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Definitions KEM.

Microbiota: all microorganisms in a habitat

(ca. 1.000.000.000.000.000.000)

Microbiome: all microorganisms and their genome

Symbiosis: Physiological balance of a reciprocal relationship
between two organisms of different species

Dysbiosis: Imbalance in the structural or functional composition

of the microbiota |
Der Internist 5 - 2017
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Intestinal bacteria perform a variety of functions: K E ’\/\ _

* Prevent the colonization of foreign (pathogenic)

microorganisms as resident flora el

(high microbial diversity offers special

protection against disturbances in

microbiota homeostasis)

. A re m eta b O I i Ca | |y h ig h |y a Ct ive a n d Abb.2 A Funktionen des Darmmikrobioms. Das Darmmikrobiom {ibt fiir den Menschen tiberlebens-

notwendige Funktionen aus. Ein gesundes Darmmikrobiom stelit unter anderem Nahrstoffe fir das
Kolonepithel bereit (1), starkt die Darmbarrierefunktion (2), verhindert das Einwandern pathogener
Erreger (3), moduliert das Immunsystem (4) und ist ander Synthese diverser Vitamine und hormonell

produce short-chain fatty acids (SCFA) ST

Die Innere Medizin 10 - 2022
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Intestinal bacteria perform a variety of functions: K E I\/\ _

e Lactic acid synthesizing bacteria (e.g. Bifidobacterium)

inhibit the TNF-a secretion induced by Bchmerpunkt: Mizobiom

lipopolysaccharides (LPS) and thus have
an anti-inflammatory effect and

stabilize the intestinal barrier

d I n te St i n a | m i C rO 0 rga n i S m S p rOVi d e Abb.2 A Funktionen des Darmmikrobioms.Das Darmmikrobiom {ibt fiir den Menschen liberlebens-

notwendige Funktionen aus. Ein gesundes Darmmikrobiom stelit unter anderem Nahrstoffe fiir das
Kolonepithel bereit (1), starkt die Darmbarrierefunktion (2), verhindert das Einwandern pathogener
Erreger (3), moduliert das Immunsystem (4) und ist an der Synthese diverser Vitamine und hormonell

metabolic pathways for the biosynthesis ~ *emsse

of vitamin K and various B vitamins _ N
Die Innere Medizin 10 - 2022
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Strains in healthy individuals K E M .

* Firmicutes
* Bacteroidetes
- > 80 % of the gastrointestinal microbiome

* \errucomicrobia

* Actinobacteria
* Proteobacteria
* Tenericutes

Cyanobacteria
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Factors influencing the human microbiome KEM.

Fig. 1. Factors that influence the human microbiome.

M.M. AlHilli and V. Bae-Jump, Diet and gut microbiome interactions in gynecologic cancer, Gynecologic Oncology,
https://doi.org/10.1016/j.ygyno0.2020.08.027
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Microbiome and immune system

Gut Microbiome/Immune System

Diet/fiber f Bacterjal
= Melabolnes 5 5
‘ Metabolic disorders
W *_| Symbiotic Mucus
> baclena layer '
/ - /
o o e .
Eumen = Bacterial
dysbiosis
Epithelium
Lamina <
propria
= — ,_,_(‘F-‘—-(F‘—-nr‘
Systemic circulation
22020 Clavaland Clinic
PigI.Thegut microbiome and immune system regulxnn Increased gut microbial diversity (left) maintains gas inal barrier function and produces shart chain fatty acids {(SCFA}
and anti-infl y bolites that p Bacterial dyshiosis and reduced bacterial diversity (right) attenuate the gut mucosal barrer and promote

inflammatory cytokine release and systemic inflammation.

AlHilli MM, Bae-Jump V.. Gynecol Oncol. 2020 Nov;159(2):299-308.

KEM.
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Short-chain fatty acids (SCFA) KEM.

