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Cabozantinib and nivolumab with or  
without live bacterial supplementation  
in metastatic renal cell carcinoma:  
a randomized phase 1 trial

Supplementation with CBM588, a bifidogenic live bacterial product, 
has been associated with improved clinical outcomes in persons with 
metastatic renal cell carcinoma (mRCC) receiving nivolumab and 
ipilimumab. However, its effect on those receiving tyrosine kinase 
inhibitor-based combinations is unknown. In this open-label, randomized, 
investigator-initiated, phase 1 study, 30 participants with locally 
advanced or mRCC with histological confirmation of clear cell, papillary 
or sarcomatoid component were randomized in a 2:1 fashion to receive 
cabozantinib (an inhibitor of vascular endothelial growth factor receptor, 
MET and AXL) and nivolumab (anti-programmed cell death protein 1) 
with or without CBM588 as first-line treatment. Metagenomic sequencing 
was performed on stool samples to characterize their gut microbiome at 
baseline and 13 weeks into treatment. The primary endpoint was a change 
in the relative abundance of Bifidobacterium spp.; secondary endpoints 
included objective response rate (ORR), progression-free survival (PFS) 
and toxicity profile. The primary endpoint of the study was not met and 
the addition of CBM588 to cabozantinib and nivolumab did not result 
in a difference in the relative abundance of Bifidobacterium spp. or 
alpha diversity (as measured by the Shannon index). However, ORR was 
significantly higher in participants treated with CBM588 compared to 
those in the control arm (14 of 19, 74% versus 2 of 10, 20%; P = 0.01). PFS 
at 6 months was 84% (16 of 19) and 60% (6 of 10) in the experimental and 
control arms, respectively. No significant difference in toxicity profile was 
seen between the study arms. Our results provide a preliminary signal of 
improved clinical activity with CBM588 in treatment-naive participants 
with mRCC receiving cabozantinib and nivolumab. Further investigation 
is needed to confirm these findings and better characterize the  
underlying mechanism driving this effect. ClinicalTrials.gov  
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belongs to the latter category and is a strain of Clostridium butyricum 
that is widely used in Japan for a variety of gastrointestinal disorders. 
In preclinical models, CBM588 demonstrated butyrogenic proper-
ties that foster the growth of Bifidobacterium spp. We postulated that 
these changes could be associated with improved ICI response17,18. To 
examine this clinically, our group previously conducted and reported 
the results of a pilot trial assessing nivolumab + ipilimumab with or 
without CBM588 in participants with mRCC, suggesting a significant 
improvement in progression-free survival (PFS) and objective response 
rate (ORR) with the addition of the LBP19. To explore whether CBM588 
might complement not only dual ICI therapy but also VEGFR-TKI + PD1 
combinations, we undertook the current study evaluating its effect 
on the gut microbiome composition when administered in combina-
tion with cabozantinib + nivolumab as front-line therapy for locally 
advanced or mRCC.

Results
Trial design and participant characteristics
We conducted a single-center, randomized, open-label, investigator- 
initiated phase 1 study to evaluate the effects of CBM588 on the gut 
microbiome composition when administered in combination with 
cabozantinib + nivolumab in persons with advanced or mRCC. This 
trial enrolled persons with histologically confirmed advanced or mRCC 
with a clear cell, papillary or sarcomatoid component who did not 
receive prior systemic therapy for mRCC and had a Karnofsky per-
formance status ≥ 70%. The primary endpoint was to determine the 
change in Bifidobacterium spp. composition of stool from baseline to 
week 13 of treatment. Secondary endpoints included comparing the 
Shannon index (a measure of microbial alpha diversity) from base-
line to week 13 of therapy, clinical efficacy measures such as best ORR 
and PFS, safety and changes in circulating cytokines and immune cell  
populations.

A total of 30 participants with locally advanced or mRCC were 
randomized and treated between November 3, 2021 and March 6, 
2023 to receive the combination of cabozantinib and nivolumab with 
or without CBM588 (Fig. 1). Baseline characteristics were comparable 
between arms and are summarized in Table 1. The median age in the 
overall cohort at the time of treatment initiation was 65 years (range, 
36–84 years). The majority of participants were male (67%) and had 

Outcomes for metastatic renal cell carcinoma (mRCC) have 
improved markedly with the advent of immune checkpoint inhibi-
tors (ICIs)1. Approved ICIs for mRCC promote antitumor activity 
through blockade of programmed cell death ligand 1 (PDL1), its cog-
nate receptor programmed cell death protein 1 (PD1) or cytotoxic T 
lymphocyte-associated protein 4 (CTLA4)2. Current guidelines rec-
ommend that persons with newly diagnosed mRCC receive either a 
combination of nivolumab with ipilimumab (PD1 and CTLA4 inhibitors, 
respectively) or a vascular endothelial growth factor receptor tyrosine 
kinase inhibitor (VEGFR-TKI) with a PD1 inhibitor, based on the improved 
overall survival (OS) seen in multiple recent randomized clinical trials3. 
The most commonly used VEGFR-TKI + PD1 inhibitor combinations 
include cabozantinib + nivolumab, lenvatinib + pembrolizumab and 
axitinib + pembrolizumab, all supported by randomized phase 3 clini-
cal trials showing a survival benefit over VEGFR-TKI monotherapy4–6.

Although a modest proportion of persons (10–17%) will achieve 
a complete response (CR) to these therapies, the vast majority will 
ultimately experience disease progression on treatment4–7. Subse-
quent lines of salvage therapy for mRCC remain largely palliative with 
limited durability of responses8–10. In an effort to improve front-line 
therapy, further treatment intensification with triplet regimens has 
been proposed, such as combining VEGFR-TKI therapy with CTLA4 
and PD1 inhibition. To date, only one phase 3 trial comparing triplet 
and doublet therapy has been completed11. However, although there 
was a signal of activity with triplet therapy, the regimen was marred by 
notable toxicity concerns.

