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acquiring CDI were higher among patients with than without
cancer. Specifically, risk was significantly higher for those
who had liquid tumors and higher for those who had recent-
ly diagnosed solid tumors and distant metastasis. These
findings were independent of prior healthcare-associated
exposure. This population-based assessment can be used
to identify targets for prevention of CDI.

Healthcare-associated infections are common and often
preventable infections that lead to high morbidity and
mortality rates (/). The bacterium Clostridioides difficile
(formerly Clostridium difficile) causes inflammation of
the colon, which commonly causes diarrhea. In the United
States, C. difficile infection (CDI) is the leading cause of
healthcare-associated infections (2).

Among the general population, the risk for CDI among
older adults (>65 years of age) is up to 26 times greater than
that among younger adults (2). The effects of this infection
are also worse for older persons. In 2015, CDI ranked as
the 18th leading cause of death for persons >65 years of
age (3). Although persons in this age group accounted for
only 48% of CDI cases, they accounted for ~87% of deaths
from CDI (3.4).

For older adults, the risk for CDI may be amplified
even further by cancer or its treatment. Common factors
that influence risk for CDI in general are advanced age, di-
minished humoral immune response, healthcare-associat-
ed exposures, and extended receipt of antimicrobial drugs,
all of which are widely prevalent aspects of oncologic
and supportive care (5). In addition, exposure to certain
cytotoxic chemotherapeutic drugs has been postulated to
induce a loss of resistance to colonization with C. difficile,
although the mechanisms are unclear (6,7). Yet, the com-
plex relationship between cancer in older adults and CDI
remains weakly characterized at the population level (8,9).

Our objective with this study was to determine wheth-
er the risk for CDI is higher among older adults with cancer
than among older adults without cancer. A population-level
assessment of cancer-specific incidence of CDI among old-
er adults would not only increase our knowledge of the dis-
ease epidemiology in this specialized population but could
also guide primary prevention strategies, focusing on those
at greatest risk for development of this complication.

Methods

Study Design

This study was considered exempt research by the institu-
tional review board of Memorial Sloan Kettering Cancer
Center (New York, New York, USA). Use of Surveillance,
Epidemiology, and End Results (SEER)-Medicare data for
this study was approved by the National Cancer Institute
(Bethesda, MD, USA).
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We conducted a retrospective cohort study with a nest-
ed case—control analysis and used population-based SEER-
Medicare—linked data to assess CDI occurrence in 2011.
The National Cancer Institute—sponsored SEER program
includes regions that cover 28% of the US population.
SEER registries include information about cancer site, ini-
tial treatments, and active follow-up for death. The SEER-
Medicare dataset links cancer registry files with Medicare
enrollment information and claims for Medicare benefi-
ciaries with a diagnosis of cancer. Compared with the US
older adult population, the SEER-Medicare cohort has a
similar age and sex distribution, slightly higher proportion
of patients residing in urban and high-income areas, and
smaller proportion of nonwhite persons (/0). We used the
random 5% sample of Medicare beneficiaries who reside in
SEER regions to identify non—cancer patients.

Study Participants

We included Medicare beneficiaries with and without a can-
cer diagnosis. For beneficiaries with cancer, we included those
with solid (breast, colon, lung, prostate, and head and neck
cancers) and liquid (lymphoma, myeloma, leukemia) tumors
diagnosed during 2006-2010. We required that participants
had been >66 years of age at the time of diagnosis to allow
for 1 year of claims to assess prior healthcare use and CDI
diagnoses. For inclusion in the non—cancer patient sample, we
required that Medicare beneficiaries had been >66 years of
age at the start of 2011 with no history of cancer.

All patients included in the cohort had to have been
hospitalized >1 time in 2011. We excluded those for whom
Medicare Parts A and B coverage during 2010-2011 was
incomplete and those who had a diagnosis of CDI in 2010
(the year before our study year).