Acetic, propionic or butyric acid (Acetat, Propionat, Butyrat)

* End products of bacterial metabolism in the colon

e Starch (which is not absorbed in the small intestine) and indigestible
oligosaccharides from dietary fiber are the main substrates of anaerobic
microorganisms (Faecalibacterium, Ruminococcus, Roseburia or Eubacterium )
in the colon

* Almost complete resorption of SCFA by the colonocytes (oxidation = ATP

production!)

AlHilli MM, Bae-Jump V.. Gynecol Oncol. 2020 Nov;159(2):299-308.
Die Innere Medizin 10 - 2022
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Short-chain fatty acids (SCFA) KEM.

e Contribute to improving the barrier function of the intestine by, among
other things, stimulating the expression of proteins involved in the
tight junctions

* SCFA also lower the pH in the colon and thus inhibit the growth of

facultative pathogens such as Escherichia coli

AlHilli MM, Bae-Jump V.. Gynecol Oncol. 2020 Nov;159(2):299-308.
Die Innere Medizin 10 - 2022
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Short-chain fatty acids (SCFA) KEM.

e SCFA have an anti-inflammatory effect:
* they influence the pool of regulatory T cells in the colon
* they inhibit the secretion of pro-inflammatory cytokines such as
tumor necrosis factor (TNF)-a or interleukin-6

* they promote the biosynthesis of intestinal antimicrobial peptides

AlHilli MM, Bae-Jump V.. Gynecol Oncol. 2020 Nov;159(2):299-308.
Die Innere Medizin 10 - 2022
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KEM.

5 Records identified from: Records removed before

5| | pae e o-en ot mnkmod

o ol ience (n = &

% Science Direct (n = 1,941) ;;?‘;_if m"t::?g :;ﬁ%::%

3| | Total records identified: ast five years, exclusion
(n=2,134) adi:orials and grey literature) G ° ° I M ° b °

i l e astrointestinal Microbiota

T N o and Breast Cancer

l Chemotherapy Interactions:

B | e o o ) i
: 1 A Systematic Review
-. Studies assessed for eligibility | Reports excluded:

(n=49) Animal study (n = 12)

Review (n = 28)

!

Studies included in quality
P appraisal

(n=9)
G
% Studies included in review
Ui

(n=9)

FIGURE 1: Preferred reporting items for systematic reviews
and meta-analyses (PRISMA) 2020 flow diagram

Csendes et al. (November 18, 2022). Cureus
14(11): €31648.

Study Characteristics

The nine included studies were ised of three i trials and six o
studies. Quality of i trials and ! studies are depicted in
Tables Z, J, respectively.
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Gastrointestinal Microbiota and Breast Cancer KEM.
Chemotherapy Interactions: A Systematic Review

e Studies concerning chemotherapy and the gastrointestinal microbiota
demonstrated complex interconnections!

* microbiota diversity and specific combinations of bacteria may be used
to predict which patients are likely to have good prognoses and
responses to chemotherapy!

* Microbiota diversity could also be used to predict the likelihood of

developing chemotherapy side effects!

Csendes et al. (November 18, 2022). Cureus 14(11): e31648.
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Gastrointestinal Microbiota and Breast Cancer K E M .
Chemotherapy Interactions: A Systematic Review

* |In high-risk patients, the addition of a probiotic supplement may help
mitigate anticipated side effects.
* The gut microbiome is rich with untapped potential for advancing

personalized medicine.

Csendes et al. (November 18, 2022). Cureus 14(11): e31648.
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IS THE MICROBIOME OR NUTRITION MORE IMPORTANT FOR KEM
RESPONSE TO IMMUNOTHERAPY? '

e Several clinical studies have now suggested a role of gut microbiota
composition in response to treatment, including anti-PD-1 therapy.