An alternative approach to build on the currently approved dou-
blets could be to combine them with strategies with novel mechanisms 
of action and nonoverlapping toxicity. Microbiome modulation rep-
resents one such approach. To date, multiple studies spanning lung 
cancer, melanoma and mRCC, among others, have shown that the 
composition of the gut microbiome can potentially predict outcomes 
with immunotherapy12–14. The first suggestion that microbiome modu-
lation could augment ICI activity was derived from studies assessing 
fecal microbiome transplant15,16. Although this approach is promis-
ing, there are undoubtedly challenges related to safety, acceptance 
among patients and scalability for widespread clinical use. Another 
approach to microbiome modulation is through the administration 
of prebiotics, probiotics or live bacterial products (LBPs). CBM588 

Assessed for eligibility (n = 39)

Excluded (n = 9)

Randomized (n = 30)

Allocated to cabozantinib + nivolumab arm (n = 10)
• Received allocated intervention (n = 10)
• Did not receive the allocated intervention (n = 0)

Allocated to cabozantinib + nivolumab with CBM588 arm (n = 20)
• Received allocated intervention (n = 20)
• Did not receive the allocated intervention (n = 0)

Analyzed (n = 10) Analyzed (n = 20)

Fig. 1 | CONSORT (Consolidated Standards of Reporting Trials) diagram. CONSORT diagram showing the flow of participant enrollment and treatment.
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intermediate-risk or poor-risk disease (60%), as defined by the Inter-
national mRCC Database Consortium (IMDC). While clear cell RCC 
comprised the majority of participants (87%), five participants (17%) 
had sarcomatoid features or dedifferentiation and two participants 
had papillary RCC. The most common sites of metastasis at the time 
of enrollment were lung (80%), lymph nodes (50%) and bone (40%).

Microbiome assessment
Baseline and week 13 stool samples were collected for all participants 
except for one participant randomized to the intervention arm, who 
withdrew from the study before the collection of the second stool sam-
ple. No significant difference in the relative abundance of Bifidobacte-
rium spp. was found between baseline and week 13 samples for either 
treatment arms using the Wilcoxon matched-pairs test (P = 0.95 and 
P = 0.39 for the control and experimental arms, respectively; Fig. 2a). 
Using ANCOM-BC (analysis of composition of microbiomes with bias 
correction), we identified that, at week 13, there was an enrichment 
of Ruminococcaceae unclassified SGB15260 in the experimental arm 
compared to the control arm (log fold change (LFC) = 1.76, P = 0.03 

and q = 1; Fig. 2b,c). When examining the stool’s alpha bacterial diver-
sity, no statistically significant difference based on time of collection 
was observed with cabozantinib + nivolumab alone or with CBM588 
(P = 0.17 and P = 0.65, respectively; Fig. 2d,e). Using Bray–Curtis and 
Jaccard dissimilarity analysis as a measure of beta diversity, no statisti-
cally significant difference in taxonomic relative abundance and pres-
ence of the features was observed between baseline and week 13 stool 
samples in the control and experimental arms (P = 0.97 and P = 0.99, 
respectively; Fig. 2f,g). A summary of differentially abundant bacterial 
species in the stool microbiome across participants in each arm of 
the study at baseline and week 13 and a comparison of differentially 
abundant bacterial species in participants with or without objective 
response at baseline and week 13 are provided in Extended Data Figs. 1 
and 2, respectively.

ANCOM-BC analysis also yielded detailed information regarding 
differences in the functional metabolic pathways expressed at baseline 
and week 13. As shown in Fig. 3, a total of seven and nine functional met-
abolic pathways were found to be differentially expressed after treat-
ment in the experimental and control arms, respectively (with LFC > 1 

Table 1 | Participant characteristics

Overall (n = 30), median 
(range) or n (%)

Cabozantinib + nivolumab (n = 10), 
median (range) or n (%)

Cabozantinib + nivolumab + CBM588 
(n = 20), median (range) or n (%)

P value

Age (years) 65 (36–84) 60 (48–67) 68 (36–84) 0.237

Gender

  Male 20 (67) 5 (50) 15 (75) 0.230

  Female 10 (33) 5 (50) 5 (25)

Race

  White 26 (87) 7 (70) 19 (95) 0.563

  Asian 3 (10) 2 (20) 1 (5)

  Other 1 (3) 1 (10) 0 (0)

Ethnicity

  Non-Hispanic or non-Latinx 15 (50) 4 (40) 11 (55) 0.699

  Hispanic or Latinx 15 (50) 6 (60) 9 (45)

Histologic subtype

  Clear cell 26 (87) 8 (80) 18 (90) 0.584

  Clear cell with sarcomatoid features 3 (10) 1 (10) 2 (10)

  Papillary 2 (7) 0 (0) 2 (10)

  Sarcomatoid dedifferentiation 2 (7) 2 (20) 0 (0)

IMDC prognostic risk

  Favorable 12 (40) 3 (30) 9 (45) 0.070

  Intermediate 12 (40) 5 (50) 7 (35)

  Poor 6 (20) 2 (20) 4 (20)

Nephrectomy

  Yes 20 (67) 6 (60) 14 (70) 0.690

  No 10 (33) 4 (40) 6 (30)

Number of metastatic sites

  ≥2 24 (80) 8 (80) 16 (80) 1.000

Most common metastatic sites

  Lung 24 (80) 8 (80) 16 (80) 1.000

  Lymph node 15 (50) 6 (60) 9 (45) 0.699

  Bone 12 (40) 4 (40) 8 (40) 1.000

  Adrenal 5 (17) 0 (0) 5 (25) 0.140

  Liver 3 (10) 2 (20) 1 (5) 0.251

  Pancreas 1 (3) 1 (10) 0 (0) 0.333
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and P < 0.05). Among these, samples from participants receiving cabo-
zantinib + nivolumab plus CBM588 showed relative enrichment of the 
superpathways of menaquinol-8 biosynthesis III (LFC = 1.83, P = 0.03 
and q = 1) and 1,4-dihydroxy-6-naphthoate biosynthesis II (LFC = 1.55, 
P = 0.03 and q = 1), while also showing relative depletion in the super-
pathways of sulfur amino acid biosynthesis (LFC = −1.82, P = 0.006 and 
q = 1) and 3-hydroxyphenylacetate degradation (LFC = −1.08, P = 0.02 
and q = 1). In the control arm, enrichment of the pathway of pyruvate 
fermentation to acetone (LFC = 1.25, P = 0.02 and q = 1) and depletion 
of six superpathways of menaquinol biosynthesis and GABA shunt 
(LFC = −1.23, P = 0.02 and q = 1) and 4-aminobutanoate degradation V 
(LFC = −1.56, P = 0.02 and q = 1) were observed after treatment.

