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Abstract: Primary analysis of the open-label, single-arm, phase || RENMIN-215 trial (primary data cutoff date: July
10, 2023) showed promising efficacy and tolerable safety with tislelizumab plus fruquintinib and fecal microbiota
transplantation (FMT) in patients with refractory microsatellite stable (MSS) metastatic colorectal cancer (mCRC).
Here, we reported updated survival and safety results with a median follow-up of 34.0 months (data cut-off May
20, 2024), as well as patient-reported outcomes and laboratory analysis. Twenty patients with MSS mCRC resistant
or refractory to at least second-line therapy were enrolled and received tislelizumab plus fruquintinib and FMT. The
primary endpoint was progression-free survival. Secondary endpoints included overall survival (OS), objective re-
sponse rate (ORR), disease control rate, safety, health-related quality of life questionnaire and exploratory laboratory
tests. In addition, 94 mCRC patients who received third-line or above immunotherapy in real world were screened
for propensity score matching (PSM) analysis to compare efficacy. Our results showed that the median OS was 13.7
months (95% Cl, 9.3-17.7), and the ORR was 20.0% (95% ClI, 5.7-43.7). After PSM, the median OS benefit of the
study regimen remained statistically significant (HR = 0.26; 95% CI, 0.07-0.95; P = 0.042). Patients with primary
tumor surgery had better clinical outcomes. No new safety concerns were detected. Seven (35.0%) patients had one
or more grade 3 treatment-related adverse events. The majority of patients had improved or stable global health
status (GHS). Median time to deterioration for GHS was 7.7 months. Peripheral blood lymphocyte analysis showed
that increased gamma-delta 2 T cells were positively associated with improved response and survival. To conclude,
the updated results provide further evidence of sustained antitumor activity of tislelizumab plus fruquintinib and
FMT in heavily pretreated MSS mCRC patients with a consistent safety profile.
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Introduction

Colorectal cancer (CRC) ranks in the top three
most common cancers and in the top two in
terms of mortality globally [1]. Approximately
25% of patients are diagnosed with metastatic
CRC (mCRC) at their initial diagnosis and almost
50% of localized CRC patients will develop
mCRC, which is a heavy burden threatening
human health [2].

Patients with microsatellite-stable (MSS)/profi-
cient mismatch repair (0(MMR) mCRC showed
low response to immunotherapy. Indeed, only
regorafenib, fruquintinib, TAS-102 plus bevaci-
zumab or chemotherapy reintroduction are cur-
rently available options for MSS/pMMR mCRC
in third-line setting [3-5]. However, the median
progression free survival (mPFS) is only about
2-3 months [6-8]. More reasonable combina-
tions of later-line treatment strategies may be
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clinically meaningful. Recently, some data indi-
cated a synergistic effect of immune check-
point inhibitor (ICl) combined with anti-angioge-
netic tyrosine kinase inhibitor (TKI) in MSS
mCRC [9, 10].

Fecal microbiota transplantation (FMT) based
on gut microbiome perturbations, as a promis-
ing immunomodulator, has been increasing
reported to improve the antitumor immunity
and promote cancer immunotherapy efficacy.
Two phase | trials showed that responder-
derived FMT effectively reversed the immuno-
resistance and obtained rapid and durable
clinical benefit in metastatic melanoma [11,
12].

The phase || RENMIN-215 trial assessed tisleli-
zumab plus fruquintinib and FMT in patients
with MSS mCRC in third-line or above settings.
Primary end point results of the study have
been published [13]. Here, we provide updated
overall survival and safety data with a 34-month
follow-up, as well as patient-reported outcomes
(PROs) and exploratory laboratory analysis.

Methods
Study design and participants

This open-label, single-arm, phase Il trial was
conducted at Renmin Hospital of Wuhan
University. The study design was previously
published and the protocol was available online
[13]. Briefly, eligible patients were aged 18
years or older, had progressive and/or meta-
static colorectal adenocarcinoma histologically
confirmed to be MSS or pMMR phenotype, had
received at least second-line of previous sys-
temic therapy for metastatic disease, had at
least one measurable/evaluable lesion by
Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1, had an Eastern Coope-
rative Oncology Group performance status
(ECOG PS) of 0 to 2, had adequate organ func-
tion, and had life expectancy of 3 months or
longer.

The study was approved by an independent
institutional ethics committee at Renmin Ho-
spital of Wuhan University (WDRY2021-K049),
and registered on Chictr.org.cn (ChiCTR21000-
46768). The study was conducted in compli-
ance with the Declaration of Helsinki, the
Guidelines for Good Clinical Practice, and appli-
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cable local laws and regulations. All patients
provided written informed consent before
participation.

Treatment

Patients received custom-made fecal microbio-
ta capsule (10 capsules, orally taking, 3 times
per day on day 1 to day 3) and tislelizumab (a
PD-1 antibody, 200 mg, intravenous infusion)
and fruquintinib (5 mg, oral administration,
once per day, 2 weeks on/1 week off) on a
3-week cycle. Before receiving FMT, patients
underwent an initial “native microbiota deple-
tion” with ingested antibiotics. Then, oral poly-
ethylene glycol (PEG)-based diarrhea solution
was used for intestinal cleansing preparation
and flora colonization. Study treatment contin-
ued until disease progression, unacceptable
toxicities, patient refusal, investigator's deci-
sion to withdraw, or completion of 18 cycles of
therapy.

Outcomes

In this report, we described the updated medi-
an overall survival (mOS) and treatment-related
adverse events (TRAEs). To compare the effi-
cacy of the study regimen with that of the real-
world situation, we screened a cohort of similar
mMCRC patients with MSS phenotype who
received at least third-line immunotherapy-
based treatment at our institution from May
2021 to May 2023, as an exploratory post-hoc
analysis. Propensity score matching (PSM) was
performed based on the following baseline vari-
ables to balance potential confounding factors:
sex, age, ECOG PS, primary tumor location, liver
metastasis, RAS/BRAF mutation, prior surgery
of primary tumor, prior radiotherapy, and prior
anti-VEGF(R) agents. A 1:2 matching ratio was
used with a caliper of 0.02.

