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Abstract: Immune checkpoint inhibitor (ICl) has changed the situation of anti-tumor therapy. Several phase /Il
clinical trials explored ICI-based combinations in microsatellite stable (MSS) metastatic colorectal cancer (mCRC)
with mixed outcomes. However, real-world data regarding ICl-based combinations in this population is lacking. This
retrospective study aimed to evaluate the efficacy and safety of ICI in MSS mCRC patients in third-line or above
setting. A total of 143 eligible patients who received third-line or above ICI monotherapy or ICl-based combinations
at the Cancer Center of Renmin Hospital of Wuhan University from June 2019 to April 2024 were included in this
study. The primary endpoints were real-world median progression-free survival (PFS) and overall survival (OS), and
the secondary endpoints included objective response rate (ORR), disease control rate (DCR), safety and prognostic
analyses. Results showed that the median PFS was 4.6 months, and the median OS was 11.8 months, with an ORR
of 11.2% and a DCR of 72.7%. ICI plus small molecule tyrosine kinase inhibitors have become the most popular
combination for MSS mCRC patients at third-line or above setting with a median PFS of 4.4 months and OS of 10.1
months. The subgroup of patients with liver metastasis had worse clinical outcomes and liver metastasis was an
independent prognostic factor for PFS (HR = 2.35, 95% Cl, 1.54-3.59; P = 0.000) and OS (HR = 1.77, 95% ClI, 1.06-
2.96; P = 0.030). Forty-eight patients received cross-line ICl and obtained significantly improved OS (15.8 months
vs 10.2 months; HR = 0.59, 95% CI, 0.38-0.89; P = 0.017). No new safety concerns were detected. Grade 3/4
treatment-related adverse events were generally controllable, with an incidence of 39.9%. To conclude, ICl-based
combinations provide survival benefits for these heavily pretreated MSS mCRC patients with manageable safety,
which is worthy of further study.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancers globally and ranks in the top two
leading cause of cancer-related deaths [1].
According to the 2020 GLOBOCAN report, CRC
has become the highest total lifetime risk of
developing and dying from gastrointestinal can-
cers [2]. China is a country with high incidence
of CRC and heavy disease burden. Since 2000,
the annual incidence and mortality of CRC in
China have demonstrated a steady upward
trend, with 517,000 new cases and 240,000
deaths in 2022 [3].

Yet, statistically, 25% of patients are diagnosed
with metastatic CRC (mCRC) at their initial diag-
nosis, and almost 50% of patients with local-
ized CRC will eventually develop mCRC. The
5-year overall survival (0OS) rate for patients
with mCRC is only about 12% [4]. Fluorouracil
based doublet or triplet chemotherapy com-
bined with anti-VEGF(R) or anti-EGFR targeted
therapy is the standard first- and second-line
treatment for mCRC patients recommended by
current guidelines. In contrast, the options for
third-line or above treatment for mCRC patients
are limited. Only regorafenib, fruquintinib and
TAS-102 are recommended, and the median
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progression-free survival (PFS) is only 1.9 to
5.6 months, which is far from meeting the
clinical needs [5-8].

Recently, the widespread administration of
immune checkpoint inhibitors (ICls) has revolu-
tionized clinical cancer therapy, dramatically
improving the survival and prognosis to specific
patient populations. Patients with mismatch
repair-deficient/microsatellite  instability-high
(dMMR/MSI-H) mCRC were found to benefit sig-
nificantly from ICls, with prolonged PFS and
long disease-free survival [9]. However, only
5% of mCRC patients were dMMR/MSI-H
phenotype. The remaining 95% patients were
mismatch repair-proficient/microsatellite-sta-
ble (PMMR/MSS) phenotype and generally had
poor response to ICls.

ICl-based combination therapies, such as ICI
combined with targeted agents (regorafenib,
fruquintinib, bevacizumab, etc.), chemotherapy,
radiotherapy, biotherapy or other cytotoxic
agents, have gained increasing attention in the
later-line treatment of mCRC, and has achieved
mixed results in a series of exploratory studies
[10-15]. This study evaluated the efficacy and
safety of ICl-based regimens in third-line and
above treatment in MSS mCRC patients th-
rough a real-world retrospective study, with a
view to providing more clinical evidence for the-
ses heavily pretreated patients.

