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Objective: This study explores the benefits of targeted-immunotherapy
combination in third-line or beyond treatment for microsatellite stable (MSS)
metastatic colorectal cancer (MCRC) in a real-world setting.

Methods: Patients with MSS mCRC who were treated with either a targeted-
immunotherapy combination or targeted therapy alone in the third-line or
beyond setting at our hospital from August 2018 to August 2022 were
included in the study. Inclusion criteria comprised patients treated with
targeted therapy alone or in combination with immunotherapy. Effectiveness
was compared between treatments, and patients with the potential to benefit
from targeted-immunotherapy combination were identified.

Results: Among 71 patients, 31 received targeted therapies alone (TT group) and
40 received a combination of targeted therapy and immunotherapy (TI group).
The TI group had higher objective response rates (20% vs 3.2%) and disease
control rates (82.5% vs 58.1%). The median progression-free survival was
significantly better in the Tl group (4.6 vs 4.1 months, P = 0.027). Liver
metastasis was associated with poor prognosis, while patients with only lung
metastases had the longest median progression-free survival of 12.3 months with
combination therapy.

Conclusion: The study indicates that targeted-immunotherapy combination
offers more benefits than targeted therapy alone for MSS mCRC in the third-
line or beyond setting.

microsatellite stable metastatic colorectal cancer, third-line or beyond, real-world,
targeted-immunotherapy combination, beneficial population
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1 Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed
cancer and the second leading cause of cancer-related deaths
worldwide (1). The incidence of CRC in China, although
historically significantly lower than in Western countries, has
increased rapidly in recent years, making it the most common
malignant tumor of the digestive system. According to the latest
2022 data on the cancer burden in China, CRC ranks second in
incidence and fourth in mortality in the country (2). For metastatic
CRC (mCRC), treatment options are limited after progression
following standard front-line treatments, resulting in limited
survival benefits (3-6). Further, in contrast to front-line therapy,
the main goals of third-line or beyond treatment for this population
are to control tumor progression, prolong survival, and improve
quality of life (7).

In recent years, immunotherapy has emerged as a promising
new approach for treating mCRC, especially for tumors with high
microsatellite instability (MSI-H), including as a third-line
treatment for MSI-H mCRC (8-10). However, MSI-H tumors
account for only about 5% of cases (11), while the remaining 95%
are microsatellite stable (MSS) CRCs. MSI-H tumors are
characterized by a high mutational burden, which increases the
presentation of neoantigens and enhances the infiltration of
immune cells, leading to an “inflamed” microenvironment. This
feature makes MSI-H tumors more responsive to immune
checkpoint inhibitors. In contrast, MSS tumors typically exhibit a
“cold” immune microenvironment, with a low mutational burden
and minimal immunity, rendering them representative “cold
tumors” (12). Immunotherapy appears to be ineffective against
MSS tumors, with many exploratory studies having failed (13-15).

Given the synergistic effects of immunotherapy with anti-
angiogenic therapy, several studies have evaluated the addition of
programmed cell death protein 1 (PD-1) inhibitors to the standard
anti-angiogenic monotherapy in patients with MSS mCRC. The
phase Ib REGONIVO study evaluating nivolumab combined with
regorafenib as third-line or beyond treatment enrolled 25 patients
in the CRC cohort, with 24 patients having MSS tumors, and
showed the encouraging anti-tumor activity. Among the 25
patients, the objective response rate (ORR) was 36% (with an
ORR of 33% in MSS patients), the median progression-free
survival (PFS) was 7.9 months, and the median overall survival
(OS) was not reached (16). On the contrary, the phase II
REGOMUNE trial combining avelumab with regorafenib, patients
achieved only stable disease as the best response (17). The
inconsistent data indicated that only a small fraction of patients
might benefit from targeted-immunotherapy combination. It is
important to note that studies exploring combination therapies
were all single-arm designs, and little is known about comparisons
of targeted-immunotherapy combination with standard targeted
monotherapy in this patient population. Also, the effectiveness of
this combination therapy in routine clinical practice remains
uncertain. Here, we designed this retrospective study to compare
the effectiveness of targeted-immunotherapy combination with
targeted therapy alone in the third-line or beyond setting for MSS
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mCRC patients and to identify the potential beneficial population of
combined targeted-immunotherapy.

2 Materials and methods
2.1 Patient population

Data on MSS mCRC patients who received third-line or beyond
treatment at the Fourth Hospital of Hebei Medical University
between August 2018 to August 2023 were retrospectively
collected by reviewing electronic medical records. Patients with
MSS mCRC who were treated with targeted therapy alone or in
combination with immunotherapy as third-line or beyond therapy
were included. Immunohistochemistry (IHC) staining of four kinds
of MMR protein (MLH1, MSH2, MSH6, PMS2) or polymerase
chain reaction (PCR) analysis of five microsatellite markers
(BAT25, BAT26, D5S346, D2S123, D17S250) were used to
determine MSS status of colorectal cancer patients. Patients
diagnosed with MSI-H/dMMR status were excluded from the
study. The demographic data, clinicopathological information,
treatment records, imaging examination results, and survival
outcomes were collected in detail from electronic medical records.
This study was approved by the Ethics Committee of the Fourth
Hospital of Hebei Medical University (approval number: 20230926)
and was performed in accordance with the Declaration of
Helsinki. This article is a retrospective study and has obtained
ethical exemption.

