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Aim: Epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKIs)-associated Clostridioides difficile infection (CDI)
among lung cancer patients have been reported in case reports and adverse events reporting system databases in the United States and
Japan, but clinical data remained insufficient. This study aims to evaluate CDI in lung cancer patients receiving EGFR-TKIs.
Methods: We conducted a retrospective cohort study using multi-institutional electronic medical records database. We included
patients aged older than 20 years diagnosed with lung cancer and treated with EGFR-TKIs (gefitinib, erlotinib, afatinib). We defined
EGFR-TKI initiation date as the index date and occurrence of diarrhea with CDI or without CDI as the event date. We followed
patients from the index date until the event date, ICU admission, death, or 12/31/2019.

Results: We included 2242 diarrhea patients, 51 were EGFR-TKI with CDI cohort, and 2191 were diarrhea without CDI cohort.
Patients who were concurrently taking antibiotics (hazard ratio [HR], 3.30; 95% CI, 1.67-6.5) and systemic steroids (HR, 4.9; 95% CI,
2.65-9.06) had an increased risk of CDI. First-generation EGFR-TKIs tended to be associated with an increased risk of CDI compared
with afatinib (HR, 1.81, 95% CI, 0.94-3.47). EGFR-TKI with CDI had a higher ICU admission rate (HR, 3.42, 95% CI, 1.98-5.91)
and mortality rate (HR, 2.34, 95% CI, 1.67-3.28) than diarrhea without CDI.

Conclusion: Patients with CDI had higher ICU admission rates and mortality rates than those without CDI. Concurrent use of
antibiotics and systemic steroids were risk factors for CDI among patients with lung cancer receiving EGFR-TKIs. Afatinib was not
associated with a higher risk of CDI than first-generation EGFR-TKIs.

Keywords: Clostridioides difficile infection, CDI, epidermal growth factor receptor tyrosine kinase inhibitors, EGFR-TKIs, lung
cancer

Introduction
Lung cancer is the leading cause of cancer-related death worldwide.! Tyrosine kinase inhibitors (TKIs) are one of the
most important advances in lung cancer treatment in recent times and have resulted in improved survival outcomes for
patients with advanced stage lung cancer harboring epidermal growth factor receptor (EGFR)-sensitizing mutations.”
Many clinical trials have revealed that EGFR-TKIs, especially second-generation TKIs such as afatinib or dacomitinib,
cause considerable gastrointestinal (GI) toxicities such as nausea, vomiting, and diarrhea.> The incidence of all-grade
diarrhea without any antidiarrheal prophylaxis ranges between 18% to 95%, and up to 25% of patients experience grade 3
or higher diarrhea.* Severe diarrhea can lead to dehydration, electrolyte imbalances, acute kidney injury, and even death.
Differential diagnoses for EGFR-TKI-associated diarrhea include infection, inflammatory bowel disease, irritable
bowel disease, ischemic enteritis, or diarrhea caused by other medications.* Clostridioides difficile infection (CDI) is

OncoTargets and Therapy 2022:15 1563—1571 1563
Received: 19 August 2022 © 2022 Chung et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the

Accepted: 21 December 2022
Published: 28 December 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0702-5169
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Chung et al Dove

a common concern for patients with cancer. In a prospective multicenter study, the incidence of CDI among patients with
lung cancer receiving chemotherapy was 22.7% of all diarrhea cases.’ Studies have also reported that even patients who
had not used any antibiotics developed CDI after chemotherapy.® Early identification of TKI-associated diarrhea, diet
instructions, and treatment with antimotility agents such as loperamide can effectively reduce TKI treatment
interruptions.” However, the use of antimotility agents in patients with active CDI has traditionally been avoided because
of possible GI complications.® Therefore, it is necessary to distinguish whether a patient is suffering from CDI or TKI-
associated diarrhea so that the appropriate treatment can be administered to reduce unnecessary complications.

