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Abstract

Background: Although the use of regorafenib plus nivolumab demonstrates
promising outcomes in patients with refractory microsatellite stable (MSS)
metastatic colorectal cancer (mCRC), this effect has not been substantiated in
other studies. Moreover, a comparison between the outcomes of regorafenib and
programmed cell death protein 1 (PD-1) antibody combination therapy and re-
gorafenib monotherapy remains unexplored. In this study, we aimed to assess
whether regorafenib and PD-1 antibody combination therapy is superior to re-
gorafenib monotherapy as a third-line treatment for MSS mCRC.

Methods: Patients with MSS mCRC who received regorafenib and PD-1 antibody
or regorafenib monotherapy as third-line treatment were eligible for inclusion.
Results: In total, 179 patients were enrolled, of which 84 were administered re-
gorafenib combined with a PD-1 antibody and 95 were administered regorafenib
monotherapy. Patients administered regorafenib combined with a PD-1 antibody
had similar progression-free survival (PFS) as those on regorafenib monotherapy
(median PFS was 2.4 months and 1.9 months, respectively, p = 0.086). The ad-
ministration of regorafenib combined with a PD-1 antibody resulted in signifi-
cantly longer PFS than that seen with regorafenib monotherapy in both male
(5.2 months vs. 2.4months, p = 0.001) and female (3.9 months vs. 1.8 months,
p = 0.037) patients without liver metastasis. Female patients with liver metas-
tasis who were administered regorafenib combined with a PD-1 antibody had
shorter PFS than those administered regorafenib monotherapy (1.8 months vs.
2.0months, p = 0.030).

Conclusion: Liver metastasis and sex are predictors of survival benefit following
the addition of a PD-1 antibody to regorafenib in patients with MSS mCRC.
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HE ET AL.

1 | INTRODUCTION

Colorectal cancer (CRC) is a major health concern world-
wide. Despite recent advances in treatment efficacy,
therapeutic options for patients with refractory meta-
static CRC (mCRC) remain limited.! Although the use
of programmed cell death protein 1 (PD-1) antibodies
in patients with microsatellite instability-high (MSI-H)
mCRC is associated with improved outcomes, this clinical
benefit has only been observed in a small proportion of
mCRC cases.? Moreover, more than 90% of mCRC cases
are microsatellite stable (MSS). MSS mCRC has lower
tumor mutational burden (TMB) and fewer neoantigens
than those seen with MSI-H mCRC. Thus, there are fewer
tumor-infiltrating lymphocytes in MSS mCRC, and ther-
apy with PD-1 antibodies has little efficacy in these pa-
tients.” Hence, novel therapeutic strategies are urgently
required for patients with MSS mCRC.

Regorafenib has been established as a standard third-
line treatment option for MSS mCRC.* Recently, the
combination of regorafenib and a PD-1 antibody as a
third-line therapy was evaluated in several studies. In the
REGONIVO study, wherein 24 patients with MSS mCRC
were included, a partial response was observed in 33.3%
of patients, whereas the median progression-free survival
(PFS) was 7.9 months.” However, such effect was not ob-
served in other studies. Wang et al. evaluated 18 patients
and observed no partial response; moreover, 13 patients
(69%) had progressive disease, and the median PFS was
only 2 months.® In another study, a combination of rego-
rafenib and toripalimab yielded a response of 15.2% (5/33)
and a median PFS of 2.1 months.” Yang et al. conducted
a study that involved 14 Chinese medical centers and re-
ported a partial response of 5% (4/84 patients) and a me-
dian PFS of 3.1 months.®

These discrepant observations suggest that only a sub-
set of patients may benefit from combination therapy.
Indeed, several clinicopathological features are associated
with the efficacy of PD-1 antibodies. For example, sex can
potentially affect the response of the immune system to
antigens and thus the efficacy of the antibody.” In sev-
eral studies, male patients were reported to have a higher
benefit from PD-1 antibodies than female patients with
melanoma and non-small-cell lung cancer (NSCLC).1o1!
Liver metastasis is a prognostic factor in patients receiving
PD-1 antibody treatment.'> Mechanistically, liver metas-
tasis may impair the efficacy of PD-1 antibodies by acti-
vating regulatory T cells and eliminating CD8" T cells.!*'*
Recently, mCRC with homologous recombination defi-
ciency (HRD) was reported to be associated with a higher
tumor mutational burden (TMB), enriched immune cell
infiltration, and sensitivity to immune therapy.'> The dif-
ferent distributions of these clinicopathological features

.. 6489
Cancer Medicine “WI LEYJ—

Open Access.

may contribute to the discrepant efficacy outcomes of ad-
ministering regorafenib with PD-1 antibodies in various
studies. In addition, these studies had a single-arm design,
and a comparison between regorafenib combined with
PD-1 antibodies and regorafenib monotherapy has rarely
been reported.

