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Background: The effectiveness of third - line treatment for metastatic colorectal cancer (mCRC) still needs enhancing. In real-world
clinical practice, third-line treatment options are complex and varied. However, real-world data on third-line treatment for mCRC
remains limited. Further investigation is needed into treatment patterns, the efficacy of different regimens, and their influencing factors.
Methods: This study retrospectively analyzed 229 mCRC patients receiving third-line therapy (2013-2023). Kaplan-Meier method
was used to draw the overall survival (OS) and progression-free survival (PFS) curves. With the chemotherapy group serving as the
control group, the efficacy differences between third-line regimens were compared using the Log rank test. Univariate analysis was
first conducted to evaluate prognostic factors, the indicators with statistical significance were analyzed by multivariate analysis using
the Cox proportional hazards model.

Results: Fruquintinib plus immunotherapy achieved a median PFS of 8.8 months (95% CI: 8.6-9.0), which was significantly longer
than the 3.6 months (95% CI: 3.1-4.1) in the chemotherapy group (p = 0.034). All 229 patients had proficient mismatch repair(pMMR)
tumors or genetic testing suggestive of MSI-L/microsatellite stability(MSS). The third-line median PFS in the setting was 3.8 months,
and the median OS was 13.3 months. Univariate analysis identified metastasis local treatment, RAS/BRAF mutation status, metastasis-
to-PD2(defined as the second progression following first-line treatment initiation) interval, baseline CEA, and baseline CA199 as
significant prognostic factors. Multivariate analysis confirmed metastasis-to-PD2 interval and baseline CA199 as independent prog-
nostic indicators.

Conclusion: In the real-world setting, fruquintinib combined with immunotherapy was associated with benefits in third-line treatment
of patients with pMMR mCRC. Shorter metastasis-to-PD2 interval and elevated baseline CA19-9 levels at the start of third-line
therapy were independent poor prognostic factors.

Keywords: colorectal cancer, third-line therapy, real-world, fruquintinib, immune checkpoint inhibitors

Introduction

Data from GLOBOCAN 2020 show that colorectal cancer (CRC) has the third-highest incidence and second-highest
lethality of all malignant tumours worldwide.' In China, colorectal cancer has the third-highest incidence of malignant
tumours and the fifth-highest mortality rate.”> More than 60% of patients with metastatic colorectal cancer (mCRC)
receive third-line treatment after disease progression on second-line therapy.> Immune checkpoint inhibitor therapy can
be tried in patients with microsatellite instability-high/mismatch repair-deficient (MSI-H/dMMR) tumors, however, such
patients represent only about 5% of the mCRC population. For the vast majority of mCRC patients, regorafenib,
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fruquintinib, and trifluridine/tipiracil (TAS-102) have been approved for third-line standard treatment, and third-line
regimens of cetuximab + irinotecan are also available for non-MSI-H/dMMR patients with RAS/BRAF wild-type,*
which have all shown limited benefit, although they have ameliorated the dilemma of third-line treatment of mCRC to
some extent, with median OS for standard regimens ranging only from 6.4 to 9.3 months.>® Data are also limited
regarding how the time to disease progression after first-line therapy influences outcomes in the third-line setting.

In actual clinical practice, patient management is influenced by a complex mix of factors including actual disease
condition, financial status, and treatment preferences. In China, for instance, third-line treatment choices are heavily
affected by drug accessibility, regional diagnostic and therapeutic preferences, as well as the financial burden of novel
targeted agents such as fruquintinib. These factors result in treatment patterns that are more complex and diverse than

those recommended by guidelines such as the reintroduction/rechallenge of chemotherapeutic agents and/or targeted
agents, targeted therapy + immunotherapy, targeted combination therapy, and other kinds of combination regimens.
However, data on combination regimens (eg, targeted therapy + immunotherapy) in non-MSI-H/dMMR populations
remain scarce. The efficacy and side effects of these regimens also need to be further explored.

