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The gut microbiome of patients with gastrointestinal cancer undergoes specific changes during different therapies such as
surgery, chemotherapy and radiation. Likewise, complications of these therapies are associated with specific changes in
the microbiome.
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| 1. Gastrointestinal-Cancer Therapies and Microbiome

In gastric cancer, different tumour entities have different compositions of the gastric microbiome I In colorectal
carcinoma, there are microbiome changes compared to healthy individuals. In particular, Proteobacteria and
Actinobacteria occur more frequently in patients with colorectal carcinoma . In the following sections, we give an
overview of the complications and corresponding microbiome for specific therapeutic options. Furthermore, in Figure 1
the key findings are summarized for a better overview.
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Figure 1. Overview of key findings.

| 2. Perioperative Complications

Several studies showed that the microbiome is directly altered after surgery BB |n abdominal surgery, anastomotic
insufficiencies and abdominal infections are feared complications that often lead to life-threatening sepsis. The most
common complications after colectomy in colorectal-cancer patients are anastomotic leakages (8.4%) and wound
infection (13.4%) €. Patients with a colorectal carcinoma that showed reduced alpha diversity and a higher abundance of
Lachnospiraceae were more prone to anastomotic insufficiencies [. A higher abundance of Bacteroidaceae is associated
with an increased risk of anastomosis insufficiency &, In patients with colorectal carcinoma, abundant Bifidobacterium
genus in the colorectal tissue is associated with an increased risk of anastomotic insufficiency [&. A recent study from
2021 showed that rectal or colonic surgery could impact the microbiome for two years, and even after that time, the



baseline was not reached. Diversity in patients with complications was lower than that in patients without complications
[20]

After the resection of colorectal carcinoma, Pseudomonas, Enterococcus, Staphylococcus, and Enterobacteriaceae were
significantly increased, and short-chain fatty acids (SCFAs) were significantly decreased 1. Meta-analysis revealed that
patients who had gastrointestinal surgery and higher diversity with more beneficial bacteria postoperatively also had a
better outcome 22 One study examined the skin microbiome after colorectal surgery and demonstrated a decrease in
alpha diversity 231,

A further complication after colorectal surgery can be an ileus. Patients who had suffered a postoperative ileus had a
significantly altered gut microbiome compared to patients who returned to normal bowel function 14!,

In a study from Asia with 45 patients with oesophageal squamous cell carcinoma, Streptococcus and Prevotella spp. in
the oesophageal tissue were independent risk factors for prognosis 2. Patients with gastric cancer also experience
changes in the microbiome during the perioperative period. Compared to the preoperative sample, genera
Escherichia/Shigella, Akkermansia, Dialister, and Lactobacillus were more abundant 18!,

In patients with gastric carcinoma, a shift in the gut microbiome was demonstrated in the perioperative setting. Thus,
patients had fewer Bacteroides, and more Escherichia/Shigella, Clostridium, and Veillonella than healthy individuals did
after gastrectomy. Patients also had a nonsignificant decrease in short-chain fatty acids in their stool after gastrectomy
(18] Furthermore, a more similar microbiome (lower beta diversity) between the oral and gastric microbiomes was
associated with a lower risk of anastomotic leak after oesophageal resection 17,

| 3. Complications during Chemo- and Immunotherapy

Patients who suffer from gastrointestinal cancer often receive adjuvant or neoadjuvant chemotherapy, which alters the gut
microbiome (8. A retrospective study showed that patient outcomes can be improved during immunotherapy with
bevacizumab using antibiotics. Patients with metastatic colorectal carcinoma had lower mortality rates if treated with
antibiotics for a more extended period 12, Another study showed that Fusobacterium nucleatum was abundant in
colorectal-carcinoma patients with recurrence after chemotherapy. This study showed that £ nucleatum controls the Toll-
like receptor, microRNA, and autophagy network, thus influencing cancer chemoresistance 29, Among others, the
Fusobacterium nucleatum bacterium is associated with a reduced response to chemotherapy 224,

Chemotherapy CapeOx includes capecitabine plus oxaliplatin. A study by Kong et al. showed that surgery and CapeOx
chemotherapy significantly altered the gut microbiome, and may lead to an abundance of pathogenic bacteria 4. Similar
results were obtained in a study investigating chemotherapy-induced diarrhoea (CID) in patients with Stage Il colorectal
cancer after CapeOx chemotherapy and surgery. Here, a dysbiosis of the intestinal microbiome was found in CID patients

compared to patients without CID. Among others, Klebsiella pneumoniae was most frequently detected in CID patients
l22)

