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Abstract 21 

Antibiotic effects on the gut microbiota may negatively impact survival with immune 22 

checkpoint inhibitors (ICIs). However, there’s minimal evidence to whether antibiotic 23 

impacts are specific to ICIs, or impacts in urothelial carcinoma (UC). In post hoc analysis of 24 

IMvigor210 (single-arm atezolizumab) and IMvigor211 (phase III randomised trial of 25 

atezolizumab versus chemotherapy), the association between antibiotic use and overall 26 

survival (OS) and progression-free survival (PFS) were assessed via Cox proportional hazard 27 

analysis. Antibiotic use was defined as any antibiotic administration between 30-days prior 28 

and 30-days after treatment initiation. Antibiotic use was associated with worse OS (n = 847, 29 

HR 95%CI = 1.44 [1.19-1.73]) and PFS (1.24 [1.05-1.46]) with atezolizumab, but not 30 

chemotherapy (n = 415, 1.15 [0.91-1.46] & 1.09 [0.88-1.36], respectively). In the randomised 31 

cohort of IMvigor211, the OS treatment effect (HR 95%CI) of atezolizumab vs chemotherapy 32 

was 0.95 (0.71-1.25) for antibiotic users, compared to 0.73 (0.60-0.88) for non-users 33 

(P[interaction]=0.1). Similar associations were noted in the PD-L1 IC2/3 population. In 34 

conclusion, antibiotic use was associated with worse survival outcomes in UC treated with 35 

atezolizumab. The study does not justify a change in antibiotic selection for infections, 36 

however antibiotic overuse occurs in cancer care and this needs to be evaluate for ICIs.  37 
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Patient summary 38 

In this report from clinical trials IMvigor210 and IMvigor211 it was demonstrated that 39 

antibiotic use is consistently associated with worse survival in patients with urothelial 40 

carcinoma treated with atezolizumab. No antibiotic association was observed in patients 41 

treated with chemotherapy, suggesting that antibiotics may specifically reduce the 42 

effectiveness of cancer immunotherapies. Future research will continue to explore the 43 

effect of antibiotics on other immune checkpoint inhibitors and confirm whether immune 44 

checkpoint inhibitors remain the treatment of choice in cancer patients requiring 45 

antibiotics.  46 
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Main text 47 

The gut microbiota plays an important role in regulating homeostasis and immune function, 48 

and there is evidence an altered gut microbiota can negatively impact systemic immune 49 

response and immune checkpoint inhibitor (ICI) efficacy [1-3]. Antibiotics cause significant 50 

changes to the gut microbiota, including a decreased diversity and abundance of bacteria in 51 

the gut, and these changes can be long lasting [4, 5]. Hypotheses are that antibiotic use may 52 

also negatively impact survival outcomes from ICIs [6-8]. The effects of antibiotics have not 53 

been assessed on ICIs used in urothelial carcinoma (UC) treatment. Additionally, there is 54 

minimal evidence to indicate if the effect of antibiotics is specific to ICIs or more broadly 55 

impacts other treatments.  56 

This manuscript presents a post hoc analysis of the locally advanced/ metastatic UC trials, 57 

IMvigor210 [9, 10] (NCT02108652; 4-July-2016 cut-off) and IMvigor211 [11] (NCT02302807; 58 

13-Mar-2017 cut-off) – pivotal trials in the assessment of atezolizumab for UC treatment. 59 

The primary aim of this manuscript was to assess the association between antibiotic use 60 

(within a period of 30-days prior and 30-days after treatment initiation) with overall survival 61 

(OS) and progression-free survival (PFS). This timeframe was analysed  based upon prior 62 

analyses [6, 7], and evidence that antibiotic therapy can result in a prolonged impact on the 63 

gut microbiota, including from short courses [4, 5]. 64 

In brief, IMvigor211 was a randomized trial of atezolizumab 1200 mg IV every 3 weeks 65 

versus docetaxel (75 mg/m² IV every 3 weeks), paclitaxel (175 mg/m² IV every 3 weeks) or 66 

vinflunine (320 mg/m² IV every 3 weeks) for patients with locally advanced/ metastatic UC 67 

who have progressed during or following a prior platinum-based chemotherapy regimen 68 

[11]. IMvigor210 was a single-arm study of atezolizumab 1200 mg IV every 3 weeks in locally 69 
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advanced or metastatic UC, including both participants who were treatment-naïve and 70 

ineligible for cisplatin-containing chemotherapy or participants who have progressed during 71 

or following a prior platinum-based chemotherapy regimen [9, 10]. Primary study 72 

definitions of OS and PFS were utilised in this manuscript [9-11]. PFS was investigator–73 

assessed per Response Evaluation Criteria in Solid Tumours (RECIST version 1.1) in 74 

IMvigor211; and an independent review facility–assessed PFS per RECIST (version 1.1) in 75 

IMvigor210. 76 

Associations between antibiotic use and OS/PFS were modelled using Cox proportional 77 

hazards regression. Analyses were adjusted for baseline age, sex, body mass index (BMI), 78 

Eastern Cooperative Oncology Group performance status (ECOG PS), smoking status, 79 

histology, count of prior treatments, PD-L1 expression (expression on <1% [IC0] or 1% to 80 

<5% [IC1] or ≥5% of tumour-infiltrating immune cells [IC2/3]) [9-11], serum haemoglobin 81 

(HGB) levels, count of organ sites with metastases, and presence of liver metastases. Pooled 82 

analyses were stratified by study. Prognostic association heterogeneity between studies was 83 

assessed using a study-by-treatment interaction term in the Cox proportional regression 84 

model. Heterogeneity of antibiotic effect size for atezolizumab versus chemotherapy in the 85 

randomised arms of IMvigor211 was assessed using an antibiotic-by-treatment interaction 86 

term. Associations were reported as hazard ratios (HR) with 95% confidence intervals 87 