In addition, PROs and exploratory peripheral
blood immune cells analysis were conducted.
Two proven and frequently used health-related
quality of life (HRQoL) questionnaires were
administered by well-trained investigators [14-
16]. Immunophenotype of peripheral blood T
lymphocytes was detected by flow cytometry on
FACSCalibur and FACS CANTO Il in Jinan
University Joint Laboratory of Immunology and
Microecology. The entire yo T cell subsets were
characterized using anti-CD3 peridinin chloro-
phyll protein (PerCp)-, anti-Vo1 fluorescein iso-
thiocyanate (FITC)-, anti-V62 phycoerythrin
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(PE)-, anti-CD45RA PE-Cy7- and anti-CD27 allo-
phycocyanin (APC)-conjugated monoclonal an-
tibodies (mAbs) (BD Biosciences, Mountain
View, CA, USA).

Statistical analysis

Statistical methods for the efficacy and safety
analyses have been reported previously [13].
Briefly, the study had 80% power to detect an
increase in the mPFS from 3.7 months to 7.6
months with an one-sided type | error of 0.025
in favor of the combination of ICI plus TKI and
FMT. The Kaplan-Meier method was used to
estimate mOS and mPFS. TRAEs (assessed in
patients who received any amount of study
drug) were graded using the Common Termi-
nology Criteria for Adverse Events version 5.0.
The log-rank test was used to compare Kaplan-
Meier curves, and Cox proportional hazards
model was adopted to determine the hazard
ratio (HR) and its associated bilateral 95% con-
fidence interval (Cl) and P value. The objective
response rate (ORR), disease control rate (DCR)
and 95% CI were calculated using the Clopper-
Pearson method. The demographic character-
istics and safety data were summarized
descriptively.

The HRQoL full analysis population comprised
all enrolled patients who received at least one
dose of study treatment and completed at least
one post-baseline questionnaire assessment.
For each European Organization for Research
and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORTC QLQ-C30) scale
or item, a linear transformation was applied to
standardize the raw scores between 0 and
100. For EuroQoL 5 Dimensions 3 Levels
(EQ-5D-3L) health utility score, the health sta-
tus level of each dimension was encoded by
numbers 1, 2 and 3, and converted into utility
values according to local Chinese scoring algo-
rithms [17]. Least squares mean (LSM) score
changes from baseline to post-therapy at differ-
ent point were assessed with a constrained
longitudinal data analysis model, with item
scores as the response variable and treatment
by study visit as a covariate. LSM score change,
95% Cls, and nominal two-sided P values were
calculated. Post-baseline scores of each
EORTC QLQ-C30 scale were classified as
“improved”, “stable”, or “deteriorated” accord-
ing to a change in score of 10 points or greater.
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Time to deterioration was defined as the time
from baseline to the first onset of a 10-point or
greater decrease or increase for functional or
symptom scales. Time to deterioration was
estimated with the Kaplan-Meier method.

All laboratory specimens were divided into rela-
tively effective group (responders; PFS > 6
months) and inferior group (non-responders;
PFS < 6 months) according to the clinical
response of patients. Receiver operation char-
acteristics (ROCs) and areas under the curves
(AUCs) were analyzed. The association of lym-
phocyte subsets with tumor response between
groups was compared using exact Mann-
Whitney test. All statistical analyses were per-
formed using SPSS v26.0.

Results
Patients

The flowchart of the study is shown in Figure 1.
Baseline characteristics have been previously
described (Table 1). From May 2021 to January
2022, 20 patients were enrolled. All patients
received 3 to 18 cycles of study treatment.
From study initiation to May 2023, a total of
286 questionnaires and 144 peripheral blood
samples were collected.

Updated efficacy

As of data cutoff on May 20, 2024, with a medi-
an follow-up of 34.0 months (95% CIl, 29.7-
38.4), the mOS was 13.7 months (95% Cl, 9.3-
7.7), the 1-year survival rate was 55.0% (95%
Cl, 32.1-76.2) and the 2-year survival rate was
35.0% (95% ClI, 16.3-59.1) (Figure 2A). In the
intention-to-treat  (ITT) population, partial
response was observed in 4 (20.0%) patients.
The ORR was 20.0% (95% Cl, 5.7-43.7), and the
DCR was 95.0% (95% ClI, 75.1-99.9) (Figure
2B).

Atotal of 94 MSS mCRC patients were screened
for PSM analysis (Table S1). The ORR was
12.8% (95% CI, 7.1-21.6). An increase in ORR
(20.0% vs 12.8%, OR = 0.59; 95% ClI, 0.17-
1.84; P = 0.48) was observed here (Figure 2B).
The mOS and mPFS of the real-world cohort
was 11.3 months (95% Cl, 7.1-15.6) and 4.6
months (95% ClI, 4.3-5.2), respectively (Figure
2C, 2D). After PSM, 16 of 94 patients (control
group) were matched with 10 of 20 patients
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31 patients screened

11 did notmeetinclusion criteria ormet

exclusion criteria

3 with inadequate organ function

3 with exclusionary previous therapy

2 with no measurable disease or
evidence of radiographic progression

1 with unacceptable laboratory
abnormality

1 with an active infection that required
therapy

1 refused participation

20 patients enrolled

l

20 patientsreceived study treatment

4 completed 18 cycles of study treatment
16 discontinued
14 had progressive disease
1 withdrew by patient
1 discontinued due to investigators'
decision