A few clinical reports have shown that the use of EGFR-TKIs may be associated with CDL*'° but the correlation and
clinical patterns among patients with lung cancer remains insufficient. A study calculating the reporting odds ratios
(RORs) using the Food and Drug Administration (FDA) Adverse Event Reporting System (AERS) database between
January 2004 and March 2018 reported that the incidences of EGFR-TKI-associated pseudomembranous colitis were the
highest with afatinib (ROR: 14.56)."" However, no previous studies have analyzed whether afatinib is a risk factor
for CDI.

This study aims to evaluate the risk factors for CDI in patients with lung cancer receiving EGFR-TKIs. We
hypothesized that afatinib would be associated with a higher risk of CDI in patients with lung cancer than first-
generation EGFR-TKIs such as gefitinib or erlotinib.

Methods

Data Source

The Chang Gung Research Database (CGRD), a large multi-institutional electronic medical record (EMR) database in
Taiwan, was the basis for this retrospective cohort study. The CGRD covers seven Chang Gung Memorial Hospitals
throughout northern and southern Taiwan and contains the EMRs of 1.3 million patients (6.1% of Taiwan’s
population). Disease identification in the CGRD follows the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) in the period prior to 2016, followed by the ICD-10-CM thereafter.
The database includes pathological and laboratory examination data, which are useful to confirm patient diagnoses
and disease status. The CGRD covers approximately 6.1% and 10.2% of the entire Taiwanese outpatient and inpatient
population, respectively. The CGRD data structures and representativeness have been described in more detail
elsewhere,'*'® and many diagnostic codes used within the CGRD have been validated.'*' This study was approved
by the Institutional Review Boards of Chang Gung Medical Foundation (202101121B0) and conformed to the

Helsinki Declaration.

Study Population

In this retrospective study, we included patients aged 20 years or older with lung cancer who had ever been treated with
EGFR-TKIs, including gefitinib, erlotinib, afatinib, or osimertinib, between 2011 and 2019. The diagnosis of lung cancer
was identified according to the ICD-9-CM code 162 and the ICD-10-CM code C34 and ascertained by the Registry of
Catastrophic Illness Database. The Registry of Catastrophic Illness Database is a subset of the National Health Insurance
Research Database (NHIRD), and pathological confirmation of lung cancer is required to apply for this certification.'® To
prevent preexisting events from confounding the analyses, we excluded patients with any history of inflammatory bowel
disease, intestinal obstruction, ischemic bowel disease, radiation colitis, or GI cancer (Figure 1).

We defined the first date of an EGFR-TKI prescription as the index date and occurrence of diarrhea with CDI (cases)
or diarrhea without CDI (controls) as the event date. CDI was defined as a CDI diagnosis based on ICD-9-CM or ICD-
10-CM codes, a positive test for C. difficile toxin A or B, or a positive stool culture for C. difficile. Diarrhea without CDI
was defined as a prescription for anti-diarrheal medications, such as loperamide or dioctahedral smectite, for longer than
14 days. We followed up patients from the index date to the event date, death, or 12/31/2019.
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The Chang Gung Research Database with the Registry of Catastrophic Illness Database (2011/01- 2019/12)
Diagnosis with lung cancer (ICD-9: 162, ICD-10: C34)

Age > =20 years old
Received EGFR TKIs (Gefitinib; Erlotinib; Afatinib; Osimertinib; Dacomitinib) (N =5759)
1. Index date= EGFR-TKISs prescription date.
2. Event date: the date of occurrence of CDI (cases) or diarrhea without CDI (controls)
3. The periods of EGFR-TKISs use: from index date to the event date

Total patients were excluded (N=3517)

1. Inflammatory bowel disease (ICD-9: 556; ICD-10: K51) (N=3)

2. Intestinal obstruction (ICD-9: 560; ICD-10: K56) (N=50)

3. Ischemic bowel disease (ICD-9: 557 ; ICD-10: K55) (N=6)

4. Radiation colitis (ICD-9: 558.1 ; ICD-10: K52.0) (N=7)

5. Gastrointestinal cancer (ICD-9: 151-159 ; ICD-10: C16-C26) (N=68)
6. Without Diarrhea (N =3380)

7. Use of Dacomitinib or Osimertinib (N=20)

Cases (N=51) Controls (N=2191)

