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Method for the modulation of cancer treatment based on analyzing the gut

microbiome

The present invention relates to a method for prognosing a response to a cancer therapy
in a human patient, comprising the steps of a) detecting the alpha diversity of the gut
microbiome in a sample obtained from said human patient, and b) prognosing the
response to cancer therapy in said human patient, wherein a higher alpha diversity of the
gut microbiome of said patient is indicative for a response to said cancer therapy, when
compared to a non-responsive patient. The present invention further relates to improved

treatment strategies for cancer based on the alpha diversity of the gut microbiome.

Background of the invention

Cancer is one of the leading causes of mortality worldwide, with nearly one in six
deaths globally attributed to cancer [1]. Among several treatment options,
chemotherapy and immunotherapy are applied to treat cancer by preventing cancer cell
division or boosting the immune system to eliminate cancerous cells [2]. In spite of

recent progress, treatment outcomes are still unsatisfactory for most cancer types.

The gut microbiota is increasingly considered an important factor associated with both
tumor development and the efficacy of anti-cancer therapies [3]. Specific gut bacteria
have been shown to affect cancer treatments through direct drug metabolism and
modulation of the host immune response [4]. Bacterial beta-glucuronidase can convert
irinotecan, an anti-cancer chemotherapy drug, to a toxic metabolite [5], and intratumor
bacterial cytidine deaminase can degrade gemcitabine with a direct impact on treatment
outcomes [6]. The gut microbiota or defined synthetic communities can also impact
treatment outcomes through immune modulation mechanisms such as regulating T cell
differentiation [7-9]. Indeed, the gut microbiota can substantially affect immune
checkpoint inhibitor therapy [10-13] and antibiotic use is associated with poor

treatment outcomes with checkpoint inhibitors [14].
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Obtaining a comprehensive view of the microbial ecosystem in the patient’s gut — the
microbiome — has become possible with high-throughput environmental shotgun
sequencing techniques (Human Microbiome Project Consortium, 2012; Qin et al.,
2010), and first associations of microbiota with disease have been reported, such as
obesity, type II diabetes, and atherosclerosis (e.g. Karlsson et al., 2013; Le Chatelier et
al., 2013; Qin et al., 2012; Turnbaugh et al., 2009).

It is therefore an object of the present invention to provide improved means and
methods for the diagnosis and prognosis as well as for the treatment of cancer, based on
the gut microbiome. Other objects of the present invention will become apparent to the

person of skill when studying the specification of the present invention.

In a first aspect thereof, the object of the present invention is solved by providing a
method for prognosing a response to a cancer therapy in a human patient, comprising
the steps of a) detecting the alpha diversity of the gut microbiome in a sample obtained
from said human patient, and b) prognosing the response to cancer therapy in said
human patient, wherein a higher alpha diversity of the gut microbiome of said patient is
indicative for a response to said cancer therapy, when compared to a non-responsive

patient.

In the context of the method according to the present invention, said prognosing a
response shall refer to a situation where a sample is taken from a patient before a cancer
treatment (i.e. an initial sample) as well as a sample is taken during or after the course
of said treatment. It was found that the present method can be prognostic both for a
likelihood of an overall therapy response, as well as for a response of the course of a

treatment as applied.

The inventors used the relative abundances at the baseline of 31 differentially abundant
species between R and NR (Fig. 1g) and the baseline RPKM of the differentially
abundant KEGG pathways (Fig. 3b). Therefore, in one embodiment of the present
method according to the present invention, therefore, KEGG pathways are included in
the analysis, and a statistical analysis of the KEGG pathways as identified in said

sample(s) combined with the above method is preferably performed. The model
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performance was evaluated with an area under the curve (AUC) of receiver operating
characteristic (ROC). The model incorporating data on both species and pathways
showed the best performance (AUC = 0.895), indicating the power of shotgun
metagenomics for predicting host phenotypes. To further test the general applicability
of the model, the inventors recruited additional cancer patients and performed
metagenomics sequencing in seven more patients (baseline samples from R = 5, NR =
2) to serve as an independent validation dataset. Using the initial relative abundance of
differentially abundant species and the RPKM of differentially abundant KEGG
pathways, the inventors could achieve an AUC = 0.75. Therefore, preferred is a method

with a performance of AUC < 0.75.

