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SUMMARY
This is a phase Ib/II study of regorafenib plus toripalimab for colorectal cancer. The objective response rate
(ORR) is 15.2% and the disease control rate is 36.4% in evaluable patients with recommended phase II dose
(80 mg regorafenib plus toripalimab). The median progression-free survival (PFS) and the median overall sur-
vival are 2.1months and 15.5months, respectively. Patients with liver metastases have lower ORR than those
without (8.7% versus 30.0%). All patients (3/3) with lung-only metastasis respond, whereas no patients (0/4)
with liver-only metastasis respond. 94.9% and 38.5% of patients have grade 1 and grade 3 treatment-related
adverse events, respectively. Gut microbiome analysis of the baseline fecal samples shows significantly
increased relative abundance and positive detection rate of Fusobacterium in non-responders than re-
sponders. Patients with high-abundance Fusobacterium have shorter PFS than those with low abundance
(median PFS = 2.0 versus 5.2 months; p = 0.002).
INTRODUCTION

Globally, colorectal cancer (CRC) is the third most common can-

cer and the second leading cause of cancer death.1 In recent

years, the quality of care for metastatic CRC (mCRC) has been

continuously ameliorating over time.2 However, for refractory

mCRC, therapeutic options are still limited. Regorafenib is a

multi-kinase inhibitor against vascular endothelial growth factor

receptors (VEGFRs) and other kinase receptors to suppress

tumor proliferation, metastasis, angiogenesis, and immune

escape. As one of the standard salvage-line therapies for

mCRC, its objective response rate (ORR) is only 1%–4%.3,4

The benefit of immune checkpoint blockade is limited to micro-

satellite instability-high (MSI-H) or DNA deficient mismatch

repair (dMMR) mCRC and is recommended by

National Comprehensive Cancer Network (NCCN) in its 3rd-line

treatment.5–7 In contrast, microsatellite stable (MSS) or MMR-

proficient (pMMR) mCRC with a poor immune cell infiltration,8

constituting ~95% of mCRC, is typically unresponsive to pro-
Cell Reports
This is an open access article und
grammed cell death protein 1 (PD-1) blockade (ORR 0%).5,9

Therefore, new combination therapies are needed to improve

outcomes of refractory MMS/pMMR mCRC.

Anti-angiogenic molecules, which target VEGF/VEGFR

axis, can counteract the tumor-induced immunosuppression

by reducing regulatory T cells and increasing CD8+ T cell

infiltration.10,11 In addition, regorafenib reduced tumor-associ-

ated macrophages in tumor models by inhibiting other targets,

including colony-stimulating factor 1 receptor.12 In murine

models, the combination of regorafenib plus PD-1 blockade ex-

hibited synergistic tumor growth suppression compared with

either treatment alone.13 However, VEGF/VEGFR inhibition

plus PD-1 blockade demonstrated inconsistent efficacy in

refractory mCRC14–16 and failed in maintenance setting.17 More-

over, the combinations of regorafenib and PD-1/programmed

cell death ligand 1 (PD-L1) blockade reported different out-

comes. Recently, a phase Ib REGONIVO study demonstrated

a high response rate of regorafenib plus nivolumab in MSS/

pMMR refractory mCRC and attracted much attention in this
Medicine 2, 100383, September 21, 2021 ª 2021 The Author(s). 1
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Table 1. Characteristics of patients

Characteristic 80 mg (n = 39) 120 mg (n = 3)

Age, median (range) 53 (37–69) 44 (37–55)

BMI, median (range) 22.7 (17–31.8) 26.0 (21.5–28.3)

Gender

Male 20 (51.3) 2 (66.7)

Female 19 (48.7) 1 (33.3)

ECOG performance status, n (%)

0 3 (7.7) 0 (0.0)

1 36 (92.3) 3 (100.0)

Primary site

Right colon 13 (33.3) 1 (33.3)

Left colon/rectum 26 (66.7) 2 (66.7)

Site of metastases

Liver 27 (69.2) 3 (100.0)

Lung 23 (59.0) 1 (33.3)

Lymph node 18 (46.2) 1 (33.3)

Peritoneum 10 (25.6) 0 (0.0)

Other 6 (15.4) 0 (0.0)

Chemo-refractory 32 (82.1) 3 (100.0)

Chemo-intolerant 7 (17.9) 0 (0.0)

Anti-EGFR, n (%) 10 (25.6) 2 (66.7)

Anti-VEGF, n (%) 24 (61.5) 1 (33.3)

Prior treatment lines

Median, range 2 (2–5) 3 (2–3)

=2 26 (66.7) 1 (33.3)

R3 13 (33.3) 2 (66.7)

MSI/MMR status

MSS/pMMR 38 (97.4) 0 (0)

MSI-L 1 (2.6) 0 (0)

RAS/BRAFV600E status

RAS and BRAFV600E wild 13 (33.3) 2 (66.7)

RAS mutant 20 (51.3) 1 (33.3)

BRAFV600E mutant 2 (5.1) 0 (0)

RAS or BRAF unknown 4 (10.3) 0 (0)

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group;

MMR, mismatch repair; MSI, microsatellite instability; MSI-L, microsatel-

lite instability low; MSS, microsatellite stable; pMMR, mismatch repair

proficient
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field.18 However, no biomarkers were identified in this study.