To address this knowledge gap, we evaluated 179 patients
with MSS mCRC. We compared the efficacy of regorafenib
combined with PD-1 antibodies to regorafenib monother-
apy as third-line therapy and explored the factors associated
with clinical benefits from addition of a PD-1 antibody.

2 | MATERIALS AND METHODS

2.1 | Patient selection
Records of patients who were diagnosed with mCRC,
based on pathological samples, at Sun Yat-sen University
Cancer Center between January 2016 and December
2020 were retrospectively reviewed. Patients that met
the following criteria were included': diagnosed with
MSS mCRC?; progressed to two lines of chemotherapy’;
received regorafenib or regorafenib combined with a
PD-1 antibody as third-line treatment. The study was ap-
proved by the Institutional Review Board of Sun Yat-sen
University Cancer Center (GZKJ2020-02) and was per-
formed in accordance with the Declaration of Helsinki.
Written informed consent was obtained from the patients.
The dosage of regorafenib ranged from 80 to 160mg
[po, qd (D1-D21), g4w]. For patients administered rego-
rafenib with a PD-1 antibody, the dose of PD-1 antibody
was 200 mg (iv, 100 ml over 1 h+ 5 min, D1 and D15, g4w).

2.2 | Clinical and gene sequencing data

Clinical information was retrospectively obtained from
medical records. Routine blood analyses were performed
using the Sysmex XE-5000 Automated Hematology
System (Shanghai, China). Next-generation sequencing
analyses were conducted in the Department of Molecular
Diagnostics at our institute. TMB was determined by
counting all nonsynonymous missense mutations that
had not been previously reported as germline alterations.
The detailed methods for next-generation sequencing
and TMB analyses are described earlier'® and are avail-
able as Data S1. Responses were evaluated according to
the Response Evaluation Criteria in Solid Tumors, version
1.1."7 PFS was defined as the time from the first dose of
treatment to progressive disease, death due to any cause,
or the last follow-up. The last follow-up date was February
28, 2022. The median follow-up time was 14.2 months.
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23 | HRD

HRD was defined in accordance with a previous re-
port."” Briefly, mCRC was defined as HRD if the tumor
had any pathogenic or presumed pathogenic mutation
in the following genes: ABL1, ATM, ATR, BAP1, BARDI,
BLM, BRCA1, BRCA2, BRIP1, CDK12, CHEKI, CHEK2,
DNMT3A, ERCC1, ERCC4, FANCA, FANCC, FANCD2,
FANCE, FANCF, FANCG, FANCL, MRE11, NBN, NONO,
PALB2, RAD50, RAD51, RAD51B, RECQL4, RMI2, SFPQ,
or WRN.

2.4 | Statistical analyses

All statistical analyses were performed using the SPSS
version 13.0 software (Statistical Product and Service
Solutions, Chicago City, Illinois State, United States).
Frequencies and descriptive statistics were used to report
patient characteristics and the chi-square test was used
for comparisons. The values of TMB and lymphocyte
count did not conform to normal distribution. TMBs and
lymphocyte counts were compared using the Wilcoxon
rank-sum test. Survival curves were calculated using the
Kaplan-Meier method and compared using the log-rank
test. Statistical tests were two-tailed, and differences were
considered statistically significant at p <0.05.

3 | RESULTS

In total, 179 patients were included in the study
(Figure 1), of which 106 were men (59.2%) and 73 (40.8%)

Patients diagnosed with microsatellite-
stable metastatic colorectal cancer
(n=1529)

Patients progressed two lines of
chemotherapy (n = 658)

were women. The median patient age was 52years [inter-
quartile range (IQR), 42-59years]. A total of 55 (30.7%),
72 (40.2%), and 52 (29.1%) patients were diagnosed with
right-sided colon, left-sided colon, and rectal cancers, re-
spectively. A total of 125 patients (69.8%) had liver me-
tastasis. Lung and peritoneal metastases were observed in
105 patients (58.7%) and 67 patients (37.4%), respectively.