EGFR-TKIs with CDI Cohort EGFR-TKIs with diarrhea Cohort (Without CDI)
Definitions: Definitions:

Diagnosis (ICD9: 00845; ICD10: A047) (N=24) The prescription days of anti-diarrhea medications, such
Lab: C. difficile toxin A or B: positive (N=21) as loperamide or dioctahedral smectite, longer than 14
Stool culture with Clostridium Difficile (N=33) days.

Figure | Flow Chart.

Covariates

We retrieved data from one year prior to the index date for baseline patient characteristics, including age, gender, prior lines of
lung cancer treatment, type of EGFR-TKI, intensive care unit (ICU) admission, comorbidities (ie, hypertension, diabetes
mellitus, coronary artery disease, ischemic stroke, chronic obstructive pulmonary disease, peptic ulcer, or chronic kidney
disease). Definitions of prior lines of lung cancer treatment were any one use of the following medication will be one line:
chemotherapy: docetaxel, paclitaxel, gemcitabine, vinorelbine, pemetrexed, TS-1; target therapy: afatinib, erlotinib, gefitinib,
osimertinib; alectinib, brigatinib, ceritinib, crizotinib, loratinib; immunotherapy: pembrolizumab, nivolumab, atezolizumab. Data
from six months before the index date were retrieved for concomitant medications, including antibiotics, systemic steroids, and
proton pump inhibitors (PPIs).''® We defined the wash-out periods for antibiotics, systemic steroids, and PPIs for 7 days, 14

days, and 14 days before the event date, respectively, to avoid coexisting CDI/diarrhea events confounding the analyses.'® !

Statistical Analysis

The baseline characteristics of the study patients are presented as numbers and percentages, means and standard
deviations (SDs), or medians and interquartile ranges (IQRs), if appropriate. We used multivariate Cox proportional
hazards regression models to estimate the hazard ratios (HRs) and 95% confidence intervals (Cls) for the risk of CDI.
Afatinib users were considered the reference group because afatinib is a newer generation TKI associated with more
diarrhea events.”> We considered results with a two-sided P value < 0.05 to be statistically significant. Statistical analyses
were performed using the SAS Enterprise Guide (Version 7.1; SAS Institute Inc., Cary, North Carolina).

Results

We identified a total of 5759 patients with lung cancer aged 20 years or older who received EGFR-TKIs, including
gefitinib, erlotinib, afatinib, or osimertinib, between 2011 and 2019 (Figure 1). We totally excluded 3517 patients, among
whom three were diagnosed with inflammatory bowel disease; 50 with intestinal obstruction; six with ischemic bowel
disease; seven with radiation colitis; and 68 with GI cancer one year prior to the index date. We excluded 3380 patients
did not meet the criteria for diarrhea with a prescription for antidiarrheal medications for longer than 14 days. Only 20
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patients received osimertinib or dacomitinib, and only one of them developed CDI, so we did not include them in the

analysis because small sample size and too short observation period of these 2 drugs (Taiwan’s national health insurance

reimbursed osimertinib in 2020/04 and dacomitinib in 2020/10). Finally, we included 2242 diarrhea patients in our study
cohort, among whom 51 were included in the EGFR-TKI with CDI cohort and 2191 of whom were in the EGFR-TKI
with diarrhea cohort. The incidence rate of EGFR-TKI associated CDI among was only 0.8%. Among patients with
EGFR-TKI related diarrhea, the incidence rate of EGFR-TKI associated CDI was 2.2%.