2.2 Clinical data

The start date of third-line treatment was defined as the start
date. The follow-up period was defined as the time from the date of
initiation of third-line or beyond treatment until the data cut-off
date (February 29, 2024), the last outpatient visit, or death. Baseline
clinical characteristics were assessed either before or at the start of
third-line or beyond treatment. After treatment, all patients
underwent imaging examinations every two cycles (6 weeks) to
evaluate clinical efficacy as per the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1. The ORR was defined as the
proportion of patients whose best response was either complete
response (CR) or partial response (PR). Disease control rate (DCR)
was defined as the proportion of patients who achieved CR, PR, or
stable disease (SD). PFS was defined as the time from the start of
third-line or beyond treatment to the first recorded disease
progression or death, whichever occurred first. OS was defined as
the time from the start of third-line or beyond treatment to death
from any cause.

2.3 Statistical analysis

All statistical analyses in this study were conducted using IBM
SPSS Statistics version 27.0 (New York, USA). Categorical variables
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were summarized as number (percentage) and compared using the
chi-squared test or Fisher’s exact test. Continuous variables were
described with median and range. The OS and PFS were analyzed
using the Kaplan-Meier method, and comparisons were made using
the log-rank test. Additionally, univariate and multivariate Cox
proportional hazards regression models were used to analyze
potential risk characteristics. Hazard ratios (HRs) and the 95%
confidence intervals (Cls) were estimated to quantify the strength of
these associations. A p-value of <0.05 was considered statistically
significant, and all tests were two-tailed.

TABLE 1 Baseline characteristics of patients.

10.3389/fimmu.2024.1462346

3 Results

3.1 Baseline patient and
clinical characteristics

Among the 71 patients included, 31 (43.7%) patients received
targeted therapy (TT group) while 40 (56.3%) patients were treated
with a combination of targeted therapy and immunotherapy (TT
group) (Table 1). Both groups had a similar median age of 57 years,
and the overall gender distribution showed more males (57.7%)

Characteristics Total (n = 71) TT group (n = 31) Tl group (n = 40) P value
Age, years 0.912
< 60, n (%) 43 (60.6) 19 (61.3) 24 (60.0)
> 60, 1 (%) 28 (39.4) 12 (38.7) 16 (40.0)
Median 57 57 57.5
Range 29-77 29-72 34-77
Gender, n (%) 0.047
Male 41 (57.7) 22 (71.0) 19 (47.5)
Female 30 (42.3) 9 (29.0) 21 (52.5)
ECOG PS, n (%)
0-1 62 (87.3) 26 (83.9) 36 (90.0) 0.127
2 9 (12.7) 5 (16.1) 4 (10.0)
Primary tumor site, n (%) 0.265
Right colon 10 (14.1) 6 (19.4) 4 (10.0)
center colon 25 (35.2) 8 (25.8) 17 (42.5)
Rectum 36 (50.7) 17 (54.8) 19 (47.5)
Stage at initial diagnosis, n (%) 0.686
Initial diagnosis of stage IV 34 (47.9) 14 (45.2) 20 (50.0)
Postoperative recurrence 37 (52.1) 17 (54.8) 20 (50.0)
Number of metastatic sites, n (%) 0.530
Single 18 (25.4) 9 (29.0) 9 (22.5)
Multiple (> 2) 53 (74.6) 22 (71.0) 31 (77.5)
Site of metastases, n (%)
Lymph node 34 (47.9) 15 (48.4) 19 (47.5) 0.941
Liver 38 (53.5) 18 (58.1) 20 (50.0) 0.499
Lung 46 (64.8) 22 (71.0) 24 (60.0) 0.337
Bone 6 (8.5) 2 (6.5) 4 (10.0) 0.918
Peritoneum 17 (23.9) 5(16.1) 12 (30.0) 0.174
RAS mutation status, n (%) 0.909
KRAS, NRAS all wild type 30 (42.3) 14 (45.2) 16
KRAS or NRAS mutant 29 (40.8) 12 (38.7) 17 (42.5)
(Continued)
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TABLE 1 Continued

10.3389/fimmu.2024.1462346

Characteristics Total (n = 71) TT group (n = 31) Tl group (n = 40) P value
Unknown 12 (16.9) 5(16.1) 7

BRAF mutation status, n (%) 0.493
BRAFY"E wild type 45 (63.4) 21 (67.7) 24 (60.0)
BRAFY*F mutant 5 (7.0) 1(32) 4 (10.0)
Unknown 21 (29.6) 9 (29.3) 12 (30.0)

ECOG PS, Eastern Cooperative Oncology Group performance status; pMMR, mismatch repair proficient; dMMR, mismatch repair deficiency; MSI-H, high microsatellite instability; MSS,
microsatellite stable; TT group, targeted therapy group; TI group, targeted-immunotherapy combination group.

than females (42.3%), with a notably higher percentage of males in
the TT group (71.0%) than in the TI group (47.5%). Overall, most
patients (87.3%) had an ECOG performance status of 0 or 1. The
primary tumor site was distributed predominantly in the rectum
(50.7%), followed by the left hemi-colon (35.2%) and the right
hemi-colon (14.1%). Multiple metastatic sites were common
(74.6%), with lung (64.8%), liver (53.5%), and lymph nodes
(47.9%) being predominant. Regarding genetic mutations, KRAS
or NRAS mutations were found in 40.8% of patients, and BRAF
V600E mutations in 7%. There were no statistically significant
differences between the TT and TI groups regarding baseline
characteristics other than age.

As shown in Table 2, 25 (86.4%) and 31 (77.5%) patients in the
TT and TI groups, respectively, received third-line treatment. In the
third-line or beyond setting, regorafenib was the most commonly
used targeted agent (64.5% in the TT group and 75.0% in the TT
group), while in terms of immunotherapy in the TI group,
camrelizumab was the dominant agent (65.0%).

