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Healthcare utilization and costs among patients
with herpes zoster and solid tumor malignancy
on chemotherapy
A retrospective cohort study
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Abstract
Immunosuppressed patients with solid tumor malignancies (STMs) are particularly vulnerable to herpes zoster (HZ). This study
estimated the incidence of HZ and evaluated healthcare resource utilization and costs for persons with STM receiving chemotherapy
with and without incident HZ.
We conducted a retrospective claims study of adults with STM receiving chemotherapy between January 1, 2010 and June 30,

2014. Patients were followed from their first chemotherapy date through development of HZ, health plan disenrollment, the study end
date, or 24 months. HZ incidence was calculated and stratified by patient characteristics. Adjusted HZ incidence was estimated
using Poisson regression. Healthcare resource utilization and costs were compared between patients with HZ (cases) and propensity
score–matched controls without HZ during a variable follow-up period. Adjusted healthcare costs were estimated using Lin
regression to control for informative censoring.
Of 155,480 patients with STM receiving chemotherapy, 3100 (2.0%) developed HZ, yielding an adjusted HZ incidence rate of

13.8/1000 person-years (PY). HZ cases (n=3004) had significantly higher healthcare resource utilization than matched controls (n=
15,020). Adjusted annual costs were $48,077 for cases vs $41,645 for matched controls, corresponding to a differential cost of
$6432 annually.
After adjustment for potential confounders, patients with STM receiving chemotherapy had an HZ incidence of 13.8/1000 PY;

those who developed HZ used more healthcare resources and incurred higher costs than those who did not. These findings suggest
that HZ prevention by vaccination could improve outcomes and reduce costs in this population.

Abbreviations: CI = confidence interval, ER = emergency room, HZ = herpes zoster, ICD-9-CM = International Classification of
Diseases, 9th Revision, Clinical Modification, PHN = postherpetic neuralgia, PPPM = per-patient-per-month, PY = person-years,
STM = solid tumor malignancy.
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1. Introduction among immunosuppressed patients with STM,[4–6] ranging from
Although advances in chemotherapy have helped improve
disease-free and overall survival among patients with solid
tumor malignancy (STM), the management of treatment
complications remains a challenge.[1] Herpes zoster (HZ), the
reactivation of latent varicella-zoster virus in sensory ganglia, is a
known complication of immunosuppressive chemotherapy.[1,2]

Estimates of HZ incidence in the general population range from
3 to 5 per 1000 person-years (PY)[3] but are substantially higher
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6/1000 to 40/1000 PY depending on the site and tumor type.[5]

HZ generally manifests as a dermatomal vesicular rash
accompanied by pain. HZ is often a self-limited condition, but
HZ-related pain may interfere with daily activities in a minority
of patients, leading to weight loss, fatigue, depression, social
withdrawal, and diminished quality of life.[7–10] Approximately
10% of patients with HZ will develop postherpetic neuralgia
(PHN), commonly defined as pain lasting >90 days after rash
onset.[11,12] The risk of PHN and other complications of HZ,
including ophthalmologic and neurologic complications, dissem-
inated skin disease, and visceral involvement, is increased among
immunosuppressed persons.[2,10]

Despite the fact that immunosuppressed persons are particu-
larly vulnerable to both HZ and its complications, there are few
data regarding the effect of HZ on healthcare resource utilization
in this population. To address this gap, we estimated the
incidence of HZ and examined healthcare resource utilization
and costs for persons with STM receiving chemotherapy with and
without incident HZ.
2. Materials and methods

2.1. Data sources

This was a retrospective study conducted using administrative
claims data from January 1, 2008 through June 30, 2015. Data
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sources were the Optum Research Database, which contained
approximately 13.9 million commercial enrollees and 3.2 million
Medicare Advantage enrollees with medical and pharmacy
coverage in 2014, and the Impact National Benchmark Database,
which contains multiple-payer administrative claims data
representing >20 million lives from 2004 to the present. These
databases include enrollment information and medical and
pharmacy claims for commercial andMedicare Advantage health
plan members, and are geographically diverse across the United
States. Medical claims included diagnosis codes and procedure
codes from the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM); Current Procedur-
al Terminology, Version 4 procedure codes; Health Care
Common Procedure Coding System codes; revenue codes; and
site of service codes. Outpatient pharmacy claims included
National Drug Codes for dispensed medications, quantity
dispensed, dose, and days’ supply. Because no identifiable
protected health information was extracted or accessed during
the course of the study, Institutional Review Board approval or
waiver of authorization was not required.