Table 1 presents the baseline patient characteristics of the two cohorts. In the EGFR-TKI with CDI cohort, the mean
age was 606.5 (+ 11.1) years, and 64.7% of the patients were female; in the EGFR-TKI with diarrhea cohort, the mean age

Table | Baseline Characteristics

Variables Diarrhea with CDI | Diarrhea without CDI p-value
(n=51) (n=2191)

Age, years
Mean (SD) 66.5 (11.1) 65.4 (11.5) 0.053
Median (Q1-Q3) 67.7 (58.3-75.6) 65.0 (57.5-73.9)

Sex (%)
Female 33 (64.7) 1335 (60.9) 0.585
Male 18 (35.3) 56 (39.18)

Prior lines of treatment (%)
0 35 (68.6) 1643 (75.0) 0.452
| 10 (19.6) 315 (14.4)
2 5(9.8) 142 (6.5)
23 I (2.0 91 (42)

Comorbidity (%)
Hypertension 29 (56.9) 928 (42.4) 0.038
Diabetes 17 (33.3) 462 (21.1) 0.035
CAD 9 (17.7) 289 (13.2) 0.354
Stroke 14 (27.5) 245 (11.2) <0.001
COPD 6(11.8) 303 (13.8) 0.672
Peptic ulcer 17 (33.3) 487 (22.2) 0.060
CKD 8 (15.7) 134 (6.1) 0.006

Length of hospital stay, days
Mean (SD) 42 (31) 11 (16)
Median (Q1-Q3) 31 (17-67) 7 (0-16)

ICU admission (%) 14 (27.5) 221 (9.6) <0.001

Antibiotics use (%) 19 (37.3) 182 (8.3) <0.001
Mean, days (SD) 32 (19) 22 (12)
Median, days (Q1-Q3) 31 (1642) 19 (13-29)

PPl use (%) 16 (31.4) 355 (16.2) 0.004
Mean, days (SD) 72 (54) 60 (46)
Median, days (Q1-Q3) 67 (20-101) 42 (21-90)

Systematic steroids use (%) 29 (56.9) 339 (15.5) <0.001
Mean, days (SD) 49 (37) 46 (41)
Median, days (Q1-Q3) 38 (22-53) 29 (20-54)

Targeted therapy (%)
Gefitinib/ Erlotinib 34 (3.32%) 990 (96.68%) 0.002
Afatinib 17 (1.40%) 1201 (98.6%)

Duration from index to even date, days
Mean (SD) 214 (273) 93 (244) 0.001
Median (Q1-Q3) 75 (25-376) 7 (049)

Abbreviations: CAD, coronary artery disease; CDI, Clostridioides difficile infection; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; ICU, intensive care unit; PPl, proton-pump inhibitor; TKI, tyrosine kinase inhibitors; SD, standard deviation.
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was 65.4 (+ 11.5) years, and 60.9% of the patients were female. In the EGFR-TKI with CDI cohort and EGFR-TKIs with
diarrhea cohort, 68.6% and 75.0% of the patients, respectively, were treated with first-line EGFR-TKIs. Most patients in
both cohorts suffered from comorbidities such as hypertension (56.9% vs 42.4), diabetes mellitus (33.3% vs 21.1%), and
peptic ulcers (33.3% vs 22.2%). Patients in the EGFR-TKI with CDI cohort suffered from a higher incidence of stroke
(27.5% vs 11.2%) and chronic kidney disease (15.7% vs 6.1%) than those in the EGFR-TKI with diarrhea cohort. In the
six months before initiation of EGFR-TKI therapy, the EGFR-TKI with CDI cohort had higher ICU admission rate
(26.9% vs 9.6%) than the EGFR-TKI with diarrhea cohort. Patients in the EGFR-TKI with CDI cohort also received
more medications including antibiotics (37.3% vs 8.3%), PPI (31.4% vs 16.2%), and systemic steroids (56.9% vs 15.5%)
in the six months prior to treatment using EGFR-TKIs than those in the EGFR-TKI with diarrhea cohort. Among patients
with CDI, 34 received gefitinib or erlotinib, and 17 received afatinib. There was a longer period of time from index date
to event date in the EGFR-TKI with CDI cohort, and the median period was 75 days (range, 25 to 376 days) and 7 days
(range, 0 to 49 days) in the EGFR-TKI with CDI and EGFR-TKI with diarrhea cohorts, respectively. Huge disparity
between the mean and median demonstrates that data is not normal distribution but seriously skewed.