Furthermore, 95 patients were administered rego-
rafenib monotherapy and 84 were administered rego-
rafenib with a PD-1 antibody. For these 84 patients, the
administered PD-1 antibodies included nivolumab (35
patients), toripalimab (35 patients), sintilimab (11 pa-
tients), and camrelizumab (3 patients). Patients who were
administered regorafenib combined with a PD-1 antibody
were younger and had less distant lymph node metastasis.
Other clinicopathological features were similar between
the two groups (Table 1). In the regorafenib combined
with PD-1 antibody group, 7 (8.3%) patients had partial
responses and 30 (35.7%) patients had stable disease. No
partial response was observed in the regorafenib mono-
therapy group, with stable disease observed in 37 (38.9%)
patients. The disease control rate (DCR) was similar be-
tween the regorafenib with PD-1 antibodies and rego-
rafenib monotherapy groups (44% vs. 38.9%, p = 0.566).
Among the enrolled patients, those who were adminis-
tered regorafenib with PD-1 antibodies had similar PFS
as those who received regorafenib monotherapy (median
PFS = 2.4 months and 1.9 months, respectively), as shown
in Figure 2A (p = 0.086). The subgroup analysis suggested
that an age less than 60years in males, without liver me-
tastasis and RAS mutation, was associated with benefit
from treatment with the regorafenib and PD-1 antibody
combination (Figure 3).

Excluded (n =479)

No third-line treatment (n = 327)
Fruquintinib based third-line treatment (n = 143)
Without available follow-up information (n =9)

‘ Included in this study (n = 179) ‘

l l

Regorafenib plus PD-1
antibody (n = 84)

Regorafenib
monotherapy (n = 95)

FIGURE 1
patient selection process for the study

Flowchart depicting the
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TABLE 1 Patient and disease

characteristics . .
Characteristic

Age
>60
<60
Sex
Female
Male

Primary tumor location

Right-sided
Left-sided
Rectum
Metastasis site
Liver
Involved
Noninvolved
Lung
Involved

Noninvolved

Distant lymph node

Involved
Noninvolved
Peritoneal
Involved
Noninvolved
RAS
Wild-type
Mutated
BRAF
Wild-type
V600E mutated

Non- V600E mutated

In the regorafenib alone group, the most common ad-
verse event was hand-foot syndrome (40.0%), followed by
hypertension (33.7%) and proteinuria (9.5%). The most
frequent adverse events in the regorafenib with PD-1
antibody group were hand-foot syndrome (33.3%), rash
(13.1%), and hepatotoxicity (11.9%). We observed no grade
3 or 4 immunotherapy-related toxicities.

Next, we explored the efficacy of the treatments based
on sex. In men, the median PFS values were 3.4 months
and 2.0 months for patients treated with regorafenib with
PD-1 antibodies and regorafenib monotherapy, respec-
tively (p = 0.003, Figure 2B). In women, patients who were
administered regorafenib combined with PD-1 antibodies
and those who were administered regorafenib monother-
apy showed similar PFS (2.0 months vs. 1.9 months, re-
spectively, p = 0.500, Figure 2C).
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Regorafenib and PD-1

Regorafenib,n (%) antibody, n (%) P

0.012
29 (30.5) 12(14.3)
66 (69.5) 72 (85.7)

0.448
36 (37.9) 37 (44.0)
59 (62.1) 47 (56.0)

0.931
30 (31.6) 25(29.8)
37(38.9) 35(41.7)
28 (29.5) 24 (28.6)

0.417
69 (72.6) 56 (66.7)
26(27.4) 28 (33.3)

0.544
58 (61.1) 47 (56.0)
37(38.9) 37 (44.0)

0.049
33 (34.7) 42 (50.0)
62 (65.3) 42 (50.0)

0.646
34 (35.8) 33(39.3)
61 (64.2) 51 (60.7)

0.372
41 (43.2) 42 (50.0)
54 (56.8) 42 (50.0)

0.050
92 (96.8) 74 (88.1)
1(1.1) 7(8.3)
2(2.1) 3(3.6)