Another phase II REGOMUNE study of regorafenib plus avelu-

mab, a PD-L1 monoclonal antibody (mAb), reported preliminary

results of 0% ORR and grade 3 to 4 toxicity in 87% of patients

with non-MSI-H refractory mCRC.19

Toripalimab, a recombinant, humanized immunoglobulin G4

(IgG4) monoclonal antibody against PD-1, was first approved

by the National Medical Product Administration for the treatment

of 2nd-line metastatic melanoma in China in 2018. We have

demonstrated in amulti-center POLARIS-02 trial that toripalimab

had an ORR of 20.5% and grade 3+ toxicity rate of 28% in

patients with refractory nasopharyngeal carcinoma,20 which
2 Cell Reports Medicine 2, 100383, September 21, 2021
received Breakthrough Therapy designation from US Food and

Drug Administration (FDA). Our previous phase-I clinical trial

found toripalimab was well tolerated and demonstrated anti-tu-

mor activity in treatment-refractory advanced solitary malignant

tumors.21 The phase Ib/II trial also found that toripalimab mono-

therapy achieved similar response rate with pembrolizumab or

nivolumab in unselected heavily pretreated gastric cancer pa-

tients.22 Recently, the combination of toripalimab and the

VEGFR inhibitor axitinib showed encouraging efficacy in patients

with mucosal melanoma, which otherwise had poor response to

anti-PD-1 monotherapy.23 Accumulating evidences supported

that the gut microbiome was associated with the efficacy of

immune checkpoint inhibitors (ICIs) in several cancers,

including non-small cell lung cancer (NSCLC), CRC, renal cell

carcinoma (RCC), and melanoma.24–26 A recent study found

that regorafenib-induced toxicity was arisen from the reactiva-

tion of the inactive regorafenib-glucuronide to regorafenib in

the gastrointestinal tract by gut microbial b-glucuronidase

(GUS) enzymes.27 However, it remains unknown whether the

clinical efficacy of regorafenib or regorafenib plus ICIswas corre-

lated with the gut microbiome.

As refractory mCRC remained an unmet medical need, we

initiated the REGOTORI study in January 2019, as a two-part,

dose escalation and dose expansion phase Ib/II study evaluating

the tolerability, safety, preliminary efficacy, and efficacy-related

gut microbiota of regorafenib plus toripalimab for patients with

refractory pMMR/MSS/MSI-low (MSI-L) mCRC.
RESULTS

Patient characteristics
Forty-two patients were enrolled in phase Ib/II trial between

March 2019 and January 2020; 7.7% of patients had Eastern

Cooperative Oncology Group (ECOG) performance scores

at 0. All patients had received R2 previous lines of chemo-

therapy and were refractory to or intolerant of fluorouracil,

oxaliplatin, and irinotecan. Anti-VEGF therapy (i.e., bevacizu-

mab) and anti-epidermal growth factor receptor (EGFR)

therapy (i.e., cetuximab) were used in 59.5% and 28.6% of

patients, respectively. Patients were heavily pretreated with

a median of 2.40 prior lines of treatments, and 69% had R2

metastatic sites. All patients were MSS/pMMR/MSI-L. 21

(50%) had RAS mutations and 2 (4.8%) harbored BRAFV600E

mutations (Table 1).
Tolerability and recommended dose
Twelve mCRC patients were enrolled during the dose escala-

tion phase. Regorafenib escalated from 80 mg to 120 mg and

then decreased to 80 mg according to modified toxicity prob-

ability interval (mTPI) design (Figure 1A). Three DLTs (2 grade-

3 hand-food syndrome [HFS] and 1 grade-3 transaminase

elevation) occurred in 3 (100%) patients in the 120 mg regor-

afenib cohort (Table 2). One DLT (grade 3 HFS) occurred in 9

patients in the 80 mg regorafenib cohort (Figure 1B). As the

incident rate of 11.1% was less than target toxicity probability

(30%), 80 mg regorafenib plus 3 mg/kg toripalimab was

determined to be the maximum tolerance dose (MDT) and
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Figure 1. The mTPI design spreadsheet for

phase Ib dose escalation

(A) The spreadsheet of the modified toxicity prob-

ability interval (mTPI) method. The letters in

different colors are computed based on the deci-

sion rules under the mTPI method and represent

different dose-finding actions. In addition to ac-

tions de-escalate the dose (D), stay at the same

dose (S), and escalate the dose (E), the table in-

cludes action unacceptable toxicity (DU), which is

defined as the execution of the dose-exclusion rule

in mTPI.

(B) The dose escalation of phase Ib. 3 patients were

enrolled at 80 mg regorafenib plus 3 mg/kg tor-

ipalimab (dose 1), and no one had dose-limiting

toxicity (DLT), then 3 patients were enrolled at

120mg regorafenib plus 3mg/kg toripalimab (dose

2) and all patients had DLT, and then 6 patients

were enrolled at dose 1 and only 1 patient had DLT

(pT = 11.1%). The maximum tolerated dose (MTD)

was 80 mg regorafenib plus 3 mg/kg toripalimab.

HFS, hand-foot syndrome.
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recommended phase II dose (RP2D) for the dose expansion of

30 patients.

