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Purpose: Accumulating evidence suggests that microbiota dysbiosis induced by antibiotic

administration plays a crucial role in regulating the efficacy and toxicity of cancer therapy.

We explored the influence of antibiotic administration on the efficacy of chemotherapy in

patients with esophageal cancer (EC).

Patients and Methods: EC patients were stratified into two groups: antibiotic-treated

group and control group. The antibiotic-treated group included patients who received anti-

biotics within 60 days before or after chemotherapy initiation, and the control group included

patients who did not receive antibiotics within 60 days before or after chemotherapy

initiation. Progression-free survival (PFS) and overall survival (OS) curves were constructed

using the Kaplan–Meier method. The Cox proportional hazards model was used for uni-

variate and multivariate analyses.

Results: The rate of primary progressive disease in the antibiotic-treated group was significantly

higher than that in the control group (36.58% vs 10.45%, p = 0.002) as calculated using the chi-

square test. Further, antibiotic administration was associated with shorter PFS (6.7 vs 14.6 months,

hazard ratio (HR): 2.545, 95% confidence interval (CI): 1.554–4.168, p < 0.001) and reduced OS

(15.0 vs 21.0 months, HR: 2.007, 95% CI: 1.213–3.319, p = 0.007) in univariate analysis.

Subsequent multivariate analysis indicated that antibiotic administration was a significant inde-

pendent prognostic factor for PFS (HR: 2.350, 95% CI: 1.423–3.882, p = 0.001) and OS (HR:

1.900, 95% CI: 1.140–3.167, p = 0.014).

Conclusion: Antibiotic administration was associated with reduced chemotherapy efficacy

and poor prognosis in patients with EC.
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Introduction
Esophageal cancer (EC) is the eighth most common cancer and the sixth leading cause

of cancer-related mortality worldwide.1 The prognosis of EC remains poor despite

incremental advances in diagnosis and treatment over recent decades.2 The 5-year

survival rate of patients with EC is below 20%, with a median overall survival (OS)

range of 9–10 months because 50% of the patients present with inoperable advanced

or metastatic disease at the initial diagnosis.2,3 The optimal treatment for metastatic

EC patients is concurrent chemoradiotherapy or palliative chemotherapy.4 The first-

line chemotherapy regimen in East Asia consists of a fluoropyrimidine/platinum

combination or the addition of other drugs such as docetaxel, irinotecan, and targeted

drugs.4

Microbiota is involved in the host metabolism, immunomodulation, neuronal

development, and maintenance of the intestinal mucosal barrier.5 Microbiota,
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especially gut microbiota, demonstrates great plasticity, and

the gut colonization is influenced by the mode of delivery,

dietary, and antibiotic exposure of the microbiota.5–7

Antibiotic administration leads to changes in bacterial meta-

bolites, disruption of bacterial signaling, gut immune cell

dysregulation, and systemic immune dysfunction by indu-

cing microbiota dysbiosis with loss of distinct species and

expansion of pathogens.8 Increasing evidence suggests that

gut microbiota could regulate the efficacy and toxicity of

cancer therapy including chemotherapy (cyclophosphamide,

irinotecan, gemcitabine), radiotherapy, and immunotherapy

of cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)

and anti-programmed cell death 1 ligand 1 (anti-PD-L1).9–

14 Antibiotic exposure has been associated with reduced

efficacy and poor prognosis of CTLA-4 and anti-PD-1/PD-

L1 immunotherapy in several tumors including advanced

non-small cell lung cancer (NSCLC), urothelial carcinoma,

and advanced renal cell cancer (RCC).15–17 In the present

study, we evaluated the influence of antibiotic administration

on chemotherapy efficacy in EC patients. We expect that our

findings will provide a basis for future therapeutic concepts

in EC patients who require antibiotics during chemotherapy.

Patients and Methods
Patients
Patients with metastatic EC who started palliative chemother-

apy at the Fourth Hospital of Hebei Medical University

between January 2013 and September 2018 were enrolled

in this retrospective study. In total, 108 metastatic EC

patients were enrolled in this study, including 79 men and

29 women, all of Han nationality and from the Hebei

Province (Table 1). All patients received chemotherapy either

alone or in combination with radiotherapy. All procedures

were supervised and approved by the hospital’s ethics com-

mittee. We obtained ethical permission to change or modify

their therapy based on the progress of their disease. Written

informed consent was obtained from the participants.

Medical records of all patients were reviewed to deter-

mine whether any antibiotic administration occurred

within 60 days before or after chemotherapy initiation.