(95%CI), and P-values (likelihood ratio test). Kaplan-Meier analysis was used for estimating 88 

and plotting survival probabilities. Statistical analyses were performed using R version 3.4.3. 89 

Within IMvigor210, 112 (26%) of 429 participants initiated on atezolizumab received an 90 

antibiotic within the 60-day window. 123 (26%) of the 467 participants randomised to 91 

atezolizumab and 149 (32%) of the 464 participants randomised to chemotherapy received 92 



6 
 

 
 

an antibiotic in IMvigor211. Median (inter quartile range) follow-up for patients without the 93 

event was 11 (8 - 12) months and 16 (14 - 19) months in IMvigor210 and IMvigor211, 94 

respectively. At data cut-off, 239 of the 429 participants in IMvigor210 had died (342 PFS 95 

events), and 674 of the 931 participants in IMvigor211 had died (817 PFS events). 96 

Supplementary Table 1 presents patient characteristics by antibiotic use status; of note 97 

antibiotic users had higher ECOG PS (P=0.008) and lower haemoglobin (P=0.01). 98 

In patients treated with atezolizumab in the pooled cohort of IMvigor210 and IMvigor211, 99 

antibiotic use was associated with significantly worse OS (HR 95%CI = 1.44 [1.19 - 1.73]) and 100 

PFS (1.24 [1.05 - 1.46]) (Figure 1, Supplementary Figure 1). No significant heterogeneity in 101 

the antibiotic association was observed between studies (OS P[interaction]=0.9; PFS 102 

P[interaction]=0.5). In patients treated with chemotherapy in IMvigor211, no significant 103 

association between antibiotic use and OS (HR 95%CI = 1.15 [0.91 - 1.46]) or PFS (1.09 [0.88 104 

- 1.36]) was observed (Figure 1, Supplementary Figure 1).  105 

In the total randomised cohort of IMvigor211, the OS treatment effect (HR 95%CI) of 106 

atezolizumab vs chemotherapy was 0.95 (0.71 - 1.25) for antibiotic users, compared to 0.73 107 

(0.60 - 0.88) for antibiotic non-users (P[interaction]=0.1, Supplementary Figure 2). On 108 

sensitivity analysis of the PD-L1 IC2/3 population, the OS treatment effect of atezolizumab 109 

vs chemotherapy was 0.91 (0.52 - 1.57) for antibiotic users, compared to 0.56 (0.39 - 0.81) 110 

for antibiotic non-users (P[interaction]=0.2, Supplementary Figure 2).  111 

A significant strength of this study is the availability of data from the randomly allocated 112 

chemotherapy arms of IMvigor211 – allowing valid inferences of treatment-effect. Our 113 

findings are similar to Chalabi et al [7] who identified a significant negative prognostic 114 

association of antibiotic use on OS in advanced non-small-cell lung cancer treated with 115 
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atezolizumab, with no significant association for docetaxel. While both this study and the 116 

prior study by Chalabi et al [7] were under-powered to detect a statistically significant 117 

treatment-by-covariate interaction, the consistency in findings exemplifies an urgent need 118 

for a comprehensive pooled analysis of all ICI randomised clinical trials to conclusively 119 

determine if antibiotics influence ICI efficacy or if antibiotics are simply a prognostic marker 120 

for many treatments. This cannot be determined from single-arm studies or unmatched 121 

observational studies, for which inferences are strongly confounded by the indication of 122 

antibiotic therapy [6, 12]. 123 

This study pooled large, high-quality data from two contemporary trials, increasing power 124 

and generalizability. The study was limited in its ability to provide evidence on the effect of 125 

antibiotic duration, type or indication (see supplementary results) - which needs to continue 126 

to be explored. For example, emerging evidence does link UC to higher incidences of urinary 127 

tract infections (UTIs), and recurrent UTIs to increased risks of UC [13]. This study is the first 128 

to provide evidence that antibiotics, which impact to the gut microbiota, have substantial 129 

associations with outcomes for ICIs used in UC [6, 14]. Antibiotic effects on the urinary 130 

microbiota may also be important [15]. A limitation of this study is the restricted range of 131 

ICIs and settings evaluated. Future research should expand the range of ICIs and cancer 132 

types evaluated. 133 

In conclusion, antibiotic use was demonstrated as independently associated with worse 134 

survival outcomes in locally advanced/ metastatic UC treated with atezolizumab. The 135 

adverse prognostic effect of antibiotics was not observed to be statistically significant in 136 

patients randomised to chemotherapy, suggesting antibiotics may influence the magnitude 137 

of ICI efficacy. This post hoc analysis does not justify a change in antibiotic selection for 138 
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bacterial infections as they need to continue to be properly treated. However, research 139 

indicates that overuse use of antibiotics in cancer care occurs [16], and in addition to 140 

increasing potential risks of resistant bacterial infections, this study’s findings suggest a 141 

need for extra caution when an ICI is being used. In addition, the study provides strong 142 

justification for prospective studies to tease out if antibiotics are primarily a surrogate of an 143 

unfit or immunodeficient patient or if antibiotic effects on the gut microbiota are having 144 

casual impacts on ICI efficacy. If the latter is true, in patients at high risk of recurrent 145 

infections, it may need to be considered if ICI therapy is most appropriate. 146 
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Figures legends 239 

Figure 1: Kaplan Meier estimates of OS by antibiotic use status for participants randomized 240 
atezolizumab (A) or chemotherapy (B) within IMvigor211 and IMvigor210.  241 
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Figure 1: Kaplan Meier estimates of OS by antibiotic use status for participants randomized 244 
atezolizumab (A) or chemotherapy (B) within IMvigor211 and IMvigor210. 245 
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