Efficacy
As of July 12, 2020, 33 patients with 80 mg regorafenib had at

least one imaging tumor assessment and comprised per proto-

col analysis set (PPS), and 39 patients with 80 mg regorafenib

comprised safety analysis set (SAF). We observed objective

response in 5 patients and stable disease (SD) in 7 patients in pa-

tients with 80 mg regorafenib. The ORR was 15.2% (5/33; 95%

confidence interval [CI], 5.7%–32.7%) in PPS; the disease con-

trol rate (DCR) was 36.4% (12/33; 95% CI, 21.0%–54.9%) in

PPS (Figures 2A and 2B). Among 33 evaluable patients, ORR

was 15.4% (2/13), 11.1% (2/18), and 50% (1/2) in RAS and

BRAF wild, RAS mutant, and BRAFV600E mutant mCRC; ORR

was higher in patients without liver metastases than those with

liver metastases (30% versus 8.7%); and ORR was higher in pa-

tients with lung-onlymetastasis (3/3; 100%) than thosewith liver-

only metastasis (0/4; 0%; Table 3; Figure S1). Among patients

with lung and liver metastases (14/33; 35.9%), ORR and DCR
Cell Reports
were 0% (0/14) and 35.7% (5/14), respec-

tively (Table 3). Two SD patients (2/14;

14.3%) had tumor shrinkage, and one of

them had obvious shrinkage in lung le-

sions (but stable liver lesions); one patient

had disease progression after treatment

(lung lesions were stable, but new lymph

node lesions appeared). Tumor shrinkage

of any size from baseline was observed in

9 (27.3%) patients (Figures 2A and 2B). In

addition, 3 patients received 120 mg re-

gorafenib with 1 SD and 2 progressive dis-

ease (PD) as best response (Figure 2A).

At the data cutoff of July 12, 2020,

30/33 patients had progressive disease

and 23/33 patients were alive. Median
progression-free survival (PFS) was 2.1 months (95% CI, 2.0–

4.3 months) in PPS (Figure 3A). 6-month PFS rate was 20.5%.

Median overall survival (OS) was 15.5 months (95% CI,

10.3 months-not reached [NR]; Figure 3B). 1-year OS rate was

59.8%. For the 5 patients who achieved objective response, me-

dian duration of response (DOR) was 9.6 months (95% CI,

5.2 months-NR; Figure 3C), and responses were still ongoing

in 2 patients. Patients with lung-onlymetastasis hadmuch longer

PFS than those with liver-only metastasis (11.4 versus

2.5 months). But no differences in OS were observed between

them (NR versus NR). Patients without liver metastasis alsoman-

ifested with a longer median PFS of 4.1 months and median OS

not reached.

Safety
In SAF population, 94.9% patients had at least 1 treatment-

related adverse event (TRAE) and 38.5% patients had at least

1 grade-3 TRAE. No grade-4 or 5 TRAEs or treatment-related

deaths occurred (Table S1). Common TRAEs (R10%) included

HFS (51.3%), rash (30.8%), fever (20.5%), hoarseness (17.9%),
Medicine 2, 100383, September 21, 2021 3



Table 2. Treatment-related adverse events

80 mg (n = 39) 120 mg (n = 3)

Adverse events <Grade 3 RGrade 3 Total <Grade 3 RGrade 3 Total

Total 15 (38.5%) 37 (94.9%) 3 (100.0%) 3 (100.0%)

Hand-foot syndrome 16 (41.0%) 4 (10.3%) 20 (51.3%) 1 (33.3%) 2 (66.7%) 3 (100.0%)

Rash 10 (25.6%) 2 (5.1%) 12 (30.8%) 1 (33.3%) 0 (0.0%) 1 (33.3%)

Fever 8 (20.5%) 0 (0.0%) 8 (20.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hoarseness 7 (17.9%) 0 (0.0%) 7 (17.9%) 2 (66.7%) 0 (0.0%) 2 (66.7%)

Diarrhea 6 (15.4%) 1 (2.6%) 7 (17.9%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hypertension 5 (12.8%) 1 (2.6%) 6 (15.4%) 0 (0.0%) 2 (66.7%) 2 (66.7%)

Impaired liver function 2 (5.1%) 4 (10.3%) 6 (15.4%) 0 (0.0%) 1 (33.3%) 1 (33.3%)

Chest distress 6 (15.4%) 0 (0.0%) 6 (15.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Myalgia 5 (12.8%) 0 (0.0%) 5 (12.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Headache 3 (7.7%) 2 (5.1%) 5 (12.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Thrombocytopenia 3 (7.7%) 1 (2.6%) 4 (10.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Fatigue 4 (10.3%) 0 (0.0%) 4 (10.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Abdominal pain 3 (7.7%) 0 (0.0%) 3 (7.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Proctorrhagia 3 (7.7%) 0 (0.0%) 3 (7.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Bilirubin elevated 1 (2.6%) 2 (5.1%) 3 (7.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Leukocytosis 1 (2.6%) 0 (0.0%) 1 (2.6%) 1 (33.3%) 0 (0.0%) 1 (33.3%)

Hemoglobin reduction 2 (5.1%) 0 (0.0%) 2 (5.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Decreased appetite 2 (5.1%) 0 (0.0%) 2 (5.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Frequent premature ventricular 2 (5.1%) 0 (0.0%) 2 (5.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Proteinuria 1 (2.6%) 0 (0.0%) 1 (2.6%) 1 (33.3%) 0 (0.0%) 0 (0.0%)

Pruritus 1 (2.6%) 0 (0.0%) 1 (2.6%) 0 (0.0%) 1 (33.3%) 1 (33.3%)

Hypothyroidism 1 (2.6%) 0 (0.0%) 1 (2.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hyperthyroidism 1 (2.6%) 0 (0.0%) 1 (2.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Neutropenia 0 (0.0%) 1 (2.6%) 1 (2.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Use of glucocorticoids 4 (10.3%) 0 (0.0%)

