cancer
2023;181:26-37.

National Institutes of Health; National Cancer

Institute. Common Terminology Criteria for Adverse
Events (CTCAE), Version 4.03. 2009. 2014. Available
online: https://www.eortc.be/services/doc/cte/
CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf

Ma S, Chen R, Hou X, et al. Toripalimab with
Fruquintinib as the third-line treatment for refractory
advanced metastatic colorectal cancer: Results of a single-
arm, single-center, prospective, phase II clinical study. J
Clin Oncol 2022;40:e15573.

Gou M, Qian N, Zhang Y, et al. Fruquintinib in
Combination With PD-1 Inhibitors in Patients With
Refractory Non-MSI-H/pMMR Metastatic Colorectal
Cancer: A Real-World Study in China. Front Oncol
2022;12:851756.

WuY, Fan Y, Dong D, et al. Efficacy and safety of
regorafenib as beyond second-line therapy in patients with
metastatic colorectal cancer: an adjusted indirect meta-
analysis and systematic review. Ther Adv Med Oncol
2020;12:1758835920940932.

Jing Z, Rui Z, Binglan Z. A comparison of regorafenib and
fruquintinib for metastatic colorectal cancer: a systematic
review and network meta-analysis. ] Cancer Res Clin
Oncol 2019;145:2313-23.

Dasari NA, Lonardi S, Garcia-Carbonero R, et al. LBA25
FRESCO-2: a global phase IIT multiregional clinical trial
(MRCT) evaluating the efficacy and safety of fruquintinib
in patients with refractory metastatic colorectal cancer.
Ann Oncol 2022;33:S1391-S1392.

Bekaii-Saab TS, Ou FS, Ahn DH, et al. Regorafenib
dose-optimisation in patients with refractory

2435

metastatic colorectal cancer (ReDOS): a randomised,
multicentre, open-label, phase 2 study. Lancet Oncol
2019;20:1070-82.

27. Fakih M, Sandhu JS, Wang C, et al. 495P Lack of liver
metastases identifies a group of MSS metastatic colorectal
cancer with potential benefit from PD-1/PD-L1 targeting.
Ann Oncol 2020;31:5450-S451.

28. Nie C, Lv H, Chen B, et al. Microsatellite stable metastatic
colorectal cancer without liver metastasis may be preferred
population for regorafenib or fruquintinib plus sintilimab
as third-line or above therapy:A real-world study. Front
Oncol 2022;12:917353.

29. Osorio JC, Arbour KC, Le DT, et al. Lesion-Level
Response Dynamics to Programmed Cell Death Protein
(PD-1) Blockade. J Clin Oncol 2019;37:3546-55.

30. Tumeh PC, Hellmann MD, Hamid O, et al. Liver
Metastasis and Treatment Outcome with Anti-PD-1
Monoclonal Antibody in Patients with Melanoma and
NSCLC. Cancer Immunol Res 2017;5:417-24.

31. Zheng M, Tian Z. Liver-Mediated Adaptive Immune
Tolerance. Front Immunol 2019;10:2525.

32. Shi L, Chen L, Wu C, et al. PD-1 Blockade
Boosts Radiofrequency Ablation-Elicited Adaptive
Immune Responses against Tumor. Clin Cancer Res
2016;22:1173-84.

33. Segal NH, Cercek A, Ku G, et al. Phase II Single-arm
Study of Durvalumab and Tremelimumab with Concurrent
Radiotherapy in Patients with Mismatch Repair-
proficient Metastatic Colorectal Cancer. Clin Cancer Res
2021;27:2200-8.

34. Trommer M, Yeo SY, Persigehl T, et al. Abscopal Effects
in Radio-Immunotherapy-Response Analysis of Metastatic
Cancer Patients With Progressive Disease Under Anti-
PD-1 Immune Checkpoint Inhibition. Front Pharmacol
2019;10:511.

35. Zhang W, Zhang Z, Lou S, et al. Efficacy, safety and
predictors of combined fruquintinib with programmed
death-1 inhibitors for advanced microsatellite-stable
colorectal cancer: A retrospective study. Front Oncol
2022;12:929342.

Cite this article as: Yang X, Yin X, Qu X, Guo G, Zeng Y, Liu
W, Jagielski M, Liu Z, Zhou H. Efficacy, safety, and predictors
of fruquintinib plus anti-programmed death receptor-1 (PD-1)
antibody in refractory microsatellite stable metastatic colorectal
cancer in a real-world setting: a retrospective cohort study. J
Gastrointest Oncol 2023;14(6):2425-2435. doi: 10.21037/jgo-
23-931

7 Gastrointest Oncol 2023;14(6):2425-2435 | https://dx.doi.org/10.21037/jgo-23-931