Real World Study (RWS) is a patient-centered clinical study based on actual clinical settings, which can better
evaluate the treatment effects of individual patients in the clinic than RCT studies. However, there are few real-world
reports on third-line treatment, further investigation is required into the treatment patterns, the differences in efficacy and
side effects among various treatment regimens, as well as the factors influencing the prognosis of the third-line mCRC in
the real world. Based on this, we conducted a real-world study of 229 patients with advanced metastatic colorectal cancer
who received third-line treatment in the Affiliated Hospital of Dalian Medical University to assess the efficacy and safety
of different third-line treatment regimens and analyse potential prognostic influencing factors, which will provide
a reference for clinical treatment choices and the design of prospective clinical studies for third-line treatment of
mCRC patients.This study was approved by the Medical Ethics Committee of the First Affiliated Hospital of Dalian
Medical University, and informed consent was obtained from all the study participants prior to study commencement.

Methods
Ethics

This study complies with the Declaration of Helsinki and was approved by the Medical Ethics Committee of the First
Affiliated Hospital of Dalian Medical University, and informed consent was obtained from all the study participants prior
to study commencement.

Patient Screening

The medical information, case records, and follow-up data of mCRC patients who visited the Affiliated Hospital of
Dalian Medical University for third-line treatment from August 2013 to August 2023 were collected for a retrospective
study. Patients who met the following criteria were included in the study: histologically or pathologically confirmed
colorectal cancer patients; with definite distant metastasis confirmed by imaging, staged as IV; having undergone at
least second-line treatment and failed; having at least more than one measurable metastatic lesion (with a longest
diameter of at least 10mm for tumor lesions by CT or MRI, and a short-axis diameter of at least 15mm for lymph nodes);
aged between 18 and 85 years. Participants were excluded if they had coexisting other cancers, unclear records of specific
treatment regimens or medications for each line of treatment, unclear records of the start time of third-line treatment and
the time of treatment failure (disease progression or death) with no possibility for follow-up, or if they had irregular
treatment adherence.

Data Collection and Follow-up methods

Patients’ history and clinical information and data were followed up using our electronic medical record system
screening and review, and telephone follow-up. When calculating third-line progression-free survival(PFS), data with
poorly documented progress, if any, were calculated at the time of the last follow-up visit or the date of the remaining
intervention (eg, surgery), as appropriate, and labelled as truncated. When calculating third-line overall survival (OS), if
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there are data from patients who are lost to follow-up during the follow-up period, the time of the last follow-up visit was
taken for calculation and defined as truncated. The follow-up period was from the start of third-line treatment until
31 December 2023.

Grouping

The included patients were grouped according to their actual medication use while receiving third-line therapy, including
chemotherapy (including chemotherapy alone and chemotherapy combined with cetuximab/bevacizumab targeted ther-
apy), regorafenib monotherapy, fruquintinib monotherapy, TAS-102 monotherapy, chemotherapy combined with immu-
notherapy, apatinib, regorafenib combined with chemotherapy, regorafenib combined with immunotherapy, fruquintinib
combined with chemotherapy, fruquintinib combined with immunotherapy, TAS-102 combined with cetuximab/bevaci-
zumab, TAS-102 combined with fruquintinib, anlotinib, cetuximab monotherapy, cetuximab combined with vemurafenib,
TAS-102 combined with chemotherapy, TAS-102 combined with regorafenib, and TAS-102 combined with immunother-
apy. Chemotherapy included oxaliplatin-based regimens, irinotecan-based regimens, FOLFOXIRI, capecitabine mono-
therapy, raltitrexed monotherapy, and S-1 monotherapy, immunotherapy included various immune checkpoint inhibitors.

Study Endpoint

The primary study endpoint was third-line PFS, defined as the time from the start of third-line treatment to disease
progression or death. The secondary study endpoint was third-line OS, defined as the time from the start of third-line
treatment to death.

Criteria for Evaluating Efficacy
The treatment effect of mCRC patients was evaluated according to the RECIST 1.1 evaluation criteria, which were
referred to when patients were evaluated for efficacy after each follow-up CT.