2.2. Study sample selection

The study sample consisted of adult patients (18 years or older)
with STM who were enrolled in a commercial or Medicare
Advantage health plan with both medical and pharmacy
coverage and had at least 1 pharmacy or medical claim for
chemotherapy (Supplement 1, http://links.lww.com/MD/B959)
between January 1, 2010 and June 30, 2014 (identification
period). Patients were identified as having incident STM if they
had no evidence of receiving chemotherapy for at least 18months
before the cohort-entry date, and no claims with an STM
diagnosis in any position during the period from 24 months
before the cohort-entry date through 6 months before the cohort-
entry date. The presence of at least 1 medical claim with an ICD-
9-CM diagnosis code for STM in either the primary or the
secondary position (141.x-165.x, 170.x-176.x, 179, 180.x, 181,
182.x-184.x, 185, 186.x-192.x, 193, 184.x-197.x, 198.1–198.7,
198.8x, 190.x, or 209.xx) during the identification period was
considered as evidence of STM, and the date of first
chemotherapy was designated as the cohort-entry date. Patients
were required to have at least 18 months of continuous health
plan enrollment with both medical and pharmacy coverage
before the cohort-entry date and were excluded from the study if
they had incomplete demographic data, any claim for hemato-
logical malignancy (ICD-9-CM codes 200.xx-208.xx, 238.4,
238.6, 238.7x, 273.3, or 289.83 in any position) during the study
period, Zostavax use during the study period, or any claim for
HZ or HZ-associated complications (ICD-9-CM code 053.xx)
from the beginning of the study period to the cohort-entry date.
2.3. Study measures
2.3.1. Patient characteristics. Demographic characteristics
were assessed during the baseline period, which was defined as
the 12 months before the index date (the first date of HZ
diagnosis for patients who developed HZ, or for those that did
not develop HZ, a date assigned such that the post-index
duration was comparable to that of the corresponding case; i.e.,
within 60 days of each other). The modified Quan-Charlson
comorbidity score excluded malignancy and was assessed in the
12months before the cohort-entry date. Tumor type was assessed
in the 18 months before the cohort-entry date and was not
mutually exclusive; for patients with multiple cancers, each
2

tumor type was counted. Chemotherapy immunosuppression
level was assessed during each patient’s time at risk for HZ (risk
period), which began on the cohort-entry date and ended at the
first occurrence of development of HZ, health plan disenrollment,
the study end date, or 24 months after the cohort-entry date.
Chemotherapy immunosuppression level (none, low, moderate,
high, or very high; Supplement 1, http://links.lww.com/MD/
B959) was defined as the highest immunosuppression level
observed during the risk period among patients whose
chemotherapy type was known. Antiviral medication use was
assessed from 21 days before the cohort-entry date through the
end of the risk period.

2.3.2. Herpes zoster incidence rates. Each patient was
followed from the cohort-entry date through the end of the risk
period (Supplement 2A, http://links.lww.com/MD/B959). HZ
cases were defined by the presence of a medical claim with an
ICD-9-CM diagnosis code for HZ (053.xx) in any position
during the risk period. HZ incidence rates (the number of HZ
cases divided by PY accrued by all patients) were calculated for
the full population and stratified by age group, sex, modified
Quan-Charlson score, tumor type, chemotherapy immunosup-
pression level, and antiviral medication use. Accrued person-time
for patients who developed HZ was calculated as the total
number of years accrued between cohort entry and the date of
first HZ diagnosis. Accrued person-time for patients who did not
develop HZ was calculated as the total number of years accrued
between cohort entry and the end of the risk period.