Data of the specific time of antibiotic exposure, antibiotic

class, indication, route of administration, and duration

were collected (Table S1). Patients who received antibio-

tics within 60 days before or after chemotherapy initiation

Table 1 Clinical Characteristics of EC Patients

Characteristics Total Antibiotic-Treated Group Control Group p-value

n=108 (%) n=41 (%) n=67 (%)

Gender Male 79 (73.15) 26 (63.41) 53 (79.10) 0.074

Female 29 (26.85) 15 (36.59) 14 (20.90)

Age, year <60 36 (33.33) 14 (34.15) 22 (32.84) 0.888

≥60 72 (66.67) 27 (65.85) 45 (67.16)

Primary Tumor Location Upper 12 (11.11) 5 (12.20) 7 (10.45) 0.763

Middle-lower 96 (88.89) 36 (87.80) 60 (89.55)

Primary Tumor Length (cm) <5 62 (57.41) 26 (63.41) 36 (53.73) 0.493

5 ≤ < 10 37 (34.26) 13 (31.71) 24 (35.82)

10≤ 9 (8.33) 2 (4.88) 7 (10.45)

Histology Squamous 100 (92.59) 38 (92.68) 62 (92.54) 0.493

Small-cell 6 (5.56) 3 (7.32) 3 (4.48)

Sarcoma + Mucoepidermoid 2 (1.85) 0 (0.00) 2 (2.98)

ECOG Performance Status 0 32 (29.63) 16 (39.02) 16 (23.88) 0.271

1 72 (66.67) 24 (58.54) 48 (71.64)

2 4 (3.70) 1 (2.44) 3 (4.48)

Treatment Chemotherapy + Radiotherapy 31 (28.70) 15 (36.59) 16 (23.88) 0.157

Chemotherapy 77 (71.30) 26 (63.41) 51 (76.12)

Chemotherapy Fluoropyrimidine + Platinum 35 (32.41) 15 (36.58) 20 (29.85) 0.763

Paclitaxel + Platinum 65 (60.18) 23 (56.10) 42 (62.69)

Etoposide + Platinum 8 (7.41) 3 (7.32) 5 (7.46)

Abbreviations: EC, esophageal cancer; ECOG, Eastern Cooperative Oncology Group.
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were included in the antibiotic-treated group while patients

who did not receive antibiotics within 60 days before or

after chemotherapy initiation were included in the control

group. Data of additional parameters including age, sex,

location and extent of the tumor, histological type, perfor-

mance status (PS) of Eastern Cooperative Oncology Group

(ECOG), detailed treatment regimen, and metastatic status

were also collected.

All patients were followed up every three months until

death or until the database was closed (May 1, 2020).

Computed tomography (CT) scans and gastroscopy find-

ings (if necessary) were reviewed regularly to evaluate the

tumor response according to the Response Evaluation

Criteria in Solid Tumors (RECIST), version 1.1.18

Statistical Analysis
Clinicopathologic features and tumor response were com-

pared using Fisher’s exact test or chi-square test.

Progression-free survival (PFS) was defined as the time

interval from chemotherapy initiation to the date of disease

progression. Overall survival (OS) was defined as the time

interval from chemotherapy initiation to the date of death.

At the deadline, the number of patients lost to follow-up

was 3 (2.8%) in the PFS analysis and 9 (8.3%) in the OS

analysis. PFS and OS curves were estimated by the

Kaplan–Meier method and compared using the Log rank

test. The Cox proportional hazards model was used to

calculate the hazard ratio (HR) and 95% confidence inter-

val (CI) in univariate and multivariate analyses. Variables

with p < 0.1 in univariate analysis were chosen to be

included in the multivariate analysis. All statistical ana-

lyses were performed using SPSS software, version 19.0

(IBM Corporation, Armonk, NY); p < 0.05 was considered

to indicate statistical significance.

Results
Clinical Features of EC Patients
In total, 108 metastatic EC patients were enrolled in this

study. The predominant histological EC subtype was esopha-

geal squamous cell carcinoma, present in 100 patients

(92.59%) (Table 1). Of these patients, 35 (32.41%) received

the fluoropyrimidine/platinum combination, 65 (60.18%)

received paclitaxel plus platinum, and 8 (7.41%) received

etoposide plus platinum (Table 1). The distribution of clin-

icopathologic characteristics was well balanced between the

antibiotic-treated group and the control group (Table 1). The

most frequently administered antibiotics were β-lactams ±

inhibitors (Table S1).