Statistical Processing

The data were statistically analysed using SPSS 25 software. Kaplan-Meier curves were used to plot the third-line OS
and third-line PFS survival curves. The chemotherapy group was set as the control group, and the differences in the
effects of different third-line treatment regimens on third-line OS and PFS were compared using the Log rank test.
Univariate analysis of the factors influencing the prognosis and outcome of patients with metastatic colorectal cancer was
performed, with variables including gender, whether the age was greater than 65 years, smoking history, primary tumour
status (resected or not), location of the primary tumour (right half of the colon/left half of the colon/rectum), whether an
intestinal ostomy was performed, number of metastatic sites, whether local treatment of metastasis was performed
(including surgery, radiotherapy, or interventional therapy targeting metastatic lesions during the disease course),
mutation status (RAS or BRAF mutant/wild-type), time from metastasis diagnosis to PD2 (defined as the second
progression following first-line treatment initiation), baseline CEA (at start of third-line treatment), baseline CA199 (at
start of third-line treatment), and whether bowel obstruction occurred. Indicators statistically significant on univariate
analysis were analysed multivariate using Cox proportional-hazards model. Hazard ratios (HR) and corresponding 95%
confidence intervals (CI) were also calculated. All statistical tests were performed with P < 0.05 as the difference was
statistically significant.

Result

Clinical Characteristics and Treatment Options for Third-Line Patients

The study finally included 229 patients with mCRC, of whom 136 were male and 93 were female; their ages ranged from
24 to 85 years old, with a median age of 63 years old; 177 patients (77.3%) had undergone previous surgical resection of
the primary focus; 93 patients (40.6%) had undergone local treatment of metastasis (including surgery, radiotherapy or
interventional therapy); and 91 (39.7%) patients had genetic testing results that suggested a RAS/BRAF wild-type, 128
(55.9%) were RAS/BRAF mutant, and 10 (4.4%) were unknown. 229 (100%) patients had proficient mismatch
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repair(pMMR) tumors or genetic testing suggestive of MSI-L/microsatellite stability(MSS). The remaining clinical
characteristics of the third-line patients are detailed in Table 1. In terms of treatment selection, 37.12% (85 patients)
still chose chemotherapy alone or chemotherapy combined with cetuximab/bevacizumab targeted therapy; and among the
guideline-recommended standard treatments (regorafenib monotherapy, fruquintinib monotherapy, or TAS-102 mono-
therapy), a total of 33 patients with mCRC using fruquintinib monotherapy accounted for the highest percentage. Among
the 85 patients in the chemotherapy group, the specific treatment regimens have been detailed as follows: 19 patients
received oxaliplatin-based regimens, 43 received irinotecan-based regimens, 2 received FOLFOXIRI, and the remaining
patients were treated with regimens not based on oxaliplatin or irinotecan—specifically, 11 received S-1 monotherapy, 7
received raltitrexed monotherapy, and 3 received capecitabine monotherapy. Additionally, 48 patients in the chemother-
apy group received chemotherapy combined with cetuximab/bevacizumab. The remaining treatment choices and
percentages of the third-line patients are detailed in Table 2.

Table | Baseline Clinical Characteristics of 229 Patients and the Effect of Different Clinical Characteristics on Third-Line

Survival
Cases Median Univariate Analysis Multivariate Analysis
[n(%)] OS (Months) | 2vValue | PValue |HR | 95%cCl | P Value
Gender 0.302 0.582
Male 136(59.4%) 12.2
Women 93(40.6%) 15.1
Age 1.317 0.251
>65 years old 77(33.6%) 17.2
<65 years old 152(66.4%) 13.1
Smoking history 1.191 0.275
Yes 32(14.0%) 132
No 197(86.0%) 13.3
Primary tumour status 1.81 0.178
Resected 177(77.3%) 133
Unresected 52(22.7%) 1.9
Location of the primary tumour 1.7 0.427
Right half of the colon 47(20.5%) I
Left half of the colon 68(29.7%) 16.8
Rectum 1 14(49.8%) 132
History of intestinal ostomy 0.535 0.465
Yes 44(19.2%) 12.9
No 185(80.8%) 13.5
Metastatic sites 2313 0.315
| 87(38.0%) 13.3
2 82(35.8%) 13.5
>2 12.3
(Continued)
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Table | (Continued).