Efficacy outcomes
At the time of data cutoff (August 16, 2023), 18 participants were still on 
treatment with a median follow-up of 15.9 months (interquartile range, 
9.6–18.0). One participant in the cabozantinib + nivolumab + CBM588 
arm withdrew from the study before the first objective response assess-
ment. ORR was significantly higher among participants treated with 
cabozantinib + nivolumab + CBM588 compared to those in the control 
arm (74% (14 of 19) versus 20% (2 of 10), P = 0.01; Fig. 4a). A total of 
17 (89%) participants in the intervention arm and eight (80%) in the 
control arm experienced a reduction in target lesion size. The median 
decrease in target lesions was 42% (range, 17–94%) in the CBM588 arm 
compared to 20% (range, 11–100%) in the control arm (Fig. 4b). Addi-
tionally, clinical benefit, defined as CR, partial response (PR) or sta-
ble disease (SD) for at least 6 months, was achieved in 16 of 20 (80%) 
participants treated with CBM588 and 6 of 10 (60%) participants not 
receiving this LBP. Median follow-up was 14.2 and 16.1 months in the 
experimental and control arms, respectively. The median OS and PFS 
were not reached in either of the arms at the time of data cutoff; how-
ever, landmark PFS at 6 months was 84% and 60% in the experimental 
and control arms, respectively (Fig. 4c). Extended Data Table 1 provides 
a summary of participants’ response characteristics by study arm and 
IMDC prognostic risk.

Safety
The prevalence of grade 3 or 4 adverse events attributable to treat-
ment was similar across the intervention and control arms (40% each). 
The most common grade ≥3 toxicities observed in the overall cohort 
were transaminitis (10%), hypertension (7%) and diarrhea (7%), with 
no significant differences being observed between treatment arms. 
A summary of grade ≥2 adverse events is provided in Table 2 and Sup-
plementary Table 1 provides a full list of all recorded adverse events. No 
treatment-related deaths were observed. Four participants (13%), three 
in the CBM588-containing arm and one in the control arm, required 
discontinuation of nivolumab because of adverse events of any cause.

Circulating cytokines and immune cell populations
Peripheral blood samples were collected at baseline and weeks 9, 13, 
17 and 25 of treatment. As week 13 (±7 days) was the expected time 
for the first response assessment, we chose baseline and week 13 
(±7 days) samples for cytokine analysis. A total of 53 samples from 
30 participants had the required quality and were available for the 
final analysis and 30 different cytokines were evaluated. Changes in 
circulating cytokine levels by treatment arm between baseline and 
week 13 and a comparison of cytokine levels between arms at base-
line and week 13 are shown in Extended Data Figs. 3 and 4. There was a 
significant difference in the levels of interleukin (IL)-12, IL-13, eotaxin, 
granulocyte-macrophage colony-stimulating factor (GM-CSF) and 
interferon-γ (IFNγ) at baseline compared to week 13 in participants 
who received cabozantinib + nivolumab + CBM588. No other signifi-
cant changes in cytokine levels were observed between baseline and 
week 13 samples in either of the study arms. No significant difference 
in cytokine levels was noted between the control and experimental 
arms at week 13, except in the level of IL-12. An assessment of changes 
in cytokine levels between baseline and week 13 in participants with or 
without response also revealed a significant change in the levels of IL-12, 
IL-13, eotaxin, IFNγ and GM-CSF in participants who had an objective 
response (Extended Data Figs. 5 and 6). No significant changes were 
observed in CD8+ T cell and CD4+ regulatory T cell populations from 
baseline to week 13 in the cabozantinib + nivolumab arm or cabozan-
tinib + nivolumab with CBM588 arm (Extended Data Fig. 7).

Discussion
Our study demonstrates that an LBP may complement the clinical 
efficacy of combined VEGFR-TKI + PD1 inhibition in persons with 
mRCC. Although limited by the sample size, the results bolster find-
ings from our previous trial, which showed a similar improvement 
in clinical efficacy with the addition of CBM588 to nivolumab + ipili-
mumab19. Although no increase in Bifidobacterium spp. was observed 
with CBM588 therapy in the current study, we observed an increase 
in the abundance of unclassified Ruminococcaceae genera, which 
were associated with improved clinical outcomes with ICIs in several 
other recent publications, providing a mechanistic rationale for our  
results14,20.

The first published report to demonstrate the benefit of CBM588 in 
the context of ICI therapy was a retrospective experience in non-small 
cell lung cancer (NSCLC)21. In this series of 118 participants, 39 partici-
pants (33%) received CBM588 before and/or during ICI therapy. These 
participants were confirmed to have prolonged PFS on both univariate 
and multivariate analyses. A substantial proportion of participants 
(39%) had received antibiotic therapy ahead of ICI treatment. This 
subgroup was particularly intriguing given multiple prior datasets 
suggesting that antibiotics may diminish the ICI response; however, 

Fig. 2 | Microbiome assessment in participants with mRCC treated 
with cabozantinib + nivolumab with or without CBM588 revealed no 
significant changes in Bifidobacterium spp. with treatment. Analyses 
were performed using n = 58 stool samples from n = 29 participants (n = 10 
participants in the cabozantinib + nivolumab arm and n = 19 participants in the 
cabozantinib + nivolumab with CBM588 arm). a, Change in relative abundance of 
Bifidobacterium spp. from baseline to week 13 in participants by treatment arm.  
A two-sided Wilcoxon signed rank test was used to perform comparisons between 
two time points within the same treatment arm and a two-sided Mann–Whitney U 
test was used for comparisons between the two arms. b, Difference in the relative 
abundance of several bacterial species in baseline samples from participants 
receiving CBM588 (n = 19) compared to those in the control arm (n = 10). The 
ANCOM-BC was used to perform comparisons in the CBM588 arm relative to the 
control arm at baseline. Data are presented by effect size depicting features with 
LFC > 1 and P < 0.05 (per two-sided z-test using the Wilcoxon test statistics). Error 
bars represent the effect size error (SE). c, Difference in the relative abundance of 
several bacterial species in week 13 samples from participants receiving CBM588 