Multivariate analyses of CDI risk from six months before the index date were conducted (Table 2). We found that
patients who received antibiotics (HR, 3.30; 95% CI, 1.67-6.50) and systemic steroids (HR, 4.90; 95% CI, 2.65-9.06)
had an increased risk of CDI. Patients with stroke also tended to have an increased risk of CDI (HR: 2.00; 95% CI, 0.99—
4.05) with a p-value > 0.05. First-generation EGFR-TKIs (gefitinib and erlotinib) tended to have be associated with an
increased risk of CDI compared with afatinib (HR, 1.81; 95% CI, 0.94-3.47). Afatinib was not associated with an
increased risk of CDI. Patients with CDI had higher ICU admission rates (adjusted HR, 2.34, 95% CI, 1.68-3.28) and
mortality rates (Adjusted HR, 3.42, 95% CI 1.98-5.91) than patients without CDI in the succeeding three years. (Table 3)

Table 2 Multivariate Analyses of CDI Risk from 6 Months Before the Index Date

Variables Crude p-value Adjusted p-value
OR (95% CI) OR (95% CI)
Age, years® 1.09 (0.85-1.39) 0.503 0.93 (0.69-1.24) 0.605
Sex
Female 1.18 (0.66-2.10) 0.585 1.44 (0.76-2.71) 0.263
Male Reference Reference
Prior lines of treatment
0 Reference Reference
| 1.49 (0.73-3.04) 0.273 1.05 (0.48-2.28) 0.905
22 1.21 (0.50-2.91) 0.672 0.65 (0.24-1.70) 0.379
Comorbidity
Hypertension 1.79 (1.02-3.14) 0.041 1.19 (0.59-2.37) 0.632
Diabetes 1.87 (1.04-3.38) 0.038 1.36 (0.70-2.67) 0.365
CAD 1.41 (0.68-2.93) 0.356 0.96 (0.42-2.18) 0916
Stroke 3.01 (1.60-5.64) 0.001 2.00 (0.99—4.05) 0.055
COPD 0.83 (0.35-1.96) 0.673 0.79 (0.31-1.99) 0.614
CKD 2.86 (1.32-6.20) 0.008 1.73 (0.73-4.13) 0.215
ICU admission 3.55 (1.89-6.68) | <0.001 1.69 (0.84-3.42) 0.142
Antibiotics use 6.55 (3.64-11.8) | <0.001 3.30 (1.67-6.50) 0.001
PPl use 2.37 (1.304.32) 0.005 0.96 (0.49-1.89) 0.909
Systematic steroids use | 7.20 (4.09-12.7) | <0.001 4.90 (2.65-9.06) | <0.001
Targeted therapy
Gefitinib/Erlotinib 2.43 (1.35-4.37) 0.003 1.81 (0.94-3.47) 0.075
Afatinib Reference Reference

Notes: “ORs were calculated by per 10-unit change for age and length of hospital stay.

Abbreviations: CAD, coronary artery disease; CDI, Clostridioides difficile infection; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; OR, odd ratio; PPI,
proton-pump inhibitor; TKI, tyrosine kinase inhibitors.
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Table 3 Comparison of ICU Admission and Mortality Between the Two Groups for 3 Years

Outcomes Crude p-value Adjusted® p-value Adjusted® p-value
HR (95% CI) HR (95% CI) SHR (95% CI)
Mortality rate
CDI 451 (3.32-6.12) <0.001 2.34 (1.67-3.28) <0.001 - -
Diarrhea Reference Reference - -