Cases Median Univariate Analysis Multivariate Analysis
[n(%)] OS (Months) | 2 Value | PValue |HR | 95%Cl | P Value
Local treatment of metastases 5.926 0.015 1.23 0.81-1.88 0.33
Yes 93(40.6%) 17.2
No 136(59.4%) 1.9
Mutation status 5.252 0.022 0.68 | 0.46-1.01 0.055
Wild type 91(39.7%) 17.2
Ras/Braf mutant 128(55.9%) I
Unknown 10(4.4%)
Time from metastasis to PD2 9.644 <0.001 1.8 1.62-2.65 0.003
>17.8 months (median) 113(49.3%) 19.2
<17.8 months (median) 112(48.9%) 10.6
Unknown 4(1.7%)
Baseline CEA levels 5.265 0.021 085 | 0.48-1.49 | 0.558
<5pg/L 32(14.0%) 17.2
>5ug/L 132(57.6%) 10.6
Unknown 65(28.4%)
Baseline CA199 levels 12.256 <0.001 0.54 | 0.35-0.83 | 0.005
<37 pg/L 65(28.4%) 16.2
>37 pg/L 91(39.7%) 83
Unknown 73(31.9%)
MSI/MMR Status
dMMR/MSI-H 0
pMMR/MSI-L/MSS 229(100%)

Comparison of Efficacy Among Different Third-Line Treatment Regimens
General

A total of 229 patients were enrolled in this study; by the end of follow-up, 75 patients survived, 3 were lost to follow-up,
and 151 died. The third-line median PFS was 3.8 months (3.4—4.2 months); the third-line median OS was 13.3 months
(9.7-16.9 months); the median follow-up time for third-line treatment was 22.7 months; and the one-year survival rate
was 53.7%.

Comparison of the Primary Endpoint, Third-Line PFS

The grouping was based on the actual third-line treatment regimens of 229 patients, which included 18 treatment
regimens, of which anlotinib, cetuximab monotherapy, cetuximab combined with vemurafenib, TAS-102 combined with
chemotherapy, TAS-102 combined with regorafenib, and TAS-102 combined with immunotherapy were excluded from
the analysis due to the small number of cases enrolled, which was not statistically significant.
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Table 2 Composition of Various Regimens in the Third Line of Treatment and the Efficacy of Each Regimen in Comparison to
the Chemotherapy Group

Treatment Regimen Cases | Third-Line PFS Third-Line OS

[n (9] Median PFS P-Value (vs Median P-Value (vs
(months) Chemotherapy) oS Chemotherapy)

Chemotherapy 85(37.12%) 3.6 12.0

Regorafenib 20(8.73%) 3.0 0.637 9.8 0.646

Fruquintinib 33(14.41%) 4.8 0.119 17.2 0.150

TAS-102 4(1.75%) 3.0 0.643 11.0 0.453

Chemotherapy + 10(4.37%) 3.1 0.875 82 0.186

immunotherapy

Apatinib 6(2.62%) 1.9 0.119 3.1 0.011

Regorafenib + chemotherapy 8(3.49%) 2.6 0514 12.9 0.882

Regorafenib + immunotherapy 6(2.62%) 3.6 0.634 12.3 0.749

Fruquintinib + chemotherapy 22(9.61%) 39 0.158 223 0.661

Fruquintinib + immunotherapy | 8(3.49%) 88 0.034 - 0.006

TAS-102 + cetuximab/ 13(5.68%) 4.6 0.451 - 0.327

bevacizumab treatment

TAS-102 + fruquintinib 7(3.06%) 22 0.037 - 0.815

Anlotinib 1(0.44%)

Cetuximab monotherapy 1(0.44%)

Cetuximab + vemurafenib 1(0.44%)

TAS-102 + chemotherapy 1(0.44%)