Variables

CDI diagnoses were based on code 008.45 of the Interna-
tional Classification of Diseases, 9th Revision, on an inpa-
tient claim. Because of a lack of dates for diagnosis codes on
inpatient claims, the admission date of the first claim with a
CDI diagnosis was used as the CDI date. We examined the
following patient characteristics: age, sex, race, geographic
region, urban/rural location, hospitalizations from the prior
year (within 12 months before the index date), and stays in a
skilled nursing facility from the prior year (within 12 months
before the index date). Cancer status was categorized as can-
cer versus no cancer, as solid versus liquid tumors, and by
individual disease types. For cancer patients, stage at diagno-
sis was categorized according to the SEER historic staging
variable: in situ, local/regional, or distant or unknown.

Cohort Analysis
We determined CDI incidence in 2011 for hospitalized
patients with and without cancer. Incidence was reported
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as the percentage of the cohort in whom CDI developed
during the study period. We also examined the overall pro-
portion of patients with CDI and CDI incidence by patient
characteristics.

Nested Case-Control Analysis

We included all patients with a diagnosis of CDI in 2011
in the nested case—control analysis; the index date was de-
fined as the date of first CDI diagnosis in 2011. We ran-
domly selected 5 control participants for each case-patient,
matched by age (+1 year) at study start date (January 1,
2011) and sex. The index date for each control was the date
of CDI for the matched case-patient. Each matched control
must have had follow-up through at least the case-patient’s
index date with no occurrence of CDI from study start date
through index date. Case-patients could not be their own
controls, but a case-patient was eligible to be a control for
another case-patient if the criteria were met.

We compared the cancer status and other characteris-
tics of the case-patients and controls. We used conditional
logistic regression models for individually matched case-
patients and controls to obtain the odds of CDI among
those with a cancer diagnosis. We calculated adjusted
and unadjusted odds ratios (ORs) for CDI by tumor type,
stage at diagnosis, and year of diagnosis; the reference
group was non—cancer patients. The stage-specific model
was run for solid tumors with the following 3 SEER cat-
egories: in situ, locoregional, or distant versus no cancer
(reference group). Odds of CDI for patients with liquid tu-
mors were not reported because liquid tumors are staged
as distant disease. Odds of CDI occurrence were also
calculated by prior hospitalizations and prior stays at a
skilled nursing facility. All conditional logistic regression
models included as covariates patient race, geographic
region, urban/rural location, cancer status, prior hospital-
izations, and prior stays at a skilled nursing facility. For
the case—control analysis, we used stays within 12 months
before a patient’s index date to define prior hospitaliza-
tions and prior skilled nursing facility stays.

To examine associations among cancer patients who
were likely to actively receive treatment, we also repeated
the analysis for patients whose cancer was diagnosed during
2009-2010 only and those without a cancer diagnosis. We
used the same method to obtain new matched case-patients
and controls for this analysis. We considered p<0.05 to be
statistically significant. All analyses were conducted by using
SAS version 9.4 (SAS Institute Inc., https://www.sas.com).

Results
Cohort Analysis

For the 93,566 beneficiaries in the study cohort, 2.6% had
CDI during the study period. In unadjusted analyses, a
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higher proportion of patients with cancer had CDI (2.8%)
than did patients without cancer (2.4%). The proportion
with CDI was higher among female patients and patients
living in the Northeast and metropolitan areas. When we
analyzed by 5-year age intervals, we found an incremental
increase in CDI risk, from 1.9% among patients 66—69 years
of age to 2.9% among patients >85 years of age (Table 1).

Nested Case-Control Analysis
For the 2,421 case-patients with CDI, we identified 12,105
matched controls. A higher proportion of case-patients
(54%) than controls (49%) had cancer. The distribution
of race was similar among case-patients and controls, but
distribution by geography differed slightly. Higher propor-
tions of case-patients than controls had been hospitalized
multiple times before or had stayed in a skilled nursing fa-
cility (Table 2).