Methods
Patients and treatment

This study was a retrospective, real-world study
conducted at the Renmin Hospital of Wuhan
University, China. The study included the data-
base of patients who were treated at the can-
cer center of Renmin Hospital of Wuhan
University from June 2019 to April 2024. Brie-
fly, eligible patients were aged > 18 years, had
histologically or cytologically confirmed meta-
static and/or progressive pMMR/MSS colorec-
tal adenocarcinoma, had received at least
second-line of prior systemic therapy, had at
least one measurable/evaluable lesion accord-
ing to Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1, had an Eastern
Cooperative Oncology Group performance sta-
tus (ECOG PS) score of 0 to 2, had adequate
organ function, and had life expectancy of
3 months or longer. MSI status was tested
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using immunohistochemistry and/or polyme-
rase chain reaction or next-generation sequenc-
ing. Patients were excluded if they had incom-
plete medical data, a history of active autoim-
mune disease or organ transplantation, or were
receiving immunosuppressive therapy. The
study was approved by the institutional ethics
committee of Renmin Hospital of Wuhan
University. Informed consent was exempt gi-
ven the retrospective nature of the study. This
study followed the Declaration of Helsinki and
adhered to the Guidelines for Good Clinical
Practice.

All data were retrospectively collected from
medical records and laboratory results. Pa-
tients were prescribed ICI or ICl-based combi-
nations in routine clinical practice. The specific
administration schedule, dose modification,
discontinuation and efficacy evaluation were
determined by clinicians.

Outcome

The primary end points of the present study
were PFS and OS, and the secondary end points
were objective response rate (ORR), disease
control rate (DCR), safety and prognostic analy-
ses. PFS was defined as the time since third-
line or above treatment initiation to disease
progression or death from any cause. OS was
measured from the third-line or above treat-
ment initiation to death or the last follow-up.

All patients who received at least one dose of
ICl were included in the efficacy and safety
analyses. Tumor responses of target and non-
target lesions were assessed according to the
RECIST vi1.1, as follows: complete response
(CR), partial response (PR), stable disease (SD),
and progressive disease (PD) by computed
tomography, magnetic resonance imaging and/
or other imageological examinations. Efficacy
was evaluated every 2 to 3 treatment cycles.
The ORR included CR and PR, and the DCR
included CR, PR, and SD. The study was fol-
lowed up until April 10, 2024.

Treatment-related adverse events (TRAEs) and
immune-related adverse events (irAEs) were
collected according to the Medical Dictionary
for Regulatory Activities v23.0. The severity of
any adverse event (AE) was graded according
to the National Cancer Institute Common
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Patients screened (n=562)

SPSS statistical software ver-
sion 26.0. A P-value of < 0.05

419 did not meetinclusion criteria or met

exclusion criteria

348 had no 3L therapy or died before
3L therapy

26 withoutICl in 3L or above therapy

5 had non-adenocarcinoma colorectal
malignancies

21 withincomplete medical data

8 with incomplete follow-up data

7 with other malignancies

4 with dMMR/MSI-H phenotype

was considered statistically
significant.

Results
Patient characteristics

A total of 143 heavily pre-
treated patients with MSS

Enrolledin real-world study (n=143)

mCRC from June 2019 to April
2024 at Renmin Hospital of
Wuhan University were en-
rolled and analyzed with a

l | l

l median age of 59 years (IQR

ICl+anti-
VEGF(R)EGFR/HER2
mAbxCT+RT (n=34)

ICItCT+RT || ICI+TKI:CT£RT
(n=29) (n=104)

ICI+TKI+anti-
VEGF(R)EGFR/HER2
mAb+CT£RT (n=5)

51-67 years) (Figure 1). Of
the entire cohort, 98 (68.5%)
patients were male, 133

Figure 1. Flowchart depicting the patient selection process for the study.
CT, chemotherapy; dMMR/MSI-H, mismatch repair-deficient/microsatellite
instability-high; ICI, immune checkpoint inhibitor; RT, radiotherapy; TKI, tyro-

sine kinase inhibitor; 3L, third-line.

Terminology Criteria for Adverse Events v5.0.
Through the medical electronic system, the
researchers collected the patients’ laboratory
examinations and tests results, including blood
routine, liver and kidney function and other bio-
chemical indicators, urine routine, coagulation
function, thyroid function, myocardial enzyme
profile, etc., to record the AEs of patients in
detail. In addition, data on the duration of medi-
cation were collected by telephone visits, out-
patient visits or inpatient visits. IrAEs were fol-
lowed up to 3 months after the end of patients’
current treatment.