TAS-102 + regorafenib 1(0.44%)

TAS-102 + immunotherapy 2(0.87%)

A total of 12 groups of patients were finally included in the analysis, namely the chemotherapy group (including
chemotherapy alone and chemotherapy combined with cetuximab/bevacizumab targeted therapy), the regorafenib
monotherapy group, the fruquintinib monotherapy group, the TAS-102 monotherapy group, the chemotherapy combined
with immunotherapy group, the apatinib group, the regorafenib combined with chemotherapy group, the regorafenib
combined with immunotherapy group, the fruquintinib combined with chemotherapy group, the fruquintinib combined
with immunotherapy group, TAS-102 combined targeted therapy group, and TAS-102 combined fruquintinib group.
Since most of the control groups in previous RCT studies were placebo groups, the chemotherapy group was set as the
control group in this study for the sake of clear demonstration.

Kaplan-Meier survival analysis was applied to draw the third-line PFS survival curves and Log rank test was used to
compare the groups (Figure 1), which showed that in third-line treatment, the median third-line PFS of the fruquintinib
combined with immunotherapy group was 8.8 months (95% CI: 8.6-9.0), which was better than that of the chemotherapy
group (3.6 months, 95% CI: 3.1-4.1), with a statistically significant difference (p=0.034); the median PFS in the TAS-
102 combined with fruquintinib group was 2.2 months (95% CI: 0.1-4.3), lower than that in the chemotherapy group,
with a statistically significant difference (p=0.037), and not statistically different from the median PFS of the TAS-102
monotherapy group (3.0 months, 95% CI: 0.6-5.5) (p=0.268). There was no statistically significant difference in the
third-line PFS of the remaining groups compared to the chemotherapy group (Table 2).

Further subgroup analysis of the chemotherapy group showed that there was no statistically significant difference in
median PFS between the chemotherapy-alone group (37 patients) and the chemotherapy combined with cetuximab/
bevacizumab targeted therapy group (48 patients) (3.3 months [95% CI: 2.2-4.4] vs 3.7 months [95% CI: 3.1-4.3],
p=0.697).
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Figure | Comparison of different regimens for third-line PFS.
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Kaplan-Meier survival analysis was applied to plot the third-line OS survival curves and the Log rank test was used to
compare the groups (Figure 2), the Log rank test showed that the third-line OS of the fruquintinib combination

immunotherapy group was significantly better than that of the chemotherapy group (p=0.006), as 87.5% of the patients

in the fruquintinib combination immunotherapy group were still alive by the follow-up cut-off date, the median OS was

not reached, further comparison with the chemotherapy group showed a 1-year survival rate of 83.3% vs 49.3%, and the
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Figure 2 Comparison of different regimens for third-line OS.
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mean three-line OS was 39.2 months (95% CI: 29.5-49.0) vs 18.3 months (95% CI: 14.3-22.3). The median OS of the
apatinib group was 3.1 months (95% CI: 0.8-5.4 months), significantly lower than 12.0 months in the chemotherapy
group (95% CI: 7.7-16.3, p=0.011). There was no statistically significant difference in third-line OS in the remaining
groups compared to the chemotherapy group (Table 2).

Impact of Different Clinical Characteristics on Survival in Third-Line Patients
Results of Univariate Analyses
Where the cut-off value for time from metastasis diagnosis to PD2 was set as the median value of the data set ie 17.8
months. Baseline CEA was defined as the CEA level at the start of third-line treatment, with serum CEA >5 pg/L as
a positive criterion; baseline CA199 was defined as the CA199 level at the start of third-line treatment, with serum
CA199 >37 ng/L as a positive criterion. Some cases with no information such as unknown mutation status (10 cases),
unknown time from metastasis diagnosis to PD2 (4 cases), and no data on baseline CEA (65 cases) or baseline CA199
(73 cases) were excluded from the analysis.

The univariate analysis showed that factors such as whether local treatment of metastasis was performed (including
surgery, radiotherapy, or interventional therapy),mutation status (RAS or BRAF mutant/wild-type), time from metastasis
diagnosis to PD2, baseline CEA, and baseline CA199 were statistically significant (Table 1).