ICU admission rate
CDI 7.06 (4.43—11.24) | <0.001 5.98 (3.52-10.15) | <0.001 3.42 (1.98-5.91) | <0.001
Diarrhea Reference Reference Reference

Notes: *HR were adjusted by sex, age, prior lines of treatment, hypertension, diabetes, CAD, stroke, COPD, CKD, prior ICU admission,
antibiotics use, PPl use, systematic steroids use, and targeted therapy. bAdjusted SHR with competing risk using Fine and Gray model.
Abbreviations: CAD, coronary artery disease; CDI, Clostridioides difficile infection; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; HR, hazard ratio; ICU, intensive care unit; PPl, proton-pump inhibitor; SHR, sub-distribution hazard ratio.

Discussion

This is the first study to evaluate the risk factors for EGFR-TKI-associated CDI among patients with lung cancer. We
found that CDI occurred much later than the usual adverse effect of diarrhea caused by EGFR-TKIs. Patients who
received antibiotics and systemic steroids had an increased risk of CDI. Conversely, afatinib was not a risk factor for
CDI, but first-generation TKIs tended to be associated with an increased risk of CDI. Patients with CDI had a much
higher ICU admission rate and mortality rate than those without CDI.

A study using US National Hospital Discharge surveys showed that the CDI incidence rate among patients with
cancer was 0.86% per cancer discharge, with a high mortality rate (9.4%). CDI was associated with significantly
increased mortality and longer hospital stays among patients with cancer.”> A multicenter study reported that the rate
of hospital-acquired CDI in patients with cancer was more than twice the rate of general hospitalization in the US (15.8
vs 7.4 per 10,000 patient-days).>* The presence of malignancy also has an important impact on CDI treatment and is an
independent risk factor for recurrent CDL.?* In the present study, CDI was also independently associated with high
mortality and a high ICU admission rate. We also evaluate if ICU admission within 6 months prior to EGFR-TKIs
treatment could be a risk factor for CDI. But in multivariate analyses, ICU admission had higher HR for CDI, p value
showed no statistical significance. Systemic steroid and antibiotic use within six months prior to initiation of EGFR-TKIs
increased the risk of CDI. Restricting the unnecessary use of systemic steroids or antibiotics may help to reduce the
occurrence of CDI.

Research on EGFR-TKI-associated CDI is still limited. Case reports on the use of TKIs (dasatinib) to treat leukemia
have shown EGFR-TKI-related CDL.*’ A study using the JADER showed that 375 cases of C. difficile colitis and 903
cases of pseudomembranous colitis were reported between April 2004 and September 2017.'% The case proportions of
CDI and pseudomembranous colitis ascribed to EGFR-TKIs (gefitinib, erlotinib, and afatinib) were 0.8% (3/375) and
0.4% (4/903), respectively. Another study, which calculated RORs using the FDA AERS database between January 2004
and March 2018, reported that the incidence of EGFR-TKI-associated pseudomembranous colitis was the highest with
afatinib (ROR: 14.56), followed by erlotinib (ROR: 5.11), gefitinib (ROR: 3.92), and osimertinib (ROR: 3.09)."
However, afatinib, a second-generation EGFR-TKI, is known to have a higher rate of diarrhea side effects than first-
generation EGFR-TKIs such as gefitinib and erlotinib. Higher ORs of CDI with afatinib could be caused by a notoriety
bias.? In the present study, conversely, we found an unexpected trend of an increased CDI risk in patients receiving first-
generation EGFR-TKIs (gefitinib and erlotinib) compared with those receiving afatinib. Given the relatively small
sample size and short follow-up period, the results of the analysis were not significant.

