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Background: Diarrhea post-antibiotic use is primarily attributed to mucosal lesions
induced by Clostridium (Clostridioides) difficile (C. difficile) infection (CDI). Cancer
patients undergoing chemotherapy might have a higher risk of CDI even when prior
antibiotics are not used. Thus far, the relationship between lung cancer chemotherapy and
the incidence of diarrhea remains unclear. This prospective multicenter study aimed to
determine the incidence of CDI in lung cancer patients undergoing chemotherapy.

Methods: The presence of C. difficile and its toxins was investigated in lung cancer
patients experiencing diarrhea during chemotherapy including paclitaxel (PTX),
nanoparticle albumin-bound paclitaxel (nab-PTX), docetaxel (DOC), tegafur-gimeracil-
oteracil (S-1), or irinotecan (CPT-11). If grade 2 or higher diarrhea occurred, then a stool
culture was performed to detect anaerobic organisms and C. difficile toxins A and B.
Additional data were collected through patient interviews and medical chart review.

Results: A total of 263 consecutive patients were enrolled in the study; grade 2 or higher
diarrhea was observed in 22 patients (8.4%); CDI was confirmed in five of them (1.9%). The
incidence of CDI was 22.7% of all diarrhea cases, and 50% of patients treated with PTX
were CDI positive; the incidence of CDI was significantly higher in patients treated with PTX
(P=0.039). Among the diarrhea cases, CDI patients had significantly worse ECOG
performance status (PS) (P=0.043) and a significantly higher neutrophil count (P=0.028)
than non-CDI patients. No CDI patients received antibiotics before cancer chemotherapy.
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Conclusions: Although diarrhea does not always affect a large portion of lung cancer
chemotherapy recipients, clinicians should consider the possibility of CDI occurrence in lung
cancer patients receiving chemotherapy, particularly PTX, without prior antibiotic exposure.
Keywords:Clostridium (Clostridioides) difficile, diarrhea, lung cancer, chemotherapy, prospectivemulticenter study
INTRODUCTION

Clostridium (Clostridioides) difficile (C. difficile) infection (CDI)
is a common nosocomial infection associated with prior antibiotic
use (1). Some patients remain asymptomatic after exposure to C.
difficile, whereas others develop a range of illnesses, from mild
diarrhea to fulminant colitis (2). Transmission of CDI occurs from
one patient to the others and causes mild diarrhea. The risk of CDI
can also be high when antibiotics disrupt host defenses provided by
indigenous microflora in the colon. Potential risk factors for CDI
include old age, underlying illness, poor infection control practice,
prolonged hospitalization, and anticancer drugs (1). Despite great
efforts made over the past ten years to manage the CDI burden (3–
5), there are still gray areas in CDI management (1, 6). CDI
accounted for almost half a million of the total infections and was
associated with approximately 29,000 deaths in 2011 in the United
States (6). In Japan, all-cause mortality in patients with CDI was
reported to increase from3.4% to15.1%between2007 and2013 (7).

Lung cancer is the leading cause of cancer-related mortality
worldwide (8). With an increase in the number of hospital
admissions related to either the underlying malignancy or
comorbidities (9), the frequencies of prolonged admission,
continuous antibiotic use, and general patient weakness have
also increased. Chemotherapeutic agents can directly damage the
intestinal mucosa (enterocolitis) and cause changes in the
intestinal microflora, leading to mucosal damage diarrhea.
Occasionally, damage caused by neutropenia from their use
contributes to the development of CDI (10–12). Therefore,
lung cancer patients could be at a high risk of CDI. However,
only few studies to date have investigated the relationship
between lung cancer chemotherapy and the incidence of
diarrhea. A retrospective study reported that CDI was
diagnosed in 44 of 188 (23.4%) lung cancer patients (13). Our
previous single-institutional retrospective study reported that
tegafur-gimeracil-oteracil (S-1) and irinotecan (CPT-11)
tended to increase the rate of CDI (14). Several studies have
investigated the incidence of CDI in patients treated with
paclitaxel (15–17). Severe CDI cases associated with docetaxel
have also been reported (18).