Results of Multivariate Analysis

The application of Cox regression analysis to multifactorial analysis of the clinical factors that were statistically
significant in the above univariate analyses showed that time from metastasis diagnosis to PD2 and baseline CA199
were independent prognostic influences in patients with third-line mCRC (Table 1).

Discussion

Treatment options for advanced colorectal cancer in the real world are complex and varied, and for patients progressing
to third-line therapy, in addition to the guideline-recommended standard third-line agents (regorafenib, fruquintinib, and
TAS-102), options also include chemotherapy, targeted therapy, immunotherapy, and a variety of combination regimens.
In real-life clinical practice, although most patients entering third-line therapy have already received oxaliplatin- or
irinotecan-based chemotherapy, premature use of targeted therapies such as fruquintinib or regorafenib is not always
preferred in patients with better physical status, and some physicians still try third-line chemotherapy. Some small-
sample studies have shown that third-line chemotherapy rechallenge can provide therapeutic benefits for third-line
patients.'® " In this study, 229 mCRC patients were grouped according to their actual third-line treatment regimens,
with 37.1% of patients choosing chemotherapy or chemotherapy combined with targeted therapy, the highest percentage.
This is similar to a real-world study from Australia in which chemotherapy containing oxaliplatin or irinotecan had the
highest percentage of third-line treatment for mCRC,'* suggesting that conventional chemotherapy continues to be an
important part of third-line treatment for mCRC. This may be due, on the one hand, to the fact that some patients show
better efficacy with front-line chemotherapy and therefore prefer chemotherapy as a third-line regimen; on the other
hand, from a pharmacoeconomic point of view, many patients are unable to afford the newer third-line drugs such as
regorafenib, thus making chemotherapy a more suitable choice.

As third-line standard agents, regorafenib, fruquintinib, and TAS-102 all have RCTs confirming their efficacy.
Regorafenib, the first small molecule multi-kinase inhibitor approved for third-line treatment of mCRC, demonstrated
significant improvement in median overall survival (mOS) compared to placebo (6.4 months vs 5.0 months, p=0.0052)
with a favourable safety profile in the CORRECT trial.” The CONCUR study further revealed that regorafenib showed
superior efficacy in Asian-Pacific patients with advanced CRC compared to Western populations: the regorafenib group
achieved a median progression-free survival (mPFS) of 3.2 months versus 1.7 months in the placebo group (P<0.001),
and a mOS of 8.8 months versus 6.3 months (P<0.001).® The FRESCO trial, evaluating fruquintinib in 416 third-line
mCRC patients, reported a primary endpoint mOS of 9.30 months in the fruquintinib group versus 6.57 months in the
placebo group, the secondary endpoint mPFS was 3.71 months (95% CI: 3.65—4.63) versus 1.84 months (95% CI:
1.81-1.84).7 For TAS-102, the global Phase IIl RECOURSE trial demonstrated that it extended mOS by 1.8 months (7.1
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vs 5.3 months, P<0.001) and mPFS by 0.3 months (2.0 vs 1.7 months, P<0.001) compared to placebo in refractory
mCRC patients resistant to standard second-line therapy, regardless of age, geographic origin, or KRAS status.® The
TERRA study focusing on Asian refractory mCRC patients showed mOS of 7.8 months versus 7.1 months (»p=0.035) and
mPFS of 2.0 months versus 1.8 months (P<0.001) for TAS-102 versus placebo, respectively.” In our study, the overall
third-line median PFS and median OS of the 229 patients were 3.8 months and 13.3 months, respectively, which are
longer than the data from the aforementioned RCTs. Although potential biases inherent to a single-center study cannot be
ruled out, our data may still provide a more realistic reference for survival expectations in the current real-world third-
line treatment setting.