Statistical analyses

Chi-square test or Fisher exact test were used
to compare categorical variables. For continu-
ous data, t test or Mann-Whitney U test were
performed, depending on the normality of the
data. Median follow-up was determined using
the reverse Kaplan-Meier estimator. The PFS
and OS were plotted using the Kaplan-Meier
method. The log-rank test was used to compare
Kaplan-Meier curves between subgroups, and
Cox proportional hazards regression model
was adopted to determine the hazard ratio (HR)
and bilateral 95% confidence interval (Cl).
Demographic characteristics, safety, and other
clinical data were summarized descriptively.
All statistical analyses were performed using
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(93.0%) had an ECOG PS
of 0-1, 110 (76.9%) had pri-
mary tumor located in left-
side colon and rectum, 108
(75.5%) had more than 2 met-
astatic organs and 93 (65.0%)
had liver metastasis. All patients received at
least second-line of prior chemotherapy, 119
(83.2%) underwent surgical resection of the
primary tumor, 65 (45.5%) had received radio-
therapy, most patients (92.3%) had previously
treated with targeted therapy. Overall, 20
(14.0%) patients previously received ICI at their
first- or second-line therapy, and 88 (61.5%)
patients underwent initiated ICI treatment at
third-line setting. Genetic mutation data were
available for 104 (72.7%) patients, of whom 56
(39.1%) were RAS/BRAF mutants. All patients
were pMMR and/or MSS phenotypes. The
baseline characteristics of patients are sum-
marized in the Table 1.

Treatment regimens

Different ICI combination strategies are shown
in Table 2. ICI combined with tyrosine kinase
inhibitor (TKI) has become the most popular
combination at third-line or above treatment,
accounting for 72.7%. Among them, 79 (55.2%)
patients chose the two-drug combination of
ICl and TKI, and 27 (18.9%) received ICI plus
TKI and chemotherapy. In addition, 20 (14.0%)
received ICl plus large molecular targeted
drugs such as bevacizumab or cetuximab and
systematic chemotherapy, 19 (13.3%) received
ICI and chemotherapy without any targeted
agents, and 7 (4.9%) received ICl alone.
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Table 1. Patient demographics and baseline
characteristics

Characteristic Patients, No. (%)
Age, median (IQR), y 59 (51-67)

> 60 60 (42.0)

<60 83 (58.0)
Sex

Male 98 (68.5)

Female 45 (31.5)
ECOG PS score

0-1 133 (93.0)

2 10 (7.0)
Primary site

Left-sided 110 (76.9)

Right-sided 33(23.1)
Number of metastatic organs

1 35 (24.5)

>2 108 (75.5)
Type of metastasis

With liver metastasis 93 (65.0)

With lung metastasis 86 (60.1)
RAS/BRAF gene status

Available 104 (72.7)

RAS/BRAF mutated type 56 (39.1)

RAS/BRAF wild type 48 (33.6)

Unavailable 39 (27.3)
MMR/MSI status

pMMR/MSS 143 (100.0)
Prior treatment

Median lines (range) 2 (2-6)

Surgery of primary lesion 119 (83.2)

Chemotherapy 143 (100.0)

Radiotherapy 65 (45.5)

Immunotherapy 20 (14.0)

Targeted drugs? 132 (92.3)

Anti-EGFR mAb 28 (19.6)

Anti-VEGF(R) mAb 113 (79.0)

TKls 50 (35.0)
Current line of ICI

3line 88 (61.5)

> 3 line 55 (38.5)

Abbreviations: ECOG PS, Eastern Cooperative Oncology
Group performance status; EGFR, epidermal growth
factor receptor; ICl, immune checkpoint inhibitor; IQR,
interquartile range; mAb, monoclonal antibody; mCRC,
metastatic colorectal cancer; MMR, mismatch repair;

MSI, microsatellite instability; MSS, microsatellite stable;

pMMR, mismatch repair proficient; TKls, tyrosine kinase
inhibitors; VEGF(R), vascular endothelial growth factor
(receptor). ®Targeted drugs included anti-EGFR mAb

(Cetuximab and Nimotuzumab), anti-VEGF(R) mAb (Beva-

cizumab and Ramucirumab) and TKls (small molecular
inhibitors against VEGFR, eg., Regorafenib, Fruquintinib,
Apatinib, Anlotinib, inhibitors against BRAF, eg., Dab-
rafenib, Vemurafenib, and inhibitors against MEK, eg.,
Trametinib).
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Efficacy