(n = 19) compared to those in the control arm (n = 10). ANCOM-BC was used to 
perform comparisons in the CBM588 arm relative to the control arm at week 
13. Data are presented by effect size depicting features with LFC > 1 and P < 0.05 
(per two-sided z-test using the Wilcoxon test statistics). Error bars represent 
the SE. d, Microbial richness between baseline and week 13 in participants 
with the cabozantinib + nivolumab treatment. The Shannon entropy diversity 
metric was used to compare two time points. The median and interquartile 
range are depicted, with whiskers extending to the minimum and maximum 
values. e, Microbial richness between baseline and week 13 in participants 
with the cabozantinib + nivolumab with CBM588 treatment. The Shannon 
entropy diversity metric was used to compare two time points. The median 
and interquartile range are depicted, with whiskers extending to the minimum 
and maximum values. f, Relative similarities of microbiome composition as a 
principal coordinate analysis (PCoA) of Bray–Curtis distances between control 
samples. g, Relative similarities of microbiome composition as a PCoA of  
Bray–Curtis distances between samples of participants receiving CBM588.
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those participants who received both CBM588 and antibiotic ther-
apy had an even more pronounced benefit with ICI therapy12,22. More 
recently, the same group showed a similar positive impact of CBM588 

therapy in persons with NSCLC receiving chemo-immunotherapy. 
In a cohort of 106 participants with metastatic NSCLC treated with 
chemo-immunotherapy combinations, the use of CBM588 was 
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associated with significantly higher OS, including participants treated 
with concurrent antibiotics. Interestingly, the survival benefit of 
CBM588 was most pronounced in participants with low (<1%) PDL1 
levels23. In our prior study in mRCC, treatment with CBM588 in com-
bination with a dual ICI-based regimen of ipilimumab and nivolumab 
resulted in an improvement in PFS19. In the current study, we again 
noted a similar signal of improved clinical efficacy with statistical 
improvement in ORR and numerically higher landmark PFS. The ORR 
(74%) and 6-month PFS (84%) with the combination of CBM588 with 
cabozantinib + nivolumab seen in our study are higher than in the 
previously reported CheckMate 9ER study4. Although the ORR (20%) 
in the control arm was numerically lower compared to the results of the 
CheckMate 9ER trial (56%), given the small sample size of our study and 
inherent differences in eligibility and enrolled participant population, 
the results of the study should be interpreted within the context of the 
randomized treatment arms.

Investigating potential changes in the microbiome profile with 
CBM588 supplementation was a crucial aim of our study, which was 
designed and conceptualized parallel to our prior trial with the primary 
endpoint of increase in Bifidobacterium spp. with CBM588 supplementa-
tion. In line with our prior study, we did not observe a significant increase 
in Bifidobacterium spp. as a result of CBM588-containing therapy. How-
ever, the consistent improvement in clinical outcomes seen in both stud-
ies suggests that other mechanisms or biomarkers not explored in our 
study could be driving this effect. One or more unclassified Ruminococ-
caceae genera were enriched in on-therapy samples from participants 
in the CBM588 arm but not in the control arm. A higher abundance of 
bacteria of the Ruminococcaceae family was one of the first gut microbi-
ome features to be associated with favorable outcomes and response to 

ICI treatment14. In persons with melanoma, higher levels of Ruminococ-
caceae in the gut correlated with increased circulating effector CD4+ and 
CD8+ T cells and higher infiltrating antitumor immune cells, as well as a 
maintained cytokine response to anti-PD1 therapy. It should be noted 
that the observations made herein regarding Ruminococcaceae (along 
with other observations related to changes in the microbiome profile) 
are distinct from our prior study evaluating nivolumab and ipilimumab 
with CBM588. It is possible that the use of a VEGFR-TKI (cabozantinib) in 
the current study could account for the differing evolution in microbi-
ome profile across these studies. Ultimately, however, only larger ran-
domized efforts including both ICI-based regimens will clarify whether 
this indeed accounts for the difference.

Another notable finding from our stool metabolomic anal-
ysis was an enrichment of menaquinol-8 biosynthesis III and 
1,4-dihydroxy-6-naphthoate biosynthesis II in on-therapy samples from 
participants treated with CBM588. Both of these pathways have been 
implicated in the vitamin K2 biosynthesis by intestinal microbiota24,25. 
However, in the control arm, six superpathways of biosynthesis of 
different forms of menaquinole, a reversible redox component of the 
electron transfer chain, were depleted25. Although traditionally linked 
to maintaining bone health and working synergistically with vitamin D, 
vitamin K2 was also shown to have immunomodulatory and antitumor 
effects in preliminary studies26. Although these findings should be 
regarded as hypothesis generating, the underlying mechanisms behind 
the improved outcomes seen in our study still need to be examined in 
the context of larger clinical trials.

Key differences in blood-based biomarker results were observed 
across the two trials we conducted. In our prior study, we observed an 
increase in circulating cytokines such as C-C motif chemokine ligand 2 
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Fig. 3 | Differentially abundant microbial metabolic pathways in participants 
with mRCC treated with cabozantinib + nivolumab with or without CBM588. 
a, Differentially abundant microbial metabolic pathways between baseline and 
week 13 in participants with the cabozantinib + nivolumab treatment (n = 10). 
b, Differentially abundant microbial metabolic pathways between baseline 

and week 13 in participants with the cabozantinib + nivolumab with CBM588 
treatment (n = 19). ANCOM-BC was used to perform comparisons between two 
time points within the same treatment arm (differential features with LFC > 1 
and P < 0.05 are indicated). The P value was calculated through a two-sided z-test 
using the Wilcoxon test statistics. Error bars represent the SE.
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(CCL2), CCL4, C-X-C motif chemokine ligand 9 (CXCL9) and CXCL10 in 
participants receiving CBM588 (ref. 19). In the current study, levels of 
circulating IL-12, eotaxin and IFNγ were significantly higher on therapy 
(week 13) compared to baseline in the CBM588 arm. In contrast, no 
change in cytokine levels was seen in the control arm. The differences 
in cytokine profile seen across both studies could be because of the 
differential immunomodulatory effects of the ICI-based regimens 
examined. While ICI treatment incorporating CTLA4 and PD1 inhibitors 
could induce immune stimulation with a global increase in cytokines 
(for example, IL-1β, IL-2, IL-6, IL-8, IL-10 and IFNγ), it is important to 
acknowledge that VEGFR-TKIs also appear to have immunomodulatory 
properties27. Cabozantinib, in particular, has been shown to increase 
the ratio of effector CD8+ T cells to regulatory T cells in the periphery28. 
However, this effect is not consistent across VEGFR-TKIs; for example, 
while sunitinib and pazopanib appear to have immunostimulatory 
properties, sorafenib may have the opposite effect29,30.