Impact of Antibiotic Administration on

the Clinical Outcome of EC Patients
The effect of antibiotic administration on the efficacy of

chemotherapy was evaluated in EC patients. The rate of

primary progressive disease (PD) in the antibiotic-treated

group was significantly higher than that in the control

group (36.58% vs 10.45%, p = 0.002) (Figure 1C).

Further, univariate analysis with Kaplan–Meier calculation

demonstrated shorter PFS (median PFS: 6.7 vs 14.6

months, HR: 2.545, 95% CI: 1.554–4.168, p < 0.001)

and lower OS (median OS: 15.0 vs 21.0 months, HR:

2.007, 95% CI: 1.213–3.319, p = 0.007) in the antibiotic-

treated group than in the control group (Tables 2 and 3).

The histology of the tumor was also identified for its

association with PFS and OS using univariate analysis.

OS decreased dramatically in the antibiotic-treated group

compared with that in the control group (Figure 1A and

B). Our data implied that antibiotic administration might

change the outcome of EC patients by reducing the effi-

cacy of chemotherapy.

The impact of antibiotic administration on PFS and OS

was further investigated within individual subgroups of

patients. As noted, the antibiotic-treated group displayed

a trend of reduced PFS (Figure 2A) and OS (Figure 2B)

within most subgroups.

The potential outcome predictors including antibiotic

administration and histology were analyzed using the Cox

proportional hazards model. As shown in Tables 2 and 3,

antibiotic administration was identified as a significant

independent prognostic factor for PFS (HR: 2.350, 95%

CI 1.423–3.882, p = 0.001) and OS (HR: 1.900, 95% CI:

1.140–3.167, p = 0.014). Histology was an independent

prognostic factor only for PFS (HR: 0.357, 95% CI:

0.154–0.829, p = 0.017) but not for OS (HR: 0.453, 95%

CI: 0.190–1.080, p = 0.074) (Tables 2 and 3). These data

indicated that antibiotic administration exhibited

a negative independent effect on the outcome of che-

motherapy-receiving EC patients.

Discussion
Approximately 10% of cancer patients undergoing che-

motherapy may require antibiotic treatment due to the

immunosuppressive nature of their malignancies and the

lymphodepletion induced by anticancer therapies.17,19
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We evaluated the influence of antibiotic administration

on chemotherapy in EC patients and found that it was

associated with reduced PFS and OS as well as higher

rates of PD. Our data implied that antibiotics might

modulate the chemotherapy efficiency by changing the

equilibrium of the gut microbiota to modify the EC out-

come. Cancer patients, especially those with gastrointest-

inal cancers, may sometimes need antibiotic treatment

because malnutrition and cachexia make them suscepti-

ble to infections. In addition, chemotherapy-related agra-

nulocytosis also requires antibiotic treatment. Previous

studies have shown that antibiotic-related changes in

Akkermansia muciniphila abundance are associated with

poor prognosis of advanced NSCLC and RCC patients

who receive PD-1/PD-L1 monoclonal antibodies.15 The

deleterious effects of antibiotics on PFS and OS were

also found in patients with advanced NSCLC or RCC

treated with immune checkpoint inhibitors (ICI).16 Few

studies have explored the effect of antibiotic administra-

tion on the efficacy of chemotherapy. We found that

antibiotic administration has a negative influence on the

chemotherapy efficacy in EC patients.

The antibiotic-induced microbiota dysbiosis might be

responsible for a reduced chemotherapy efficiency in EC

patients, but the true mechanism remains uncertain. The

platinum compounds cisplatin and oxaliplatin initiate cancer

cell toxicity by forming platinum DNA adducts and over-

production of reactive oxygen species (ROS).20 Tumor-

infiltrating myeloid-derived cells respond poorly to platinum

compounds with lower cytokine production, deficient pro-

duction of ROS, and cytotoxicity in antibiotic-treated or

germ-free mice.20 Additionally, concomitant antibiotic treat-

ment was associated with the attenuated efficacy of cisplatin

in a lung cancer mouse model by downregulating the expres-

sion of BAX and cyclin-dependent kinase inhibitor 1B

(CDKN1B) and upregulating that of vascular endothelial

growth factor A (VEGF-A); the antibiotic-induced che-

motherapy inefficiency could be rescued by concomitant

administration of Lactobacillus bacteria.21 Furthermore,

antibiotic administration could induce microbiota dysbiosis

with increased pathogenic bacteria (including bacteria from

the Escherichia, Shigella, and Enterobacter genera), thus

impairing the efficacy of 5-fluorouracil by downregulating

the expression of genes involved in the amino acid

Figure 1 The impact of antibiotic administration on the clinical outcome of EC patients. (A) The Kaplan–Meier curve of progression free survival (PFS). (B) The Kaplan–