As of April 10, 2024, only 56 of the 143 enrolled
patients were still alive, of which 26 patients
did not have PD. Another 117 patients devel-
oped PD, of which 30 were still alive, 14 contin-
ued to receive crossline immunotherapy, and 9
received non-immunotherapy. For 87 patients
who had died, the main causes of death includ-
ed disease progression and emergencies such
as COVID-19 and acute cardiovascular and
cerebrovascular events. In the intention to treat
(ITT) population, the ORR was 11.2% (95% Cl,
6.7-17.8) and the DCR was 72.7% (95% ClI,
64.5-79.7), including 16 (11.2%) confirmed PR
and 88 (61.5%) SD (Table 3). Specifically, the
ORR was 12.5% (95% Cl, 6.7-21.7) and DCR
was 79.6% (95% Cl, 69.4-87.1) in the third-line
(3L) cohort, including 11 (12.5%) cases of PR
and 59 (67.0%) cases of SD. As expected, the
ORR and DCR in the fourth-line and above (=
41) cohort were lower than those in the 3L
cohort, but these differences were not statisti-
cally significant (P > 0.05). In the efficacy-evalu-
able population, a reduction in the size of target
lesions was achieved in 58 (41.1%) patients
(Figure 2).

As of data cutoff on April 10, 2024, with a medi-
an follow-up of 23.1 months (95% CI, 11.8-
34.4), the median PFS was 4.6 months (95% Cl,
4.1-5.1) and median OS was 11.8 months (95%
Cl, 10.2-13.4) (Figure 3A, 3B). Median PFS (4.7
months vs 4.4 months; P = 0.562) and median
0OS (12.4 months vs 10.2 months; P = 0.054) in
the 3L cohort were better than those in the > 4L
cohort, but significant differences were not
found (Figure 3A, 3B). Interestingly, however,
we observed a significant improvement in medi-
an OS in 48 patients who underwent ICI cross-
line therapy compared to those who did not
receive ICI cross-line therapy (15.8 months vs
10.2 months; HR = 0.59, 95% Cl, 0.38-0.89;
P = 0.017) (Figure 4B). But, the OS benefit
here was independent of PFS, and patients in
the cross-line cohort had relatively short PFS
(Figure 4A).

The univariate and multivariate analyses of risk
factors for PFS and OS are shown in Table 4.
Patients with liver metastasis had worse medi-
an PFS (3.5 months vs 6.7 months; HR = 2.13,
95% Cl, 1.48-3.06; P < 0.0001) and 0S (10.6
months vs 15.8 months; HR = 1.55, 95% ClI,
1.02-2.37; P = 0.045) than those without liver
metastasis (Figure 4C, 4D). Multivariate analy-
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Table 2. Treatment patterns

Regimens Patients, n (%)
ICI£CTRT 29 (19.6)
ICl alone® 7(4.9)

ICI+CT 9 (13.3)
ICI+RT 2 (1.4)
ICI+CT+RT 4 (2.8)
ICI+TKIxCT+RT 104 (72.7)
ICI+TKIP 79 (55.2)
ICI+TKI+CT 23 (16.1)
ICI+TKI+RT 10 (7.0)
ICI+TKI+CT+RT 4(2.8)
ICl+anti-VEGF(R)/EGFR/HER2 mAb+CT+RT 34 (23.8)
ICl+anti-VEGF(R)/EGFR/HER2 mAb°® 9 (6.3)
ICl+anti-VEGF(R)/EGFR/HER2 mAb+CT 20 (14.0)
ICl+anti-VEGF(R)/EGFR/HER2 mAb+RT 1(0.7)
ICl+anti-VEGF(R)/EGFR/HER2 mAb+CT+RT 7(4.9)
ICI+TKI+anti-VEGF(R)/EGFR/HER2 mAb+CT+RT 5 (3.5)
ICI+TKI+anti-VEGF(R)/EGFR/HER2 mAb 3(2.1)
ICI+TKI+anti-VEGF(R)/EGFR/HER2 mAb+CT 1(0.7)
ICI+TKI+anti-VEGF(R)/EGFR/HER2 mAb+RT 1(0.7)

ICI+TKI+anti-VEGF(R)/EGFR/HER2 mAb+CT+RT 0(0)