3.2 Efficacy

A total of 71 patients were assessable for response. As shown in
Table 3, there was a noticeable difference in the response to third-line
or beyond treatment between the TT group and the TI group in
patients with MSS mCRC. The ORR and DCR in the TI group were
significantly higher than those in the TT group, with 20.0% vs 3.2%
(odds ratio [OR] = 0.080, 95% CI: 0.023-0.275, P = 0.000) and 82.5%
vs 58.1% (OR = 0.024, 95% CI: 0.008-0.074, P = 0.000), respectively.
These findings suggest that the addition of immunotherapy to
targeted therapy may improve the control of the disease in this
patient population. For all the 71 patients regardless of treatment, the
overall median PFS was 4.4 months (95% CI: 1.3-36.2) and the
median OS was 13.8 months (95% CI: 1.6-38.8). Further, the median
PFS was 4.1 months (95% CI: 2.7-5.5) in the TT group, while in the TI
group, the corresponding value was 4.6 months (95% CI: 3.2-6.0),
with a statistically significant difference between the two groups (HR
=0.561, 95% CI: 0.34-0.94, P = 0.027; Figure 1A). This demonstrates
that in third-line or beyond setting, the combination of targeted
therapy and immunotherapy may provide a longer PFS compared to
monotherapy with targeted agents. In terms of OS, an improved
trend was observed in the TT group as compared to that in the TT
group (15.8 months [95% CI: 7.3-24.3] vs 13.2 months [95% CI: 9.9-
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16.4]), although with no statistically significant difference between the
two groups (HR = 0.671, 95% CI: 0.37-1.21, P = 0.189; Figure 1B).

Cox proportional hazards univariate analysis showed that apart
from the number of metastatic sites, lymph node metastasis and
liver metastasis, none of the other factors showed a significant
association with PFS (Table 4); similarly, lymph node involvement
and liver metastasis were also significantly associated with OS
(Table 5). Multivariate analysis further identified liver metastasis
as an independent prognostic factor for both PFS (HR = 0.407, 95%
CL: 0.217-0.761, P = 0.005) and OS (HR = 0.386, 95% CI: 0.179-
0.832, P = 0.015).

TABLE 2 Prior systemic treatment regimens.

Treatment regimens

First line, n (%) 0.697
Chemotherapy 8(25.8) 12(30.0)
Chemotherapy- 23(74.2) 28(70.0)

targeted combination

Second line, n (%) 0.146
Chemotherapy 7(22.6) 4(10.0)
Chemotherapy- 24(77.4) 36(90.0)

targeted combination

Third-line or beyond, n (%) 0.747
Third-line therapy 25(80.6) 31(77.5)

Beyond third-line therapy 6(19.4) 9(22.5)

Targeted drugs for third-line or 0.337

beyond, n (%)

Regorafenib 20(64.5) 30(75.0)
Fruquintinib 11(35.5) 10(25.0)
Immune checkpoint inhibitors for -
third-line or beyond, n (%)
Camrelizumab - 26(65.0)
Tislelizumab - 5(12.5)
Sintilimab - 4(10.0)
Others - 5(12.5)

TT group, targeted therapy group; TI group, targeted-immunotherapy combination group.

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1462346
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

TABLE 3 Tumor response.

10.3389/fimmu.2024.1462346

Tumor response, n (%) Total (n = 71) TT group (n = 31) TI group (n = 40) oS P value
Lower Upper

CR 0 (0) 0(0) 0(0)

PR 9 (12.7) 1(3.2) 8 (20.0)

SD 40 (56.3) 17 (54.8) 23 (57.5)

PD 22 (31.0) 13 (41.9) 9 (22.5)

ORR 9 (12.7) 1(32) 8 (20.0) 0.080 0.023 0.275 0.000
DCR 51 (71.8) 18 (58.1) 33 (82.5) 0.024 0.008 0.074 0.000

CI, confidence interval; CR, complete response; DCR, disease control rate; EGFR, epidermal growth factor receptor; OR, odds ratio; ORR, overall response rate; PD, disease progression; PR,
partial response; SD, stable disease; TT group, targeted therapy group; TI group, targeted-immunotherapy combination group.

A B

S —— TT group

X 100 == TTgroup 100| mOS 13.2 months (95% Cl=9.9-16.4)
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FIGURE 1
Kaplan-Meier curves for progression-free survival (A) and overall survival (B) in the TT group and the Tl group and the Tl group. Cl, confidence
interval; HR, hazard ration; mOS, median overall survival; mPFS, median progression-free survival; TT group, targeted therapy group; Tl group,
targeted-immunotherapy combination group.

TABLE 4 Univariate and multivariate analysis of factors predicting PFS.

Variable Univariate analysis Multivariate analysis
95% ClI 95% ClI
Lower Upper Lower Upper
Age, years
> 60 vs < 60 0.865 ‘ 0.519 1.441 ‘ 0.577 ‘ ‘
‘ Gender
Female vs male 0.614 ‘ 0.355 1.060 ‘ 0.080 1.333 ‘ 0.763 2327 ‘ 0.313
‘ Primary tumor site
center colon vs right colon 0.854 0.378 1.927 0.704
Rectum vs right colon 0.888 0.407 1.936 0.765
‘ Stage at initial diagnosis
Postoperative recurrence vs 0.803 0.486 1.326 0.391
initial diagnosis of stage IV
‘ Number of metastatic sites
Single vs multiple (> 2) 0.546 0.299 0.994 0.048* 0.886 0.403 1.948 0.764
(Continued)
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TABLE 4 Continued