The odds of CDI developing were higher among can-
cer patients than non—cancer patients (adjusted OR 1.15,
95% CI 1.04—1.26; p = 0.005). When cancer was subdivid-
ed into solid and liquid tumor types, having a solid tumor
was not significantly associated with an increased risk for
CDI compared with having no cancer diagnosis (adjusted
OR 1.05, 95% CI 0.95-1.16); an underlying diagnosis of
a liquid tumor was significantly associated with increased
risk for CDI compared with no cancer diagnosis (adjusted
OR 1.74, 95% CI 1.48-2.06; p<0.001). When we restricted
the analysis to only patients who had received a cancer di-
agnosis within the past 2 years or no cancer diagnosis at

Table 1. Clostridioides difficile infection, by cohort characteristics,
in study of risk among older adults with cancer, United States
% Patients with

Characteristic Total no. C. difficile infection
Total 93,566 2.6
Cancer status

Cancer 47,323 2.8

No cancer 46,243 2.4
Age, y

66-69 12,001 1.9

70-74 20,691 24

75-79 20,155 2.6

80-84 18,651 2.8

>85 22,068 2.9
Sex

M 42,330 2.4

F 51,236 2.8
Race

White 77,831 2.6

Black 8,885 2.6

Other/unknown 6,850 2.2
Urban/rural

Metropolitan 76,808 2.8

Not metropolitan 16,703 1.8
US region

West 36,726 2.5

Midwest 12,086 3.0

South 24,980 2.0

Northeast 19,774 3.3
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Table 2. Characteristics of case-patients and controls in study of
Clostridioides difficile infection in older adults with cancer,
United States

all, we found that both solid and liquid tumor types were
significantly associated with increased odds of CDI com-
pared with no cancer diagnosis (Tables 3, 4). Regardless

% g::;lnct::se- :/gnth;fgl of a cancer diagnosis, >2 prior hospitalizations or a prior

Characteristic n = 2,421 n=12105 stay at a skilled nursing facility were each associated with

Cancer diagnosis increased odds of CDI occurrence (Table 3).
gg"‘éatﬁ‘;?gr 22 ‘51; Findings from our adjusted stage-specific model dem-
Liquid tumor 12 7 onstrated that the odds of CDI were higher for patients with

Age, y* a solid tumor than for those with no cancer (Figure). Odds
66-69 10 10 of CDI were also higher for patients with solid cancer at an
;g:;g 3(1) %1 unknown stage at diagnosis, although this finding probably
80-84 22 22 depends on the constructs of the historic staging variable in
>85 27 27 SEER. Odds of CDI did not differ significantly for cancer

Seﬁ a1 a1 patients with in situ or local/regionalized solid tumors at
F 59 59 diagnosis, compared with non—cancer patients.

Race
‘é‘ggs ?g 893 Discussion
Other/unknown 6 7 The main findings of our study, derived from a popula-

Urban/rural tion-based cohort of Medicare beneficiaries >65 years
Metropolitan 87 83 of age, indicate that the risk for CDI is greater for older
Not metropolitan 13 17 .

US region adults undergoing treatment for cancer than for age-
West 38 40 matched controls. We show that much of this excess risk
Midwest 15 13 is associated with the type of underlying cancer and ad-
ﬁgLrjttr:]east gg g? vanced disease and remains independent of prior health-

Prior hospitalizationst care-associated exposure from inpatient and skilled
0 20 37 nursing facility stays. Risk was highest for patients with
1 18 32 hematologic malignancies. In comparison, for solid tu-
g 12 166 mor patients, odds of developing CDI were higher only
4 10 4 for those with a recent cancer diagnosis and those with
25 _ _ 22 ) distant metastasis at diagnosis.

Prﬁ:)skllled nursing facility stayt 56 83 Our findings collectively expand knowledge of how
Yes 44 18 cancer diagnosis affects CDI-associated illness among

*Case-patients with Clostridioides difficile infection were matched to
controls without C. difficile infection, by age and sex.