While these RCTs confirm that regorafenib, fruquintinib, and TAS-102 significantly improve PFS or OS compared to
placebo, how efficacious they were in comparison to conventional chemotherapy needs to be further explored. Kostek
et al found that regorafenib was inferior to rechallenge chemotherapy in third-line treatment (median OS: 6.6 vs 12.0
months, P<0.001)."* In our study, the chemotherapy group served as the control group to compare the efficacy of
different treatment regimens. The result of our study showed that the three standard third-line agents brought consider-
able OS and PFS benefits, but none of them outperformed conventional chemotherapy in improving PFS or OS, which
suggests that the third-line treatment options for mCRC still need to be further explored and optimised, and that multi-
agent combinations may be more effective than single-agent treatments should be taken into account when designing
future treatment strategies.

Immune checkpoint inhibitors have demonstrated significant anti-tumour effects in the treatment of a wide range of
tumours; however, in the treatment of mCRC, their effectiveness has been largely limited to the patient population with
MSI-H/dMMR. The FDA has approved nivolumab alone or in combination with ipilimumab as a later-line treatment for
dMMR/MSI-H mCRC, but immunotherapy alone remains of limited efficacy in the non-dMMR/MSI-H population.'?
However, progress has been made in several studies exploring immunotherapy in non-dMMR/MSI-H settings. Research
from trials such as UNION, TORCH, and STELLARII has shown that short-course hypofractionated radiotherapy
combined with chemotherapy and immunotherapy can improve the tumor complete response rate in patients with
pPMMR and/or MSS locally advanced rectal cancer (LARC).'®'® The Phase II NICHE study evaluated the efficacy
and safety of immune checkpoint blockade (ICB) (nivolumab plus ipilimumab) as neoadjuvant therapy in 31 patients
with early-stage pMMR colon cancer. The study found that neoadjuvant ICB was effective in some patients, with an
overall pathological response rate of 26%.'° In our study, although all 229 included patients were of the pMMR/MSI-L/
MSS type, 11.35% of third-line regimens still incorporated immunotherapy, reflecting clinicians’ attempts to combine it
with other antineoplastic agents. Given the limited population benefiting from immunotherapy in colorectal cancer, future
studies should focus on improving efficacy through combinations with other therapies (eg, targeted agents, chemother-
apy, radiotherapy) and identifying predictive biomarkers, particularly for non-MSI-H/dMMR patients.

Combination therapy may enhance antitumor efficacy; for instance, the combination of targeted and immunotherapy
has been shown to promote tumor-infiltrating CD8+ T lymphocytes and potentiate cancer immunotherapy when anti-
angiogenic therapy is administered at appropriate doses.”’ Given the limited efficacy of the current standard third-line
treatment, the medical community has been prompted to actively explore various modes of combination therapy, and in
this context, the Japanese REGONIVO study has attracted widespread attention, which is the first study to use a targeted
therapy combined with immunotherapy regimen for refractory MSS-type mCRC. By treating CRC patients with
a regimen of nivolumab in combination with regorafenib, the study observed an ORR of 36% with a median PFS of
7.9 months, a 1-year PFS of 41.8%, and a 1-year OS of 68.0%.>' Unfortunately, however, the results of the REGONIVO
phase II study conducted in North America failed to replicate the stunning data from the Japanese population. Similar
explorations include the phase Ib/II study of fruquintinib in combination with sintilimab for the treatment of metastatic
colorectal cancer of the MSS/pMMR type, in which an ORR of 20%, a 100% disease control rate (DCR), a mPFS of 6.9
months, and a median overall survival (mOS) of 20.0 months were observed.?? Results from an open-label, single-arm,
phase I/II study (APOLLON) showed that the combination of TAS-102 and panitumumab for the treatment of patients
with RAS wild-type metastatic colorectal cancer resulted in a median PFS and OS of 5.8 months (95% CI 4.5-6.5) and
14.1 months (95% CI 12.2-19.3), respectively.”® Several studies have also been conducted to compare and evaluate the
efficacy and safety of TAS-102 in combination with bevacizumab for the treatment of refractory mCRC. Results from
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C-TASK FORCE, an investigator-initiated, open-label, single-arm, multicentre, Phase 1/2 trial of TAS-102 plus bev-
acizumab from Japan, showed that the combination of TAS-102 with bevacizumab resulted in an mPFS of 5.6 months
(95% CI:3.4-7.6) in patients with metastatic colorectal cancer who were refractory to or intolerant of standard
chemotherapy.”* A Danish open-label, randomised, Phase 2 study comparing the efficacy of treatment with TAS-102
monotherapy regimen and TAS-102 in combination with bevacizumab in patients undergoing refractory therapy for
metastatic colorectal cancer showed that TAS-102 in combination with bevacizumab yielded a mOS of 9.4 months and an
mPFS of 4.6 months, compared to an mOS of 6.7 months and an mPFS of 2.6 months in patients treated with TAS-102
monotherapy.”> The TAS-CC3 study, a prospective, non-randomised, single-arm, multicentre, open-label Phase II trial of
TAS-102 plus bevacizumab as a third-line treatment for patients with metastatic CRC resulted in an mPFS of 4.5 months
(95% CI 1.8-7.1) and a median OS of 9.2 months (95% CI 5.5-12.8).%° Our study suggests that fruquintinib combined
with immunotherapy may be a promising regimen, significantly improving third-line PFS and OS compared to
chemotherapy, but TAS-102 combined with fruquintinib did not improve third-line PFS compared with chemotherapy
and TAS-102 monotherapy. It should be noted that the current fruquintinib combined with immunotherapy group has
a relatively small sample size. We look forward to including more cases in the future to further validate the efficacy of
this treatment regimen.