Variable Univariate analysis Multivariate analysis

95% CI 95% CI

Lower Upper Lower Upper

Lymph node metastasis

No metastasis vs metastasis 0.569 ‘ 0.340 0.950 ‘ 0.031* 0.638 ‘ 0.356 1.142 ‘ 0.130

Liver metastasis

No metastasis vs metastasis 0.378 ‘ 0.231 0.649 ‘ 0.000* 0.407 ‘ 0.217 0.761 ‘ 0.005*

Lung metastasis

Metastasis vs no metastasis 0.739 ‘ 0.442 1.235 ‘ 0.249 ‘ ‘

Bone metastasis

Metastasis vs no metastasis 0.964 ‘ 0.409 2272 ‘ 0.934 ‘ ‘

Peritoneum metastasis

No metastasis vs metastasis 0.941 ‘ 0.531 1.668 ‘ 0.836 ‘ ‘
‘ RAS status

Mutant vs wild 0.827 0.478 1.431 0.497

Unknown vs wild 0.967 0.477 1.961 0.926

BRAF status

Mutant vs wild 0.651 0.230 1.843 0.419

Unknown vs wild 0.757 0.433 1.325 0.330

CI, confidence interval; HR, hazard ratio; PFS, progression-free survival; TT group, targeted therapy group; TI group, targeted-immunotherapy combination group. * indicates
statistical significance.

TABLE 5 Univariate and multivariate analysis of factors predicting OS.

Variable Univariate analysis Multivariate analysis
95% CI 95% CI
Lower Upper Lower Upper
Age, years
> 60 vs < 60 0.818 ‘ 0.445 1.505 ‘ 0519 ‘ ‘
‘ Gender
Female vs male 0563 ‘ 0.299 1.059 ‘ 0.075 0.536 ‘ 0.276 1.039 ‘ 0.065

Primary tumor site

center colon vs right colon 0.704 0.273 1.813 0.467

Rectum vs right colon 0.697 0.280 1.738 0.439

Stage at initial diagnosis

Postoperative recurrence vs 0.819 0.449 1.495 0.516
initial diagnosis of stage IV

Number of metastatic sites

Single vs multiple (> 2) 0.469 0.217 1.012 0.054 1.121 0.408 3.079 0.824

(Continued)
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TABLE 5 Continued

Variable
95% ClI

Lower

Univariate analysis

Upper

10.3389/fimmu.2024.1462346

Multivariate analysis
95% Cl

Lower Upper

Lymph node metastasis

No metastasis vs metastasis 0.435 ‘ 0.235 0.807 ‘ 0.008* 0.563 ‘ 0.262 1.207 ‘ 0.140
Liver metastasis

No metastasis vs metastasis 0.410 ‘ 0.221 0.763 ‘ 0.005* 0.386 ‘ 0.179 0.832 ‘ 0.015*
Lung metastasis

Metastasis vs no metastasis 0.595 ‘ 0.327 1.084 ‘ 0.090 0.722 ‘ 0.325 1.602 ‘ 0.423
Bone metastasis

No metastasis vs metastasis 0.965 ‘ 0.345 2.701 ‘ 0.946 ‘ ‘
Peritoneum metastasis

No metastasis vs metastasis 0.559 ‘ 0.295 1.059 ‘ 0.074 0.555 ‘ 0.251 1.230 ‘ 0.147
RAS status

Mutant vs wild 1.074 0.568 2.031 0.826

Unknown vs wild 0.658 0.261 1.655 0.373
BRAF status

Mutant vs wild 0.612 0.146 2.569 0.502

Unknown vs wild 0.839 0.435 1.619 0.601

CI, confidence interval; HR, hazard ratio; OS, overall survival; TT group, targeted therapy group; TI group, targeted-immunotherapy combination group. * indicates statistical significance.

Based on the risk factor liver metastasis, patients were stratified
into liver metastasis group (n = 38) and non-liver metastasis group
(n = 33) for further analysis. As shown in Figure 2A, patients in the
non-liver metastasis group had a median PFS of 7 months (95% CI:
6.6-7.4), significantly better than the 3.2 months (95% CI: 2.0-4.2)
observed in the liver metastasis group, with a statistically significant
difference between the groups (HR = 0.39, 95% CI: 0.23-0.65, P =
0.0002). Similarly, a significant improved OS was observed in the
non-liver metastasis group as compared to that in the liver

metastasis group (median 20.7 months vs 10.8 months, HR =
0.41, 95% CI: 0.22-0.76, P = 0.005; Figure 2B).

Further stratified analysis of PFS and OS was performed in
patients with and without liver metastases according to different
treatment modalities. Among the 38 patients without liver
metastases, the median PFS in the TI group (n = 20) was
significantly superior to that in the TT group (n = 13) (7.1
months vs 5.6 months, HR = 0.42, 95% CI: 0.18-0.97, P = 0.034;
Figure 3A), and an improvement trend in OS was observed in the TT

A

PFS Stratified Analysis for Liver Metastasis

100 —— no metastasis group

80| —— metastasis group

P=0.0002
HR=0.378

60

40

20

Probability of Survival
Probability of Survival (%)

6 12 18 24
Time (months)

2

30 36

FIGURE 2

B

OS Stratified Analysis for Liver Metastasis

—— no metastasis group

100)
—— metastasis group

80 P=0.005
HR=0.435
60
40,
20
0 ]
0 12 24 36 48

Time (months)

Kaplan-Meier curves for PFS (A) and OS (B) for patients with and without liver metastasis. HR, hazard ratio; OS, overall survival; PFS, progression-

free survival.
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Kaplan-Meier curves for PFS (A, C) stratified by treatment modalities for patients with and without liver metastasis. Kaplan-Meier curves for OS (B, D)
stratified by treatment modalities for patients with and without liver metastasis. OS, overall survival; PFS, progression-free survival; TT group, targeted

therapy group; Tl group, targeted-immunotherapy combination group.

group compared to the TT group (23.4 months vs 17.5 months, P =
0.22; Figure 3B). In contrast, in patients with liver metastases, there
was no significant difference in either PFS or OS between the two
treatment groups (Figures 3C, D).