Preferred is also a method according to the present invention, further comprising

monitoring the progress of said cancer therapy based on said response as detected

Previous studies have focused on elucidating the role of individual microbes or
communities in a specific cancer type and therapeutic intervention. In the present
invention, the inventors investigated the role of gut microbiota in a cancer patient cohort
that included eight different cancer types treated with either cytotoxic or targeted
chemotherapy, immunotherapy, or a combination. The inventor’s objective here was to
demonstrate a more global finding of a microbiota signature that is independent of
cancer type and heterogeneity. Using a combination of human feces shotgun
metagenomic sequencing, in vitro and in vivo mouse models, the inventors found that
cancer treatment outcomes in this diverse cohort can be substantially modulated by the
abundances of specific gut bacteria, supporting a recent study in healthy individuals to

identify general activators of the immune system [15].

The gut microbiota has the potential to influence the efficacy of cancer therapy. In the
present invention, the inventors investigated the contribution of the intestinal
microbiome on treatment outcomes in a heterogeneous cohort that included multiple
cancer types to identify microbes with a global impact on immune response. Human gut
metagenomic analysis revealed that responder patients had significantly higher
microbial diversity and different microbiota compositions compared to non-responders.

A machine-learning model was developed and validated in an independent cohort to
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predict treatment outcomes based on gut microbiota composition and functional
repertoires of responders and non-responders. Specific species, Bacteroides ovatus and
Bacteroides xylanisolvens, were positively correlated with treatment outcomes. Oral
gavage of these responder bacteria significantly increased the efficacy of erlotinib and
induced the expression of CXCL9 and IFN-y in a murine lung cancer model. These data
suggest a predictable impact of specific constituents of the microbiota on tumor growth

and cancer treatment outcomes with implications for both prognosis and therapy.

The inventive methods can also be performed on samples derived from the fecal
sample, as long as the composition of the gut microbiome can be reliably determined.
Thus, optimally, the samples should be obtained and maintained using procedures that
avoid harsh treatments of the samples, in order to maintain the composition of the
strains as analyzed to as much as possible. Factors that should be monitored are,
amongst others, temperature, humidity, and contact with air (oxygen). Suitable
sampling methods are known to the person of skill (e.g. as described herein), and can be
identified by the person of skill without any undue burden. The inventive methods can
also be performed on a sample as obtained from said patient, e.g. on a sample as taken

and suitably stored for later analysis.

Preferred is the method according to the present invention, wherein said sample is taken

before said treatment as initial sample, or during said treatment.

Preferred is the method according to the present invention, further comprising detecting
an increase of the abundance of at least one of the species of at least one of Bacteroides
xylanisolves, Bacteroides ovatus, Prevotella copri, Alistipes finegoldii, Bacteroides
faecis, Bacteroides intestinalis, Biophila wadsworthia, Alistipes indistinctus, Colinsella
aerofaciens, Alistipes shahii, Odoribacter splanchnicus, Alistipes putredinis,
Bacteriodales bacterium ph8, Eubacterium rectale, Alistipes sp AP11, Parasutterella
excrementihominis, Alistipes onderdonkii, Desulfovibrio desulfuricans, Eubacterium
ventriosum, Bacteroides fragilis, and Coprococcus cornes in said sample, in particular
Bacteroides xylanisolves, and Bacteroides ovatus; and Lachnospiraceae bacterium 5 1
57TFAA, Lachnospiraceae bacterium 3 1 57FAA CTI1, Clostridium spiroforme,

Clostridium  symbiosum, Anaerotruncuis colithominis, Ruminococcus gnavus,
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Clostridium hathewayi, Clostridales bacterium 1 7 47FAA, and Erysipelotrichaceae
bacterium 21 3 in said sample, in particular Clostridium symbiosum, and Ruminococcus
gnavus. These species can add even further significance to the methods of the invention.