In patients with liver metastasis, the median PFS
was 2.0 months in both groups (p = 0.779, Figure 2D).
In patients without liver metastasis, those who were
administered regorafenib combined with PD-1 anti-
bodies had significantly longer PFS than those in the re-
gorafenib monotherapy group (median PFS = 4.2 months
and 1.9 months, respectively), as shown in Figure 2E
(p<0.001). Among the 84 patients who were adminis-
tered regorafenib with PD-1 antibodies, 28 had no history
of liver metastasis, whereas 12 had a history of liver in-
volvement but without active liver metastasis at the time
of treatment. These two groups of patients had similar
PFS outcomes (4.2 months vs. 11.37months, p = 0.065,
Figure 2F). Among the 95 patients who were administered
regorafenib monotherapy, 26 had no history of liver me-
tastasis, whereas 6 had a history of liver involvement but
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FIGURE 2 Progression-free survival associated with regorafenib monotherapy and regorafenib combined with a PD-1 antibody in

all enrolled patients (A), male patients (B), female patients (C), patients with liver metastasis (D), and in patients without liver metastasis

(E). Progression-free survival associated with regorafenib combined with a PD-1 antibody (F) and regorafenib monotherapy (G) in

patients without a history of liver metastasis and in patients with liver involvement history but without active liver metastasis at the time

of treatment. Progression-free survival associated with regorafenib monotherapy (H) and regorafenib combined with a PD-1 antibody (I)

grouped by liver and lung metastasis

without active liver metastasis at the time of treatment.
These two groups showed similar PFS (1.9 months vs.
1.6 months, p = 0.868, Figure 2G).

In patients administered regorafenib monotherapy, no
significant association was observed between PFS and the
presence of liver or lung metastasis (p = 0.401, Figure 2H).
In patients administered regorafenib with PD-1 antibod-
ies, liver metastasis was associated with shorter PFS re-
gardless of the presence of lung metastasis (p = 0.022,
Figure 2I).

Given that being female and liver metastasis were as-
sociated with impaired efficacy of PD-1 antibodies, we
divided the patients into four groups (Table 2). We ob-
served the highest partial response (4/31, 12.9%) among
male patients without liver metastasis. In addition,
3/75 (4%) male patients with liver metastasis showed
a partial response. By contrast, no partial response was
observed in female patients. Regorafenib with PD-1 an-
tibodies led to longer PFS than regorafenib monother-
apy in both male (5.2 months vs. 2.4 months, P = 0.001,

Figure 4A) and female (3.9 months vs. 1.8 months,
P = 0.037, Figure 4B) patients without liver metastasis.
The regorafenib with PD-1 antibody group had a simi-
lar PFS as did the regorafenib monotherapy (2.6 months
vs. 2.0 months, P = 0.164, Figure 4C) group in the case
of male patients with liver metastasis. Unexpectedly,
female patients with liver metastasis who were admin-
istered regorafenib with a PD-1 antibody had shorter
PFS than those who were administered regorafenib
monotherapy (1.8 months vs. 2.0months, P = 0.030,
Figure 4D).

In patients administered regorafenib monotherapy, sex
or liver metastasis was not associated with PFS (p = 0.614,
Figure 4E). In patients administered regorafenib with
PD-1 antibodies, both female and liver metastasis were as-
sociated with shorter PFS (p = 0.001, Figure 4F).

Liver metastasis can impede the efficacy of PD-1 anti-
bodies through T-cell elimination.”® In a previous study, it
was observed that patients with NSCLC and liver metastasis
had significantly lower absolute lymphocyte counts (ALC)
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FIGURE 3 Forest plot of progression-free survival according to patients' characteristics

than those without liver metastasis."> We reviewed routine
blood tests before the first dose of regorafenib or regorafenib
combined with a PD-1 antibody. Notably, we observed lower
ALC in female patients with liver metastasis than that in pa-
tients without liver metastasis (median ALC was 0.96 vs. 1.39,
p<0001, Figure 5A). Male patients with liver metastasis had
ALC that was similar to that in patients without liver metas-
tasis (Figure 5A). mCRC with HRD has been reported to have
higher levels of immune cell infiltration, and these patients
might be potential candidates for immunotherapy. Herein,
next-generation sequencing data and TMB results were avail-
able for 101 patients. We observed the highest frequency of

HRD alteration (8/18, 44.4%) in male patients without liver
metastasis (Table 2). The other groups of patients had a rela-
tively low HRD frequency, fluctuating between 9.8% and 17.2%.
TMB was comparable between all the groups (Figure 5B).