1Stays within 12 mo before a patient’s index date were used to define prior
hospitalizations and prior skilled nursing facility stays.

older adults. Reports of CDI in the absence of exposure
to antimicrobial drugs has been well described for patients
receiving cytotoxic chemotherapy (/7), plausibly related to

Table 3. Odds ratios of infection occurrence, nested case—control analysis in study of Clostridioides difficile infection in older adults

with cancer
Primary analysis: cancer patients and non—cancer patients*

Characteristic Unadjusted OR (95% CI) p value Adjusted OR (95% Ch)t p value
Tumor type

None 1.00 1.00

Solid 1 13 (1.03-1.24) 0.01 1.05 (0.95-1.16) 0.32

Liquid 1.94 (1.67-2.26) <0.001 1.74 (1.48-2.06) <0.001
Prior hospitalizations

0 1.00 1.00

1 1.11 (0.96-1.28) 0.15 1.07 (0.93-1.23) 0.37

2 2.33 (2.02-2.69) <0.001 1.83 (1.56-2.14) <0.001

3 3.55 (2.99-4.20) <0.001 2.68 (2.22-3.23) <0.001

4 4.93 (4.09-5.96) <0.001 3.49 (2.81-4.31) <0.001

>5 8.63 (7.39-10.09) <0.001 5.76 (4.74-6.99) <0.001
Prior skilled nursing facility stay

No 1.00 1.00

Yes 3.93 (3.56-4.33) <0.001 1.59 (1.39-1.82) <0.001

*For cancer patients, diagnosis was made during 2006—-2010. OR, odds ratio.

TAdjusted odds of C. difficile infection based on conditional logistic regression model. Adjusted for age, sex, race, geographic region, urban/rural location,
prior hospitalizations, and prior skilled nursing facility stays. Separate models were conducted for all patients with a cancer diagnosed 2006—2010 and
noncancer patients, and for recently diagnosed cancer patients (diagnosis 2009-2010) and non—cancer patients.
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Table 4. Adjusted odds ratios of Clostridioides difficile infection occurrence, nested case—control analysis

Subanalysis: recently diagnosed cancer patients and non—cancer patients*

Characteristic Unadjusted OR (95% CI) p value Adjusted OR (95% Cht p value
Tumor type
None 1.00 1.00
Solid 1.36 (1.22-1.53) 0.01 1.24 (1.10-1.40) <0.001
Liquid 2.22 (1.83-2.69) <0.001 1.84 (1.49-2.26) <0.001
Prior hospitalizations
0 1.00 1.00
1 1.13 (0.96-1.33) 0.13 1.07 (0.91-1.26) 0.40
2 2.28 (1.94-2.68) <0.001 1.73 (1.44-2.08) <0.001
3 3.17 (2.60-3.86) <0.001 2.32 (1.86-2.88) <0.001
4 4.31 (3.48-5.33) <0.001 2.92 (2.29-3.72) <0.001
>5 8.34 (7.00-9.94) <0.001 5.25 (4.21-6.55) <0.001
Prior skilled nursing facility stay
No 1.00 1.00
Yes 3.80 (3.40—4.24) <0.001 1.64 (1.41-1.92) <0.001

*For cancer patients, diagnosis was made during 2009-2010. OR, odds ratio.
tTAdjusted odds of CDI based on conditional logistic regression model. Adjusted for age, sex, race, geographic region, urban/rural location, prior
hospitalizations, and prior skilled nursing facility stays. Separate models were conducted with all patients with a cancer diagnosis during 2006-2010 and
noncancer patients, and for recently diagnosed cancer patients (those diagnosed 2009-2010) and noncancer patients.

intestinal dysbiosis caused by these agents. In our study, the
occurrence of CDI seemed to be influenced by active on-
cologic therapy among patients with solid tumors, as sug-
gested by the heightened risk at the time of new diagnosis,
when the intensity of treatment is expected to be greater.
Similarly, the CDI risk for patients with solid tumors was
also higher for those with distant site metastases at the time
of diagnosis, underscoring the complexities in management
of advanced cancers. We cannot determine from this study
whether these associations are driven by type of cancer
treatment, excessive use of antimicrobial drugs, or a con-
sequence of immunologic and microbial perturbation as-
sociated with cancer treatment in persons of advanced age.