Most preferred is the detection of all species as listed.

Preferred is the method according to the present invention, wherein said cancer is
selected from breast, colon, lung, ovarian, pancreatic, prostate, and rectal cancer and

leukemia.

Yet another aspect of the present invention then relates to a method according to the
present invention, further comprising combining said test with a method selected from
detecting the level of expression of KEGG (Kyoto Encyclopedia of Genes and
Genomes) module markers, amount (abundance) or expression of CAZy (Carbohydrate-
Active enZYmes database) family markers. Preferred KEGG module markers and
CAZy markers are selected from markers (e.g. genes) involved in the LPS metabolism,

such as, for example, listed in Figure 3.

For measuring and/or detecting of the alpha diversity of the gut microbiome as
described herein as well as the species as described, standard methods can be used, such
as, for example, a method selected from the group of detecting the alpha diversity of the
gut microbiome comprises at least one of microbiome antigenic profiling, shotgun
metagenomic sequencing, PCR, rtPCR, qPCR, multiplex PCR, high-throughput
sequencing, metatranscriptomic sequencing, identification of strain-specific markers,
such as genes and/or proteins, and 16S rDNA analysis. These methods also include
enzymatic tests in order to identify functional changes as long as these changes for

allow a species-specific analysis. The test may also be quantitative.

Preferred is the method according to the present invention, wherein said patient is
undergoing treatment for cancer, such as breast, colon, lung, ovarian, pancreatic,
prostate, and/or rectal cancer and/or leukemia. Said treatment can preferably be
performed as described below, and can be selected from at least one of a cytotoxic,

targeted, and immunotherapy of said patient.
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Preferred is the method according to the present invention, wherein said higher alpha
diversity in the responding patient is significantly higher, as indicated by a p < 0.01,

preferably p < 0.005 in a Wilcoxon-rank-sum test.

Preferred is the method according to the present invention, wherein the responding
patient exhibits a significantly lower ratio of the phylii Firmicutes/Bacteroidetes (F/B)

in said sample.

Further preferred is the method according to the present invention, wherein the
responding patient exhibits a significant enrichment of at least one of Bacteroides
xylanisolves, Bacteroides ovatus, Prevotella copri, Alistipes finegoldii, Bacteroides
faecis, Bacteroides intestinalis, Biophila wadsworthia, Alistipes indistinctus, Colinsella
aerofaciens, Alistipes shahii, Odoribacter splanchnicus, Alistipes putredinis,
Bacteriodales bacterium ph8, Eubacterium rectale, Alistipes sp AP11, Parasutterella
excrementihominis, Alistipes onderdonkii, Desulfovibrio desulfuricans, Eubacterium
ventriosum, Bacteroides fragilis, and Coprococcus cornes in said sample, in particular
Bacteroides xylanisolves, and Bacteroides ovatus, and wherein the non-responding
patient exhibits a significant enrichment of at least one of Lachnospiraceae bacterium 5
1 57FAA, Lachnospiraceae bacterium 3 1 57FAA CTI1, Clostridium spiroforme,
Clostridium  symbiosum, Anaerotruncuis colithominis, Ruminococcus gnavus,
Clostridium hathewayi, Clostridales bacterium 1 7 47FAA, and Erysipelotrichaceae
bacterium 21 3 in said sample, in particular Clostridium symbiosum, and Ruminococcus

gnavus.

As mentioned above, said sample can be taken before said treatment as initial sample,

or during said treatment.

Yet another aspect of the present invention then relates to a method for monitoring the
progress of said cancer therapy based on said response as detected using a method as
described above. After detecting the alpha diversity of the gut microbiome in a sample
obtained from said human patient undergoing therapy, the attending physician can
prognose or identify the response to said cancer therapy in said human patient based on

whether a higher alpha diversity of the gut microbiome of said patient is found
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compared to an earlier or control sample, which is indicative for a response to said
cancer therapy. The therapy can then be adjusted accordingly, e.g. switched to a new
drug or treatment schedule, and/or increasing the diversity of the gut microbiome as

disclosed herein.