In the 23 patients with only lung metastasis, there was a
significant difference in PFS between the TT group (n = 10) and
the TI group (n = 13) (4.7 months vs 12.3months, HR = 0.20, 95%
CI: 9.8-25.3, P = 0.0013; Figure 4A). Patients in the TT group had a
worse OS of 16.5 months compared to 31.1 months in the TI group
(HR =0.27, 95% CI: 11.8-21.2, P = 0.038; Figure 4B). Patients with
only lung metastases may derive the greatest benefit from targeted-
immunotherapy combination.

4 Discussion

Stratified therapy based on genetic testing is currently the main
strategy for third-line treatment of mCRC. According to several
large clinical trials, anti-PD-1 antibodies have been approved by the
US Food and Drug Administration for the treatment of patients
with MSI-H or dAMMR mCRC (9, 18). However, for the vast
majority of patients with MSS tumors, single-agent chemotherapy
and immunotherapy are almost ineffective (8, 19). Currently, there
are few trials on the efficacy and safety of targeted therapy combined
with immune checkpoint inhibitors (ICIs) for MSS mCRC.
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Fruquintinib and regorafenib, both anti-angiogenic drugs, are
third-line treatment options for mCRC (20, 21). Preclinical
studies have shown synergistic effects of the combination of
fruquintinib or regorafenib with PD-1 inhibitors in CRC models
(22, 23). Meanwhile, some researchers believe that anti-angiogenic
treatment may improve the immune condition of the tumor
microenvironment, alleviate the immunosuppressive state, and
thereby benefit immunotherapy (24). In this study, we conducted
a retrospective analysis of the efficacy of targeted therapy alone
versus targeted-immunotherapy combination in patients with MSS
mCRC, identifying the potential beneficiary population for the
targeted-immunotherapy combination.

In this study, the ORR was 12.7% and the DCR was 71.8% in the
overall population. Among patients who received only targeted
therapy, the ORR was 3.2% and the DCR was 58.1%; however, in
those who received targeted therapy combined with immunotherapy,
the ORR improved to 20% and the DCR to 82.5%. This indicates that
the addition of immunotherapy enhances tumor response to
regorafenib or fruquintinib in patients with MSS mCRC. The phase
Ib REGONIVO trial (NCT03406871), which enrolled 24 patients
with MSS mCRC, reported an ORR of 33% and a DCR of 88%,
significantly surpassing our findings (16). This discrepancy might be
attributed to the different types of ICIs used. The REGONIVO trial
specifically explored the combination of nivolumab and regorafenib,
whereas in real-world clinical practice, patients may receive a variety
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Kaplan-Meier curves for PFS (A) and OS (B) stratified by treatment modalities for patients with lung metastasis. OS, overall survival; PFS, progression-
free survival; TT group, targeted therapy group; Tl group, targeted-immunotherapy combination group.

of ICIs. Our study included additional ICIs beyond nivolumab, such
as the homemade agent sintilimab.

In our study, median PFS was 4.6 months and median OS was
15.8 months for all patients receiving targeted-immunotherapy
combination. Standard third-line treatment regimens included
chemotherapy or targeted therapies such as irinotecan combined
with cetuximab, regorafenib, fruquintinib, and trifluridine/tipiracil
(TAS-102) (25). Patients with refractory mCRC who received anti-
angiogenic treatment had a median PFS of approximately 2 months
and a median OS of 7 months (26, 27). Our results suggest that the
combination strategy of targeted therapy and immunotherapy may
have certain advantages over traditional therapies. Previous small-
scale studies have also evaluated the efficacy of combining ICIs with
regorafenib in MSS CRC (28). Based on these, for refractory MSS
CRC, a combined strategy of targeted therapy and immunotherapy
may represent an effective treatment option.