Taken together with the two small prospective trials now com-
pleted in mRCC, the data with CBM588 are intriguing enough that larger 
studies should be completed in order to confirm activity. The National 
Cancer Institute (NCI)-supported Southwest Oncology Group (SWOG) 
has plans to conduct a multi-institutional phase 3 clinical trial compar-
ing an ICI-based combination therapy with or without CBM588, which 
will assess microbiome modulation in persons with advanced cancer. 
On the basis of our previous study, CBM588 may well have activity in 
other settings where dual ICI treatment is a standard, including but 
not limited to NSCLC and melanoma31,32. Given our current data, it 
may also be worthwhile to explore the addition of CBM588 to other 
malignancies where combinations of VEGF-directed therapy and ICI 
are standard, such as hepatocellular carcinoma33.

Recently, the concept of antibiotic preconditioning has become 
a point of discussion in prospective studies aiming to manipulate the 
microbiome. Indeed, in a retrospective experience evaluating CBM588 
in persons with NSCLC receiving ICIs, concomitant use of antibiotics 
led to superior outcomes21. A counterpoint to this is a plethora of 
literature suggesting that antibiotics, in general, can diminish out-
comes with multiple forms of immunotherapy, ranging from ICIs to 
chimeric antigen receptor (CAR) T cell treatments22,34–36. Prospective 
evidence for this approach comes from a recent study evaluating SER-
401, an oral Firmicutes-enriched spore formulation36. In this trial, 
participants with advanced melanoma were randomized to receive 
vancomycin preconditioning followed by SER-401 with nivolumab 
or a placebo-conditioning regimen followed by nivolumab with pla-
cebo. The response rate was 25% in the SER-401 arm compared to 67% 
in the placebo arm. Detailed preclinical efforts accompanying this 
study showed that vancomycin preconditioning led to changes in the 
microbiome of representative preclinical models that could impede 
response. Of course, much larger efforts are needed to determine 
the role of antibiotic preconditioning; at the moment, it should be 
approached with caution.

Limitations of the current study include, first and foremost, the 
modest sample size. The current study was designed before the results 
of our previous trial were available; therefore, we picked an identical 
biological endpoint. With knowledge of these results, we might have 
designed a larger study to assess efficacy appropriately. Another limi-
tation that must be acknowledged is the heterogeneity in the baseline 
characteristics of study arms. The impact of this is quite challenging to 
predict; for instance, while there was a larger proportion of participants 
on the experimental arm with favorable risk disease (45% versus 30%), 

Table 2 | Grade ≥2 adverse events of treated participants

Cabozantinib + nivolumab (n = 10), n (%) Cabozantinib + nivolumab + CBM588 (n = 20), n (%)

Grade2 Grade 3 Grade 4 Grade2 Grade 3 Grade 4

Overall 4 (40) 3 (30) 1 (10) 5 (25) 8 (40) 0 (0)

Hyponatremia 1 (10) 1 (5)

Transaminitis 2 (20) 2 (10) 1 (5)

Hypertension 6 (60) 1 (10) 7(35) 1 (5)

Diarrhea 1 (5) 2 (10)

Palmar-plantar erythrodysesthesia syndrome 1 (10) 2 (10) 1 (5)

White blood cell count drop 1 (10) 1 (10) 2 (10)

Hypocalcemia 1 (10) 1 (10) 1 (5)

Arthralgia 1 (5)

Bullous dermatitis 1 (5) 1 (5)

Cough 1 (5)

Pneumonitis 1 (5)

Vomiting 1 (10)

Hypoalbuminemia 1 (10) 1 (5)

Anemia 1 (5)

Hemorrhoids 1 (5)

Hyperkalemia 1 (5)

Hypermagnesemia 1 (5)

Hypokalemia 1 (10)

Hypothyroidism 2 (10)

Lipase elevation 1 (10)

Sore throat 1 (5)

Upper gastrointestinal hemorrhage 1 (10)

Weight loss 1 (10) 1 (5)
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there were also more participants with papillary histology (10% versus 
0%). Favorable risk and papillary histology would be predicted to have 
a positive and negative impact on outcomes, respectively. It is worth 
noting that many potentially prognostic characteristics (for example, 
presence of bone metastases and previous nephrectomy) were bal-
anced. Valuable insight might have been gained from the plasma or 
stool assessment of metabolites such as butyrate; however, these ana-
lytes are very labile. Our collection methodologies for stool and blood 
did not have time or temperature sensitivity that would have allowed 
for satisfactory characterization. In addition, our study may have also 
been confounded by differences in diet among study participants. 
Through monitoring of detailed dietary logs, we attempted to ensure 
that participants had not ingested yogurt or other bacterially fortified 
foods. However, recent data suggest that dietary constituents such as 
fiber could have a profound effect on microbiome composition and, 
through increasing the proportion of certain bacteria (for example, 
Ruminococcaceae family), enhance clinical outcomes37. These elements 
were not accounted for in our study design. The use of a placebo con-
trol arm would have also indeed strengthened our findings. Although 
a detailed review of dietary logs did not reveal any deviations from 
protocol-stipulated criteria for supplement use (for example, no use of 
probiotics or bacterially fortified foods), it is hard to fully account for 
any surreptitious use of these agents. In the aforementioned phase 3 trial 
planned to evaluate CBM588, a placebo control arm has been suggested.