This prospective multicenter study aimed to determine
the incidence of CDI among lung cancer pat ients
receiving chemotherapy.
PATIENTS AND METHODS

Patients older than 20 years with histologically or cytologically
proven lung cancer treated with anticancer drugs, including
paclitaxel (PTX), nanoparticle albumin-bound paclitaxel (nab-
2

PTX), docetaxel (DOC), tegafur-gimeracil-oteracil (S-1), or
irinotecan (CPT-11), were eligible for this study. Other eligibility
criteria included Eastern Cooperative Oncology Group
performance status 0–3 and an estimated life expectancy of ≥3
months. Patientswithpsychotic disease, ileus,CDIonsetwithin two
months, or diarrhea were excluded. If we noted grade 2 or higher
diarrhea, as defined using the Common Terminology Criteria for
Adverse Events Version 4 (CTC), stool culture was performed to
detect anaerobic organisms and toxins A and B. A diagnosis of CDI
was made on the basis of a combination of clinical and laboratory
findings (19). The following criteria are commonly used in CDI
diagnosis: (1) the presence of diarrhea (defined as the passage of
three or more unformed stools in 24 or fewer consecutive hours);
and (2) a stool test positive for the presenceof toxigenicC.difficileor
its toxins or colonoscopic or histopathologic findings
demonstrating pseudomembranous colitis (19). A colonoscopic
diagnosis of pseudomembranous enteritis is not necessarily
required for CDI diagnosis. CDI treatment was not limited;
diarrhea prophylaxis or laxatives use was not prohibited. After
diarrhea resolved, patient assessmentwas terminated. If nodiarrhea
is observed four weeks after completing scheduled chemotherapy,
patient assessment was terminated. Further data were collected
through patient interviews and medical chart review.

This study was approved by the Institutional Review Board
(IRB) and Ethical Review Committee (ERC) at each institution
and conducted in compliance with Good Clinical Practice (GCP)
and Declaration of Helsinki. This trial was registered with the
University Hospital Medical Information Network (UMIN),
number UMIN C000008432. Written informed consent was
obtained from all enrolled patients.

Statistical Analysis
Categorical variables were tested for significance using Fisher’s
test, Student’s t test, the Mann-Whitney U test, or Welch’s t test,
as appropriate. All p values were two-sided, with a value of <.05
considered to indicate statistical significance. All statistical
analyses were performed using EZR (Saitama Medical Centre,
Jichi Medical University, Saitama, Japan), a graphical user
interface for R (The R Foundation for Statistical Computing,
Vienna, Austria). EZR is a modified version of R commander and
is designed to add statistical functions frequently used in
biostatistics (20).
RESULTS

From October 2012 to August 2014, 263 consecutive patients
were enrolled from six institutions in Japan. Diarrhea of grade 2
or higher was observed in 22/263 (8.4%) patients. C. difficile
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toxins A or B were present in 5/22 patients, indicating CDI
diagnosis (Figure 1).

Table1 shows theclinical characteristicsofpatients in this study.
Among 22 patients who developed diarrhea, patients with CDI had
significantly worse ECOG performance status (PS) and a
significantly higher neutrophil count than those without CDI
(P=0.043 and P=0.028). No association was found between age,
sex, prior chemotherapy administration, antibiotic administration
within one month, minimum lymphocyte count, serum albumin
level, medication (proton pump inhibitor, laxative, histamine 2
blocker, intestinal drugs), anddiarrhea.CDI inall patientswasmild,
Frontiers in Oncology | www.frontiersin.org 3
and treatmentwithoralmetronidazole immediately resolved.There
was no evidence of nosocomial transmission of C. difficile.