Meier curve of overall survival (OS). (C) Analysis of chemotherapy response in EC patients. PR: partial response, SD: stable disease, PD: progressive disease.
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Table 2 Univariate and Multivariate Analyses for PFS in EC Patients

Prognostic Factor Univariate Analysis p-value Multivariate Analysis p-value

PFS PFS

HR (95% CI) HR (95% CI)

Antibiotic /Control 2.545 (1.554–4.168) ＜0.001 2.350 (1.423–3.882) 0.001

Gender 1.066 (0.619–1.838) 0.817 - -

Male/Female

Age 0.935 (0.555–1.575) 0.801 - -

<60 year/≥60 year

Primary Tumor Location 1.151 (0.524–2.528) 0.726 - -

Upper/Middle-lower

Primary Tumor Length (cm) 1.170 (0.712–1.923) 0.535 - -

<5/≥5

Histology 0.258 (0.113–0.588) 0.001 0.357 (0.154–0.829) 0.017

Squamous/Non-squamous

ECOG Performance Status 1.630 (0.979–2.713) 0.060 1.432 (0.848–2.417) 0.179

0

1 or 2

Treatment 1.105 (0.618–1.973) 0.737 - -

Chemotherapy-Radiotherapy/Chemotherapy

Abbreviations: EC, esophageal cancer; PFS, progression free survival; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group.

Table 3 Univariate and Multivariate Analyses for OS in EC Patients

Prognostic Factor Univariate Analysis p-value Multivariate Analysis p-value

OS OS

HR (95% CI) HR (95% CI)

Antibiotic/Control 2.007 (1.213–3.319) 0.007 1.900 (1.140–3.167) 0.014

Gender 1.187 (0.685–2.056) 0.541 - -

Male/Female

Age 0.818 (0.478–1.399) 0.462 - -

<60 year/≥60 year

Primary Tumor Location 1.147 (0.566–2.324) 0.703 - -

Upper/Middle-lower

Primary Tumor Length (cm) 1.036 (0.629–1.705) 0.890 - -

<5/≥5

Histology 0.375 (0.159–0.889) 0.026 0.453 (0.190–1.080) 0.074

Squamous/Non-squamous

ECOG Performance Status 1.157 (0.681–1.965) 0.589 - -

0

1 or 2

Treatment 0.783 (0.469–1.306) 0.348 - -

Chemotherapy-Radiotherapy/Chemotherapy

Abbreviations: EC, esophageal cancer; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group.

Dovepress Wu et al

Cancer Management and Research 2020:12 submit your manuscript | www.dovepress.com

DovePress
4995

http://www.dovepress.com
http://www.dovepress.com


metabolism.22 The aforementioned findings indicate that

antibiotics might initiate microbiota dysbiosis by downregu-

lating the expression of the ROS, BAX, CDKN1B, and genes

participating in the amino acid metabolism and upregulating

that of VEGF-A to reduce the efficacy of chemotherapy in

EC patients.

Conclusion
Antibiotic administration was associated with reduced che-

motherapy efficacy and poor prognosis in EC patients.

These findings suggest that antibiotic administration

should be limited to strict indications in EC patients

receiving chemotherapy. More studies are warranted to

confirm the effect of antibiotics in a larger prospective

trial and identify the key members of the microbiota that

modulate the efficacy of chemotherapy. The discovery of

targeted bacteria capable of rescuing unfavorable antibio-

tic-associated dysbiosis made it possible to promote the

antitumor efficacy of chemotherapy by modulating micro-

biome diversity.

Abbreviations
EC, esophageal cancer; PFS, progression-free survival;

OS, overall survival; HR, hazard ratio; CI, confidence

interval; PD, primary progressive disease; CTLA-4, cyto-

toxic T-lymphocyte-associated protein 4; anti-PD-L1, anti-

programmed cell death 1 ligand 1; NSCLC, non-small cell

lung cancer; RCC, advanced renal cell cancer; PS, perfor-

mance status; ECOG, Eastern Cooperative Oncology

Group; CT, computed tomographic scans; RECIST,

response evaluation criteria in solid tumors; ESCC, eso-

phageal squamous cell carcinoma; mAb, monoclonal anti-

body; ICI, Immune checkpoint inhibitor; ROS, reactive

oxygen species; CDKN1B, cyclin dependent kinase inhi-

bitor 1B; VEGFA, vascular endothelial growth factor.
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Figure 2 Subgroup analyses of independent prognostic factors for PFS (A) and OS (B).
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