4 | DISCUSSION

Regorafenib is a multitarget inhibitor of the activity of
angiogenic and stromal receptor tyrosine kinases, includ-
ing vascular endothelial growth factor receptor, fibroblast
growth factor receptor 1, and platelet-derived growth
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TABLE 2 Comparison of patients' characteristics between patients with or without liver metastasis

Male
With liver Without liver
Characteristic metastasis, n (%) metastasis, n (%)
Age
>60 21 (28.0) 11 (35.5)
<60 54 (72.0) 20 (64.5)
Primary tumor location
Right-sided 19 (25.3) 10 (32.3)
Left-sided 31 (41.3) 11 (35.5)
Rectum 25(33.3) 10 (32.3)
Metastasis site
Lung
Involved 41 (54.7) 22 (71.0)
Noninvolved 34 (45.3) 9(29.0)
Distant lymph node
Involved 29 (38.7) 10(32.3)
Noninvolved 46 (61.3) 21 (67.7)
Peritoneal
Involved 16 (21.3) 19 (61.3)
Noninvolved 59 (78.7) 12 (38.7)
RAS
Wild-type 39 (52.0) 12 (38.7)
Mutated 36 (48.0) 19 (61.3)
BRAF
Wild-type 69 (92.0) 27 (87.1)
V600E mutated 4(5.3) 2(6.5)
Non- V600E mutated 2(2.7) 2(6.5)
Homologous
recombination
deficiency
Yes 4(9.8) 8(44.4)
No 37(90.2) 10 (55.6)
Response
Complete response 0(0) 0(0)
Partial response 3(4.0) 4(12.9)
Stable disease 26 (34.7) 15(48.4)
Progressive disease 46 (61.3) 12 (38.7)

factor receptor beta.* The phase III CORRECT trial re-
vealed a median PFS of 1.9 months, with a DCR of 41%,
in 760 patients with refractory mCRC treated with re-
gorafenib.* PD-1 plays a key role in restricting immune
responses and facilitating self-tolerance.'® The use of PD-1
antibody has emerged as one of the most efficient strat-
egies to boost antitumor immune responses. The combi-
nation of regorafenib and a PD-1 antibody has attracted
increasing interest following the promising response rate

Female
With liver Without liver
D metastasis, n (%) metastasis, n (%) p

0.490 0.710
7 (14.0) 2(8.7)
43 (86.0) 21 (91.3)

0.748 0.022
20 (40.0) 6 (26.1)
23 (46.0) 7(30.4)
7 (14.0) 10 (43.5)

0.134 0.449
27 (54.0) 15 (65.2)
23 (46.0) 8 (34.8)

0.659 0.214
22 (44.0) 14 (60.9)
28 (56.0) 9(39.1)

<0.001 0.204

19 (38.0) 13 (56.5)
31 (62.0) 10 (43.5)

0.286 0.447
20 (40.0) 12 (52.2)
30 (60.0) 11 (47.8)

0.625 0.213
48 (96.0) 22(95.7)
2(4.0) 0(0)
0(0) 1(4.3)

0.004 1.000
5(17.2) 2(15.4)
24 (82.8) 11 (84.6)

0.056 0.065
0(0) 0(0)
0(0) 0(0)
14 (28.0) 12 (52.2)
36 (72.0) 11 (47.8)

observed in the REGONIVO trial.” However, several other
studies evaluating the same treatment strategy failed to
observe such a high response rate.®® These discrepant
observations suggest that only a subset of patients may
benefit from this combination. Our findings suggest that
regorafenib combined with a PD-1 antibody has similar
efficacy as regorafenib monotherapy in unselected MSS
mCRC as a third-line treatment option. Furthermore, we
show that the absence of liver metastasis and being male
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patients with liver metastasis (D). Progression-free survival associated wi
PD-1 antibody (F) grouped by sex and liver metastasis

are associated with benefits of receiving the combination
of regorafenib and a PD-1 antibody. Treatment with re-
gorafenib with a PD-1 antibody, as compared with treat-
ment with regorafenib alone, was associated with almost
doubling of PFS among male patients without liver me-
tastasis. By contrast, female patients with liver metastasis

th regorafenib monotherapy (E) and regorafenib combined with a

who were administered regorafenib with a PD-1 antibody
showed shorter PFS than those on regorafenib alone.