In a retrospective study,'® 44 CDI cases were diagnosed among 188 patients with lung cancer receiving chemother-
apy. Poor performance status and lower serum albumin level were associated with CDI. Other medications except
antibiotics and underlying comorbidities were not evaluated in the study. In a retrospective study, 27 among 345 patients
who received 492 terms of chemotherapy regimens, 36 (7.3%) had grade 2 or higher diarrhea, and eight had CDI without
prior exposure to antibiotics. In a prospective study,”’” five cases of CDI were diagnosed among 263 patients with lung
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cancer who received chemotherapy, and the incidence rate of CDI was 22.7% in all-grade diarrhea cases. Poor
performance status and paclitaxel were identified as risk factors for CDI. Systemic steroids and underlying comorbidities
were not evaluated in the study. Patients who developed CDI tended to have a later onset date (7 days vs 38 days). Our
studies showed similar results: patients with adverse effects of diarrhea associated with EGFR-TKIs usually experienced
those symptoms earlier (median, 7 days; range, 0—49 days). For patients with a delayed onset of diarrhea, CDI is
a serious concern.

In a recent retrospective study,”® among 421 patients with cancer receiving immunotherapy including programmed
death-1 or its ligand inhibitors or cytotoxic T-lymphocyte-associated antigen 4 inhibitors, 41 patients had CDI (9.7%).
Prior use of antibiotics and PPIs were significantly more common among individuals who developed CDI after immune
checkpoint inhibitors exposure. The incidence rate of CDI was much lower in patients who received EGFR-TKIs (only
2.2% in the present study) than in those receiving chemotherapy or immunotherapy with adverse effects of diarrhea. The
etiological mechanisms of TKI-associated CDI remain uncertain, but the mechanism of EGFR-TKI-associated diarrhea is
quite different from that of chemotherapy- or immunotherapy-related diarrhea. According to previous studies, the
calcium-activated chloride channel is the trigger of EGFR-TKI-associated diarrhea.>*° Chemotherapy-induced intestinal
damage may facilitate the proliferation of C. difficile.’® Patients who have immune-related adverse events, including
immune checkpoint inhibitor-induced diarrhea, usually have to be treated with corticosteroids, which has been shown to
be a risk factor for CDIL

Strengths and Limitations

The strengths of this study include the large real-world cohort to evaluate the possible effects of EGFR-TKIs on CDI risk
by adopting active comparator (diarrhea) controls. Furthermore, the present study included important laboratory
measurements, such as positivity for C. difficile toxin A or B and stool culture, which were not available in the FDA
AERS. Finally, a range of sensitivity analyses confirmed our study results.

Nonetheless, we acknowledge some limitations to the present study. First, we were unable to assess actual medication
adherence, which may cause a possible bias toward null. Second, because diarrhea events occur commonly during TKI
treatment, healthcare providers may tend to prescribe prophylactic antidiarrheal medications without recording the
diagnoses. We reviewed the medical records manually with more clinical information such as laboratory and examination
reports to confirm the events. Third, we did not obtain medical record data from outside the CGRD in Taiwan, which may
have led to loss to follow-up. To address this issue, our as-treated analyses indicated the robustness of our results. Fourth,
the population in the CGRD had more severe disease condition than those in general hospitals; researchers should pay
special attention to selection biases because the patient characteristics from the CGRD differ from those of the national
database. Forth, several clinical information without structured data like performance status, abdominal CT, and
colonoscope were unavailable in this database cohort study using CGRD. Lab data without routinely checked were
also missing among part of patients, we could not further analysis because of limited number of patients. Finally, even if
our study results indicated a lower risk of CDI in patients taking afatinib, more studies are needed to clarify the role of
EGFR-TKIs in the pathophysiology of CDI differ from chemotherapy or immunotherapy and to replicate our findings,
especially other EGFR-TKIs like osimertinib and dacomitinib, which were excluded in this analysis due to small sample
size and too short observational period.

Conclusions

In conclusion, our findings suggest that patients with CDI had higher mortality and ICU admission rates than without
CDI. The use of antibiotics and systemic steroids were risk factors for the development with CDI after EGFR-TKI
treatment in patients with lung cancer. Afatinib was not associated with an increased risk of CDI compared with first-
generation EGFR-TKIs. Physicians should be aware of CDI in these patients to attain an early diagnosis, proper
treatment, and reduced complications.
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