421 patients screened in our CRC database from
May 2021 to May 2023

327 excluded

282 had no 3-ine therapy or died
before 3-linetherapy

15had 3-linetherapybutwithout
follow-up data

11 had non-adenocarcinoma
colorectal malignancies

13had comorbidities ofother
malignancies

6 had dAMMR/MSI-H phenotype

94 patientsreceived at least3-line
immunotherapy

20 included in efficacy and safety analyses I

l

}

Propensity-score matching by 1:2 ratio

14 died from disease progression
1 survived withoutdrug maintenance
2 survived with fruquintinib maintenance
1 survived with immunotherapy rechallenge
2 survived with chemotherapy reintroduction

Parameters for matching
Age
Sex

Primary tumorlocation
Livermetastasis

RAS/BRAF mutation
ECOG PS
Priorradiotherapy
Priorsurgery
Prioranti-VEGF(R) agents

Test group (n=10)

Control group (n=16)

Figure 1. Study design and trial profile. CRC, colorectal cancer; dMMR, mismatch repair deficiency; ECOG PS, East-
ern Cooperative Oncology Group performance status; MSI-H, high microsatellite instability.

(test group). Significantly improved mOS (21.2
months vs 15.8 months, HR = 0.26; 95% ClI,
0.07-0.95; P = 0.042) was found in the test
group (Figure 2E). The study treatment also
showed a statistically non-significant increase
in mMPFS (8.0 months vs 6.3 months, HR = 0.55;
95% Cl, 0.19-1.58; P = 0.27) (Figure 2F).

Multivariate analysis indicated that primary
tumor surgical resection was an independent
prognostic factor for OS (HR = 0.16; 95% Cl,
0.029-0.90; P = 0.037) (Table S2). Patients
who had primary tumor surgery exhibited a
mOS of 21.2 months (95% Cl, 7.8-34.6), while
that for patients without primary tumor surgery
was 6.8 months (95% Cl, 4.3-9.3) (Figure S1C).
Significant mOS differences were also observ-
ed in patients with better ECOG PS score (22.3
months vs 7.2 months, HR = 0.23; 95% Cl,
0.036-1.52; P = 0.0053), and in patients with
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or without liver metastasis (10.6 months vs
27.2 months, HR = 2.97; 95% Cl, 1.04-8.52; P
= 0.037), but they were not independent prog-
nostic factors for OS here (Figure S1A, S1B and
Table S2). Besides, we observed directional
improvements in mOS in patients with prior RT
(Figure S1E) and patients without prior anti-
VEGF(R) or regorafenib therapy (Figure S1D,
S1F).

Updated safety

As of May 20, 2024, investigator-reported drug-
related TRAEs had occurred in 100.0% of
patients and the majority were grade 1 or 2
(Table 2). Most common TRAEs were generally
decreased appetite, albuminuria and fecal
occult blood. Grade 3/4 TRAEs were observed
in 7 patients (35.0%), mainly including albumin-
uria, urine or fecal occult blood, hypertension,
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Table 1. Patient demographics and baseline
characteristics (n = 20)

Characteristics Patients, No. (%)
Age, median (IQR), years 62 (51-69)

> 60 11 (55.0)

<60 9 (45.0)
Sex

Male 18 (90.0)

Female 2 (10.0)
ECOG PS

0-1 16 (80.0)

2 4 (20.0)
Primary tumor site

Left-sided 14 (70.0)

Right-sided 6 (30.0)
Type of metastasis

With liver metastasis 14 (70.0)

With lung metastasis 11 (55.0)
Previous treatment

Surgery 16 (80.0)

Radiotherapy 9 (45.0)

Chemotherapy 20 (100.0)

Anti-VEGF(R) therapy 14 (70.0)

Anti-EGFR therapy 4 (20.0)
Lines of prior treatment

2 9 (45.0)

>3 11 (55.0)
RAS/BRAF gene status

WT 9 (45.0)

MT 7 (35.0)

Unknown 4 (20.0)
MSI status

MSS/pMMR 20 (100.0)

Abbreviations: ECOG PS, Eastern Cooperative Oncology
Group performance status; EGFR, epidermal growth fac-
tor receptor; IQR, interquartile range; MSI, microsatellite
instability; MSS, microsatellite stable; MT, mutated type;
pMMR, mismatch repair proficient; VEGF(R), vascular
endothelial growth factor (receptor); WT, wild type.

hyperglycemia, liver dysfunction, hand-foot
skin reaction and hypothyroidism.

Immune related AEs (irAEs) of any grade
occurred in 9 (45.0%) patients, and most irAEs
were grade 1-2. Two patients (10.0%) experi-
enced grade 3 irAEs (one with grade 3 elevated
aminotransferases, and one with grade 3
hypertension and hyperglycemia). Cumulative
drug-related TRAEs associated with dose
reduction, drug discontinuation, or dose inter-
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ruption were reported in 3 (15.0%), 2 (10.0%),
and 2 (10.0%) patients, respectively. Drug-
related TRAEs associated with death were not
reported.

By May 2024, 4 (20.0%) patients completed 18
cycles of study therapy as scheduled, of which
two were continuing fruquintinib maintenance
and one was in drug-free survival. Fourteen
(70.0%) patients developed progression and
died, including one who had completed all study
treatments. The remaining three living patients
are currently receiving chemotherapy reintro-
duction and/or immunotherapy rechallenge,
respectively (Figure 1).

Patient-reported outcomes

EORTC QLQ-C30: Compared with baseline, a
significant improvement was showed in global
health status/quality of life (GHS/QolL) (LSM
change +12.13; 95% Cl, 2.09-22.18; P=0.019)
and pain (LSM change -11.76; 95% Cl, -22.80
to -0.72; P = 0.037) scores after 4 cycles of
treatment (Figure 3A, 3B). Significant improve-
ments were also observed in constipation (LSM
change -11.67; 95% CI, -22.71 to -0.62; P =
0.039 at post 2 cycles of treatment) and nau-
sea and vomiting (LSM change -13.59; 95% Cl,
-25.68 to -1.50; P = 0.028 at post 12 cycles of
treatment) (Figure 3C, 3D). Patients’ scores in
most other HRQoL domains were also generally
stable or improved, except for diarrhoea (Figure
S2 and Table S3).