2.3.3. Healthcare resource utilization and costs. Per-patient-
per-month (PPPM) healthcare resource utilization and costs were
assessed during a variable follow-up period extending from 21
days before the index date through the earliest of the following
events: death, health plan disenrollment, the study-end date, or
12 months after the index date (Supplement 2B, http://links.lww.
com/MD/B959). Percentages and counts of office visits, outpa-
tient visits, emergency room (ER) visits, and inpatient stays were
captured to reflect healthcare utilization. Healthcare costs were
calculated as combined health plan–paid and patient-paid
amounts, and then adjusted to 2014 US dollars using the annual
medical care component of the Consumer Price Index[13] to
account for inflation. Total healthcare costs were subdivided into
medical and pharmacy costs, and the medical category was
further subdivided into office, outpatient, ER, inpatient, and
other medical costs.

2.4. Statistical analysis
2.4.1. Adjusted herpes zoster incidence rates. Adjusted HZ
incidence was estimated using a Poisson regression model to
control for possible confounding of the outcome by patient
demographic and clinical characteristics. Covariates in the model
included age, sex, modified Quan-Charlson score, tumor type,
chemotherapy immunosuppression level, and antiviral medica-
tion use (Supplement 3, http://links.lww.com/MD/B959).

2.4.2. Healthcare resource utilization and costs. For the HZ
disease burden analysis, propensity score matching was under-
taken to reduce the bias due to confounding variables that may
have resulted from simply comparing healthcare resource
utilization and cost outcomes between those with and without
HZ. Patients with evidence of HZ during the risk period (cases)
were 1:5 nearest-neighbor propensity score matched to patients
with no evidence of HZ during the risk period (controls) on
the following covariates: age, geographic region, tumor type,
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modified Quan-Charlson comorbidity score, presence of
incident STM, sex, insurance type, data source, and chemotherapy
immunosuppression level (Supplement 1, http://links.lww.com/
MD/B959). Standardized differences were calculated to assess
similarities in the means and prevalence of baseline characteristics
between the propensity-matched cohorts.[15] Descriptive analyses
were conducted for all outcome study variables, and results were
compared between HZ cases and controls using Rao-Scott chi-
square tests and robust variance estimators for categorical
variables and continuous variables, respectively.[16,17]

Adjusted total all-cause healthcare costs were estimated using
Lin regression[18] to control for informative censoring, as patients
with HZ may have been sicker and had a greater risk of dying
during follow-up. In this method, the follow-up period was
divided into 12 one-month intervals, and an ordinary least
squares regression model, weighted according to the subjects’
Kaplan-Meier probability of not being included in the data
≥ 1 pharmacy or medical claim for chemotherapy 
from 1 Jan 2010 through 30 June 2014 (ID  period); 

first date of chemotherapy is cohort-entry date 
n = 1,290,927 

≥ 1 medical claim with STM diagnosis during 
identification  period 

n = 395,138 

≥ 1 medical claim with STM diagnosis within 18 
months prior to and including cohort-entry date 

n = 198,079 

≥ 18 months of continuous health plan enrollment 
prior to cohort entry 

n = 224,739 

1:5 propensity score matc

HZ cases 
n = 3100 

Controls 
n = 152,380 

HZ cases 
n = 3004 

Controls 
n = 15,020 

Complete demographic data and ≥ 18 years old in 
cohort-entry year 

n = 196,579 

Figure 1. Sample selection and attrition flow diagram. HZ=her
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(i.e., of being censored), was fit to the cost data within each
interval. The regression coefficients for each covariate for each
interval were then summed over the entire follow-up period
to estimate the overall cost effect of a unit change in the
covariate. Covariates in the model included age, sex, modified
Quan-Charlson score, tumor type, chemotherapy immunosup-
pression level, and antiviral medication use.
Statistical significance was defined as P< .05. All statistical

analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).
3. Results

3.1. Study sample

A total of 155,480 patients with STM on chemotherapy were
included in the study of HZ incidence. Of these, 3100 patients
(2.0%) had HZ during the risk period. After 1:5 matching of
Exclusions:  
• ≥ 1 claim for hematological malignancy during 

continuous enrollment period (n = 17,068) 
• ≥ 1 claim for Zostavax during continuous 

enrollment period (n = 19,182) 
• Evidence of HZ prior to cohort entry (n = 4849) 

hing 

Final population for 
HZ incidence analysis 

Final population for HZ 
disease burden analysis 

Exclusion: no STM diagnosis during ID 
period (n = 895,789) 