Abbreviations: CT, chemotherapy; EGFR, epidermal growth factor recep-
tor; ICI, immune checkpoint inhibitor; mAb, monoclonal antibody; RT,
radiotherapy; TKI, tyrosine kinase inhibitor; VEGF(R), vascular endothelial
growth factor (receptor); HER2, human epidermal growth factor receptor
2. 2ICl: anti-PD-1 mAb (Pembrolizumab, Nivolumab, Camrelizumab, Tori-
palimab, Sintilimab, Tislelizumab, Penpulimab), anti-PD-L1 mAb (Atezoli-
zumab, Durvalumab, Envafolimab, Adebrelimab) and anti-PD-1/CTLA4
mAb (Cadonilimab). °TKI: VEGFR inhibitor (Regorafenib, Fruquintinib,
Sulfatinib, Apatinib, Anlotinib), BRAF inhibitor (Dabrafenib, Vemurafenib),
MEK inhibitor (Trametinib), HER2 inhibitor (Pyrotinib, Lapatinib, Tucatinib),
ALK inhibitor (Lorlatinib). “Anti-VEGF mAb (Bevacizumab); anti-VEGFR mAb
(Ramucirumab); anti-EGFR mAb (Cetuximab, Nimotuzumab); anti-HER2
mAb (Trastuzumab, Pertuzumab); anti-HER2 ADC (Disitamab vedotin,
Trastuzumab Emtansine).

sis indicated that liver metastasis was an inde-

motherapy (10.6 months; 95% Cl, 7.3-
13.8) or those who received ICl in
combination with anti-VEGF(R)/EGFR/
HER2 mAb and chemotherapy (12.5
months; 95% Cl, 8.6-16.4), of course,
not to mention ICl alone (9.8 months;
95% Cl, 3.2-16.3) (Figure 4F). The
survival curves for each treatment
regimen (up to 48 months) are pre-
sented in Figure 4E, 4F.

Safety

All patients received at least one
dose of ICI were included in the sa-
fety analysis. Most patients (93.9%)
experienced at least one TRAE, but it
was generally grade 1 or 2 (Table 5).
The most common TRAEs were leuko-
penia (33.6%), hand and foot skin
reaction (29.4%), thrombocytopenia
(28.7%), and abnormal liver function
(27.3%). Grade 3-4 TRAEs were
reported in 57 (39.9%) patients,
mainly including thrombocytopenia
(9.8%), leukopenia (7.7%), neutrope-
nia (6.3%), thyroid dysfunction (4.2%),
and diarrhea (4.2%).

The incidence of irAEs of any grade
was 42.0%. Most of the irAEs were
graded 1-2. The incidence of grade
3-4 irAEs was 13.3%, mainly including
rash, reactive cutaneous capillary
endothelial proliferation, hypothyroid-
ism, hypertension, hyperglycemia and
abnormal liver function. All irAEs were
controllable after appropriate symp-

tomatic therapy. No treatment-related deaths

pendent prognostic factors for PFS (HR = 2.35, occurred.
95% Cl, 1.54-3.59; P = 0.000) and OS (HR =
1.77, 95% Cl, 1.06-2.96; P = 0.030) in mCRC Discussion

patients treated with later-line immunotherapy

(Table 4).

Patients who received ICI alone had the short-
est median PFS of 2.5 months (95% ClI, 0.0-
4.9), while the combinations of ICI plus TKI and
ICl plus anti-VEGF(R)/EGFR/HER2 mAb and
chemotherapy both developed a median PFS of
4.4 months (Figure 4E). The median OS for
patients received ICI plus TKI and chemothera-
py (14.3 months; 95% Cl, 4.6-24.1) was highest
compared with those who received ICI plus che-
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For mCRC, compared with chemotherapy alone,
the introduction of targeted agents has brought
significant survival benefits to these population
and rewritten clinical treatment guidelines.
Recently, with the in-depth exploration of
molecular biology, the impact of tumor molecu-
lar typing and tumor microenvironment (TME)
on the survival and prognosis of cancer patients
has attracted more and more attention. CRC is
no longer regarded as a single unique disease,
but presents complex molecular subtypes,
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Table 3. Treatment efficacy

Response ITT (n = 143) 3L (n=88) > 4L (n=55)
Best response to treatment, No. (%)

CR 0 0 0

PR 16 (11.2) 11 (12.5) 5(9.1)

SD 88 (61.5) 59 (67.0) 29 (52.7)

PD 37 (25.9) 17 (19.3) 20 (36.4)

NE 2(1.4) 1(1.1) 1(1.8)
ORR, % (95% Cl) 11.2 (6.7-17.8) 12.5 (6.7-21.7) 9.1 (3.4-20.7)
DCR, % (95% Cl) 72.7 (64.5-79.7) 79.6 (69.4-87.1) 61.8 (47.7-74.3)