In summary, the totality of our data offers a preliminary signal to 
suggest that CBM588 may complement ICI-based regimens (either 
as ICI doublets or in combination with VEGFR-TKIs) for the first-line 
treatment of mRCC. However, it is critical to acknowledge that these 
observations are only hypothesis generating. Given the limited sample 
size across both experiences, plans for larger studies to confirm our 
findings are underway. The phase 3 NCI-sponsored cooperative group 
trial is currently planned to include persons with previously untreated 
mRCC and randomize participants to receive ICI-based therapy with 
CBM588 or placebo. In this study, participants may receive ICI-based 
therapies, including nivolumab + ipilimumab, or (based on the current 
trial) a combination of VEGF-TKI with ICI19. As the addition of CBM588 
does not appear to add toxicity to treatment, this LBP could represent 
a safe approach to enhance clinical outcomes in earlier stages of the 
disease and in other tumor types.
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Methods
Participant eligibility
This was a randomized, single-center, open-label, investigator-initiated 
clinical trial (NCT05122546). Participant inclusion criteria included the 
following: male or female of any ethnicity or race with age ≥ 18 years 
and histologically confirmed advanced or mRCC with a clear cell, 
papillary or sarcomatoid component. No prior systemic therapy for 
mRCC was permitted. Prior adjuvant or neoadjuvant treatment for 
completely resected RCC was allowed if disease recurrence occurred 
at least 6 months after the last dose of adjuvant or neoadjuvant ther-
apy. Participants were required to have measurable disease as per the 
Response Evaluation Criteria in Solid Tumors (RECIST 1.1), a Karnofsky 
performance status ≥ 70%, adequate organ and marrow function within 
14 days before the first dose of study treatment and improvement of 
toxicities related to any prior treatments to baseline or Grade ≤1 per 
Common Terminology Criteria for Adverse Events (CTCAE) v5 unless 
adverse event(s) were clinically nonsignificant and/or stable on sup-
portive therapy. Participants had to be capable of understanding and 
complying with the protocol requirements and had to have signed the 
informed consent document. Sexually active fertile subjects and their 
partners were required to agree to use medically accepted methods 
of contraception during the study. This requirement was 4 months 
after the last dose of cabozantinib or 5 months after the last dose of 
nivolumab for women with childbearing potential and 7 months after 
the last dose of nivolumab for men. Female participants of childbear-
ing potential could not be pregnant at screening. The sex and gender 
of participants were determined on the basis of self-report. Further 
analysis of sex or gender in regard to outcomes was not carried out as 
advanced RCC occurs in both males and females.

Exclusion criteria included prior treatment with cabozantinib, the 
current use of or intent to use probiotics, yogurt or bacterially fortified 
foods during the period of treatment, active interstitial lung disease 
(ILD) or pneumonitis or a history of ILD or pneumonitis requiring treat-
ment with systemic steroids and a known medical condition that would 
increase the risk associated with study participation. Receipt of any 
type of small-molecule kinase inhibitor within 2 weeks before the first 
dose of study treatment, cytotoxic, biologic or other systemic antican-
cer therapy within 4 weeks before the first dose of study treatment or 
radiation therapy for bone metastasis within 2 weeks or any other radia-
tion therapy within 4 weeks before the first dose of study treatment was 
not allowed. Persons with known brain metastases or cranial epidural 
disease were excluded unless adequately treated with radiotherapy 
and/or surgery and stable for at least 4 weeks before the first dose of 
study treatment. Other exclusion criteria included concomitant use 
of anticoagulation, administration of a live, attenuated vaccine within 
30 days before the first dose of study treatment, uncontrolled, sig-
nificant intercurrent or recent illness, clinically significant hematuria, 
hematemesis or hemoptysis, cavitating pulmonary lesion(s) or known 
endotracheal or endobronchial disease manifestation, lesions invad-
ing or encasing any major blood vessels, other clinically significant 
disorders that would preclude safe study participation, major surgery 
within 2 weeks before the first dose of study treatment, minor surger-
ies within 10 days before the first dose of study treatment, corrected 
QT interval > 500 ms per electrocardiogram, pregnant or lactating 
women, inability to swallow tablets or unwillingness or inability to 
receive intravenous administration, previously identified allergy or 
hypersensitivity to components of the study treatment formulations 
or history of severe infusion-related reactions to monoclonal antibod-
ies and any other active malignancy at the time of first dose of study 
treatment or diagnosis of another malignancy within 3 years before 
first dose of study treatment that required active treatment, except 
for localized curable cancers. Full inclusion and exclusion criteria are 
presented in the study protocol (Supplementary Information). All par-
ticipants were required to withhold from consuming other probiotics 
or any bacterially fortified foods while on the protocol, regardless of 

their assigned treatment arm. The study was approved by the US Food 
and Drug Administration and by the City of Hope Institutional Review 
Board. Written informed consent was supplied by all participants 
in accordance with the Declaration of Helsinki. The full clinical trial 
protocol is included in the Supplementary Information.

Study design and treatment
Eligible participants were randomized in a 2:1 fashion to receive the 
combination of cabozantinib and nivolumab with or without CBM588. 
To generate the random allocation sequence, permutation within a 
block was conducted using the ‘sample’ function in R, without replace-
ment, with a set seed documented. A fixed block size of 6 was used. 
The study statistician supplied the randomization log to the City of 
Hope central data coordinating center (DCC). This file was kept in a 
secure computer folder within the DCC and not shared with anyone 
outside the DCC. The block size and method chosen were not shared 
with the clinical team by the statistician or DCC, nor was the allocation 
sequence. The study statistician generated the allocation sequence 
and the DCC staff conducted the actual assignment. Neither the study 
statistician nor the DCC staff had any contact with the participants. 
Access to the randomization table was restricted to the DCC and lead 
statistician only.