Exclusion: not continuously enrolled for ≥ 18 
months prior to cohort entry (n = 170,339)  

Exclusion: no medical claim with STM 
diagnosis prior to and including cohort-entry 
date (n = 26,660) 

Exclusion: incomplete demographic data or 
< 18 years old in cohort-entry year (n = 1500) 

pes zoster, ID= identification, STM=solid tumor malignancy.
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persons with STM on chemotherapy with HZ to persons with
STM on chemotherapy without HZ, a total of 3004 cases and
15,020 controls were included for the study of HZ-associated
healthcare resource utilization and costs (Fig. 1).

3.2. Antiviral use

Among the total study population, 8053 patients (5.2%) had at
least 1 claim for an antiviral medication during the risk period,
with 5105 (3.3%), 1140 (0.7%), 439 (0.3%), and 1369 (0.9%)
of patients using antiviral medications for <30 days, 30 to 59
days, 60 to 89 days, and ≥90 days, respectively. Of the 2755
patients with an antiviral use duration of 7 days or less, antiviral
prescription duration was truncated in 221/2755 (8.0%) patients
by the end of the patient’s time at risk. Of these patients, the time
at risk ended due to an HZ diagnosis for 162/221 (73.3%), and
due to the end of the study period for 59/221 (26.7%). Among the
1.8% (2755/155,480) of patients who had antiviral prescriptions
for 7 days or less, 5.6% (162/2,755) had evidence of an HZ
diagnosis near the time of antiviral therapy initiation.
3.3. Herpes zoster incidence rates

Unadjusted HZ incidence rates by patient characteristics are
presented in Table 1. The unadjusted incidence rate was 14.9/
1000 PY [95% confidence interval (CI) 14.4–15.4/1000 PY]
among patients with STM receiving chemotherapy. Unadjusted
Table 1

Unadjusted herpes zoster incidence rates by patient characteristics.

Characteristic n (%) of total population

Overall 155,480 (100.0)
Age category
18–39 5588 (3.6)
40–49 18,421 (11.9)
50–59 40,982 (26.4)
60–69 42,297 (27.2)
≥70 48,192 (31.0)

Sex
Female 95,678 (61.5)
Male 59,802 (38.4)

Modified Quan-Charlson category
∗

0 57,525 (37.0)
1–2 31,573 (20.3)
3–4 8952 (5.8)
≥5 57,430 (36.9)

Tumor type†

Breast 63,019 (40.5)
Colorectal 14,977 (9.6)
Gynecological 9412 (6.1)
Lung or bronchus 17,665 (11.4)
Pancreatic 4264 (2.7)
Other 91,648 (59.0)

Chemotherapy immunosuppression level‡

None/low 58,958 (37.9)
Moderate/high/very high 75,386 (48.5)

Antiviral medication usex

Yes, ≥30 days 2948 (1.9)
Yes, <30 days 5105 (3.3)
No 147,427 (94.8)

CI= confidence interval, HZ=herpes zoster.
∗
Twelve months prior to the cohort-entry date. Malignancy was excluded from Quan-Charlson score ca