Table 2 shows the relationship between each drug and the
incidence of CDI. Each anticancer drug was used either alone or
in combination with another one. At the time of CDI diagnosis,
no patients had prior antibiotics within one month. Twenty-two
patients had grade 2 or higher diarrhea. Diarrhea of grade 2 or
higher was observed in 8/102 (7.8%) patients treated with PTX,
5/58 (8.6%) patients treated with DOC, 4/62 (6.4%) patients
treated with S-1, and 9/51 (17.6%) patients treated with CPT-11.
No diarrhea developed in patients treated with nab-PTX. The
FIGURE 1 | Patient enrollment and outcomes. CDI, Clostridium (Clostridioides) difficile infection.
TABLE 1 | Patient characteristics and results.

All patients (n=263) Without diarrhea (n=241) With diarrhea (n=22)

Without CDI (n=17) With CDI (n=5) P

Age (median) 43-88 (67) 46-86 (67) 43-78 (64) 59-78 (68) 0.658a

Male/female 202/61 188/53 11/6 3/2 1.00b

ECOG (PS)
(0/1/2/3)

151/93/15/4 139/85/14/3 11/6/0/0 1/2/1/1 0.043b

Prior chemotherapy (yes/no) 154/109 141/100 11/6 1/4 0.135b

Admission within one year (yes/no) 151/112 138/103 11/6 2/3 0.609b

Antibiotic administration within one month (yes/no) 12/251 10/231 3/14 0/5 1.00b

Minimum neutrophil count: median (/mm3) 21-11230 (940) 21-11230 (968) 207-1760 (722) 250-2325 (1360) 0.028c

Minimum lymphocyte count: median (/mm3) 12-2330 (730) 12-2330 (750) 51-1350 (600) 13-880 (390) 0.249d

Serum
albumin: median (g/dl)

1.3-4.3
(2.9)

1.3-4.3
(3.0)

1.8-3.8
(2.7)

1.9-2.6
(2.3)

0.061c

Proton pump inhibitor or histamine 2 blocker 100 79 9 2 1.00b

Laxative 53 49 4 0 1.00b

Intestinal drugs 25 12 3 0 1.00b
July 2021 |
 Volume 11 | Article 6
CDI, Clostridium (Clostridioides) difficile infection; ECOG PS, Eastern Cooperative Oncology Group performance status.
aResults calculated with Student’s t test.
bResults calculated with Fisher’s exact test.
cResults calculated with Student’s t test.
dResults calculated with Mann-Whitney U test.
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incidence of CDI was significantly higher in patients who
received PTX (P=0.039). There was no association between the
use of other drugs and the development of CDI.

Table 3 shows the diarrhea onset time. Overall, the median
number of days until the onset of grade 2 or higher diarrhea was
7 days (range 0–67). However, in patients without CDI, the
median number of days until onset was 7 days (range 0–29), and
the median number of days until onset was 38 days (range, 10–
67) in patients with CDI. Patients who developed CDI tended to
have a later onset date (P=0.084).

DISCUSSION

This study, to the best of our knowledge, is the first prospective
multicenter study to assess the relationship of lung cancer
chemotherapy with diarrhea and CDI. We found that the
incidence of CDI was 22.7% of all diarrhea cases in patients
with lung cancer treated with anticancer drug.

Rodrıǵuez Garzotto et al. reported that they could not find
any association between a particular type of chemotherapy and
CDI in oncology patients (10). However, in the present study, the
incidence of CDI among diarrhea cases was significantly higher
in patients who received PTX (P=0.039).

Hwang et al. reported that albumin levels were significantly
lower, and PS score was significantly higher in lung cancer
patients with CDI than in those without CDI (13). In the
present study, there was a similar trend of poor PS and low
albumin levels in CDI-positive diarrhea cases.

In the present study, patients who developed CDI tended to
have a later onset date. In one report, the median interval from
completing a treatment course to CDI diagnosis was 20.3 days
(21). The onset of CDI symptoms may occur immediately after
chemotherapeutic agents’ initiation or may be delayed.