See also Table S1.
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diarrhea (17.9%), hypertension (15.4%), impaired liver function

(15.4%), chest distress (15.4%), myalgia (12.8%), headache

(12.8%), thrombocytopenia (10.3%), and fatigue (10.3%). The

most frequent grade-3 TRAEs were HFS (10.3%) and impaired

liver function (10.3%) with 2/4 of them accompanied with

grade-3 hyperbilirubinemia (5.1%; Table 2). 61.5% patients

experienced immune-related adverse events (irAEs), most of

which were grade 1 to 2 (Table S1). Grade-3 irAE were reported

in five patients (12.8%), namely rash (5.1%), impaired liver func-

tion (5.1%), and diarrhea (2.5%), which were reversible after cor-

ticosteroids treatment (Table S1). No severe adverse events

occurred. In addition, 3/3 (100%) patients receiving 120 mg re-

gorafenib developed grade-3 TRAE (Table 2).
Discontinuation
Among the 37 patients who discontinued treatment, the most

common reasons were disease progression (n = 27) followed

by TRAEs (i.e., headache [n = 3], impaired liver function [n = 3],

infectious pneumonia [n = 1], hand foot syndrome [n = 1], rash

[n = 1], and frequent premature ventricular contractions [n = 1];

Table S1).
4 Cell Reports Medicine 2, 100383, September 21, 2021
Gut microbiome analysis of baseline fecal samples
To explore the association of gut microbiome and the efficacy of

the treatment, we performed 16S ribosomal RNA (rRNA)

sequencing for the baseline fecal samples of 32 patients with the

best clinical response of PR, SD, or PD. The patients were labeled

with responders (R) (PR or SD; n = 11) and non-responders (NR)

(PD; n = 21). Comparative analysis showed that the NR patients

had remarkably increased abundance of Fusobacteriota and

decreased Proteobacteria phylum (Figure 4A; Table S2). The

alpha-diversity Shannon index of the baseline gut microbiome

showed significant reduction in responders (Figure 4B; two-sided

Wilcoxon signed-rank test; p < 0.001). Principal coordinates anal-

ysis (PCoA) of baseline bacterial operational taxonomic units

(OTUs) based on the Bray-Curtis dissimilarity showed no signifi-

cant difference between R and NR (Figure S2A; PERMANOVA;

p= 0.822). To further identify the bacterial taxon related to the treat

efficacy between R and NR patients, linear discriminant analysis

(LDA)-effect size (LEfSe) analysis was employed. Twenty-three

NR-enriched taxa and two R-enriched taxa were identified (Krus-

kal-Wallis test; LDA score R3; p < 0.05; Figure S3; Table S3).

Among the enriched taxa, only 4 genera (Fusobacterium,Alistipes,

Bilophila, and Acidaminococcus) were identified by LEfSe
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Figure 2. Tumor response assessment with

Waterfall and Spider plots and treatment

exposure and duration with Swimmer plot

(A) Waterfall plot of maximum percent change in

tumor size from baseline asmeasured according to

RECIST 1.1 in 33 evaluated patients with regor-

afenib 80 mg and 3 evaluated patients with regor-

afenib 120 mg.

(B) Spider plot of longitudinal change in individual

tumor burden over time in RECIST percentage

from baseline in 33 evaluated patients with regor-

afenib 80 mg and 3 evaluated patients with regor-

afenib 120 mg.

(C) Swimmer plot according to dose level in 42

overall patients.
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analysis,whichwereenriched inNRpatients, althoughnoenriched

genus was identified in R patients (Table S3). Furthermore, using

the best cutoff value of the relative abundance of Fusobacterium

(see STARMethods), survival analysis suggested that the patients

with lowabundance ofFusobacterium had significantly better PFS
Cell Reports
than those with high abundance of Fuso-

bacterium (Figure 4C). The median PFS

for patients with high-level Fusobacterium

was much shorter than the patients with

low-level Fusobacterium (2 versus

5.2 months; log-rank p = 0.002). Consid-

ering this observeddifferenceof PFSmight

be caused by site of metastasis, we

compared the clinical characteristics be-

tween high- and low-Fusobacterium group

and found no significant difference in all the

evaluated characteristics. Liver metastasis

was found more frequently in high-Fuso-

bacterium patients than in low-Fusobacte-

rium patients, but the difference did not

reachstatistical significance (85.7%versus

54.5%; p = 0.088; Table S4; Figure S4). In

addition, the relative abundance and posi-

tive detection rate of baseline Fusobacte-

rium were higher in NR than R (Figure 4B;

Table S5). Alpha or beta diversity analysis

also showed no statistical differences be-

tween the patients with or without liver me-

tastases, as well as those with lungmetas-

tases (Figures S2B–S2E).