After 3 cycles of treatment (week 9 to week 12),
more than 60% of patients had improved or
stable scores in GHS/QoL and most functioning
and symptom domains (Figure 3l). GHS/QoL,
pain and constipation were domains with
improved percentage more than 30%. Spe-
cifically, median time to deterioration was 7.7
months (95% Cl, 6.24-9.17) in GHS/QoL (Figure
3E). Median time to deterioration was 6.9
months for pain (95% ClI, 3.61-10.19; 6 events)
and nausea/vomiting (95% Cl, 4.28-9.52; 2
events) and 8.0 months for constipation (95%
Cl, 3.46-12.54; 2 events) (Figure 3F-H). Median
deterioration time of other items were reported

in Figure S3.

EQ-5D-3L: The EQ-5D-3L visual analogue scale
(VAS) scores showed small and sustained incre-
ments in the patient’s health status during the
course of study treatment (Table S4). It is, and
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Figure 2. Kaplan-Meier curve and tumor response. A. Overall survival of study patients. B. Tumor response in test
and control group patients. C, D. Overall survival and progression-free survival of control patients in real world. E, F.
Overall survival and progression-free survival of matched patients after propensity score matching. Cl, confidence
interval; HR, hazard ratio; NE, not evaluable; OR, odds ratio; ORR, objective response rate; OS, overall survival; PD,
progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.

in particular, the VAS score achieved a statisti-
cally significant improvement (LSM change
+10.09; 95% Cl, 1.22-18.96; P = 0.026) after 8
cycles of therapy. The patients’ VAS score pre-
sented a non-normal distribution, so median
and interquartile range (IQR) were used to
describe it. Data showed that after 3 cycles of
treatment, the median VAS score was 70 (IQR,
57.25-76.25), and half of the patients’ scores
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were in 70-89 range (Figure 3J). In comparison,
the median VAS score at baseline was 59 (IQR,
50-65.25), and more than 60% of the patients
scored in the 50-69 range.

Similarly, in health utility values of EQ-5D-3L, a
steady increase has also been witnessed.
Statistically significant changes were observed
after 8 and 12 cycles of treatment (LSM change

Am J Cancer Res 2024;14(11):5351-5364
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Table 2. TRAEs

Patients (n = 20)

Any Grade TRAEs, No. (%) 20 (100.0)
Grade >3 7 (35.0)
Treatment suspension 4 (20.0)

Dose reduction 3(15.0)
Death 0
Incidence rate Any Grade Grade>3
HFSR 5 (25.0) 1(5.0)
Rash 4 (20.0) 0
Pruritus 3(15.0) 0
Diarrhea 6 (30.0) 0
Bloating 4 (20.0) 0
Constipation 2 (10.0) 0
lleus 3(15.0) 0
Hypothyroidism 8 (40.0) 1 (5.0)
Hyperthyroidism 1 (5.0) 0
Liver dysfunction 5 (25.0) 1 (5.0)
Hypertension 7 (35.0) 1 (5.0)
Hyperglycemia 4 (20.0) 1(5.0)
Weight loss 5 (25.0) 0
Fatigue 11 (55.0) 0
Decreased appetite 13 (65.0) 0
Hoarseness 9 (45.0) 0
Dry mouth 5 (25.0) 0
Mucositis oral 3(15.0) 0
Periodontal disease 3(15.0) 0
Epistaxis 8 (40.0) 0
FOBT positive 12 (60.0) 2(10.0)
Albuminuria 13 (65.0) 3(15.0)
Urine occult blood 7 (35.0) 2 (10.0)
Fever 3(15.0) 0
Leukopenia 3(15.0) 0
Thrombocytopenia 2 (10.0) 0
Hypoalbuminemia 2 (10.0) 0
Anemia 3(15.0) 0
Hypokalemia 3(15.0) 0
Hyponatremia 1 (5.0) 0
Headache 4 (20.0) 0
Musculoskeletal pain 2 (10.0) 0
Visual fatigue 1 (5.0) 0
Insomnia 3(15.0) 0
Hypomnesis 1 (5.0) 0
Nausea 2 (10.0) 0
Vomiting 1 (5.0) 0
Cough 2 (10.0) 0

Abbreviations: TRAEs, treatment-related adverse events;
HFSR, hand-foot skin reaction; FOBT, fecal occult blood

test.
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+0.10; 95% Cl, 0.02-0.19; P = 0.017 and LSM
change +0.10; 95% Cl, 0.00-0.19; P = 0.047)
(Table S4).

Flow cytometry (FCM) analysis

T cell subsets were measured by FCM. The ROC
curves were plotted to find the optimal index
and cutoff value between responders and non-
responders, and the results showed that the
AUC of y02 T cell at baseline and post-3 cours-
es of treatment reached 0.77 (95% Cl, 0.56-
0.98; P = 0.045) and 0.88 (95% ClI, 0.71-1.00;
P = 0.006), respectively (Figure 4A, 4B).

The responders had relatively higher baseline
level of yd2 T cells in peripheral blood and the
higher baseline level of yd2 T cells was associ-
ated with better mPFS (10.1 months vs 4.5
months, HR = 0.27; 95% ClI, 0.07-0.99; P =
0.0021) and mOS (27.2 months vs 11.6
months, HR = 0.22; 95% CI, 0.06-0.78; P =
0.019) (Figure 4C, 4E, 4G, 4H). In addition, the
induced increase of y02 T cells after 3 courses
of study treatment was associated with high
response and improved mPFS (10.1 months vs
4.5 months, HR = 0.30; 95% CI, 0.10-0.89; P =
0.0040) and mOS (27.2 months vs 6.8 months,

= 0.28; 95% CI, 0.09-0.90; P = 0.032)
(Figure 4D, 4F, 41, 4)).