Another problem is the resistance of tumour cells to 5-fluorouracil (5-FU). Fusobacterium nucleatum also seems to play a
role here by upregulating the expression of BIRC3 in tumour cells, thereby causing them to become insensitive to 5-FU
(23] |n addition, Fusobacterium nucleatum is associated with oesophageal squamous cell carcinoma and cancer-specific
survival 24, whereas probiotics, including Bifidobacterium bifidum, improve the outcome of 5-FU chemotherapy in rats
with chemically induced colorectal cancer by enhancing the antitumour effect [22. Carboxymethyl pachyman (CMP) is a
polysaccharide that has anti-inflammatory and immune regulatory effects. In colorectal-carcinoma mice treated with 5-FU,
the additional administration of CMP restored the diversity of the gut microbiome [28l. In patients with advanced gastric
cancer, patients who had received neoadjuvant chemotherapy before surgery also had increased postoperative infections.
Lower diversity and reduced Bifidobacterium, Faecalibacterium, and Ruminococcus in patients with postoperative
infections were detected 24, The next step is to modify the effects of Fusobacterium nucleatum to improve patient
outcomes. A first study addressed this goal and demonstrated that Paris polyphylla, a herbal medicine, could inhibit both
colorectal-cancer and Fusobacterium nucleatum growth in human colorectal-cancer cell lines [28],

Another complication of chemotherapy is mucositis, which is a dose-limiting factor. Thus, mucositis seems to be a
complex interplay among the intestinal microbiome, the host cells, and the intestinal microenvironment. Unfortunately,
only bacteria that promote mucositis, such as Enterobacteriaceae, and no protective bacteria were identified so far (2.
The administration of probiotics and omega-3 fatty acids in an RCT study of 140 patients benefited quality of life and side
effects such as diarrhoea, nausea, and vomiting (39],



| 4. Complications during Radiotherapy

Radiotherapy can form part of the therapy against cancer. Complications associated with the patient's intestinal
microbiome may occur. In a study of patients with both colorectal adenoma and carcinoma, no difference was shown
between patients who received surgery alone and patients who received chemotherapy or chemotherapy with radiation.
However, the group of patients with colorectal carcinoma who received chemotherapy and radiation consisted of only 5
patients B, Thus, significantly more Clostridium IV, Pascolarctobacterium, and Roseburia were detected in prostate-
cancer patients with radiation enteropathy. In addition, lower diversity was associated with radiation enteropathy 2.
Similar results were obtained in a study from 2019, which showed that cervical-cancer patients suffering from radiation
enteritis had enriched Coprococcus in their gut microbiome before therapy. Patients suffering from radiation enteritis also
had dysbiosis and lowered alpha diversity. At the same time, a lower abundance of Bacteroides, and a higher abundance
of Gammaproteobacteria and Proteobacteria were present in patients with radiation enteritis 231,

References

1. Liu, X.; Shao, L.; Liu, X.; Ji, F.; Mei, Y.; Cheng, Y.; Liu, F.; Yan, C.; Li, L.; Ling, Z. Alterations of gastric mucosal microbiot
a across different stomach microhabitats in a cohort of 276 patients with gastric cancer. EBioMedicine 2019, 40, 336—-3
48.

2. Sinha, R.; Ahn, J.; Sampson, J.N.; Shi, J.; Yu, G.; Xiong, X.; Hayes, R.B.; Goedert, J.J. Fecal Microbiota, Fecal Metabol
ome, and Colorectal Cancer Interrelations. PLoS ONE 2016, 11, e0152126.

3. Okazaki, M.; Matsukuma, S.; Suto, R.; Miyazaki, K.; Hidaka, M.; Matsuo, M.; Noshima, S.; Zempo, N.; Asahara, T.; No
moto, K. Perioperative synbiotic therapy in elderly patients undergoing gastroenterological surgery: A prospective, rand
omized control trial. Nutrition 2013, 29, 1224-1230.

4. Kong, C.; Gao, R.; Yan, X.; Huang, L.; He, J.; Li, H.; You, J.; Qin, H. Alterations in intestinal microbiota of colorectal can
cer patients receiving radical surgery combined with adjuvant CapeOx therapy. Sci. China Life Sci. 2019, 62, 1178-119
3.

5. Deng, X.; Li, Z.; Li, G.; Li, B.; Jin, X.; Lyu, G. Comparison of Microbiota in Patients Treated by Surgery or Chemotherap
y by 16S rRNA Sequencing Reveals Potential Biomarkers for Colorectal Cancer Therapy. Front. Microbiol. 2018, 9, 160
7.

6. Frasson, M.; Granero-Castro, P.; Ramos Rodriguez, J.L.; Flor-Lorente, B.; Braithwaite, M.; Marti Martinez, E.; Alvarez P
erez, J.A.; Codina Cazador, A.; Espi, A.; Garcia-Granero, E.; et al. Risk factors for anastomotic leak and postoperative
morbidity and mortality after elective right colectomy for cancer: Results from a prospective, multicentric study of 1102
patients. Int. J. Color. Dis. 2016, 31, 105-114.