Not all metastatic sites of cancer have an equal impact
on the efficacy of PD-1 antibodies. The liver promotes
immune tolerance in cases of viral infections and other
diseases, and the tolerance mechanism can be hijacked
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by liver metastatic tumors.'® Indeed, various studies have
suggested that liver metastasis can restrain the efficacy of
PD-1 antibodies. In patients with melanoma or NSCLC
treated with pembrolizumab, the response rates were
56.3% and 30.6% in those without and with liver metasta-
sis, respectively.' Liver metastasis was also associated with
significantly shorter PFS (5.1 months vs. 20.1 months)."?
Furthermore, liver metastasis is associated with reduced
tumor-infiltrating CD8" lymphocytes at the tumor infil-
tration front."* A similar trend was observed in patients
with NSCLC who were administered nivolumab.?® In the
REGONIVO trial, patients with mCRC with liver metasta-
sis also showed a reduced response rate.” In a recent study
comprising 95 patients with mCRC who were adminis-
tered a PD-1 antibody, a longer PFS was observed in those
without liver metastasis than in those with the condition
(4.0 months vs. 1.5months, respectively).21 Our study re-
sults are consistent with previous observations. We also
observed that patients with a history of liver involvement
but without active liver metastasis at the time of combi-
nation treatment had similar PFS as did patients without
a history of liver metastasis. This observation, together
with the results of previous reports,*** suggests that pa-
tients with incurable metastatic mCRC may benefit from

liver metastasis

aggressive local treatment targeting liver metastasis, as it
can improve the patient's sensitivity to regorafenib com-
bined with a PD-1 antibody.

We further observed that the attenuating effect of
the liver on the efficacy of regorafenib combined with a
PD-1 antibody was related to the sex of the patient. It is
well known that sex can affect the process of both innate
and adaptive immunity.”® Sex differences are associated
with the prevalence and severity of various diseases, in-
cluding autoimmune diseases, infectious diseases, and
malignancies. Recently, the association between sex and
immunotherapy efficacy in cancer was noted.'®** A sys-
tematic meta-analysis including 20 randomized trials
showed that the effect of immune checkpoint inhibitors
is sex-dependent and that male patients derive a greater
therapeutic benefit."' Herein, male patients without liver
metastasis benefited the most from the combination of
regorafenib and a PD-1 antibody. By contrast, female
patients with liver metastasis who were administered
regorafenib with a PD-1 antibody had reduced PFS com-
pared with those who received regorafenib monotherapy.
Furthermore, we observed that female patients with liver
metastasis had the lowest ALC. Our observations support
a previous preclinical finding that liver metastasis could
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induce apoptosis of antigen-specific T cells, thereby pro-
moting tumor immune escape.> We also observed that
male patients without liver metastasis had more frequent
HRD alterations, which may explain their sensitivity to
regorafenib combined with a PD-1 antibody. The exact
mechanism underlying the effect of sex on liver metasta-
sis remains unclear, and further studies are needed to val-
idate our observations. Our findings suggest that sex and
liver metastasis should be considered as stratification fac-
tors in future clinical trials to avoid confounding factors.

We observed that an age less than 60years was associ-
ated with survival benefit from treatment with the com-
bination of regorafenib and anti-PD1 antibody. Impaired
antigen presentation and decreased number of lympho-
cytes infiltrating the tumor microenvironment has been
reported for aged mouse model and patients.*® This may
explain the limited efficacy of the PD-1 antibody in pa-
tients older than 60years. We also observed that RAS
mutation was associated with survival benefit from the
combination of regorafenib and anti-PD1 antibody.
Patients with CRC and RAS mutation are more likely to
develop lung metastasis, which is a subset sensitive to im-
munotherapy.?® This may explain the survival benefit in
patients with RAS mutation.

The major limitation of our study is that it involved
a retrospective design. Second, 98 (54.7%) patients were
alive and 24 patients entered clinical trials after disease
progression. Therefore, we were unable to investigate and
determine overall survival. Third, although 84 patients
were administered regorafenib with a PD-1 antibody,
the actual drugs that were used varied. Fourth, next-
generation gene sequencing results were only available
for 101 patients; therefore, we were unable to evaluate the
HRD status in the remaining 78 patients.

Notwithstanding these limitations, we could compare
the efficacy of regorafenib combined with PD-1 antibod-
ies and regorafenib monotherapy as a third-line treat-
ment option in a relatively large sample of patients with
MSS mCRC. We demonstrate that male patients without
liver metastasis benefited the most from the combination
regimen. By contrast, female patients with liver metasta-
sis were more likely to benefit from regorafenib mono-
therapy. These data suggest that liver metastasis and sex
are predictive factors for the efficacy of PD-1 antibodies
in patients with MSS mCRC. Further prospective stud-
ies with a larger population are needed to validate our
findings.