Discussion

In this clinical trial, which is, to our knowledge,
the first prospective study to evaluate the anti-
tumor activity and safety of tislelizumab (anti-
PD-1 ICl) plus fruquintinib (anti-VEGFR TKI) and
FMT in MSS mCRC patients as a third-line or
above therapy. The combination continued to
exhibit compelling ORR and OS benefits in com-
parison with what would be expected on the
basis of the real-world data at this treatment
setting. The regimen also reported a consistent
and controllable safety profile, which is gener-
ally comparable to the established profile of the
monotherapy per agent. What's more, there
have been limited reports focusing on mCRC
patients’ HRQoL at later-line setting. Our study,
therefore, included assessing the impact of
study treatment on patients’ HRQoL. And the
updated PROs further verified the improvement
in survival did not negatively affect the health
status in these heavily pre-treated mCRC
patients.
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E, F. Percentage of y02 T cells above and below the threshold in responders and non-responders. G-J. Kaplan-Meier
survival curves in two groups of patients with yd2 T cells above and below the threshold at baseline and after 3
cycles of treatment. AUC, area under the curve; Cl, confidence interval; HR, hazard ratio; NR, not reached; OS,
overall survival; yd T cell, gamma-delta T cells; R, responders (defined as patients with PFS > 6 months); NR,
non-responders (defined as patients with PFS < 6 months); PFS, progression-free survival; ROC, receiver operator

characteristic.

It is well-known that fluorouracil plus irinotecan
and/or oxaliplatin are the standard first- and
second-line chemotherapeutic regimens for
mMCRC patients, with satisfactory survival ben-
efit [3, 4, 18]. However, in the third-line or above
setting, rechallenging chemotherapy in those
heavily pre-treated mCRC patients yielded a
mOS of only 6 to 8 months, with more than half
of patients discontinuing treatment due to
worsening functioning and symptoms, including
myelosuppression, hausea and vomiting, appe-
tite loss, malnutrition, fatigue, constipation and
diarrhoea [19, 20]. Immunotherapy, represent-
ed by anti-PD (L)-1 inhibitors, has significantly
changed the tumor treatment landscape [21-
24]. For mCRC, not only patients with MSI-H
phenotype but also MSS patients have been
consistently reported to benefit from ICl-based
therapies [9, 10, 25, 26]. Increasing research-
es have explored ICI in combination with TKI
and/or radiotherapy or other cytotoxic agents in
MSS mCRC patients and reported mixed
results. In view of the existing evidence that gut
microbiota can promote the activation of
immune cells and participate in the regulation
of anti-tumor immune response, the ICl, TKI
and FMT in triple combinations was designed in
this study.

After a median follow-up of 34.0 months,
patients treated with tislelizumab plus fruquin-
tinib and FMT achieved a mOS of 13.7 months
versus 11.3 months with ICI-based therapy in
the real world at third-line or above setting.
After PSM analysis, the difference in mOS was
still significant. It is worth noting that 38.2%
(36/94) of patients in the real-world cohort
received a triple combination of immunothera-
py plus targeted therapy and chemotherapy. A
recent randomized phase Il study of a triple
combination of a PD-1 antibody (sintilimab), a
histone deacetylase inhibitor (chidamide) and a
VEGF antibody (bevacizumab) for patients with
unresectable chemotherapy-refractory locally
advanced or metastatic MSS/pMMR CRC
reported an ORR of 44.0% and mPFS of 7.3
months [27]. The survival outcomes shown in

5360

the above CAPability-O1 trial further reflects
the promising therapeutic efficacy of immuno-
therapy-based combinations compared to a
targeted agent plus a cytotoxic drug in MSS/
pMMR mCRC population.

In the updated safety analysis, the regimen
was well tolerated and patients had controlla-
ble TRAEs. Most TRAEs were grade 1 to 2, and
no unexpected safety signals were observed.
One additional grade 3 TRAE, two TRAEs lead-
ing to dose reductions and one leading to dose
interruption were reported since 10 July 2023,
with no new reports of drug discontinuation or
death due to TRAEs.

Consistent with these safety profiles, stability
or improvement was also generally observed in
the corresponding EORTC QLQ-C30 general
health, functioning and symptom scores, espe-
cially pain, constipation, nausea and vomiting,
as well as EQ-5D-3L VAS and health utility
scores. In contrast to the significant improve-
ment in above items, symptoms of diarrhoea
persisted throughout the study, which may be
related to the fluctuations of gut microecology
caused by FMT. But all of the diarrhoea AEs
were grade 1 to 2, and no patients dropped out
of the study due to diarrhoea. Time to deteriora-
tion in GHS and most QoL measures (4.8
months to 8.0 months) was as long as expect-
ed, which was superior to the reported mPFS
data (1.9 months to 5.6 months) of the recom-
mended third-line treatment options in current
clinical guidelines.

The impact of ICIs treatment on HRQoL has
been increasing compared with that of chemo-
therapy. Statistically significant and clinically
meaningful improvements in HRQoL were also
observed with ICls in non-small-cell lung can-
cer, mCRC, esophageal squamous cell carcino-
ma, urothelial cancer (KEYNOTE-010, Check-
Mate-142, RATIONALE 302, KEYNOTE-045),
etc. [28-31]. In the ICI cohort, most patients
had stabled functioning and symptom scores
without further deterioration, with significant
improvements in some HRQoL outcomes. The
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EORTC QLQ-C30 and EQ-5D-3L questionnaires
were selected in the study design to maximize
coverage of the impact of the study treatment
on HRQoL in mCRC patients. The results of the
HRQoL analysis observed in our study align
with these of previous studies that showed sta-
bility or improvement in most HRQoL measures
with ICl-based therapy. The observed improve-
ments in HRQoL may also be related to the con-
venience of the regimen, which involves easier
medication methods and shorter hospital stays
compared to traditional chemotherapy. In
short, rational therapeutic strategies that could
improve survival as well as patients’ HRQoL
have always been the direction of our
exploration.