Because the LEfSe is an algorithm for

high-dimensional biomarker discovery,

wecombined theclinical factorsofpatients

and the 4 genera identified by LefSe to

develop a prognostic model for PFS. Uni-

variable andmultivariable CoxPH analyses

resulted in a risk prediction model for PFS

consisting of three covariates (body mass

index [BMI], Fusobacterium, andAlistipes),

whichwerevisualized in the forest plot (Fig-

ure 4D). The baseline Fusobacterium and

Alistipes levels were identified as signifi-
cant risk factors of PFS with the hazard ratio (HR) of 2.68 (95%

CI, 1.11–6.48; p = 0.03) and 2.56 (95% CI, 1.1–5.94; p = 0.03)

respectively, while the BMI was a protective factor with HR of

0.39 (95% CI, 0.17–0.88; p = 0.02). The performance of the com-

bination of three variates to predict PFS was illustrated by the
Medicine 2, 100383, September 21, 2021 5



Table 3. Objective response rates in selected subgroups

(regorafenib = 80 mg)

Subgroup No. of patients Objective response

All patients 33 (100%) 5 (15.2%)

Liver metastases

Yes 23 (69.7%) 2 (8.7%)

No 10 (30.3%) 3 (30.0%)

Lung metastases

Yes 21 (63.6%) 3 (14.3%)

No 12 (36.4%) 2 (16.7%)

Primary site

Right colon 11 (33.3%) 2 (18.2%)

Left colon/rectum 22 (66.7%) 3 (13.6%)

MSI/MMR status

MSS/ pMMR 32 (97.0%) 5 (15.6%)

MSI-L 1 (3.0%) 0 (0%)

RAS/BRAF status

RAS and BRAFV600E

wild type

13 (39.4%) 2 (15.4%)

RAS mutant 18 (54.5%) 2 (11.1%)

BRAFV600E mutant 2 (6.1%) 1 (50.0%)

Prior anti-VEGF inhibitors

Yes 22 (66.7%) 4 (18.2%)

No 11 (33.3%) 1 (9.1%)

Prior anti-EGFR inhibitors

Yes 7 (21.2%) 2 (28.6%)

No 26 (78.8%) 3 (11.5%)

Current treatment line

3 23 (69.7%) 1 (4.3%)

R4 10 (30.3%) 4 (40.0%)

ECOG PS score

0 2 (6.1%) 0 (0%)

1 31 (93.9%) 5 (16.1%)

BMI

<median 16 (48.5%) 3 (18.8%)

Rmedian 17 (51.5%) 2 (11.8%)

Lung-only metastases

Yes 3 (9.1%) 3 (100%)

No 30 (90.9%) 2 (6.7%)

Liver-only metastases

Yes 4 (12.1%) 0 (0%)

No 29 (87.9%) 5 (17.2%)

See also Figure S1. ECOGPS, Eastern Cooperative Oncology Group per-

formance status
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time-dependent ROC curves (Figure 4E). The areas under the

curves (AUCs) were 0.77 and 0.80 at month 3 and 6, respectively.

The risk scores of patients were calculated based on the model

(Table S6). The median PFSs were 1.97 months (95% CI, 1.87–

2.57) and 4.2 months (95% CI, 2.04–NA) in the high-risk and the

low-risk group, respectively (p = 0.005; Figure 4F).
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DISCUSSION

Here, we report the tolerability, safety, and efficacy of regorafe-

nib in combination with toripalimab (anti-PD-1 therapy) in MMS/

pMMR/MSI-L mCRC patients as a salvage therapy.

The dose escalation in current study demonstrated the combi-

nation of 80 mg regorafenib and 3mg/kg toripalimab had a toler-

able safety profile and was selected as the RP2D. All three

patients treated with 120 mg regorafenib experienced dose

reduction to 80 mg, and the reduced dose was tolerable. 2.5%

patients with 80 mg regorafenib experienced temporary dose

reduction, and treatment delay occurred in 7.7% patients due

to toxicities (Figure 2C). In comparison, the REGONIVO study

also reduced the regorafenib dose from 120 to 80 mg in the

dose-expansion part because of adverse events. Therefore,

we consider that regorafenib 80 mg will be the recommended

dose for future combination study with PD-1 antibody.

This study showed that regorafenib in combination with toripa-

limab has a manageable safety profile. The AEs and irAEs were

generally in line with those reported for regorafenib, toripalimab,

and other PD-1 or PD-L1 antibodies. No new toxicities had

emerged compared with either treatment alone.3,4,21,22 Grade-3

irAEs were limited to 3 patients with rash or impaired liver

function, and they were all manageable with corticosteroids.

Moreover, no grade-4 or 5 TRAEs had occurred. The combination

of 80mg regorafenib and toripalimab seemed to have comparable

safety profile with regorafenib in combinations with other PD-1/

PD-L1 antibodies.18,19 Other anti-angiogenic molecules plus

immunotherapy14–16 or immunotherapy plus mitogen-activated

protein kinase kinase MEK inhibitor in mCRC28 had reported

grade 3 to 4 TRAEs incidences varying from27% to 87%.Multiple

factors might contribute to the observed toxicity differences in

combination studies, including different VEGFR-tyrosine kinase

inhibitors (TKIs) used, ethnicity, and different proportion of regor-

afenib 120 mg or 160 mg adopted in other studies.

Notably, the regorafenib toripalimab combination seemed to

achieve a better efficacy than regorafenib alone (ORR 1%–4%;

OS 6.4–8.8 months) as salvage regimen for mCRC.3,4 Although

there are no data for toripalimab in the field of mCRC in spite of

several ongoing trials, the combination efficacy appeared better

than PD-1 blockade alone and patients with MSS/pMMR mCRC

are highly unlikely to respond to pembrolizumab or nivolumab.5

Moreover, the response was durable with a median DOR of

9.6 months reflecting the characteristics of PD-1 blockade.

Thus, regorafenib in combination with toripalimab showed prelim-

inary efficacy in unselected refractory MMS/pMMR/MSI-L mCRC

patients, but the ORR was less than the statistical assumption.