In both treatment arms, participants received cabozantinib 
(40 mg) by mouth daily along with nivolumab (480 mg) once a month 
by intravenous infusion. Participants in the experimental arm also 
received CBM588 (80 mg) by mouth twice daily. CBM588 was manufac-
tured under Current Good Manufacturing Practice (cGMP) at Miyarisan 
Pharmaceutical Company. Each gram of manufactured CBM588 con-
tained 40 mg of CBM588 powder, the active pharmaceutical ingredi-
ent, and 2 × 108 colony-forming units of C. butyricum. Participants in 
the experimental arm were instructed to take CBM588 indefinitely as 
long as they were in the study. Participants were required to maintain 
a diet and log their stool while in protocol therapy, irrespective of the 
treatment arm. The potential use of systemic antibiotics was monitored 
during the study (Supplementary Table 2). Treatment was continued 
until the completion of protocol therapy, unacceptable adverse events, 
withdrawal of consent or disease progression.

Stool collection, DNA extraction and metagenomics 
sequencing
Participants underwent response evaluation every 12 weeks with either 
computed tomography or magnetic resonance imaging of the chest, 
abdomen and pelvis. Response evaluation was performed by a study 
radiologist who documented the RECIST response at each predesig-
nated time point independent of the clinical team. Safety assessments 
were conducted every 4 weeks during protocol therapy and at 30 days 
after the last dose. Stool collection for assessment of the primary end-
point was conducted before treatment at baseline and on therapy at 
the start of week 13 using the OMNIgene Gut Collection Kit. Samples 
underwent genomic DNA extraction utilizing the MagMAX Microbiome 
Ultra Nucleic Acid Isolation Kit protocol. The metagenomic DNA was 
sequenced using the NextSeq 500/550 High-Output KT version 2.5 kit, 
specifically designed for metagenome sequencing, on the Illumina 
NextSeq platform.

Metagenomics bioinformatics
The human reads were identified and filtered out by aligning them to 
the human genome GRCh38.p7 (https://www.ncbi.nlm.nih.gov/data-
sets/genome/GCF_000001405.33/, National Center for Biotechnology 
Information (NCBI) RefSeq assembly number: GCF_000001405.33) 
using BowTie2 and removing reads that matched, thereby depleting 
potential contamination originating from the host genome. Demul-
tiplexed reads were subjected to trimming using Trimmomatic 0.33, 
which eliminates adapter sequences and low-quality bases, enhanc-
ing the accuracy of downstream analyses. Taxonomic profiling of the 
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trimmed metagenomic reads was conducted using MetaPhlAn 4.0, 
enabling the identification and quantification of microbial taxa present 
in the sample. Functional profiling was performed using HUMAnN3, 
which annotates open reading frames and provides comprehensive 
information on gene family abundances, metabolic pathway coverage 
and abundances38.

Cytokine and immune cell analyses
To evaluate the concentrations of cytokines and chemokines, periph-
eral blood samples from participants were obtained using 10-ml cell 
preparation tubes (BD Biosciences) at baseline and at weeks 9, 13, 17 
and 25. All samples underwent processing within a 4–6-h window after 
collection. The separation of peripheral plasma from peripheral blood 
mononuclear cells (PBMCs) was achieved through centrifugation at 
1,800g for 20 min. Subsequently, the plasma was extracted and stored 
at −80 °C until analysis. A total of 30 circulating cytokines (IL-1RA, IL-1b, 
IL-2, IL-2R, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-15, IL-17, eotaxin, 
epidermal growth factor, hepatocyte growth factor, fibroblast, G-CSF, 
GM-CSF, IFNα, IFNγ, monokine-induced IFNγ, IFNγ-induced protein 
10, monocyte chemoattractant protein 1, macrophage inflammatory 
protein (MIP)1α, MIPβ, RANTES (regulated on activation, normal T cell 
expressed and secreted), tumor necrosis factor-α and VEGF) were 
assessed using the Luminex Flexmap 3D system (Biotechne). Changes 
in circulating cytokine levels between baseline and week 13 (±7 days) 
were examined across the treatment arms and between responders and 
nonresponders to investigate the impact of CBM588 on the immune 
system. The remaining peripheral blood was then resuspended in a 
1:1 ratio in FBS and 10% DMSO and stored in liquid nitrogen until flow 
cytometric analysis. The remaining cell suspension was transferred 
to conical propylene tubes, washed in complete RPMI medium and 
recentrifuged at 250g for 7 min at room temperature to isolate PBMCs. 
PBMCs were then immersed in a mixture of PBS, fetal calf serum and 
sodium azide with Fc III/IIR-specific antibody (commercially available 
Fc III/IIR-specific antibodies validated by Biolegend, Invitrogen and BD) 
to block nonspecific binding and the cells were stained with viability 
dye-Zombie NIR and different combinations of fluorochrome-labeled 
antibodies to CD3–BUV496, CD4–PeCy7, CD8–BUV805 and intracel-
lular FoxP3–PE. Flow cytometry data were collected using Cytek Aurora 
and analyzed using FlowJo software version 10.7.1.

Statistical analyses
The primary endpoint of this pilot study was to determine the change 
in Bifidobacterium spp. composition of stool from baseline to week 
13 of therapy. Key secondary endpoints included a comparison of the 
Shannon index (a measure of microbial alpha diversity) from baseline 
to week 13 of therapy, along with efficacy measures such as best ORR 
and PFS by RECIST 1.1 criteria, with cabozantinib + nivolumab alone 
versus cabozantinib + nivolumab with CBM588. With the enrollment 
of 20 participants on the CBM588-containing experimental arm and 
10 participants on the non-CBM588 arm, the study had 80% power to 
detect a difference of 1 s.d. (common for the change in Bifidobacterium 
spp.) between the mean change detected in the two groups using a 
two-group t-test with a one-sided type I error of 0.05.