* \Various approaches to render the microbiome more responsive to therapy
have been suggested, including the use of antibiotics, probiotics, prebiotics,
diet and (fecal microbial transplant FMT).

e Future goals include the discovery of reliable microbiome-related biomarkers
for prediction of response and stratification of patients and the identification

of favorable microbiomes
Ascierto PA, et al. J Immunother Cancer 2020
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IS THE MICROBIOME OR NUTRITION MORE IMPORTANT FOR KEM.
RESPONSE TO IMMUNOTHERAPY?

e Although the microbiome appears to influence response to immunotherapy,
the factors that determine the microbiome and how patients can achieve a
proresponse microbiome are less well known.

 There appears to be very limited overlap in terms of proresponse bacterial
species across different cohorts, which could in part be attributed to
differences in environmental influences and in particular diet. It may be that
the real importance is not the particular bacterial species that are present,

but rather their function.
Ascierto PA, et al. J Immunother Cancer 2020
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IS THE MICROBIOME OR NUTRITION MORE IMPORTANT FOR KEM
RESPONSE TO IMMUNOTHERAPY? '

* Habitual diet is a key determinant of the gut microbiota, and gut
microbiome composition can be rapidly changed by altering diet.

 The microbiota is a key mediator of the effects of diet on health,
but is not the only one. For instance, the diet may exert a direct
positive effect on the immune system, for example, antineoplastic

effects exerted by polyphenols.

Ascierto PA, et al. J Immunother Cancer 2020
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Dietary fiber and probiotics influence the gut microbiome KE M
and melanoma immunotherapy response '

C
Differentially abundant taxa in responders
versus non responders in an expanded
3

cohort of 293 metastatic melanoma
patients treated with any systemic therapy

t

Ruminococcaceae g
-------------_C'_os_tryl __________ .Phy|um
) Pt ® e Class
s 2 Firmicutes_ Faecalibacterium Order
> ® @ Family
(? bac ] Ruminocor » Genus
O DadCle ®
o [
2 o *
o 1 e . ®
'—? < ® 9
@ ®
2 @ .
@
c o2 8%
o @ YBS S, ®
0f ® e’ 0 e s ©
-1.5 _-10 _-05 0.0 0.5 1.0
R (n=193)

Spencer et al. Science. 2021 December 24; 374(6575): 1632-1640.
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Dietary fiber and probiotics influence the gut microbiome

and melanoma immunotherapy response KEM.
2 sufﬁciéntiﬁber
EE
£
a sufficient fiber
©

Time (months) Time (months)
Number at risk
Number at risk 22 (18%) 13 6 1
65 (53%) 22 5 0
37(29%) 15 8 0 12 (10%) 1 1 0
81(71%) 33 7 1 24 (19%) 9 3 0

Spencer et al. Science. 2021 December 24; 374(6575): 1632-1640.
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Diet-driven microbial ecology underpins associations between

KEM.

cancer immunotherapy outcomes and the gut microbiome

Melanoma patients (n = 218)

Analysis

Clinical impact

Australian cohort (n=71)

Dutch cohort (n = 32)

Stage Ill melanoma, neoadjuvant dual ICI | Stage Il melanoma, neoadjuvant dual ICI

response status
R=53, NR=18
irAEs
mild =55, severe = 16

US cohort no. 1 (n=84)\ |||}

Stage lll and IV melanoma,
refs. 18, 19

Anti-PD1 ICI
response status
R =46, NR =39

response status
R=22, NR=10
irAEs
mild = 25, severe =7

Gut microbiome assessment

16S-amplicon-based
community profiling of
fecal samples (n=218)

US cohort no. 2 (n= 31)

Stage 1l and IV melanoma, ref. 54

Neoadjuvant anti-PD1 ICI subcohort
response status
R=16,NR=15

irAEs
mild = 22, severe =9

Nutritional input and dietary assessment

Australian patients (n = 63 out of 71)
Dutch patients (n = 32)
Spencer et al. (n= 18 out of 31)

Microbiome-informed
targeted interventions

Functional microbial pathways %
Metagenomic shotgun sequences

for Australian patients (n = 38 out of 71)

All patients were treated with nivolumab (anti-PD-1) combined with ipilimumab (anti-

CTLA-4)