Not all patients with MSS CRC responded well to combined
therapies, suggesting the need for further stratification of patient
populations to improve survival benefits. To assist in patient
selection, we conducted Cox regression analyses for the
discernment of prognostic-related risk factors, further identifying
clinical characteristics associated with the effectiveness of targeted-
immunotherapy combination. Multivariable analysis revealed
significant correlations between liver metastasis and both PFS and
OS. Clinical data indicated that patients with liver metastases
responded less favorably to anti-PD-1 antibodies than those
without liver metastases, a finding supported by basic research (29).
Our results aligned with prior studies that the presence of liver
metastases was an independent poor prognostic factor for various
cancers, particularly in the context of ICI therapy (30, 31). The liver
metastatic microenvironment is typically considered to be
immunosuppressive, characterized by diminished infiltration of
CD8+ T cells and enriched functionality of immune escape
pathways (32, 33). Furthermore, recent studies have suggested that
liver metastases could induce systemic resistance to ICIs mediated by
macrophages and regulatory T cells (29). In the REGOTORI study,
patients with liver metastases had a lower ORR compared to those
without liver metastases (8.7% vs 30.0%). Indeed, various studies have
shown that liver metastasis could reduce the effectiveness of anti-PD-
1 antibodies. In patients with melanoma or non-small cell lung cancer
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treated with pembrolizumab, the response rates were 56.3% in those
without liver metastasis and 30.6% in those with liver metastasis.
Additionally, liver metastasis was also associated with significantly
shorter PFS, with a median of 5.1 months vs 20.1 months (31). Our
current study showed that patients without liver metastases
responded better and derived greater benefit from the combination
of targeted therapy and immunotherapy. In our previous study, we
conducted a comprehensive analysis of MSS CRC cases with
extrahepatic metastases. The results showed that, although MSS
CRC is still referred to as a “cold tumor” in this field, patients with
non-liver metastatic MSS mCRC could still benefit from targeted-
immunotherapy combination (34). Therefore, effective management
of liver metastases may be a key to overcoming resistance to IClIs.
This study found that in patients with only lung metastases,
there were significant differences in both PFS and OS between
targeted therapy alone and targeted-immunotherapy combination
(HR = 0.20 for PFS and HR = 0.27 for OS). This suggests that
patients with only lung metastases may benefit most from targeted-
immunotherapy combination. Meanwhile, significant differences in
PES and OS were observed in patients with various distant
metastasis conditions and treatment modalities. In the FRESCO
trial, regorafenib was reported to yield a radiological CR in one case
of multiple lung metastases from ascending colon cancer. Of note,
regorafenib is primarily approved for third-line therapy of mCRC
patients, and detailed reports on its effectiveness in lung metastases
are limited. The case discussed demonstrated that in some
instances, regorafenib could lead to significant tumor reduction,
suggesting its potential efficacy in mCRC with lung metastases (21,
35). The results of this particular case from the FRESCO trial were
consistent with the findings of this study. This evidence highlights
the need for personalized treatment strategies in mCRC,
particularly considering the organ-specific impacts of therapies.
This study has several limitations. Firstly, the study adopted a
retrospective design, which restricted the applicability of the findings.
Secondly, there was no restriction on the therapeutic drugs used in
the study, affecting the consistency of the treatment regimen. Thirdly,
the number of patients included was small. Fourth, not all patients
underwent RAS and BRAF genetic testing, limiting the analysis of
their impact on the efficacy of the drugs. To overcome the limitations
of the retrospective design, we are planning to conduct a larger study
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to improve statistical power, and will ensure that all patients undergo
RAS and BRAF gene testing in order to comprehensively analyze the
impact of genotype on drug efficacy.

5 Conclusion

Targeted-immunotherapy combination showed more benefit
than targeted therapy alone in the third-line or beyond setting for
MSS mCRC. Liver metastasis might be a key factor in the poor
prognosis of this population. Patients with only lung metastasis were
most likely to benefit from targeted-immunotherapy combination.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee
of the Fourth Hospital of Hebei Medical University. The studies were
conducted in accordance with the local legislation and institutional
requirements. The ethics committee/institutional review board waived
the requirement of written informed consent for participation from the
participants or the participants’ legal guardians/next of kin because
This article is a retrospective study and has obtained ethical exemption.
Patient’s informed consent has been waived.

Author contributions

DL: Writing - original draft, Data curation. HJ: Writing -
original draft, Formal analysis. YL: Writing - review & editing,

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/caac.21660

2. Zheng RS, Chen R, Han BF, Wang SM, Li L, Sun KX, et al. Cancer incidence and
mortality in China, 2022. Zhonghua Zhong Liu Za Zhi. (2024) 46:221-31. doi: 10.3760/
cma.j.cnl12152-20240119-00035

3. Coupez D, Hulo P, Touchefeu Y, Denis MG, Bennouna J. KRAS mutations in
metastatic colorectal cancer: from a de facto ban on anti-EGFR treatment in the past to
a potential biomarker for precision medicine. Expert Opin Biol Ther. (2021) 21:1325-
34. doi: 10.1080/14712598.2021.1967318

4. Cremolini C, Antoniotti C, Lonardi S, Bergamo F, Cortesi E, Tomasello G, et al.
Primary tumor sidedness and benefit from FOLFOXIRI plus bevacizumab as initial
therapy for metastatic colorectal cancer. Retrospective analysis of the TRIBE trial by
GONO. Ann Oncol. (2018) 29:1528-34. doi: 10.1093/annonc/mdy140

5. Modest DP, Pant S, Sartore-Bianchi A. Treatment sequencing in metastatic
colorectal cancer. Eur ] Cancer. (2019) 109:70-83. doi: 10.1016/j.¢jca.2018.12.019

6. Tejpar S, Stintzing S, Ciardiello F, Tabernero J, Van Cutsem E, Beier F, et al.
Prognostic and predictive relevance of primary tumor location in patients with RAS
wild-type metastatic colorectal cancer: retrospective analyses of the CRYSTAL and
FIRE-3 trials. JAMA Oncol. (2017) 3:194-201. doi: 10.1001/jamaoncol.2016.3797

Frontiers in Immunology

10.3389/fimmu.2024.1462346

Investigation. JL: Writing — review & editing, Conceptualization.
XZ: Writing - review & editing, Methodology. LW: Writing -
review & editing, Project administration. ZF: Writing — review &
editing, Software. LF: Writing - review & editing, Supervision. JZ:
Writing - review & editing, Validation. JH: Writing - review &
editing. YW: Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to thank all colleagues and patients who
contributed to this study. We thank the editor and series editor for
constructive criticisms of an earlier version of this chapter.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

7. Rahbari NN, Carr PR, Jansen L, Chang-Claude J, Weitz ], Hoffmeister M, et al.
Time of metastasis and outcome in colorectal cancer. Ann Surg. (2019) 269:494-502.
doi: 10.1097/SLA.0000000000002564

8. Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK, et al. Mismatch
repair deficiency predicts response of solid tumors to PD-1 blockade. Science. (2017)
357:409-13. doi: 10.1126/science.aan6733