Preferred is the method according to the present invention, further comprising
combining said test with a method selected from detecting the abundance or expression

of KEGG module markers, amount, abundance or expression of CAZy family markers.

In addition to the above approaches, new targets for a better cancer therapy are desired.
Thus, according to another aspect thereof, the present invention provides a method for
detecting and/or identifying a compound suitable for the treatment of cancer,
comprising the steps of

a) administering a candidate compound to a mammalian cancer patient, and

b) detecting the alpha diversity of the gut microbiome in a sample obtained from said
mammalian cancer patient, and ¢) identifying a compound as suitable for the treatment
of cancer if a higher alpha diversity of the gut microbiome of said patient is detected in
the presence of said compound when compared to the absence of said compound.
Preferably steps a) to c) can be repeated, and, optionally, said compound can be

chemically modified (where possible) before said repeating.

The mammal and/or patient can be a rat, mouse, goat, rabbit, sheep, horse, monkey or

human, preferred is a mouse, rat or human. Most preferred is a mouse.

More preferred is a method for detecting and/or identifying according to the present
invention, wherein said compound is selected from the group consisting of a peptide
library, a combinatory library, a cell extract, in particular a plant cell extract, a “small
molecular drug”, an antisense oligonucleotide, an siRNA, an mRNA and an antibody or
fragment thereof (such as Fab or scFv, and the like), a cytotoxic, targeted,
immunotherapeutic compound, and a composition comprising at least one bacterial
species Bacteroides xylanisolves, Bacteroides ovatus, Prevotella copri, Alistipes
finegoldii, Bacteroides faecis, Bacteroides intestinalis, Biophila wadsworthia, Alistipes

indistinctus, Colinsella aerofaciens, Alistipes shahii, Odoribacter splanchnicus, Alistipes
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putredinis, Bacteriodales bacterium ph8, Eubacterium rectale, Alistipes sp API11,
Parasutterella excrementihominis, Alistipes onderdonkii, Desulfovibrio desulfuricans,
Eubacterium ventriosum, Bacteroides fragilis, and Coprococcus cornes, in particular

Bacteroides xylanisolves, and Bacteroides ovatus.

Preferred is a method for detecting and/or identifying according to the present
invention, further comprising testing said compound(s) as detected/identified for its
cancer. Respective assays are known to the person of skill, and can be taken from the

respective literature.

Preferred is a method for detecting and/or identifying according to the present
invention, wherein steps a) to d) are repeated, and, optionally, chemically modifying
said compound before said repeating. The thus identified candidate compound can then,
in a preferred embodiment, modified in a further step. Modification can be effected by a
variety of methods known in the art, which include, without limitation, the introduction
of novel side chains or the exchange of functional groups like, for example, introduction
of halogens, in particular F, CI or Br, the introduction of lower alkyl groups, preferably
having one to five carbon atoms like, for example, methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, tert-butyl, n-pentyl or iso-pentyl groups, lower alkenyl groups,
preferably having two to five carbon atoms, lower alkynyl groups, preferably having
two to five carbon atoms or through the introduction of, for example, a group selected
from the group consisting of NH,, NO,, OH, SH, NH, CN, aryl, heteroaryl, COH or
COOH group. The thus modified binding substances are than individually tested with a
method of the present invention. If needed, the steps of selecting the candidate
compound, modifying the compound, and testing compound can be repeated a third or
any given number of times as required. The above described method is also termed
”directed evolution” since it involves a multitude of steps including modification and
selection, whereby binding compounds are selected in an “evolutionary” process
optimizing its capabilities with respect to a particular property, e.g. its ability to act on

cancer and/or its progression.
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Preferred is a method for detecting and/or identifying according to the present
invention, wherein said patient is undergoing treatment for cancer. Said treatment can

preferably be performed as described below.