Abbreviations: Cl, Confidence interval; CR, Complete response; CT, chemotherapy; DCR, Disease control rate; ITT, Intention to
treat population; NE, Not evaluable; ORR, Objective response rate; PD, Progressive disease; PR, Partial response; SD, Stable

disease; 3L, third-line therapy; > 4L, fourth-line and above therapy.

due to the impairment of any
DNA mismatch repair pro-
teins, including MLH1, PMS2,
MSH2, and MSH6 [18]. Ob-
viously, in addition to the high

tumor mutational burden, the
immune inflamed TME, includ-
ing tumor infiltrating lympho-
cytes, immune memory cells

100
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Figure 2. Tumor response in the efficacy-evaluable population (n = 141).
Waterfall plot showing the best percent change in the size of target lesions
from baseline. The dashed lines at +20% and -30% indicate thresholds for
progressive disease and partial response, respectively, according to RECIST

vil.1.

each with distinct genetic and epigenetic fea-
tures. Chromosomal instability, CpG island
methylator phenotype, and MSI are the three
main pathways of genomic instability that con-
tribute to the development of CRC [16]. Among
them, MSI is currently the biomarker commonly
used to judge the immunotherapeutic response
in mCRC patients.

The phase Il KEYNOTE-016 trial showed that
compared with 40% ORR in MSI-H mCRC
patients, MSS mCRC patients had little res-
ponse to immune-monotherapy, with an ORR of
0% and a median PFS and OS of only 2.2
months and 5.0 months, respectively [17]. This
high response to ICIl observed in dMMR/MSI-H
mCRC patients has been reported to associat-
ed with the hypermutated phenotype resulting
from a large number of DNA replication errors
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and cytotoxic T lymphocytes,
is also an important factor
affecting immune response
[19].

However, more than 95% of
mCRC patients were MSS
phenotype, with low neoanti-
gen load in an immune-
excluded or immune-desert
TME. Novel combination strat-
egies and screening of right populations have
become the direction of exploration in the
later-line treatment of mCRC. Increasing num-
ber of ICl-based approaches with chemothera-
py, radiotherapy, targeted agents or vaccines
under the rationale of overcoming immune
resistance, prompting immune cycle, trans-
forming the cold tumor into an immune-activat-
ed TME have been developed. In the REGONIVO
trial, regorafenib combined with nivolumab
reported an ORR of 33% and a median PFS of
7.9 month in 25 MSS mCRC patients after fail-
ure of standard treatment [10]. The LEAP-005
trial showed an ORR of 22% and a median PFS
of 2.3 months of pembrolizumab plus lenva-
tinib in MSS mCRC patients [20]. Regorafenib
combined with avelumab in the phase Il
REGOMUNE trial showed an ORR of 0%, with
a median PFS of 3.6 months [11]. Tislelizumab

Am J Cancer Res 2024;14(11):5378-5388
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Figure 3. Kaplan-Meier curves of PFS and OS. Cl, confidence interval; OS, overall survival; PFS, progression-free
survival; 3L, third-line (therapy); = 4L, fourth-line and above (therapy).

plus fruquintinib and stereotatic body radio-
therapy as a later-line therapy in MSS mCRC
exhibited an ORR of 26% and median PFS of
8.5 months in the FRUIT trial [13]. The phase I
RENMIN-215 trial conducted by our research
group explored the efficacy of ICI combined
with fruquintinib and fecal microbiota trans-
plantation in the later-line treatment of MSS
MCRC, achieving an ORR of 20% and a median
PFS of 9.6 months [14]. Different from immuno-
monotherapy, the ICI plus TKI model seems to
have better clinical outcomes than the guide-
line-recommended third-line targeted agents
for mCRC.

Based on this, this study reviewed 143 mCRC
patients who received third-line or above immu-
notherapy in our cancer center in the past 5
years. With a median follow-up of 23.1 months,
the median PFS was 4.6 months and median
OS was 11.8 months, with an ORR of 12.5%
and DCR of 79.6%. Our preliminary results
showed that ICI combined with TKI is the com-
bination strategy with the highest proportion in
the later-line setting for mCRC in the real world.
Patients who received ICI plus TKI obtained a
median PFS of 4.4 months and median OS of
10.1 months. ICI in combination with TKI and
chemotherapy, in particular, earned a median
0OS of 14.3 months for this population.
Compared with ICI or TKI alone, the ICIH+TKI+CT
mode achieved a relatively longer survival in
MCRC patients without compromising patients’
quality of life. Judging from the pre-clinical
data, the treatment mode of ICI+TKl is also fully
scientific. Anti-angiogenic agent transformed
the immunosuppressive TME into immunosup-
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portive one and enhanced anti-tumor immunity
by normalizing the vascular system, increasing
tumor perfusion and oxygenation, promoting
chemokine release and effector T cells infiltra-
tion, reducing maturation and accumulation of
myeloid suppressor cells [21]. On the other, the
positive feedback mechanism between ICI-
induced immune reprogramming and TKI-
mediated tumor vascular normalization further
promoted immune-mediated tumor clearance
[22].