To explore potential mechanisms related to the
immune response mediated by this combina-
tion treatment strategy, we collected peripheral
blood lymphocyte samples from patients for
FCM analysis. In the analysis, yd2 T cells were
more prevalent in responders than non-
responders. In addition, there was an induced
increase in yd2 T cells in responders after treat-
ment, which was associated with improve-
ments in OS and PFS. Data showed that yd02 T
cells are the most common circulating yd T lym-
phocytes that may play a critical role in cancer
immunity [32]. Recently, increasing study data
support the use of y02 T cells as immunothera-
peutic agents in infectious diseases and tumors
[33-35]. Li et al. applied antibody-cell conjuga-
tion technology to generate a rituximab-conju-
gated y02 T cells complex with superior cytotox-
icity against CD20-expressing relapsed/refrac-
tory B-cell ymphoma [35]. Data on the relation-
ship between yd2 T cell and anti-tumor out-
comes in mCRC are sorely lacking, and our
finding is novel and clinically valuable, and of
course further research is required.

Several limitations should be considered.
Firstly, the study was conducted in a single-
center with small sample size and open-label
design. Patients were well aware of the study
purpose, which may have certain influence on
the results. A low sample size will undoubtedly
reduce the statistical power and the results
should, thus, be interpreted with caution.
Secondly, it was a single-arm design without
randomization and control groups. We only use
the real-world population and relevant data
reported in the literature for comparison.
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Certainly, we have the limitation that the con-
trol cohort might give misleading comparisons.
Thirdly, the PD-L1 expression and tumor muta-
tion burden of patients are unknown and, there-
fore, cannot be used to identify patients who
would derive the greatest benefit from ICI-
based treatment. Besides, further laboratory
studies of additional biomarkers and detailed
molecular mechanisms are still needed. With
all its defects, the current result is encouraging
and a dedicated, randomized further study in
larger populations is warranted.

In summary, this study of ICI plus TKI and FMT
demonstrated promising efficacy and control-
lable safety profile in MSS mCRC patients. The
induced increase of y02 T cells was associated
with better response and improved survival. On
the basis of the present analysis and previous
RENMIN-215 results, tislelizumab combined
with fruquintinib and FMT, is a worthwhile ther-
apeutic option for heavily pre-treated mCRC
patients at later-line setting.
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Table S1. Baseline characteristics of mCRC patients in real-world third-line or above immunotherapy-
based treatment (n = 94)

Characteristics Patients, No. (%)
Age, median (IQR), years 59 (51-66)

> 60 38 (40.4)

<60 56 (59.6)
Sex

Male 63 (67.0)

Female 31(33.0)
ECOG PS

0-1 88 (93.6)

2 6 (6.4)
Primary tumor site

Left-sided 76 (80.9)

Right-sided 18 (19.1)
Type of metastasis

With liver metastasis 62 (66.0)

With lung metastasis 57 (60.6)
Previous treatment

Surgery 75 (79.8)

Radiotherapy 42(44.7)

Chemotherapy 94 (100.0)

Anti-VEGF(R) therapy 83 (88.3)

Anti-EGFR therapy 19 (20.2)
Lines of prior treatment

2 53 (56.4)

>3 41 (43.6)
Current treatment patterns

ICl alone 6 (6.4)

ICI+CT£RT 7(7.4)

ICl+anti-VEGF(R)/EGFR/HER2 mAb+CT+RT 24 (25.5)

ICI+TKI£CT+RT® 55 (58.5)

ICl+anti-VEGF(R)/EGFR/HER2 mAb+TKI+CT£RT 2(2.1)
RAS/BRAF gene status

WT 28 (29.8)

MT 41 (43.6)

Unknown 25 (26.6)
MSI status

MSS/pMMR 94 (100.0)

Abbreviations: CT, chemotherapy; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth
factor receptor; ICI, immune checkpoint inhibitor; IQR, interquartile range; mAb, monoclonal antibody; MSI, microsatellite
instability; MSS, microsatellite stable; MT, mutated type; pMMR, mismatch repair proficient; RT, radiotherapy; TKI, tyrosine
kinase inhibitor; VEGF(R), vascular endothelial growth factor (receptor); WT, wild type. TKI: VEGFRi (Regorafenib, Fruquintinib,
Sulfatinib, Apatinib, Anlotinib), BRAFi (Dabrafenib, Vemurafenib), MEKi (Trametinib), HER2i (Pyrotinib, Lapatinib, Tucatinib),
ALKi (Lorlatinib).
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Table S2. Multivariate survival analysis after variable selection for OS (n = 20)

Multivariate assay for 0S

Variable HR (95% CI) P
ECOG performance status

0-1vs2 0.31 (0.061-1.58) 0.16
Liver metastasis

Yes vs No 2.59 (0.62-10.80) 0.19
Prior surgery

Yes vs No 0.16 (0.029-0.90) 0.037*
Prior VEGF(R) inhibitors

Yes vs No 3.49 (0.67-18.12) 0.14
Prior radiotherapy

Yes vs No 0.88 (0.26-2.98) 0.84
Prior regorafenib

Yes vs No 1.19 (0.28-4.99) 0.81

Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; OS, overall survival. *P < 0.05.
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Figure S1. Subgroup analysis of Kaplan-Meier curves for overall survival. Cl, confidence interval; HR, hazard ratio;
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Figure S2. LSM change of other functional and symptom scale in EORTC QLQ-C30. LSM, least-squares mean; European Organization for the Research and Treat-
ment of Cancer Quality of Life Questionnaire Core 30.
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Table S3. Mean change of EORTC QLQ-C30 GHS/QoL, functional and symptom scale scores