The exploration of ICIs in refractory MSS/pMMR mCRC has

been full of challenges. Atezolizumab combined with cobimetinib

yielded a response of 3% and failed versus regorafenib.28 Dual

checkpoint blockades of nivolumab plus ipilimumab failed with

a response of 0%–10%. The combination efficacy in the current

study seemed to show some advantage over the combination of

regorafenib plus avelumab in REGOMUNE study with response

rate of 0% and a median OS of 10.8 months19 and was compara-

ble with other trials of PD-1/PD-L1 blockade combined with anti-

VEGF (i.e., atezolizumab plus capecitabine and bevacizumab or

pembrolizumab plus binimetinib and bevacizumab) and the
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Figure 3. Kaplan-Meier plots of progression-free survival, overall

survival, and duration of response

(A and B) Kaplan-Meier plot (A) of progression-free survival (PFS) and Kaplan-

Meier plot (B) of overall survival (OS) in 33 patients with regorafenib 80 mg as

recommended dose.

(C) Kaplan-Meier plot of duration of response (DOR) in 5 patients with partial

response.
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retrospective study of PD-1 blockade combined with anti VEGFR

(sintilimab plus fruquintinib), with ORRs ranging 8.5%–15.4%.14–

16

As REGONIVO study reported in American Society of Clinical

Oncology (ASCO), the combination of regorafenib and PD-1

antibody was widely used worldwide. However, the good

response of this regimen was seldom observed in clinical prac-

tice. The current phase II study showed inferior results when

compared with the cohort of mCRC patients in the phase I RE-

GONIVO trial (ORR = 36%; median PFS 7.9 months). One

possible reason is that we recruited higher proportions of pa-

tients with liver metastasis (71.4% versus 52%) and lower pro-

portions of lymph node metastasis (45.2% versus 60%) and

lung metastasis (57.1% versus 64%) than the REGONIVO

study. Cumulative evidence indicated organ sites had differen-

tial impact on responses to PD-1 blockade, with lymph node,

lung, and liver metastasis among the most, most/intermediate,

and least responsive, respectively,29,30 consistent with sub-

group data for liver and lung metastasis in both the current

and REGONIVO studies. All patients with lymph node metasta-

ses were accompanied with other site metastases in our study

that may confound their presumed response. In this trial, ORR

was obviously higher in patients with lung-only metastasis than

with liver-only metastasis or with both lung and liver metasta-

ses. In addition, median PFS in patients with lung-only metas-

tasis was much longer than with liver-only metastasis. MSS

mCRC patients with liver metastasis showed inferior PFS

than patients without liver metastasis under PD-1 or PD-L1

checkpoint inhibition in a retrospective analysis.31 Besides,

Yu et al.32 demonstrated that melanoma patients with only liver

metastasis benefit less from immunotherapy than with only lung

metastasis. Notably, patients without liver metastasis respond

well and obviously benefit much from the combination of regor-

afenib plus toripalimab and deserve recommendation for this

regimen. Mechanically, liver was associated with a relatively

high fraction of immunosuppressive cells that is responsible

for liver-metastasis-associated resistance to checkpoint

blockade,33 and liver metastatic disease seemed to correlate

with poor response to regorafenib.34 Besides, lung-only metas-

tasis was associated with favorable outcomes among patients

treated with regorafenib monotherapy.34 Patients with lung-

only metastasis respond markedly to and deserve recommen-

dation for our regimen. Another possible reason is that more

patients in REGONIVO study received higher dose of regorafe-

nib. The recommended dose of regorafenib was reduced (from

120 to 80 mg) during the dose-expansion part due to side ef-

fects. Only 60% (15/25) of patients with mCRC in REGONIVO

study started with the final recommended dose of regorafenib

(80 mg). However, 92.8% (39/42) of patients with mCRC initi-

ated with 80 mg of regorafenib in our study. In addition,
Cell Reports Medicine 2, 100383, September 21, 2021 7
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Figure 4. Gut microbiome analysis

(A) Composition of gut microbiome at phylum level for the non-responders (NR) and responders (R), with the density plots for the distribution of the number of

patients at different relative abundance region for each bacterial phylum.

(B) Relative abundance of Fusobacterium in NR and R, with the boxplots for the alpha-diversity Shannon index of the NR and R (*p < 0.05).

(C) Kaplan-Meier plot of PFS in 32 patients with high versus low abundance of Fusobacterium with the best cutoff value of 2.6e�05.

(D) Forest plot for multivariate Cox regression analysis of the effect of risk factors (BMI, Fusobacterium, and Alistipes) on patient’s PFS.

(E) Time-dependent receiver operating characteristic (ROC) for three-variable (BMI, Fusobacterium, and Alistipes) model at PFS of 3 and 6 months.

(F) PFS comparison between the high- and low-risk groups based on Cox model using Kaplan-Meier analysis.

See also Tables S2–S6 and Figures S2–S4.
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ECOG performance status (ECOG PS) was 0 in 7.7% of pa-

tients in our study, but in 98% in REGONIVO study, PS

0 was correlated with favorable efficacy to PD-1 blockade or

regorafenib alone over PS R 1.4,34,35 Moreover, most of the pa-

tients in this study were heavily pretreated and manifested high

tumor burden, and six patients did not have computed tomog-

raphy (CT) scan post-treatment due to COVID-19 pandemics.