Participant characteristics were summarized using descriptive sta-
tistics. Microbiome composition comparisons were performed using 
QIIME 2 (ref. 38). To identify differentially abundant microbial features 
or functional pathways, we used the ANCOM-BC method39. ANCOM-BC 
is a statistical method for identifying differentially abundant microbial 
taxa in microbiome studies, taking into account the compositional 
nature of the data. ANCOM-BC calculations include transforming raw 
counts using a central log ratio transformation, applying bias correc-
tion and performing statistical tests using a linear model. Multiple 
comparisons are adjusted to control for false discovery rates to ensure 
that identified differences in microbial abundance are statistically valid 
(q value). Beta diversity was assessed using the Bray–Curtis and Jaccard 

dissimilarity measures and permutational multivariate analysis of vari-
ance was employed for the statistical analysis of beta diversity. Alpha 
diversity was evaluated using the Shannon diversity index and Pielou’s 
evenness with the Kruskal–Wallis test40,41. PFS was assessed as the 
time from enrollment to radiographic progression and was estimated 
using the Kaplan–Meier method and compared between treatment 
arms using the Cox proportional hazards model. Median follow-up 
was calculated using the reverse Kaplan–Meier method. The associa-
tion between the treatment arm and overall response as per RECIST 
criteria was evaluated using Fisher’s exact test. A two-sided Wilcoxon 
matched-pairs test was used to compare the levels of cytokines at the 
two prespecified time points. A two-sided Mann–Whitney U test was 
used for comparisons between the two arms. Cytokine and immune 
cell populations were analyzed using GraphPad Prism version 8.4.2. 
Clinical data were analyzed using R version 4.3.0.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Human genome GRCh38.p7 was accessed through https://www.ncbi.
nlm.nih.gov/datasets/genome/GCF_000001405.33/ (NCBI RefSeq 
assembly number: GCF_000001405.33). Metagenomic data sourced 
from stool, essential for replicating the analyses detailed in this paper, 
will be archived at the Translational Genomics Research Institute 
(TGen) and will be made available upon request. The authors have 
deferred depositing the participant genomic data in national and 
international public repositories based on institutional policies and 
the absence of statements in patient consent forms allowing controlled 
access distribution and genomic data availability. Deidentified indi-
vidual participant whole metagenome libraries and clinical data, which 
form the foundation of the results presented in this article, are available 
for transfer on a specific secure server housed at TGen. Researchers 
interested in obtaining the data are required to complete and certify 
the data transfer agreement (DTA), available in the Supplementary 
Information, and submit requests to the principal investigator, S.K.P., 
with an approximate response time of 30 business days. The TGen 
data access committee will assess and vet proposals. Upon agreement 
to the terms outlined in the DTA, including the restricted use of data 
for specific research projects and the safeguarding of participant 
confidentiality, including but not limited to limiting the possibility of 
identification of participants in any way whatsoever, throughout the 
agreement’s duration, investigators and institutions will be granted 
access. TGen will facilitate the transfer of the requested deidentified 
data. This mechanism is expected to be through an Aspera High-Speed 
File Transfer Server. However, TGen retains the flexibility to modify 
the transfer method, ensuring that the appropriate levels of access 
authorization and control are maintained.
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Extended Data Fig. 1 | Differentially abundant bacterial species in stool microbiome. Heatmap of differentially abundant bacterial species in stool microbiome 
across patients in (a) control arm (n = 10) and (b) experimental arm (n = 19) of the study at baseline and week 13 (top 100 most abundant bacterial species are presented).
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Extended Data Fig. 2 | Differentially abundant microbial feature assessment 
in patients with or without objective response. (a) Difference in the relative 
abundances of several bacterial species in baseline samples of patients without 
objective response (n = 13) compared to patients with response (n = 16). The 
ANCOM-BC (Analysis of Composition of Microbiomes with Bias Correction) 
was used to determine the differentiating features in patients without response 
relative to those with response at baseline (differential features with log fold 
change (LFC) greater than 1 and p < 0.05 are indicated). The P value was calculated 

through two-sided z-test using the W test statistics. Error bars represent effect 
size error (SE). (b) Difference in the relative abundances of several bacterial 
species in week 13 samples of patients without objective response (n = 13) 
compared to patients with response (n = 16). The ANCOM-BC was used to 
determine the differentiating features in patients without response relative to 
those with response at week 13 (differential features with LFC greater than 1 and 
p < 0.05 are indicated). The P value was calculated through two-sided z-test using 
the W test statistics. Error bars represent effect size error (SE).
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Extended Data Fig. 3 | See next page for caption.
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Extended Data Fig. 3 | Changes in levels of circulating cytokines from baseline 
to week 13 by treatment arm – Part 1. A total of 53 samples from 30 patients 
were available for the final analysis. Two-sided Wilcoxon matched-pairs test was 

used to compare the levels of cytokines at the two prespecified timepoints. Two-
sided Mann–Whitney U test was used for comparisons between the two arms.
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Extended Data Fig. 4 | Changes in levels of circulating cytokines from 
baseline to week 13 by treatment arm – Part 2. A total of 53 samples from  
30 patients were available for the final analysis. Two-sided Wilcoxon matched-

pairs test was used to compare the levels of cytokines at the two prespecified 
timepoints. Two-sided Mann–Whitney U test was used for comparisons between 
the two arms.
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Extended Data Fig. 5 | Assessment of circulating cytokine levels in patients 
with or without response – Part 1. Changes in circulating cytokine levels from 
baseline to week 13 in patients with or without response were assessed using the 

two-sided Wilcoxon matched-pairs test. Comparison of circulating cytokine 
levels at baseline and week 13 between patients with or without response was 
performed using the two-sided Mann-Whitney U test.
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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Assessment of circulating cytokine levels in patients 
with or without response – Part 2. Changes in circulating cytokine levels from 
baseline to week 13 in patients with or without response were assessed using the 

two-sided Wilcoxon matched-pairs test. Comparison of circulating cytokine 
levels at baseline and week 13 between patients with or without response was 
performed using the two-sided Mann-Whitney U test.
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Extended Data Fig. 7 | Changes in circulating immune cell populations 
between baseline and week 13 by treatment arm. Changes in the populations 
of (a) CD8+ T cells and (b) CD4+ regulatory T cells from baseline to week 13 in 

cabozantinib-nivolumab arm or cabozantinib-nivolumab with CBM588 arm. 
Two-sided Wilcoxon matched-pairs test was used to compare the immune cell 
populations between the two prespecified timepoints.
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Extended Data Table 1 | Objective response rate by IMDC risk category

Objective response assessment in cabozantinib–nivolumab arm (n = 10) and cabozantinib–nivolumab plus CBM588 arm (n = 19) by IMDC risk category.
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