Nature Medicine | VOL 28 | November 2022 | 2344-2352
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Diet-driven microbial ecology underpins associations between

KEM.

cancer immunotherapy outcomes and the gut microbiome

Australian cohort
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Fig. 1 | Associations between gut microbiota and treatment response and irAEs in Australian patients with melanoma. b,c,

Bacterial community profiling of patient baseline fecal samples via 16S rRNA gene amplicon sequencing (AUS, n= 71). Inverse
Simpson’s index of alpha-diversity for individual patients grouped by R and NR (b) and beneficial or benign (all R or NR irAEs <
G3) and adverse (NR, irAEs > G3) outcomes (c). d, Absolute bacterial fecal loads assessed using qPCR were used to determine
bacterial copy number per mg feces and were grouped according to response (n=71).

Nature Medicine | VOL 28 | November 2022 | 2344-2352
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Diet-driven microbial ecology underpins associations between K EF M\
cancer immunotherapy outcomes and the gut microbiome

107
10°
10°
10*
10°
10°

Copy no. per mg feces

B. pullicaecorum

P =0.0049

R

Response

g

Copy no. per mg feces

107
10°
10°
10*
10°
10°

A. muciniphila Butyricicoccus pullicaecorum
P = 0.0309 Akkermansia muciniphilia

Response

Fig. 1 | Associations between gut microbiota and treatment response and irAEs in Australian patients with melanoma.
e-g, qPCR using taxa-specific primers was used to determine bacterial copy number per mg feces of selected taxa
identified using LEfSe analysis grouped according to response (n= 71). Each symbol represents data from an individual

patient; bars indicate the median.

Nature Medicine | VOL 28 | November 2022 | 2344-2352
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Diet-driven microbial ecology underpins associations between K EF M\
cancer immunotherapy outcomes and the gut microbiome

g
80 | P =0.0429 80 P=0.0764 = E P=0.0309
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Fig. 2 | Microbial functions and dietary nutrient intake that promote gut integrity are associated with protection
from irAEs and lack of response.

e,f, Correlations of omega 3 and fiber consumption and diversity.
g, Correlation of fiber consumption against the relative abundance of Ruminococcaceae.

Nature Medicine | VOL 28 | November 2022 | 2344-2352
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Therapy KEM.

* Prebiotics: “non-digestible food components that have a beneficial effect on their
host by specifically stimulating the growth and/or activity of one or more bacterial
species in the large intestine and thus improving the health of the host”. (Gibson

und Roberfroid, 1995)
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Postdiagnosis dietary factors, supplement use and breast Global
systematic literature review and meta-analysis

Author Year

Farvid 2021 +
Beasley 2011 ——
Belle 2011 el
Overall, DL (I*= 0.0%, P = .941) ¢>

RR (95%CI)
per 10 g/day

0.87 (0.80, 0.95)
0.87 (0.73, 1.04)
0.81 (0.54, 1.22)
0.87 (0.80, 0.94)

Weight %

¥r.22
1917
3.61
100.00

(D)
Study
MNHSI and Il

CWLS
HEAL

For every 10 g increase in fiber intake per day

a 13% lower risk of all-cause mortality

Becerra-Tomas et al., Int. J. Cancer. 2022;1-19.

KEM.
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Postdiagnosis body fatness, recreational physical activity, dietary factors and breast cancer
prognosis: Global Cancer Update Programme (CUP Global) summary of evidence grading K E M .

: i Allcause Breast cancer Breast cancer | Second primary Nonbroast
Summa + 2 c s
Su "ndrv of evidence matrix mortality ml‘ﬂﬂll“_f recurrence Breast cancar cancer rnomlll\" i morlaliy

| Physlealacthiy

Incroases fisk Conclusions key Decroases fisk

D Smng — Camincing D Strong — Probable - Limited - Suggestive D Limied — N conciusion D Limited — Suggesive D Strong —Pmbabls D Strong — Convincing

Now: Empty calls included tew or no studies and were not assigned an evidence grade.