7. van Praagh, J.B.; de Goffau, M.C.; Bakker, |.S.; Harmsen, H.J.; Olinga, P.; Havenga, K. Intestinal microbiota and anast
omotic leakage of stapled colorectal anastomoses: A pilot study. Surg. Endosc. 2016, 30, 2259-2265.

8. van Praagh, J.B.; de Goffau, M.C.; Bakker, I.S.; van Goor, H.; Harmsen, H.J.M.; Olinga, P.; Havenga, K. Mucus Microbi
ome of Anastomotic Tissue During Surgery Has Predictive Value for Colorectal Anastomotic Leakage. Ann. Surg. 2019,
269, 911-916.

9. Mima, K.; Sakamoto, Y.; Kosumi, K.; Ogata, Y.; Miyake, K.; Hiyoshi, Y.; Ishimoto, T.; Iwatsuki, M.; Baba, Y.; lwagami, S.;
et al. Mucosal cancer-associated microbes and anastomotic leakage after resection of colorectal carcinoma. Surg. Onc
ol. 2020, 32, 63-68.

10. Schmitt, F.C.F.; Schneider, M.; Mathejczyk, W.; Weigand, M.A.; Figueiredo, J.C.; Li, C.1.; Shibata, D.; Siegel, E.M.; Torio
la, A.T.; Ulrich, C.M.; et al. Postoperative Complications Are Associated with Long-Term Changes in the Gut Microbiota
Following Colorectal Cancer Surgery. Life 2021, 11, 246.

11. Ohigashi, S.; Sudo, K.; Kobayashi, D.; Takahashi, T.; Nomoto, K.; Onodera, H. Significant changes in the intestinal envi
ronment after surgery in patients with colorectal cancer. J. Gastrointest. Surg. 2013, 17, 1657-1664.

12. Tozun, N.; Vardareli, E. Gut Microbiome and Gastrointestinal Cancer: Les liaisons Dangereuses. J. Clin. Gastroenterol.
2016, 50 (Suppl. 2), S191-S196.

13. Holder-Murray, J.; Yeh, A.; Rogers, M.B.; Firek, B.; Mahler, B.; Medich, D.; Celebrezze, J.; Morowitz, M.J. Time-depend
ent displacement of commensal skin microbes by pathogens at the site of colorectal surgery. Clin. Infect. Dis. 2020.

14. Shogan, B.D.; Chen, J.; Duchalais, E.; Collins, D.; Chang, M.; Krull, K.; Krezalek, M.A.; Larson, D.W.; Walther-Antonio,
M.R.; Chia, N.; et al. Alterations of the Rectal Microbiome Are Associated with the Development of Postoperative lleus i
n Patients Undergoing Colorectal Surgery. J. Gastrointest. Surg. 2020, 24, 1663—-1672.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

Liu, Y.; Lin, Z.; Lin, Y.; Chen, Y.; Peng, X.E.; He, F; Liu, S.; Yan, S.; Huang, L.; Lu, W.; et al. Streptococcus and Prevotel
la are associated with the prognosis of oesophageal squamous cell carcinoma. J. Med. Microbiol. 2018, 67, 1058-106
8.

Liang, W.; Yang, Y.; Wang, H.; Wang, H.; Yu, X.; Lu, Y.; Shen, S.; Teng, L. Gut microbiota shifts in patients with gastric ¢
ancer in perioperative period. Medicine (Baltimore) 2019, 98, €16626.

Reddy, R.M.; Weir, W.B.; Barnett, S.; Heiden, B.T.; Orringer, M.B.; Lin, J.; Chang, A.C.; Carrott, PW.; Lynch, W.R.; Bee
r, D.G.; et al. Increased Variance in Oral and Gastric Microbiome Correlates With Esophagectomy Anastomotic Leak. A
nn. Thorac. Surg. 2018, 105, 865-870.

Shuwen, H.; Xi, Y.; Yuefen, P.; Jiamin, X.; Quan, Q.; Haihong, L.; Yizhen, J.; Wei, W. Effects of postoperative adjuvant ¢
hemotherapy and palliative chemotherapy on the gut microbiome in colorectal cancer. Microb. Pathog. 2020, 149, 1043
43.

Lu, L.; Zhuang, T.; Shao, E.; Liu, Y.; He, H.; Shu, Z.; Huang, Y.; Yao, Y,; Lin, S.; Lin, S.; et al. Association of antibiotic ex
posure with the mortality in metastatic colorectal cancer patients treated with bevacizumab-containing chemotherapy: A
hospital-based retrospective cohort study. PLoS ONE 2019, 14, e0221964.