Another aspect of the present invention relates to a method for manufacturing a
pharmaceutical composition for cancer, comprising the steps of: performing a method
for detecting and/or identifying according to the present invention, and formulating said

compound as detected and identified into a pharmaceutical composition.

In a further embodiment of the method of the present invention, the compound
identified as outlined above, which may or may not have gone through additional
rounds of modification and selection, is admixed with suitable auxiliary substances
and/or additives. Such substances comprise pharmacological acceptable substances,
which increase the stability, solubility, biocompatibility, or biological half-life of the
interacting compound or comprise substances or materials, which have to be included
for certain routes of application like, for example, intravenous solution, sprays, band-

aids or pills.

Carriers, excipients and strategies to formulate a pharmaceutical composition, for
example to be administered systemically or topically, by any conventional route, in
particular enterally, e.g. orally, e.g. in the form of tablets or capsules, parenterally, e.g.
in the form of injectable solutions or suspensions, topically, e.g. in the form of lotions,
gels, ointments or creams, or in nasal or a suppository form are well known to the

person of skill and described in the respective literature.

Administration of an agent, e.g., a compound can be accomplished by any method
which allows the agent to reach the target cells. These methods include, e.g., injection,
deposition, implantation, suppositories, oral ingestion, inhalation, topical
administration, or any other method of administration where access to the target cells by
the agent is obtained. Injections can be, e.g., intravenous, intradermal, subcutaneous,
intramuscular or intraperitoneal. Implantation includes inserting implantable drug
delivery systems, e.g., microspheres, hydrogels, polymeric reservoirs, cholesterol

matrices, polymeric systems, e.g., matrix erosion and/or diffusion systems and non-
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polymeric systems, e.g., compressed, fused or partially fused pellets. Suppositories
include glycerin suppositories. Oral ingestion doses can be enterically coated. Inhalation
includes administering the agent with an aerosol in an inhalator, either alone or attached
to a carrier that can be absorbed. The agent can be suspended in liquid, e.g., in dissolved
or colloidal form. The liquid can be a solvent, partial solvent or non-solvent. In many

cases, water or an organic liquid can be used.

Yet another aspect of the present invention is directed at a pharmaceutical composition
for treating or preventing cancer, obtainable by a method according to the method as
herein. Another aspect of the present invention relates to a pharmaceutical composition
as described herein, wherein the pharmaceutical composition further comprises
additional pharmaceutically active ingredients for treating cancer, such as, for example,
cytotoxic active ingredients, targeted active ingredients, and/or immunotherapy, in

particular kinase inhibitors, such as erlotinib.

Another aspect of the invention relates to a pharmaceutical composition comprising
Bacteroides xylanisolves and/or Bacteroides ovatus for use in the treatment of cancer in
a mammalian patient. Said treatment may comprise a combination treatment with a
cytotoxic, targeted, and/or immunotherapy in said patient, in particular kinase

inhibitors, such as erlotinib.

Another aspect of the present invention then relates to a method for treating or
preventing cancer in a human patient in need thereof, comprising a method according to
the present invention as described herein, wherein said treatment is — at least in part —
adjusted to and/or based on a method as above and/or comprises administering a
pharmaceutical composition comprising Bacteroides xylanisolves and/or Bacteroides
ovatus to said patient, preferably as a combination treatment with a cytotoxic, targeted,

and/or immunotherapy, in particular kinase inhibitors, such as erlotinib.

Preferred is a therapeutic method according to the present invention, comprising
administering to said patient an effective amount of a compound as identified according
to the present invention as described herein. In general, the attending physician will

base a treatment on the compound as identified, and optionally also on other individual
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patient data (clinical data, family history, DNA, etc.), and a treatment can also be
performed based on the combination of these factors. Significant information about
drug effectiveness, drug interactions, and other patient status conditions can be used,

too.