In addition, because ICI works slowly and has a
long after-effect, it is clinically common for can-
cer patients to receive ICI rechallenge after
interruption or discontinuation of immunother-
apy or disease progression, that is, cross-line
immunotherapy. In this study, 48 (33.6%)
patients received cross-line immunotherapy.
After comparison, we observed an improve-
ment of 5.6 months in median OS with a 41%
lower risk of death (HR = 0.59, 95% CI, 0.38-
0.89; P = 0.017). This real-world clinical out-
come may provide reliable data support for fur-
ther clinical studies of immunotherapy rechal-
lenge in patients with MSS CRC.

Previous studies have shown that CRC patients
with liver metastasis often have poor immune
response and survival prognosis [23]. Similar
results were observed in this study. The 93
patients with liver metastases had worse medi-
an PFS (3.5 months vs 6.7 months; P < 0.0001)
and 0S (10.6 months vs 15.8 months; P =
0.045) than the 50 patients without liver
metastases. Liver metastasis of CRC is the
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Figure 4. Kaplan-Meier curves of PFS and OS in subgroup analysis. Cl, confidence interval; HR, hazard ratio; CT,
chemotherapy; ICI, immune checkpoint inhibitor; OS, overall survival; PFS, progression-free survival; TKI, tyrosine
kinase inhibitor; VEGF(R)i, vascular endothelial growth factor (receptor) inhibitor.

most significant cohort for mCRC. However, the
TME of liver metastases appears to be immu-
nosuppressive due to complex internal factors.
Yu et al. found in the mouse model that liver
metastases can recruit and siphon CD8* T lym-
phocytes activated in the peripheral circulation
and drive the apoptosis of antigen-specific
Fas*CD8* T cells in hepatocytes through inter-
action with FasL"CD11b*F4/80* monocyte-
derived macrophages, thus forming an immune-
desert TME [24]. In addition to the decrease in
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the number of T cells in peripheral blood, the
diversity and function of T cells in the liver
metastases of mMCRC patients are correspond-
ingly reduced. Therefore, the rationale combi-
nation of liver metastases-directed radiothera-
py, antiangiogenic agents or other cytotoxic
drugs and ICl may be a worthwhile method to
overcome immunotherapy resistance and stim-
ulate effective immune response. On the other
hand, more detailed molecular and genetic
analyses will be included in future to reveal
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Table 4. Univariate and multivariate analyses of risk factors for PFS and OS

PFS

0s

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

HR (95% Cl) P HR (95% ClI) P HR (95% Cl) P HR (95% Cl) P
Age (years) (>/< 60) 0.68(0.47-0.98) 0.038  0.68(0.46-1.01) 0.056 1.04 (0.68-1.61) 0.842
Sex (male/female) 0.62(0.41-0.95) 0.013 0.73(0.47-1.13) 0.157 0.76 (0.48-1.20) 0.208
ECOG PS (0-1/2) 0.57 (0.25-1.31) 0.086  0.77 (0.39-1.51) 0.450 0.36(0.13-0.99) 0.001 0.41(0.20-0.83) 0.013
Primary site (left/right) 0.84 (0.53-1.31) 0.404 0.65(0.38-1.11) 0.071 0.65(0.39-1.10) 0.111
No. of metastatic organs (= 2/1) 1.96 (1.33-2.89) 0.003 1.96 (1.21-3.17) 0.006 1.84(1.15-2.94) 0.026 1.52(0.81-2.84) 0.191
Liver metastasis (yes/no) 2.13(1.48-3.06) < 0.0001 2.35(1.54-3.59) 0.000 1.55(1.02-2.37) 0.045 1.77(1.06-2.96) 0.030
Lung metastasis (yes/no) 0.98 (0.67-1.42)  0.900 0.80 (0.52-1.25) 0.310
RAS/BRAF (MT/WT) 1.51(0.98-2.33) 0.052 1.57 (0.98-2.50) 0.061 1.57 (0.95-2.59) 0.071 2.22(1.26-3.94) 0.006
Prior surgery (yes/no) 0.74 (0.44-1.24)  0.195 0.55(0.28-1.07) 0.024 0.49 (0.27-0.89) 0.019
Prior radiotherapy (yes/no) 0.80(0.56-1.16)  0.238 0.70 (0.46-1.06) 0.090 0.68(0.42-1.10) 0.116
Prior immunotherapy (yes/no) 1.44 (0.80-2.60) 0.156 0.70 (0.38-1.28) 0.307
Prior EGFRi (yes/no) 0.95 (0.60-1.50)  0.824 1.03 (0.60-1.75) 0.916
Prior VEGF(R)i (yes/no) 1.55(0.96-2.50) 0.116 1.68(1.01-2.81) 0.076 1.86(0.92-3.75) 0.084
Current line of ICI (3L/> 3L) 0.90(0.62-1.31)  0.562 0.66 (0.42-1.04) 0.054 0.61(0.37-0.99) 0.047
ICI crossline (yes/no) 1.56 (1.05-2.33)  0.017 1.48 (1.00-2.20) 0.051 0.59 (0.38-0.89) 0.017 0.45 (0.27-0.75) 0.002