9. Overman M]J, McDermott R, Leach JL, Lonardi S, Lenz H-J, Morse MA, et al.
Nivolumab in patients with metastatic DNA mismatch repair-deficient or microsatellite
instability-high colorectal cancer (CheckMate 142): an open-label, multicentre, phase 2 study.
Lancet Oncol. (2017) 18:1182-91. doi: 10.1016/S1470-2045(17)30422-9

10. André T, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, et al.
Pembrolizumab in microsatellite-instability-high advanced colorectal cancer. New
Engl ] Med. (2020) 383:2207-18. doi: 10.1056/NEJM0a2017699

11. Venderbosch S, Nagtegaal ID, Maughan TS, Smith CG, Cheadle JP, Fisher D,
et al. Mismatch repair status and BRAF mutation status in metastatic colorectal cancer
patients: A pooled analysis of the CAIRO, CAIRO2, COIN, and FOCUS studies. Clin
Cancer Res. (2014) 20:5322-30. doi: 10.1158/1078-0432.CCR-14-0332

12. Lin A, Zhang J, Luo P. Crosstalk between the MSI status and tumor
microenvironment in colorectal cancer. Front Immunol. (2020) 11:2039.
doi: 10.3389/fimmu.2020.02039

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3760/cma.j.cn112152-20240119-00035
https://doi.org/10.3760/cma.j.cn112152-20240119-00035
https://doi.org/10.1080/14712598.2021.1967318
https://doi.org/10.1093/annonc/mdy140
https://doi.org/10.1016/j.ejca.2018.12.019
https://doi.org/10.1001/jamaoncol.2016.3797
https://doi.org/10.1097/SLA.0000000000002564
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1016/S1470-2045(17)30422-9
https://doi.org/10.1056/NEJMoa2017699
https://doi.org/10.1158/1078-0432.CCR-14-0332
https://doi.org/10.3389/fimmu.2020.02039
https://doi.org/10.3389/fimmu.2024.1462346
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

13. Chen EX, Jonker DJ, Loree JM, Kennecke HF, Berry SR, Couture F, et al. Effect of
combined immune checkpoint inhibition vs best supportive care alone in patients with
advanced colorectal cancer: the canadian cancer trials group CO.26 study. JAMA Oncol.
(2020) 6:831-8. doi: 10.1001/jamaoncol.2020.0910

14. Mettu NB, Ou F-S, Zemla TJ, Halfdanarson TR, Lenz H-J, Breakstone RA, et al.
Assessment of capecitabine and bevacizumab with or without atezolizumab for the
treatment of refractory metastatic colorectal cancer: A randomized clinical trial. JAMA
Netw Open. (2022) 5:¢2149040. doi: 10.1001/jamanetworkopen.2021.49040

15. Eng C, Kim TW, Bendell ], Argilées G, Tebbutt NC, Di Bartolomeo M, et al.
IMblaze370 Investigators. Atezolizumab with or without Cobimetinib versus
Regorafenib in Previously Treated Metastatic Colorectal Cancer (IMblaze370): A
Multicentre, Open-Label, Phase 3, Randomised, Controlled Trial. Lancet Oncol.
(2019) 20:849-61. doi: 10.1016/51470-2045(19)30027-0

16. Fukuoka S, Hara H, Takahashi N, Kojima T, Kawazoe A, Asayama M, et al.
Regorafenib plus nivolumab in patients with advanced gastric or colorectal cancer: an
open-label, dose-escalation, and dose-expansion phase ib trial (REGONIVO,
EPOC1603). J Clin Oncol. (2020) 38:2053-61. doi: 10.1200/JC0O.19.03296

17. Cousin S, Cantarel C, Guegan J-P, Gomez-Roca C, Metges J-P, Adenis A, et al.
Regorafenib-avelumab combination in patients with microsatellite stable colorectal
cancer (REGOMUNE): A single-arm, open-label, phase II trial. Clin Cancer Res. (2021)
27:2139-47. doi: 10.1158/1078-0432.CCR-20-3416

18. André T, Shiu K-K, Kim TW, Jensen BV, Jensen LH, Punt C, et al. KEYNOTE-
177 investigators. Pembrolizumab in microsatellite-instability-high advanced colorectal
cancer. N Engl ] Med. (2020) 383:2207-18. doi: 10.1056/NEJM0a2017699

19. Galon J, Bruni D. Approaches to treat immune hot, altered and cold tumours
with combination immunotherapies. Nat Rev Drug Discovery. (2019) 18:197-218.
doi: 10.1038/s41573-018-0007-y

20. Grothey A, Van Cutsem E, Sobrero A, Siena S, Falcone A, Ychou M, et al. CORRECT
study group. Regorafenib monotherapy for previously treated metastatic colorectal cancer
(CORRECT): an international, multicentre, randomised, placebo-controlled, phase 3 trial.
Lancet. (2013) 381:303-12. doi: 10.1016/S0140-6736(12)61900-X

21. LiJ, Qin S, Xu R-H, Shen L, Xu J, Bai Y, 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. doi: 10.1001/
jama.2018.7855

22. Doleschel D, Hoff S, Koletnik S, Rix A, Zopf D, Kiessling F, et al. Regorafenib
enhances anti-PD1 immunotherapy efficacy in murine colorectal cancers and their
combination prevents tumor regrowth. J Exp Clin Cancer Res. (2021) 40:288.
doi: 10.1186/5s13046-021-02043-0