A

We were unable to quantify antecedent exposure to antimi-
crobial drugs, a major driver of CDI (/2—-15); the coexis-
tence of several confounding factors makes this distinction
particularly challenging. When we made risk adjustments
for race, geographic region, type of healthcare facility, and
number of prior healthcare facility stays, the odds of CDI
in patients with liquid tumors were significantly higher.
Similar to previous studies of non—cancer populations, we
found an incremental increase in CDI risk with number of
hospitalizations; risk for those with >3 hospital stays was
3-fold higher (12,16).

Symptoms of primary and recurrent CDI can be par-
ticularly debilitating in persons with advanced age and

%L Figure. Adjusted (A) and

aOR (95% Cl) p value Cases Controls

unadjusted (B) odds of CDI for
Unknown | 1.54 (1.16-2.06) <0.0001 3 2 cancer patients with solid tumor
compared with non—cancer
Distant e 1.86 (1.51-2.30) <0.0001 7 4 patients. Stage is based on
Surveillance, Epidemiology, and
End Results historic staging
Local/regional —a— 0.96 (0.86-1.07) 0.407 31 34 variable. aOR estimates were
generated from a logistic
In situ f f 0.80 (057-1.14) 023 2 2 regression model adjusted
Lower odds of CDI Higher odds of CDI for age, sex, race geographic
ofs 1fo 1f5 2%0 2f5 3fo region, urban/rural location,
prior hospitalization, and prior
w skillled nursing stay. Non—cancer
B OR (95% Cl) p value Cases Controls  Patients serve as the reference
group, indicated by the reference
Unknown I — 1.84 (1.41-2.40) <0.0001 3 2 line at 1.0. Error bars indicate
95% Cls. aOR, adjusted odds
Distant e 216 (1.79-2.62) <0000t 7 4 ratio; CDI, Clostridioides difficile
infection; OR, odds ratio.
Local/regional ——A 1.02 (0.92-1.13) 0.759 31 34
In situ } { 0.78 (0.56-1.08) 0.133 2 2
Lower odds of CDI Higher odds of CDI
015 1!0 1f5 210 2!5 3!0
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are frequently associated with postinfectious irritable
bowel syndrome (5). In patients receiving concomitant
cancer therapy, CDI symptoms are often indistinguish-
able from the gastrointestinal side effects of chemother-
apy, radiation, and newer immunotherapies (/7). For
these complex reasons, CDI during cancer treatment can
lead to delays in future chemotherapy or radiation cycles
and have been shown to negatively affect eligibility for
curative treatment options (/8). In addition, the estimat-
ed surplus healthcare-associated costs of primary CDI
in patients with advanced age is estimated to be around
US $37,000 and for patients with immunocompromis-
ing conditions US $16,000, almost 2-fold higher than
costs of CDI for patients without immunocompromising
conditions (/9). The wide-ranging effects of CDI in this
population warrants assessment of primary prevention
strategies (20—22). Our study defines the subset of older
adults with cancer who would probably benefit the most
from such therapies to minimize the vulnerability to CDI
during cancer treatment.

The strength of our study is that it provides popu-
lation-based quantitative estimates of the differential ef-
fects of CDI among older adults with and without cancer.
Despite the many advantages of the SEER-Medicare da-
taset, our study has limitations: we were able to measure
CDlI-related disease burden only in the hospital setting,
and community-acquired (or community-onset) cases
were not included unless they resulted in a hospitaliza-
tion. Although we excluded patients who received a CDI
diagnosis in 2010, case-patients do not necessarily repre-
sent those with primary infections. We used only the first
Medicare claim with a CDI diagnosis; outpatient diagno-
ses would be missed and recurrent disease could poten-
tially be represented as incident CDI. In addition, we did
not measure relapsing CDI.

In summary, the burden of CDI among older adults
is greater among those with underlying cancer. Regardless
of prior healthcare-associated exposure, risk for CDI was
highest for patients with hematologic malignancy and those
with recent diagnosis of solid tumor or distant metastatic
disease at diagnosis. These findings can be used to guide
CDI prevention strategies.

Funding for this study was provided by the National Institutes of
Health, National Cancer Institute Cancer Center Support Grant
P30 (CA008748).
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