Yu, T.; Guo, F.; Yu, Y.; Sun, T.; Ma, D.; Han, J.; Qian, Y.; Kryczek, I.; Sun, D.; Nagarsheth, N.; et al. Fusobacterium nucl
eatum Promotes Chemoresistance to Colorectal Cancer by Modulating Autophagy. Cell 2017, 170, 548-563.e516.

Yan, X.; Liu, L.; Li, H.; Qin, H.; Sun, Z. Clinical significance of Fusobacterium nucleatum, epithelial-mesenchymal transit
ion, and cancer stem cell markers in stage ll/IV colorectal cancer patients. Onco Targets Ther. 2017, 10, 5031-5046.

Fei, Z.; Lijuan, Y.; Xi, Y.; Wei, W.; Jing, Z.; Miao, D.; Shuwen, H. Gut microbiome associated with chemotherapy-induce
d diarrhea from the CapeOX regimen as adjuvant chemotherapy in resected stage Il colorectal cancer. Gut Pathog. 20
19, 11, 18.

Zhang, S.; Yang, Y.; Weng, W.; Guo, B.; Cai, G.; Ma, Y.; Cai, S. Fusobacterium nucleatum promotes chemoresistance t
o 5-fluorouracil by upregulation of BIRC3 expression in colorectal cancer. J. Exp. Clin. Cancer Res. 2019, 38, 14.

. Yamamura, K.; Baba, Y.; Nakagawa, S.; Mima, K.; Miyake, K.; Nakamura, K.; Sawayama, H.; Kinoshita, K.; Ishimoto,

T.; lwatsuki, M.; et al. Human Microbiome Fusobacterium Nucleatum in Esophageal Cancer Tissue Is Associated with P
rognosis. Clin. Cancer Res. 2016, 22, 5574-5581.

Genaro, S.C.; Lima de Souza Reis, L.S.; Reis, S.K.; Rabelo Socca, E.A.; Favaro, W.J. Probiotic supplementation atten
uates the aggressiveness of chemically induced colorectal tumor in rats. Life Sci. 2019, 237, 116895.

Wang, C.; Yang, S.; Gao, L.; Wang, L.; Cao, L. Carboxymethyl pachyman (CMP) reduces intestinal mucositis and regul
ates the intestinal microflora in 5-fluorouracil-treated CT26 tumour-bearing mice. Food Funct. 2018, 9, 2695-2704.

Wei, Z.; Tan, B.; Cao, S.; Liu, S.; Tan, X.; Yao, Z.; Yin, N.; Li, J.; Zhang, D.; Zhou, Y. The influence of neoadjuvant chem
otherapy on gastric cancer patients’ postoperative infectious complications: What is the negative role played by the inte
stinal barrier dysfunction? Oncotarget 2017, 8, 43376-43388.

Lin, L.T.; Shi, Y.C.; Choong, C.Y.; Tai, C.J. The Fruits of Paris polyphylla Inhibit Colorectal Cancer Cell Migration Induce
d by Fusobacterium nucleatum-Derived Extracellular Vesicles. Molecules 2021, 26, 4081.

Yixia, Y.; Sripetchwandee, J.; Chattipakorn, N.; Chattipakorn, S.C. The alterations of microbiota and pathological conditi
ons in the gut of patients with colorectal cancer undergoing chemotherapy. Anaerobe 2021, 68, 102361.

Golkhalkhali, B.; Rajandram, R.; Paliany, A.S.; Ho, G.F.; Wan Ishak, W.Z.; Johari, C.S.; Chin, K.F. Strain-specific probiot
ic (microbial cell preparation) and omega-3 fatty acid in modulating quality of life and inflammatory markers in colorectal
cancer patients: A randomized controlled trial. Asia Pac. J. Clin. Oncol. 2018, 14, 179-191.

Sze, M.A,; Baxter, N.T.; Ruffin, M.T.t.; Rogers, M.A.M.; Schloss, P.D. Normalization of the microbiota in patients after tr
eatment for colonic lesions. Microbiome 2017, 5, 150.

Reis Ferreira, M.; Andreyev, H.J.N.; Mohammed, K.; Truelove, L.; Gowan, S.M.; Li, J.; Gulliford, S.L.; Marchesi, J.R.; D
earnaley, D.P. Microbiota- and Radiotherapy-Induced Gastrointestinal Side-Effects (MARS) Study: A Large Pilot Study
of the Microbiome in Acute and Late-Radiation Enteropathy. Clin. Cancer Res. 2019, 25, 6487—6500.

Wang, Z.; Wang, Q.; Wang, X.; Zhu, L.; Chen, J.; Zhang, B.; Chen, Y.; Yuan, Z. Gut microbial dysbiosis is associated wi
th development and progression of radiation enteritis during pelvic radiotherapy. J. Cell Mol. Med. 2019, 23, 3747-375
6.

Retrieved from https://encyclopedia.pub/entry/history/show/37048