The exact etiology of chemotherapy-induced CDI is unclear.
C. difficile is a spore-forming anaerobe that can survive for several
Frontiers in Oncology | www.frontiersin.org 4
months in air as spores. It is resistant to gastric acid and pathogenic
when it reaches the intestinal tract. There has a high carrier rate
among hospital inpatients (22).C. difficile is themost common cause
of nosocomial diarrhea worldwide. Several potential risk factors for
CDI have been reported, but the use of antibiotics is particularly　
representative. In this study, none of the five CDI patients had
received antibiotics within a month, and no nosocomial infections
were identified. We believe that the administration of anticancer
drugs may affect the development of CDI.

TheAmericanSocietyofClinicalOncology (ASCO)guidelineson
the treatment of chemotherapy-induced diarrhea recommend
starting treatment with an anti-diarrheal agent or antibiotic
together with testing C. difficile as part of a stool work-up if
symptoms do not improve (23). In the case of antibiotic-associated
diarrhea, early screening for C. difficile should be performed
aggressively using stool culture to account for the possibility of
CDI. Therefore, in the case of post-chemotherapy diarrhea, as with
antibiotic-associated diarrhea, we believe that it is important to
perform stool testing for C. difficile at an earlier stage. Further, close
cooperation between clinicians who administer chemotherapy and
hospital infection control teams is important for cancer treatment.As
for treatment, metronidazole, vancomycin, and fidaxomicin are
available. Recurrence has been reported in up to 25% of people.
Tentatively, it has been shown that fecal microbiota transplantation
and probiotics may reduce the risk of recurrence.

Recently, immune-checkpoint inhibitors have become an
important part of treatment for lung cancer, and both single-
agent immune checkpoint inhibitors and combination therapy
with immune checkpoint inhibitors and anticancer drugs are
standard first-line treatments (24, 25). The therapy causes various
adverse effects, including colitis. It is reported to range from 9% to
12% (26–28). In particular, several combination therapies of
immune checkpoint inhibitors and anticancer drugs including
PTX have been approved, and we believe that the results of this
study are important for future lung cancer treatment (29–31).
TABLE 2 | Relationship between each drug and CDI.

Chemotherapy agent (alone or combination) All patients (n=263) With diarrhea (n=22)

Without CDI (n=17) With CDI (n=5) p

PTX 102 4 4 0.039a

Nab-PTX 8 0 0 NA
DOC 58 5 0 0.29a

S-1 62 4 0 0.54a

CPT-11 51 8 1 0.36a
July
 2021 | Volume 11 | Article 6
CDI, Clostridium (Clostridioides) difficile infection, PTX, paclitaxel; nab-PTX, nanoparticle albumin-bound paclitaxel; DOC, docetaxel; S-1, tegafur-gimeracil-oteracil; CPT-11, irinotecan.
Each anticancer drug was used alone or in combination with another one.
aResults calculated with Fisher’s exact test.
TABLE 3 | Diarrhea onset time.

Median duration (days)

All diarrhea cases 7 (0-67)
CDI (+) 38 (10-67) P=0.084a

CDI (−) 7 (0-29)
CDI, Clostridium (Clostridioides) difficile infection; CDI (+), patients with lung cancer with CDI; CDI (-), patients with lung cancer without CDI.
aResults calculated with Welch’s t test.
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The major limitation of the study is the small number of
CDI cases.

The results of this study showed that approximately a quarter
of the diarrhea cases were positive for CDI.　When patients
show grade 2 or higher diarrhea after treatment with anticancer
agents, especially with PTX, the possibility of CDI must be
considered. Testing for C. difficile should be carried out at an
early stage, even without prior antibiotic exposure.
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Orellana-Miguel MÁ, Dıáz-Garcıá CV, et al. Risk Factors Associated With
Clostridium Difficile Infection in Adult Oncology Patients. Support Care
Cancer (2015) 23:1569–77. doi: 10.1007/s00520-014-2506-7