23. Wang Y, Wei B, Gao ], Cai X, Xu L, Zhong H, et al. Combination of fruquintinib
and anti-PD-1 for the treatment of colorectal cancer. | Immunol. (2020) 205:2905-15.
doi: 10.4049/jimmunol.2000463

Frontiers in Immunology

11

10.3389/fimmu.2024.1462346

24. Kwilas AR, Donahue RN, Tsang KY, Hodge JW. Immune consequences of
tyrosine kinase inhibitors that synergize with cancer immunotherapy. Cancer Cell
Microenviron. (2015) 2:e677. doi: 10.14800/ccm.677

25. Yoshino T, Arnold D, Taniguchi H, Pentheroudakis G, Yamazaki K, Xu R-H,
et al. Pan-asian adapted ESMO consensus guidelines for the management of patients
with metastatic colorectal cancer: A JSMO-ESMO initiative endorsed by CSCO, KACO,
MOS, SSO and TOS. Ann Oncol. (2018) 29:44-70. doi: 10.1093/annonc/mdx738

26. Li J, Qin S, Xu R, Yau TCC, Ma B, Pan H, et al. CONCUR Investigators.
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. doi: 10.1016/S1470-2045(15)70156-7

27. Mayer RJ, Van Cutsem E, Falcone A, Yoshino T, Garcia-Carbonero R,
Mizunuma N, et al. RECOURSE study group. Randomized trial of TAS-102 for
refractory metastatic colorectal cancer. N Engl ] Med. (2015) 372:1909-19.
doi: 10.1056/NEJMoal414325

28. Biller LH, Schrag D. Diagnosis and treatment of metastatic colorectal cancer: A
review. JAMA. (2021) 325:669-85. doi: 10.1001/jama.2021.0106

29. Yu], Green MD, Li S, Sun Y, Journey SN, Choi JE, et al. Liver metastasis restrains
immunotherapy efficacy via macrophage-mediated T cell elimination. Nat Med. (2021)
27:152-64. doi: 10.1038/s41591-020-1131-x

30. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF,
et al. Five-year survival and correlates among patients with advanced melanoma, renal
cell carcinoma, or non-small cell lung cancer treated with nivolumab. JAMA Oncol.
(2019) 5:1411-20. doi: 10.1001/jamaoncol.2019.2187

31. Tumeh PC, Hellmann MD, Hamid O, Tsai KK, Loo KL, Gubens MA, 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. doi: 10.1158/2326-
6066.CIR-16-0325

32. Brodt P. Role of the microenvironment in liver metastasis: from pre- to prometastatic
niches. Clin Cancer Res. (2016) 22:5971-82. doi: 10.1158/1078-0432.CCR-16-0460

33. Zhang Y, Song J, Zhao Z, Yang M, Chen M, Liu C, et al. Single-cell transcriptome analysis
reveals tumor immune microenvironment heterogenicity and granulocytes enrichment in
colorectal cancer liver metastases. Carncer Lett. (2020) 470:84-94. doi: 10.1016/j.canlet.2019.10.016

34. Liu J, Li D, Han J, Zhang Y, Zhang X, Fan Z, et al. Case report: MSS colorectal
extrahepatic (Non-liver) metastases as the dominant population for immunotherapy
combined with multi-target tyrosine kinase inhibitors. Front Oncol. (2023) 13:1091669.
doi: 10.3389/fonc.2023.1091669

35. Dasari A, Lonardi S, Garcia-Carbonero R, Elez E, Yoshino T, Sobrero A, et al.
FRESCO-2 study investigators. Fruquintinib versus placebo in patients with refractory
metastatic colorectal cancer (FRESCO-2): an international, multicentre, randomised,
double-blind, phase 3 study. Lancet. (2023) 402:41-53. doi: 10.1016/S0140-6736(23)00772-9

frontiersin.org


https://doi.org/10.1001/jamaoncol.2020.0910
https://doi.org/10.1001/jamanetworkopen.2021.49040
https://doi.org/10.1016/S1470-2045(19)30027-0
https://doi.org/10.1200/JCO.19.03296
https://doi.org/10.1158/1078-0432.CCR-20-3416
https://doi.org/10.1056/NEJMoa2017699
https://doi.org/10.1038/s41573-018-0007-y
https://doi.org/10.1016/S0140-6736(12)61900-X
https://doi.org/10.1001/jama.2018.7855
https://doi.org/10.1001/jama.2018.7855
https://doi.org/10.1186/s13046-021-02043-0
https://doi.org/10.4049/jimmunol.2000463
https://doi.org/10.14800/ccm.677
https://doi.org/10.1093/annonc/mdx738
https://doi.org/10.1016/S1470-2045(15)70156-7
https://doi.org/10.1056/NEJMoa1414325
https://doi.org/10.1001/jama.2021.0106
https://doi.org/10.1038/s41591-020-1131-x
https://doi.org/10.1001/jamaoncol.2019.2187
https://doi.org/10.1158/2326-6066.CIR-16-0325
https://doi.org/10.1158/2326-6066.CIR-16-0325
https://doi.org/10.1158/1078-0432.CCR-16-0460
https://doi.org/10.1016/j.canlet.2019.10.016
https://doi.org/10.3389/fonc.2023.1091669
https://doi.org/10.1016/S0140-6736(23)00772-9
https://doi.org/10.3389/fimmu.2024.1462346
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Identification of beneficial populations for targeted-immunotherapy combinations: tailoring later-line care for patients with pMMR/MSS metastatic colorectal cancer
	1 Introduction
	2 Materials and methods
	2.1 Patient population
	2.2 Clinical data
	2.3 Statistical analysis

	3 Results
	3.1 Baseline patient and clinical characteristics
	3.2 Efficacy

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