Multivariable analysis in this study showed that baseline CA199 and time from metastasis diagnosis to PD2 were
independent prognostic factors in third-line mCRC patients.CA199, as a tumour marker, plays an important role in
the prognostic assessment and diagnosis of colorectal cancer. Liu et al demonstrated that elevated preoperative
CA199 levels were associated with poor long-term prognosis and shorter postoperative recurrence time in colorectal
cancer patients, indicating its independent prognostic value for disease progression.”’ In addition, Dong et al
reported that high levels of CA199 are strongly associated with liver metastases in colorectal cancer.”® Although
CA199 has limited sensitivity and specificity in early diagnosis, its diagnostic efficacy can be significantly improved
when used in combination with other tumour markers, such as CEA.Zhang et al demonstrated that the diagnostic
sensitivity and specificity for colorectal cancer were increased to 85.86% and 96.78%, respectively, when CEA was
combined with CA199.%° Our study suggests that CA199 is an independent prognostic factor in third-line mCRC
patients. With regard to the impact of time from metastasis diagnosis to PD2 on third-line OS, a shorter metastasis-to
-PD2 interval, indicating shorter PFS during both first- and second-line therapies, may be associated with more
aggressive tumor biology or lower sensitivity to prior antitumor treatments. Our findings are consistent with

previous reports>>!

that the rate of tumour progression and the duration of first- and second-line therapy are
important factors affecting survival in patients with metastatic colorectal cancer who have received a large number
of treatments.

This study has several limitations. As a single-center study with long enrollment duration and multiple groups, some
groups (such as fruquintinib plus immunotherapy) had small patient numbers. Additionally, the complexity of third-line
treatment and challenges in follow-up led to incomplete data collection. These factors may introduce bias into the
conclusions. Future real-world studies with larger sample sizes are needed to further investigate different third-line

regimens for mCRC.

Conclusion

In patients with pMMR mCRC, the regimen of fruquintinib combined with immunotherapy was associated with benefit
in a real-world third-line setting, whereas the combination of TAS-102 and fruquintinib did not improve third-line PFS.
The interval from metastasis diagnosis to PD2 (the second progression following first-line treatment initiation) and
baseline CA19-9 level at the start of third-line therapy are independent prognostic factors in third-line mCRC patients.
These factors may help stratify patients for more individualized third-line treatment—shorter PD2 interval or elevated
CA19-9 may indicate the need for more aggressive therapeutic strategies. These findings require further validation in
future large-scale, multi-center studies.
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