LSM change + SD from baseline

ltems Completed questionnaire Mean + SD (95% CI)? P
GHS/QoL
Baseline 20 57.51+3.44 - -
Post-2 cycles 20 59.26+3.44 1.75+4.87 (-7.96~11.47) 0.720
Post-4 cycles 18 69.64+3.68 12.134+5.04 (2.09~22.18) 0.019*
Post-8 cycles 11 67.67+4.64 10.16+5.77 (-1.36~21.68) 0.083
Post-12 cycles 8 63.24+5.50 5.73+6.48 (-7.21~18.67) 0.380
Post-16 cycles 4 73.83+£8.70 16.3249.36 (-2.36~34.99) 0.086
Physical functioning
Baseline 20 82.38+1.91 - -
Post-2 cycles 20 81.38+1.91 -1.00+2.70 (-6.38~4.38) 0.712
Post-4 cycles 18 81.10+£2.01 -1.28+2.78 (-6.81~4.25) 0.646
Post-8 cycles 11 86.23+2.58 3.86+3.21 (-2.563~10.25) 0.233
Post-12 cycles 8 85.05+3.02 2.67+3.58 (-4.45~9.80) 0.457
Post-16 cycles 4 84.0814.27 1.71+4.68 (-7.62~11.03) 0.717
Role functioning
Baseline 20 86.77+4.47 - -
Post-2 cycles 20 82.60+4.47 -4.17+6.31 (-16.75~8.41) 0.511
Post-4 cycles 18 84.00+4.71 -2.77+6.49 (-15.70~10.16) 0.671
Post-8 cycles 11 81.16+6.03 -5.61+7.51 (-20.56~9.35) 0.458
Post-12 cycles 8 83.78+7.06 -2.99+8.35 (-19.63~13.66) 0.722
Post-16 cycles 4 96.86+9.99 10.09£10.95 (-11.72~31.90) 0.360
Cogpnitive functioning
Baseline 20 81.68+3.49 - -
Post-2 cycles 20 77.51+£3.49 -4.17+4.94 (-14.01~5.67) 0.402
Post-4 cycles 18 80.67+3.68 -1.01+5.07 (-11.12~9.10) 0.843
Post-8 cycles 11 78.72+4.71 -2.9615.86 (-14.64~8.72) 0.615
Post-12 cycles 8 76.18+5.52 -5.50+6.54 (-18.52~7.52) 0.403
Post-16 cycles 4 84.72+7.81 3.04+8.56 (-14.01~20.09) 0.723
Emotional functioning
Baseline 20 84.05+3.44 - -
Post-2 cycles 20 84.47+3.44 0.42+4.85 (-9.25~10.08) 0.932
Post-4 cycles 18 85.71+3.62 1.6614.98 (-8.27~11.59) 0.740
Post-8 cycles 11 83.6414.64 -0.4145.79 (-11.94~11.12) 0.943
Post-12 cycles 8 89.641+5.43 5.59+6.43 (-7.23~18.40) 0.388
Post-16 cycles 4 90.20£7.72 6.1618.47 (-10.73~23.04) 0.470
Social functioning
Baseline 20 64.25+5.05 - -
Post-2 cycles 20 60.9215.05 -3.33+7.13 (-17.55~10.88) 0.642
Post-4 cycles 18 67.71£5.32 3.45+7.33 (-11.16~18.06) 0.639
Post-8 cycles 11 66.4616.81 2.214+8.48 (-14.69~19.10) 0.796
Post-12 cycles 8 76.19+£7.98 11.93+9.44 (-6.88~30.75) 0.210
Post-16 cycles 4 84.33+11.29 20.08+£12.38 (-4.58~44.74) 0.109
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Fatigue

Baseline
Post-2 cycles
Post-4 cycles
Post-8 cycles
Post-12 cycles
Post-16 cycles

Nausea and vomiting

Baseline
Post-2 cycles
Post-4 cycles
Post-8 cycles
Post-12 cycles
Post-16 cycles

Pain

Baseline
Post-2 cycles
Post-4 cycles
Post-8 cycles
Post-12 cycles
Post-16 cycles

Dyspnoea

Baseline
Post-2 cycles
Post-4 cycles
Post-8 cycles
Post-12 cycles
Post-16 cycles

Insomnia

Baseline
Post-2 cycles
Post-4 cycles
Post-8 cycles
Post-12 cycles
Post-16 cycles

Appetite loss

Baseline
Post-2 cycles
Post-4 cycles
Post-8 cycles
Post-12 cycles
Post-16 cycles

Constipation

Baseline
Post-2 cycles
Post-4 cycles
Post-8 cycles
Post-12 cycles
Post-16 cycles

20
20
18
11

20
20
18
11

20
20
18
11

20
20
18
11

20
20
18
11

20
20
18
11

20
20
18
11

30.26+2.73
28.10+2.73
30.64+2.87
33.03+3.68
29.50+4.31
28.66+6.13

13.68+3.24
8.34+3.24
7.34+£3.42
6.28+4.37
0.09+5.13
4.44+7.29

26.84+3.81
23.51+3.81
15.08+4.02
4.94+5.14
14.05+6.04
5.36+8.53

16.57+4.37
24.90+4.37
19.38+4.61
15.78+5.90
10.40+6.93
16.26+9.90

15.61+3.51
22.28+3.51
20.67+3.70
17.43+4.73
14.50+5.55
7.28+7.84

25.51+4.01
18.85+4.01
18.10+4.20
19.89+5.43
15.85+6.35
10.37+8.97

23.46+3.93
11.79+3.93
16.67+4.13
19.08+5.33
19.75+6.22
15.12+8.77

-2.17+3.84 (-9.83~5.49)
0.37+£3.95 (-7.51~8.25)
2.77+4.59 (-6.39~11.92)
-0.76+5.11 (-10.94~9.42)
-1.61+6.73 (-15.02~11.81)