The bold font represents statistical significance at P < 0.05. Abbreviations: 3L, third-line; Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group
performance status; EGFRI, epidermal growth factor receptor inhibitor; HR, hazard ratio; ICl, immune checkpoint inhibitor; MT, mutated type; OS, overall survival; PFS,
progression-free survival; VEGF(R)i, vascular endothelial growth factor (receptor) inhibitor; WT, wild type.

Table 5. Safety

Adverse events, No. (%) Any Grade > 3
All AEs 134 (93.7) 57 (39.9)
irAEs 60 (42.0) 19(13.3)
Leukopenia 48 (33.6) 11 (7.7)
Neutropenia 28 (19.6) 9 (6.3)
Thrombocytopenia 41 (28.7) 14 (9.8)
Anemia 33(23.1) 4 (2.8)
Nausea and/or vomiting 26 (18.2) 0
Diarrhea 23(16.1) 6(4.2)
Abnormal liver test results 39 (27.3) 5(3.5)
lleus 12 (8.4) 3(2.1)
Thromboembolic event 5(3.5) 2(1.4)
Neurotoxicity 13(9.1) 0
Proteinuria 22 (15.4) 5(3.5)
Urine occult blood 25 (17.5) 3(2.1)
Hypoalbuminemia 24 (16.8) 2(1.4)
Hypertension 27 (18.9) 2(1.4)
Hyperglycemia 13(9.1) 3(2.1)
Mucositis 21 (14.7) 1(0.7)
Hand-foot skin reaction 42 (29.4) 5(3.5)
RCCEP 10 (7.0) 3(2.1)
Rash 18 (12.6) 1(0.7)
Myasthenia gravis 2(1.4) 0
Immune myositis 7 (4.9) 0
Abnormal cardiac function 14 (9.8) 2(1.4)
Thyroid dysfunction 37 (25.9) 6 (4.2)
Pneumonitis 20 (14.0) 5(3.5)

Abbreviations: AEs, adverse events; irAEs, immune-relat-
ed adverse events; RCCEP, reactive cutaneous capillary

endothelial proliferation.
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the molecular mechanisms of immunotherapy
resistance in mMCRC patients with liver
metastasis.

In terms of safety, this study showed that the
AEs of ICl-based therapy were consistent with
the those of ICls, antiangiogenic agents or che-
motherapy. No new safety signals were report-
ed. Most of the TRAEs were classified as grade
1-2, and the incidence of all grade 3-4 AEs was
39.9%. Patient survival benefits did not come
at the expense of safety, and the TRAEs were
manageable after symptomatic treatment.

The study has several limitations. Firstly, it was
a single-center, retrospective study, which
might introduce selection bias. Secondly, the
limited sample size reduces the statistical
power, especially in subgroup analysis. Thirdly,
real-world findings may be influenced by routine
clinical practice, such as comorbidities and so
on. Finally, the PD-L1 combined positive score
(CPS) and tumor mutation burden (TMB) of
most patients in this study were unknown, so
the two indicators could not be used to deter-
mine the right population for ICI treatment.
Therefore, a multicenter, prospective and ran-
domized controlled trial with a large sample
should be performed to validate the current
results with higher level of medical evidence.

In conclusion, ICI-based combination therapy,
especially ICI plus TKI with or without chemo-
therapy showed a clinically meaningful survival

Am J Cancer Res 2024;14(11):5378-5388
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improvement with a manageable safety profile
for heavily pretreated patients with MSS mCRC.
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