AUTHOR CONTRIBUTIONS

Wenzhuo He: Investigation (equal); writing - original
draft (equal). Lei Wang: Investigation (equal); resources
(equal). Chenxi Yin: Investigation (equal); software
(equal). Jia-hong Yi: Formal analysis (equal); validation

Open Access,

.. 6497
Cancer Medicine -WI LEYJ—

(equal). Yanan Jin: Methodology (equal). chang jiang:
Software (equal). guifang Guo: Data curation (equal).
Liang-Ping Xia: Resources (equal); supervision (equal);
writing - review and editing (equal).

ACKNOWLEDGMENTS

We thank Editage (www.editage.cn) for English lan-
guage editing. This work was supported by grants
from the Natural Science Foundation of Guangdong,
China (2020A1515111075 and 2021A1515012368),
Science and Technology Program of Guangzhou, China
(202102020171), and National Natural Science Foundation
of China (82102781).

CONFLICT OF INTEREST
The authors have no relevant financial or non-financial
interests to disclose.

DATA AVAILABILITY STATEMENT

The data in this study were deposited in the Research Data
Deposit system of Sun Yat-sen University Cancer (https://
www.researchdata.org.cn/).

ETHICAL APPROVAL STATEMENT
The study was approved by the Institutional Review Board
of Sun Yat-sen University Cancer Center (GZKJ2020-02).

PATIENT CONSENT STATEMENT

The study was performed in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from the parents.

ORCID

Wen-Zhuo He © https://orcid.org/0000-0002-7423-4999
Lei Wang © https://orcid.org/0000-0001-9528-4437
Ya-Nan Jin © https://orcid.org/0000-0003-0081-0030
Gui-Fang Guo © https://orcid.org/0000-0002-6283-7266
Liang-Ping Xia ©© https://orcid.org/0000-0001-7532-4913

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;71:209-249.

2. Andre T et al. Pembrolizumab in microsatellite-instability-
high advanced colorectal N Engl J Med.
2020;383:2207-2218.

3. Wang C, Fakih M. Targeting MSS colorectal cancer with immu-
notherapy: are we turning the corner? Expert Opin Biol Ther.
2021;10:1-11. doi:10.1080/14712598.2021.1933940

4. Grothey A, van Cutsem E, Sobrero A, et al. Regorafenib
monotherapy for previously treated metastatic colorectal can-
cer (CORRECT): an international, multicentre, randomised,
placebo-controlled, phase 3 trial. Lancet. 2013;381:303-312.

cancer.


http://www.editage.cn
https://www.researchdata.org.cn/
https://www.researchdata.org.cn/
https://orcid.org/0000-0002-7423-4999
https://orcid.org/0000-0002-7423-4999
https://orcid.org/0000-0001-9528-4437
https://orcid.org/0000-0001-9528-4437
https://orcid.org/0000-0003-0081-0030
https://orcid.org/0000-0003-0081-0030
https://orcid.org/0000-0002-6283-7266
https://orcid.org/0000-0002-6283-7266
https://orcid.org/0000-0001-7532-4913
https://orcid.org/0000-0001-7532-4913
https://doi.org//10.1080/14712598.2021.1933940

6498 .
—I—Wl LEY_Cancer Medicine _

5.

10.
11.

12.

13.
14.

15.
16.

17.

HE ET AL.

Fukuoka S, Hara H, Takahashi N, et al. Regorafenib plus
nivolumab in patients with advanced gastric or colorectal can-
cer: an open-label, dose-escalation, and dose-expansion phase Ib
trial (REGONIVO, EPOC1603). J Clin Oncol. 2020;38:2053-2061.
Wang C, Chevalier D, Saluja J, Sandhu J, Lau C, Fakih M.
Regorafenib and nivolumab or pembrolizumab combina-
tion and circulating tumor DNA response assessment in re-
fractory microsatellite stable colorectal cancer. Oncologist.
2020;25:€1188-e1194.

Wang F, He MM, Yao YC, et al. Regorafenib plus toripalimab
in patients with metastatic colorectal cancer: a phase Ib/II
clinical trial and gut microbiome analysis. Cell Rep Med.
2021;2:100383.