-5.33+4.59 (-14.47~3.81)
-6.34+4.71 (-15.73~3.05)
-7.3915.45 (-18.25~3.46)
-13.59+6.07 (-25.68~-1.50)
-9.23+7.99 (-25.16~6.69)

-3.3345.39 (-14.07~7.41)
-11.76+5.54 (-22.80~-0.72)
-21.9+6.40 (-34.66~-9.14)
-12.80+7.14 (-27.03~1.44)
-21.48+9.34 (-40.09~-2.88)

8.33+6.19 (-3.99~20.66)

2.81+6.36 (-9.86~15.48)
-0.79+7.34 (-15.42~13.85)
-6.17+8.19 (-22.50~10.15)
-0.31+10.83 (-21.89~21.27)

6.67+4.96 (-3.21~16.54)
5.0625.10 (-5.09~15.21)
1.82+5.89 (-9.93~13.56)
-1.11+6.56 (-14.19~11.97)
-8.33+8.59 (-25.44~8.77)

-6.6715.64 (-17.90~4.57
-71.42+5.81 (-18.99~4.15
-5.62+6.80 (-19.17~7.93
-9.67+7.55 (-24.71~5.38
-15.14+9.87 (-34.82~4.53)

)
)
)
)

-11.67+5.54 (-22.71~-0.62)
-6.79+5.70 (-18.15~4.57)
-4.38+6.66 (-17.64~8.88)
-3.71+7.38 (-18.41~11.00)

-8.33+9.60 (-27.46~10.80)

0.576
0.925
0.549
0.882
0.812

0.249
0.183
0.179
0.028*
0.252

0.538
0.037*
0.001**
0.077
0.024*

0.182
0.659
0.915
0.454
0.977

0.183
0.324
0.759
0.866
0.335

0.241
0.205
0.411
0.204
0.129

0.039*
0.237
0.512
0.617
0.388
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Diarrhoea
Baseline
Post-2 cycles
Post-4 cycles
Post-8 cycles

Post-12 cycles
Post-16 cycles
Financial difficulties

Baseline

Post-2 cycles
Post-4 cycles
Post-8 cycles

Post-12 cycles
Post-16 cycles

20
20
18
11

20
20
18
11
8
4

10.21+4.73

20.21+4.73

26.67+4.99

22.08+6.38

15.07+£7.49
28.74+10.62

53.17+6.19
54.83+6.19
59.44+6.53
61.67+8.35
55.45+9.79
45.36+13.86

10.00+6.69 (-3.33~23.33)

16.46+6.87 (2.77~30.15)

11.87+7.94 (-3.95~27.69)

4.8718.86 (-12.78~22.51)

18.53+£11.63 (-4.64~41.70)

1.67+8.76 (-15.78~19.11)

6.2849.00 (-11.66~24.21)
8.50+10.40 (-12.21~29.21)
2.28+11.59 (-20.80~25.36)
-7.81+15.18 (-38.06~22.45)

0.139
0.019*
0.139
0.584
0.115

0.850
0.488
0.416
0.844
0.609

Data are n, mean * SD, or LSM + SD (95% Cl). Error bars indicate 95% Cls around the mean. P values are two-sided and
nominal and *P < 0.05, **P < 0.01. Higher scores in functional scale (physical, social, role, cognitive, and emotional function-
ing) represent better health status and functioning, and higher scores in symptom scale (fatigue, dyspnoea, appetite loss,
insomnia, diarrhoea, and financial difficulties) indicate increased symptom severity. Cl, confidence interval; EORTC QLQ-C30,
European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire Core 30; GHS, global health
status; HRQoL, health-related quality of life; LSM, least-squares mean; SD, standard deviation. ®Based on a univariate analysis
model with HRQoL item scores as the dependent variable, and treatment by study visit interaction as covariates. Analysis with
constrained longitudinal data analysis model involved patients with at least one baseline or post-baseline assessment for the

HRQoL score being analyzed.
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A Physical functioning
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Figure S3. Kaplan-Meier curves of time to deterioration in other EORTC QLQ-C30 item scores. European Organization for the Research and Treatment of Cancer

Quality of Life Questionnaire Core 30.

10



Updated analysis of tislelizumab plus fruquintinib and FMT in MSS mCRC

Table S4. Mean change of EQ-5D-3L VAS and health utility scores

Iltems

LSM change £ SD from

Completed questionnaire  Mean + SD baseline (95% Cl) P
EQ-5D-3L VAS score
Baseline 20 55.65+13.25 - -
Post-2 cycles 20 59.55+18.27 3.90+3.71 (-3.50~11.30) 0.297
Post-4 cycles 18 63.06+£19.07 5.26+3.82 (-2.36~12.88) 0.173
Post-8 cycles 11 70.91+11.61  10.09+4.45 (1.22~18.96) 0.026*
Post-12 cycles 8 66.75+16.84 7.3944.93 (-2.44~17.22) 0.138
Post-16 cycles 4 68.75+6.29 7.6416.47 (-5.25~20.52) 0.241
EQ-5D-3L health utility score
Baseline 20 0.58+0.22 - -
Post-2 cycles 20 0.61+0.22 0.03+0.04 (-0.04~0.10) 0.375
Post-4 cycles 18 0.62+0.27 0.02+0.04 (-0.05~0.10) 0.550
Post-8 cycles 11 0.74+0.12 0.10+0.04 (0.02~0.19) 0.017+*
Post-12 cycles 8 0.69+0.24 0.10+0.05 (0.00~0.19) 0.047*
Post-16 cycles 4 0.75+0.04 0.11+0.06 (-0.01~0.23) 0.082

Data are n, mean * SD, or LSM + SD (95% Cl). P values are two-sided and nominal and *P < 0.05. CI, confidence interval; EQ-

5D-3L, EuroQoL 5 Dimensions 3 Levels; LSM, least-squares mean; SD, standard deviation; VAS, visual analogue scale.
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