FIGURE 1 Summary guality of evidence matrix from the systematic literature reviews on postdiagnosis diet, nutrition, physical activity and

survival in women with breast cancer I
- Tsilidis et al. Int. J. Cancer. 2022;1-10.
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Exampel for fiber intake KEM.

Food Fiber

4 Slices of whole grain bread 168
(250g)

3 potatoes (200g) 3,5¢
rla?lxllc)rpallz)(;z?r?e):’sénopge)eled’ 38, 2,38
Boiled beans (150g), 3,5g
Mixed salad with corn (120g) 2,5g
Total amount 31g
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Therapy KEM.

* Probiotics: Preparation containing viable microorganisms, Mutaflor® (E. Coli strain
Nissle, 1917), Omniflora N® (Bifidobacterium Lyophilisat, Lactobacillus gasseri), VSL
#3, OrthoDoc Flora

e Bacterial lysate Colibiogen®, Synerga®, Prosymbioflor®
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Effect of Probiotics in Breast Cancer:
A Systematic Review and Meta-Analysis

Risk of bias domains

| | |
| | | } |
| 1 |

oodoooooooono

: ! L

o@oooooooo@@@

o
@

Domains: Judgement

D1: Bias arising from the randomization process.

D2: Bias due 10 deviations from intended intervention. ® o

D3: Bias due 1o missing outcome data. B Somo concens
D4: Bias in measuremant of the cuicome

DS: Bias in selection of the reporied result, . Low

Thu et al.. Biology 2023, 12, 280.

Records remaoved before screening
Duplicate records removed (n =
Recerds identified from: 267)
Databases (n = 2187) > R i rked as Ineligible by
Registers (n = 0) automation tools (n = 0)
Records removed for other
reasons (n=0)
Records screened | r R
(n=1920) | (n=1876)
Reparts sought for retrieval .| Reports not retrieved
(n=44} Tl (n=0)
Ry essed f
oo s *| Reports excluded:
Protocols (n = 24)
Non-peer reviewed (n = 5)
Wrong patiert population (n=1)
I Vitro studies (n = 1)

Figure 1. Flow diagram for identification of studies in the systematic review.
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Effect of Probiotics in Breast Cancer:
A Systematic Review and Meta-Analysis

Table 1. Baseline characteristics within the identified studies.

KEM.

First Author, Year Participant Age Range gy 4 £
Study Number (Reference) Country Study Type Numbel':l(‘n] %Yem)g Probiotic Regimen Dose Duration
1 Nettleton, 2004 [41] 3 capsules
2 Nettleton, 2005a [42] UsaA Randomized crossover trial 40 36-72 ProLB + FOS (10" CFU)/15-30 mg 6 weeks
3 Nettleton, 2005b [43] FOS before breakfast
& 5 2 = ; Lacto + ultra-low dose 1 tablet (Gynoflor®) daily followed by
4 Donders, 2015 [44] Belgium /Germany Randomized trial 16 52-63 0.03 mg estriol (E3) intenance therapy for 8 weeks 4 weeks
5 Marschalek, 2017 [45] Austria Randomized placebo-controlled trial 22 1845 % Lacto 1 capsule (2.5 x E;VCFU) daily, 2 weeks
) Parallel, randomized, 9 -
6 Vafa, 2020 [46] Iran placebo-controlled trial 135 50-57 ProlLBS + FOS 1 capsule (107 CFU)/38.5 mg FOS daily 10 weeks
: Yaky, 2] I Randomized clinical trial B8 35-73 FroLBS 1 10° 5 daily 10 k
s Totmaj, 2020 [15] ran omize cal tri - oLBS + FOS capsule (107 CFU)/38.5 mg FOS daily weeks
9 Pellegrini, 2020 [49] Iran Randomized open-label trial 34 <70 * ProLB 1 sachet (4 % 10° CFU)} daily 2 months
10 Lahiji, 2021a [50] = s i
1 Lahifi, 2021b [51] Tran Randomized placebo-controlled 76 50-75 Prol.BS + FOS 1 capsule (10° CFU)/38.5 mg FOS daily 8 weeks
12 Juan, 2022 [52] 160
China Randomized placebo-controlled trial 28-63 ProLBE 3 capsules (0.84 g) per time, twice/day 3 weeks
13 Juan, 2021 [53] 100