Yang K, Han L, Wu S, et al. Real-world outcomes of regorafenib
combined with immune checkpoint inhibitors in patients with
advanced or metastatic microsatellite stable colorectal cancer: a
multicenter study. Cancer Immunol Immunother. 2021;71:1443-
1451. doi:10.1007/500262-021-03083-3

Ozdemir BC, Dotto GP. Sex hormones and anticancer immu-
nity. Clin Cancer Res. 2019;25:4603-4610.

Conforti F, Pala L, Bagnardi V, et al. Sex-based heterogeneity in
response to lung cancer immunotherapy: a systematic review
and meta-analysis. J Natl Cancer Inst. 2019;111:772-781.
Conforti F, Pala L, Bagnardi V, et al. Cancer immunotherapy ef-
ficacy and patients' sex: a systematic review and meta-analysis.
Lancet Oncol. 2018;19:737-746.

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;5:417-424.

Yu J, Green MD, Li S, et al. Liver metastasis restrains immuno-
therapy efficacy via macrophage-mediated T cell elimination.
Nat Med. 2021;27:152-164.

Lee JC, Mehdizadeh S, Smith J, et al. Regulatory T cell control
of systemic immunity and immunotherapy response in liver
metastasis. Sci Immunol. 2020;5:1-14.

Moretto R, Elliott A, Zhang J, et al. Homologous recombi-
nation deficiency alterations in colorectal cancer: clinical,
molecular, and prognostic implications. J Natl Cancer Inst.
2022;114:271-279.

Cao W, Xu Y, Chang L, et al. Genotyping of circulating
tumor DNA reveals the clinically actionable mutation
landscape of advanced colorectal cancer. Mol Cancer Ther.
2019;18:1158-1167.

Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer. 2009;45:228-247.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Salmaninejad A, Valilou SF, Shabgah AG, et al. PD-1/PD-L1
pathway: basic biology and role in cancer immunotherapy. J
Cell Physiol. 2019;234:16824-16837.

Lee JC, Green MD, Huppert LA, Chow C, Pierce RH, Daud Al
The liver-immunity nexus and cancer immunotherapy. Clin
Cancer Res. 2022;28:5-12.

Schmid S, Diem S, Li Q, et al. Organ-specific response to
nivolumab in patients with non-small cell lung cancer
(NSCLC). Cancer Immunol Immunother. 2018;67:1825-1832.
Wang C, Sandhu J, Ouyang C, Ye J, Lee PP, Fakih M. Clinical
response to immunotherapy targeting programmed cell death
receptor 1/programmed cell death ligand 1 in patients with
treatment-resistant microsatellite stable colorectal cancer with
and without liver metastases. JAMA Netw Open. 2021;4:e2118416.
Ho WW, Gomes-Santos IL, Aoki S, et al. Dendritic cell paucity
in mismatch repair-proficient colorectal cancer liver metastases
limits immune checkpoint blockade efficacy. Proc Natl Acad Sci
USA. 2021;118:1-12.

Klein SL, Flanagan KL. Sex differences in immune responses.
Nat Rev Immunol. 2016;16:626-638.

Conforti F, Pala L, Pagan E, et al. Sex-based dimorphism of an-
ticancer immune response and molecular mechanisms of im-
mune evasion. Clin Cancer Res. 2021;27:4311-4324.

Sceneay J, Goreczny GJ, Wilson K, et al. Interferon signaling
is diminished with age and is associated with immune check-
point blockade efficacy in triple-negative breast cancer. Cancer
Discov. 2019;9:1208-1227.

Pereira AA et al. Association between KRAS mutation and
lung metastasis in advanced colorectal cancer. Br J Cancer.
2015;112:424-428.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: He W-Z, Wang L, Yin
C-X, et al. Regorafenib with or without a
programmed cell death protein 1 antibody as
third-line treatment for microsatellite stable
metastatic colorectal cancer. Cancer Med.
2023;12:6488-6498. doi: 10.1002/cam4.5417



https://doi.org//10.1007/s00262-021-03083-3
https://doi.org/10.1002/cam4.5417

	Regorafenib with or without a programmed cell death protein 1 antibody as third-­line treatment for microsatellite stable metastatic colorectal cancer
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Patient selection
	2.2|Clinical and gene sequencing data
	2.3|HRD
	2.4|Statistical analyses

	3|RESULTS
	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICAL APPROVAL STATEMENT
	PATIENT CONSENT STATEMENT
	REFERENCES