11. Anand A, Glatt AE. Clostridium Difficile Infection Associated With
Antineoplastic Chemotherapy: A Review. Clin Infect Dis (1993) 17:109–13.
doi: 10.1093/clinids/17.1.109

12. Gorschlüter M, Glasmacher A, Hahn C, Schakowski F, Ziske C, Molitor E,
et al. Clostridium Difficile Infection in Patients With Neutropenia. Clin Infect
Dis (2001) 33:786–91. doi: 10.1086/322616

13. Hwang KE, Hwang YR, Seol CH, -Park C, Park SH, Yoon KH, et al.
Clostridium Difficile Infection in Lung Cancer Patients. Jpn J Infect Dis
(2013) 66:379–82. doi: 10.7883/yoken.66.379
14. Toi Y, Sugawara S, Kobayashi T, Terayama K, Honda Y. Observational Study of
Chemotherapy-Induced Clostridium Difficile Infection in Patients With Lung
Cancer. Int J Clin Oncol (2018) 23:1046–51. doi: 10.1007/s10147-018-1304-5

15. Husain A, Aptaker L, Spriggs DR, Barakat RR. Gastrointestinal Toxicity and
Clostridium Difficile Diarrhea in Patients Treated With Paclitaxel-Containing
Chemotherapy Regimens. Gynecol Oncol (1998) 71:104–7. doi: 10.1006/
gyno.1998.5158

16. Peretz A, Shlomo IB, Nitzan O, Bonavina L, Schaffer PM, Schaffer M.
Clostridium Difficile Infection: Associations With Chemotherapy, Radiation
Therapy, and Targeting Therapy Treatments. Curr Med Chem (2016)
23:4442–9. doi: 10.2174/0929867323666161028162018

17. Masciullo V, Mainenti S, Lorusso D, Margariti PA, Scambia G. Lethal
Clostridium Difficile Colitis Associated With Paclitaxel and Carboplatin
Chemotherapy in Ovarian Carcinoma: Case Report and Review of the
Literature. Obstet Gynecol Int (2010) 010:749789. doi: 10.1155/2010/749789

18. Carrion AF, Hosein PJ, Cooper EM, Lopes G, Pelaez L, Rocha-Lima CM.
Severe Colitis Associated With Docetaxel Use: A Report of Four Cases.World
J Gastrointest Oncol (2010) 2:390–4. doi: 10.4251/wjgo.v2.i10.390

19. Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC, et al.
Clinical Practice Guidelines for Clostridium Difficile Infection in Adults: 2010
Update by the Society for Healthcare Epidemiology of America (SHEA) and
the Infectious Diseases Society of America (IDSA). Infect Control Hosp
Epidemiol (2010) 31:431–55. doi: 10.1086/651706

20. Kanda Y. Investigation of the Freely Available Easy-to-Use Software’ezr’ for
Medical Statistics. Bone Marrow Transplant (2013) 48:452–8. doi: 10.1038/
bmt.2012.244

21. Khan A, Raza S, Batul SA, Khan M, Aksoy T, Baig MA, et al. The Evolution
of Clostridium Difficile Infection in Cancer Patients: Epidemiology,
Pathophysiology, and Guidelines for Prevention and Management.
Recent Pat Anti-Invective Drug Discov (2012) 7:157–70. doi: 10.2174/
157489112801619674

22. Fang WJ, Jing DZ, Luo Y, Fu CY, Zhao P, Qian J, et al. Clostridium Difficile
Carriage in Hospitalized Cancer Patients: A Prospective Investigation in
Eastern China. BMC Infect Dis (2014) 14:523. doi: 10.1186/1471-2334-14-523

23. Benson AB, III, Ajani JA, Catalano RB, Engelking C, Kornblau SM, Martenson
JA, et al. Recommended Guidelines for the Treatment of Cancer Treatment-
Induced Diarrhea. J Clin Oncol (2004) 22:2918–26. doi: 10.1200/JCO.
2004.04.132
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