Although we only recruited two patients with BRAFV600E muta-

tions, a high response rate of 50% was observed, which was in

line with genomic determinants of response to PD-1 blockade,

including an enrichment of mitogen-activated protein kinase

(MAPK) pathway alterations (BRAF) in responders36 and higher

frequencies of tumor-associated lymphocytes associated with

BRAF mutations.37 In conclusion, the combination of 80 mg re-

gorafenib plus toripalimab demonstrated manageable safety

profiles and showed preliminary efficacy in unselected refrac-

tory MMS/pMMR/MSI-L mCRC patients. Additional investiga-

tions of the combination in larger cohorts are warranted.

In order to identify potential biomarkers for predicting clinical

response to guide patient selection and therapeutic optimiza-

tion, we performed gut microbiome analysis using the pretreat-

ment fecal samples of patients in this study. Fusobacterium is
8 Cell Reports Medicine 2, 100383, September 21, 2021
a genus of obligately anaerobic filamentous gram-negative

rods that are members of the phylum Fusobacteria. Although

the Fusobacterium species are considered opportunistic patho-

gens in humans and other animals, previous studies showed

overabundance of Fusobacterium might be a risk factor for dis-

ease progression from colorectal adenoma to cancer and a ther-

apy-predictive biomarker for colorectal cancer.38,39 Our results

also identified the baseline Fusobacterium of gut microbiome

as the predictive biomarker in mCRC patients under the treat-

ment of regorafenib plus toripalimab. Because the patients

with low level Fusobacterium in their baseline fecal samples

tended to respond to the combination of regorafenib plus

toripalimab, it might be a potential strategy to improve patient

outcomes by reducing the abundance of the baseline Fusobac-

terium. Additionally, the development of a gut-microbiome-

based prediction model for PFS highlighted the important role

of gut microbiome in monitoring the clinical outcome of cancer

treatment.

Limitations of study
There are several limitations of this study. The major limita-

tions were small sample size and patient selection (who
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had good PS, ECOG 0 to 1). Besides, although the efficacy

analysis showed the responses of patients with lung-only

metastases were much better than those with liver-only

metastases, the patients’ samples of both lung-only or liver-

only metastases were quite small. In addition, a similar study

REGONIVO was reported previously. Although the gut

microbiome testing was performed, it still lacked the analysis

of dynamic changes.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Biological samples

Stool samples for microbiome analysis were collected

from 32 patients recruited in the trial

This paper N/A

Chemicals and reagents

Regorafenib Bayer AG N/A

Toripalimab/JS001 Shanghai Junshi Biosciences Table S7

Deposited data

Raw data of 16S rRNA sequencing This paper PRJNA698295

Software and algorithms

R version 3.6.1 R Project https://www.r-project.org
RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Rui-Hua

Xu (xurh@sysucc.org.cn).

Materials availability
This study did not generate new unique reagents.

Data and code availability
Rawdata of 16S rRNA gene sequencing were deposited at theNCBI database and are publicly available under the accession number

listed in the Key resources table. Due to restrictions on patient privacy, the data of patients in this study is not publicly available. There

was no new code developed as part of this study.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Ethics statement
The study, both the clinical trial and microbiome analysis, was conducted in accordance with the Declaration of Helsinki and

Good Clinical Practice Guidelines after approval by the ethics board in Sun Yat-sen University Cancer Center (ID: B2019-

003-05).

Human subjects
Chinese adults, both male and female, with histologically confirmed metastatic or unresectable MSS/MSI-L/pMMR colorectal

adenocarcinoma refractory to or intolerant of fluorouracil, oxaliplatin and irinotecan based systemic treatment, were enrolled in

the study. Demographic information (i.e., age and gender) was provided in Table 1, and no significant association of gender with

the results of the study was found. Informed consent was obtained from all subjects.

Microbe strains
Baseline fecal microbiome of the enrolled patients was sequenced to detect bacterial species that existed in the feces. The bacterial

phyla in the study included Fusobacteriota, Proteobacteria, Firmicutes, Bacteroidetes, and others. Fusobacteriumwas the species of

interest in the study. Detailed species names, abundance of Fusobacterium, its association with clinical characteristics, and predic-

tion for efficacy were provided in Figures 4 and S2–S4 and Tables S3–S6.

Other models
This study did not use any other models of animals, plants, cell lines, or primary cell cultures.
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Sample size estimation
A total of 33 patients treated with the RP2D in the phase II dose-expansion will provide at least 90% power to show targeted efficacy

of 30% ORR compared to the historical ORR of 10% using Clopper-Pearson method at a one-sided significance of 0.025, including

patients with the same RP2D from phase Ib dose escalation. If > 6 patients with the RP2D have response, effectiveness could be

confirmed with 90% power of test.

Subject allocation
The current phase Ib/II clinical trial and gut microbiome analysis was a one-arm study, with no control group, and thus all the patients

were enrolled in one group and fecal samples of all the patients were collected.

METHOD DETAILS

Study Design
The primary objective of the phase Ib dose-escalation was to evaluate tolerability and safety of toripalimab in combination with re-

gorafenib and to determine the maximum tolerated dose (MTD) and dose limiting toxicity (DLT) of regorafenib when combined with

toripalimab in patients with mCRC, providing RP2D for dose-expansion. The primary objective of the phase II dose-expansion was

ORR with RP2D. Secondary objectives included safety, PFS, OS, DOR, and DCR in the patients with RP2D.