Treatment is meant to include, e.g., preventing, treating, reducing the symptoms of, or
curing the disease or condition, i.e. cancer. An “effective amount” is an amount of the
compound(s) or the pharmaceutical composition as described herein that alleviates
symptoms as found for cancer, such as, for example, frequency and/or size. Alleviating
is meant to include, e.g., preventing, treating, reducing the symptoms of, or curing the
disease (CRC and/or advanced adenomas) or condition. The invention also includes a
method for treating a subject at risk for a development and/or progression of cancers,
wherein a therapeutically effective amount of a compound as above is provided. Being
at risk for the disease can result from, e.g., a family history of the disease, a genotype
which predisposes to the disease, or phenotypic symptoms which predispose to the

disease.

The inventors evaluated here for the first time the role of the gut microbiota in a
heterogeneous patient cohort with various types of cancer and anticancer treatments to
identify microbes with an impact on immune response. The inventors identified
significant differences in the gut microbiota composition and functional repertoire
between R and NR, which were highly associated with treatment efficacy. Based on
shotgun metagenomic data, the inventors constructed and validated a statistical model
that could predict cancer treatment outcomes with high accuracy in an independent

validation cohort.

Despite the successful validation of the role of R-enriched bacteria in an animal model,
the inventor’s study comes also with limitations. First, while the response criteria were
uniformly applied across treatment and cancer type as is typically performed in clinical
trials, the likelihood of responsiveness may vary by line of therapy and clinical context.
The inventors focused on the microbiota signature that differentiated based on clinical
outcome, not the cancer type or therapy. Second, due to a relatively small number of

patients, the inventors have also included a relatively small independent clinical cohort
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of patients for validation of the microbiota signature. A larger cohort will definitely
provide the chance to overcome the issues with potential confounding factors and
facilitate the detailed investigations into the effects of cancer types and treatments on
gut microbiota. However, even with a small cohort, a solid conclusion and/or a highly
accurate predictive model could be made from the comparison between groups in recent
gut microbiome studies [36-38]. The inventors also believe that mechanistic and
biologic support for the inventor’s findings from the clinical cohort was validated in the
preclinical studies. Furthermore, future studies may investigate whether the NR-
associated species can promote tumor growth and cancer progression in the absence of
drug treatment, given the larger tumor size of NR + erlotinib group than the PBS +
erlotinib group observed at day 10 (Fig. 4c). In addition, even though the functional
analyses based solely on metagenomic data have shed lights on the potential
mechanisms of gut microbiota affecting treatment outcomes, the use of
metatranscriptomics and metabolomics to measure the actively expressed gut microbial
functions and functional end-products, respectively, can lead to more robust and solid
findings. Lastly, the murine experiment used erlotinib, an EGFR tyrosine kinase

inhibitor, and not a cytotoxic chemotherapy.

Typically, in current clinical practice, erlotinib is prescribed to advanced non-small cell
lung cancer patients with tumors harboring an EGFR sensitizing mutation, due to its
higher likelihood of response rate and lower overall toxicity rate relative to cytotoxic
chemotherapy. However, the original U.S. Food and Drug Administration approval was
based on response rate and non-small cell lung cancer, regardless of EGFR mutation
status. Erlotinib was one of the treatments from the patient cohort. The use of single
agent erlotinib in the murine experiment obviated the need to use potentially more
confounding regimens to demonstrate the role of the microbiota such as doublet
platinum-based chemotherapy or use of a single agent cytotoxic chemotherapy
approved in NSCLC (docetaxel) that was not explored in the patient cohort and may
have required additional optimal dose finding for these chemotherapeutics. A recent
study identified a consortium of 11 commensal bacterial species that were able to
induce intestinal IFN-y-producing CD8 T cells [15]. The investigators demonstrated that
this bacterial consortium significantly enhanced efficacy of a checkpoint inhibitor