Abbreviations: Lacto, Lactobacillus spp. alone; ProLB, probiotics comprising Lactobacillus and Bifidobacteriun; ProLBS, probiotics comprising Laciobacillus, Bifidobacterium, and Streptococcus;
ProLBE, probiotics comprising Laciobacillus, Bifidobacterium, and Enterococcus; FOS, fructooligosaccharides. * inclusion criteria available only.

Thu et al.. Biology 2023, 12, 280.

\/ 2
‘IIJ KEM | Evang. KLINIKEN ESSEN-MITTE Evang. Huyssens-Stiftung Essen-Huttrop - Evang. Krankenhaus Essen-Werden - Evang. Krankenhaus Essen-Steele

33



Effect of Probiotics in Breast Cancer: KEM
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3.11. Tamor Necrosis Factor-Alpha
The meta-analysis on tumor necrosis factor-alpha (TNF-x) revealed a significant

improvement following intervention with ProLBS capsules plus FOS (MD = —15.06; ® The inta ke Of La CtObaCi | I us )

95% CI: —23.20 to —6.91; p = (.0003); see Figure 7.

- — n— Bifidobacterium, and

Study of Subgrowp  Mean SO Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lahijl 20216 24046 190 36 25600 161 36 040% -15:5512281,-7.19]
Totmaj 2020 34 s il 2 e —

al (95% Cl 80 0 100.0% -15.06[.23.20, -5.91] E 3 E t ( 3 p |
Hetaraganeity Tau?= 0 00 Ch*= .26 df= | (P= 061}, P= 0% T a—" % = n e rOCOCCUS Ca Su es
Testfor ovara effect 2= 1.62 P = 0.0003) Favours [probiotics] Favours [contral}

Figure 7. Meta-analysis for tumor necrosis Tactor-alpna [T NF-o). (0.84 g) 2 X daily for' 3 WeekS)

3.12. High-Sensitivity C-Reactive Protein

Analysis of two studies including hs-CRP data in breast cancer survivors indicated | e d to a S i g n ifi Ca n t re d u Ct i O n

that intervention with ProLBS plus FOS did not cause any overall alterations to hs-CRP
levels detected (MD = 0.5; 95% CL: —0.97 to 1.96; p = 0.51). Furthermore, the between-study

heterogeneity was significantly high (2 = 82%, p =0.02); see Figure 5. i n body fat a n d body We ight

Prohiotics Control Mean Difference Mean Difference
ﬁllg oF gﬂom Mean  SD Tofal Mean SO Tolal Wegu IV, Rarden, 95% C1 IV, Random, 85% C1
Lahiji 20210 179 13 36 199 169 36 536% -D.20[0.87,0.47] J a n 202 1
Totmaj 2020 31 285 44 18 23 44 46 4% 130 [0 26, 2.34] - u
Total {(95% CH an B0 100.0% 0.50 [-0.97, 1.96]

Heterogeneity: Tau®= 0.53; Chi*= 557, df=1 (P= 0.02); F=82%
Testfor overall effect =086 (P=051)

o 10

Favours [robiotis]. Favours eonal e Hi gh ri Sk Of bl as |

Figure 8. Meta-analysis for high-sensitivity C-reactive protein (hs-CRP).
Thu et al.. Biology 2023, 12, 280.
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Conclusion KEM.

* Diversity appears to be important for the
tolerability/effectiveness of chemotherapy/immunotherapy!

* A well-tolerated, high-fiber (at least 25 to 30 g/day), plant-based,
low-fat diet is recommended!

* The use of probiotics is controversial!

* Many questions are still unanswered!
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Thank you for your attention KEM.
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