Patient Eligibility
The main inclusion criteria for the study were: (1) histologically confirmed metastatic and unresectable colorectal adenocarcinoma

refractory to or intolerant of fluorouracil, oxaliplatin and irinotecan based systemic treatment; (2) MSS or MSI-L, or pMMR; (3) an

Eastern Cooperative Oncology Group performance status (ECOG PS) of 0-1, (3) with at least 1 measurable lesion according to

RECIST 1.1 criteria; (4) adequate organ function. Major exclusion criteria included: (1) previous treatment with regorafenib, PD-1/

PD-L1/PD-L2 antibody or any other antibody that acts on T cell costimulatory or checkpoint pathways; (2) presence or history of auto-

immune disease or status, or need of immunosuppressants; (3) human immunodeficiency virus infection, or active hepatitis, or other

severe infection requiring systemic antibiotic treatment, or unexplained fever; (4) the presence of a serious comorbidity. All patients

provided written informed consent for participation in the study.

Drug Administration and Dose Escalation Procedure
Eligible patients were orally administered with regorafenib of 80mg, 120mg, or 160 mg [po, qd (D1-D21), q4w] and intravenous

toripalimab (3 mg/kg, iv, 100 mL over 1 h ± 5 min, d1 and d15, q4w) until disease progression or intolerable toxicity. In case that

the lowest combination dose was intolerant, 1 mg/kg toripalimab plus 80mg regorafenib would be back up group.

DLTs were defined as any of the following toxicities occurring in the tolerability trial period (Cycle 1) determined to be related

to study treatment: grade 4 neutropenia lasting for R 7 days, grade R 3 febrile neutropenia, grade 4 thrombocytopenia or

grade R 3 thrombocytopenia with hemorrhage, other hematological toxicities of grade 4 and above, grade R 3 non-hematological

toxicities, grade R 2 neurological toxicities, and toxicities that required discontinuation of toripalimab or regorafenib R 7 days.

The dose level was escalated according to a modified toxicity probability interval (mTPI) design, target level of MTD (target toxicity

probability) pT = 30%and equivalence interval (EI) set between [0.25, 0.35]. The number of patients to be evaluated at each dose level

was three, and then every three subjects were evaluated at the same dose level once. Themaximum sample size of phase Ib trial of 12

patients. At the end of the phase Ib trial, select the dose closest to the pT as MTD and RP2D (Figure 1A).

Outcome Assessment
Adverse events were evaluated throughout the treatment period using the National Cancer Institute Common Terminology Criteria for

Adverse Events (NCI-CTCAE V5.0). Tumormeasurementswere obtained using computed tomography at baseline and every 8weeks

until disease progression or at the beginning of subsequent treatment. Tumor response was evaluated per RECIST version 1.1. ORR

was defined as the proportion of patients with the best overall response of complete response (CR) or partial response (PR). DCRwas

defined as the proportion of patients with the best overall response of CR, PR, or stable disease (SD). PFS was defined as the time

from the date of enrollment until the date of disease progression or the date of death of any cause, whichever occurred first. OS was

defined as the time from the date of enrollment until the date of death of any cause.

16S rRNA Gene Sequencing and Data Analysis
For the collection of patient feces, samples were collected and stored at �80�C until DNA isolation. Fecal bacterial DNA was ex-

tracted using a QIAamp DNA Stool mini kit (QIAGEN) according to the manufacturer’s instructions. Bacterial DNA was extracted

from fecal pellets. The V3-V4 region of the 16S rRNA encoding gene was amplified and sequenced with HiSeq Illumina platform.

Raw reads were analyzed with USEARCH software (version 11) for quality control, Operational taxonomic units (OTU) clustering

and taxonomy annotation. Sequences with R 97% similarity were assigned to the same OTU40. Representative sequences for

each OTU were screened for further annotation. For each representative sequence, the Silva rRNA gene database release 132

was used based on the RDP classifier algorithm.
e2 Cell Reports Medicine 2, 100383, September 21, 2021
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QUANTIFICATION AND STATISTICAL ANALYSIS

Establishment of The Prediction Model for PFS
Data analyses and representations were performed using R software v3.6.1. The optimal cut-off value for the abundance of

Fusobacterium was determined by the surv_cutpoint () function of the ‘‘survminer’’ R package. Patients were classified into a

high- and low- Fusobacterium group according to the threshold. The Kaplan–Meier survival curve combined with a log-rank test

was used to compare the survival difference in the high- and low-Fusobacterium using the R package ‘‘survival.’’ Univariate and

multivariate Cox Proportional Hazards Regression (CoxPH) model survival analysis were performed to identify prognostic factors

(clinical factors and 4 bacterial genera). The factors were considered significant with a cut-off p % 0.2. To choose the best risk pre-

diction model for the PFS, the prognostic factors were further selected by the ‘‘step’’ function of R with the mode of stepwise search

of ‘‘both.’’ The forest plot of the final CoxPHmodel was generated for the by the R ‘‘forestmodel’’ package. The predictive value of the

final riskmodel for PFSwas evaluated by time-dependent receiver operating characteristic curve (ROC) analysis using the R package

‘‘survivalROC,’’ and the 3- and 6-month area under the ROCCurves (AUCs) were visualized using the R packages ‘‘ggplot2.’’ The risk

scores of patients were calculated based on risk model. The Kaplan–Meier survival curve combined with a log-rank test was further

used to compare the PFS difference in the high- and low-risk patients using the R package ‘‘survival.’’ All the tests were two-tailed

and p values < 0.05 were considered to be statistically significant.

ADDITIONAL RESOURCES

This study has been registered on ‘‘https://clinicaltrials.gov/,’’ ID: NCT03946917.
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