treatment in a syngeneic mouse tumor model. The inventors hypothesized that the
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inventor’s identified R consortium could similarly activate cells of the immune system,
which, in turn, would enhance the susceptibility of cancer cells to treatment outcome.
Consequently, the inventors found that the two species enriched in the R group, B.
xylanisolvens and B. ovatus, in combination showed a synergistic effect with erlotinib.
This effect on tumor progression could be partially mediated by activating the
intratumoral mRNA expression of chemokines, which recruits dendritic cells and T
cells. This observation is consistent with previous reports that indicate the infiltration of
beneficial T cells into the intratumoral microenvironment mediated by specific gut
bacteria, resulting in tumor size reduction. The inventors previously revealed that a
novel probiotics mixture can suppress hepatocellular carcinoma growth in mice by
reducing the frequency of Th17 cells, the main producers of the IL-17 cytokine, in the
intestine and their subsequent recruitment to the tumor bed [9], whereas Akkermansia
muciniphila was recently identified as being associated with increased intratumoral
immune infiltrates into the tumor bed in response to PD-1 blockade therapy [13]. Taken
together, the inventors believe that the administration of specific probiotic bacteria
could be a potential supplemental treatment in combination with anticancer therapies for

a better treatment outcome.

The global cancer burden has risen dramatically making it an urgent need to develop
novel therapies and predict which treatment will offer the most benefit to a cancer
patient. Here, the inventors analyzed the gut microbiota in a cohort that included eight
different cancer types using metagenomic sequencing and found out that gut micro
biome signatures at baseline accurately predict cancer treatment outcome. Furthermore,
by evaluating the role of the gut microbiota for the first time in a heterogeneous patient
cohort with various types of cancer and anticancer treatments, the inventors have
demonstrated a more global finding of a microbiota signature that is independent of
cancer type and heterogeneity. Moreover, oral gavage of specific gut microbes
significantly increased the effect of chemotherapy in mice, reducing the tumor volume

by 46% compared to the control.

The gut microbiota has the potential to influence the efficacy of cancer therapy. Here,
the inventors investigated the contribution of the intestinal microbiome on treatment

outcomes in a heterogeneous cohort that included multiple cancer types to identify
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microbes with a global impact on immune response. Human gut metagenomic analysis
revealed that responder patients had significantly higher microbial diversity and
different microbiota compositions compared to non-responders. A machine-learning
model was developed and validated in an independent cohort to predict treatment
outcomes based on gut microbiota composition and functional repertoires of responders
and non-responders. Specific species, Bacteroides ovatus and Bacteroides
xylanisolvens, were positively correlated with treatment outcomes. Oral gavage of these
responder bacteria significantly increased the efficacy of erlotinib and induced the
expression of CXCL9 and IFN-y in a murine lung cancer model. These data suggest a
predictable impact of specific constituents of the microbiota on tumor growth and

cancer treatment outcomes with implications for both prognosis and therapy.

The high accuracy of the inventor’s prediction models indicates that the initial condition
of the gut microbiota could be a potential predictive tool for response to anticancer
treatments. Furthermore, the performance comparisons of the inventor’s models suggest

that combining the features of both taxa and functions improves the prediction accuracy.

The present invention shall now be further described in the following examples with
reference to the accompanying figures, nevertheless, without being limited thereto. For
the purposes of the present invention, all references as cited herein shall be incorporated

by reference in their entireties. In the Figures,

Figure 1 shows the taxonomic analysis of intestinal microbiota of cancer patients. a
Sample collection scheme and dendrogram based on Bray-Curtis dissimilarity. b Alpha
diversity (Shannon index) of the gut microbiota in responders (R) and non-responders
(NR). ¢ Non-metric multidimensional scaling (NMDS) plot of R and NR in human
cancer samples based on the gut microbial compositions using Bray-Curtis
dissimilarities (ANOSIM p = 0.0001). Intrapatient samples are linked to each other. d
NMDS plot of R, NR, and HMP samples based on the gut microbial compositions at the
species level using Bray-Curtis dissimilarities (ANOSIM p = 0.0001). e Phylogenetic
composition of cancer samples at the phylum level. f Firmicutes/Bacteroidetes (F/B)
ratio of cancer samples. g Heatmap of differentially abundant species detected in the

comparison of R and NR (FDR p < 0.05, Wilcoxon rank-sum test). R-associated and
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