† Eighteen months before the cohort-entry date. Not mutually exclusive; for patients with multiple cance
‡ Highest immunosuppression level observed during the risk period, among patients whose chemothera
x From 21 days before the cohort-entry date through the end of the risk period.
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HZ incidence increased with age (16.2/1000 PY for ages ≥70 vs
10.5/1000 PY for ages 18–39), modified Quan-Charlson
comorbidity score (18.4/1000 for scores ≥5 vs 11.4/1000 for a
score of 0), and chemotherapy immunosuppression level (17.1/
1000 for moderate/high/very high vs 11.8/1000 for none/low).
Incidence was greater among women vs men (15.6/1000 PY vs
13.8/1000 PY) and was highest among patients with lung or
bronchus cancer (24.8/1000 PY) compared with other tumor
types. The HZ incidence rate among patients who used antiviral
medications for ≥30 days was 12.4/1000 PY. In contrast, the HZ
incidence among patients with antiviral use of <30 days was
56.3/1000 PY (likely reflecting antiviral use as a treatment
regimen). The HZ rate among those who did not use antiviral
agents was 13.4/1000 PY. After adjusting for demographic
characteristics, modified Quan-Charlson comorbidity score,
tumor type, chemotherapy immunosuppression level, and
antiviral medication use, the overall HZ incidence rate was
13.8/1000 PY (95% CI 13.3–14.3), similar to the overall
unadjusted rate (Supplement 3, http://links.lww.com/MD/B959).
Adjusted HZ incidence rates by patient characteristics suggested
increasing linear trends with age and chemotherapy immuno-
suppression level.

3.4. Healthcare resource utilization

Baseline demographic and clinical characteristics were similar
between the propensity score–matched cohorts of patients with
Events Person-years HZ rate per 1000 (95% CI)

3100 207,991 14.9 (14.4–15.4)

81 7716 10.5 (8.3–13.1)
314 26,423 11.9 (10.6–13.3)
784 57,013 13.8 (12.8–14.8)
888 53,093 16.7 (15.6–17.9)
1033 63,745 16.2 (15.2–17.2)

2067 132,909 15.6 (14.9–16.2)
1033 75,082 13.8 (12.9–14.6)

969 84,927 11.4 (10.7–12.2)
680 44,273 15.4 (14.2–16.6)
216 11,662 18.5 (16.1–21.2)
1235 67,128 18.4 (17.4–19.5)

1304 93,534 13.9 (13.2–14.7)
292 19,380 15.1 (13.4–16.9)
224 12,221 18.3 (16.0–20.9)
425 17,115 24.8 (22.5–27.3)
45 3818 11.8 (8.6–15.8)

1842 115,765 15.9 (15.2–16.7)

1030 87,222 11.8 (11.1–12.6)
1616 94,698 17.1 (16.2–17.9)

56 4504 12.4 (9.4–16.2)
415 7372 56.3 (51.0–62.0)
2629 196,115 13.4 (12.9–13.9)

lculation.
rs, each tumor type was counted.
py type was known.
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Table 2

Baseline demographic and clinical characteristics among matched cohorts.

Characteristic Total population N=18,024 HZ cases n=3004 Controls n=15,020 Standardized difference (%)
∗

Age, mean (SD) 63.4 (12.3) 63.5 (12.4) 63.4 (12.2) 1.16
Age category, n (%)
18–39 411 (2.3) 79 (2.6) 332 (2.2) 2.73
40–49 1857 (10.3) 308 (10.3) 1549 (10.3) �0.20
50–59 4663 (25.9) 757 (25.2) 3906 (26.0) �1.85
60–69 5150 (28.6) 857 (28.5) 4293 (28.6) �0.12
≥70 5943 (33.0) 1003 (33.4) 4940 (32.9) 1.06

Female, n (%) 12,177 (67.6) 2002 (66.6) 10,175 (67.7) �2.34
Geographic region
Northeast 4598 (25.5) 792 (26.4) 3806 (25.3) 2.34
Midwest 4426 (24.6) 719 (23.9) 3707 (24.7) �1.74
South 7052 (39.1) 1152 (38.4) 5900 (39.3) �1.91
West 1947 (10.8) 340 (11.3) 1607 (10.7) 1.98
Other 1 (0.0) 1 (0.0) 0 (0.0) 2.58

Modified Quan-Charlson category†, n (%)
0 5722 (31.2) 941 (31.3) 4781 (31.8) �1.09
1–2 3984 (22.1) 662 (22.0) 3322 (22.1) �0.19
3–4 1,161 (6.4) 212 (7.1) 949 (6.3) 2.96
≥5 7157 (39.7) 1189 (39.6) 5968 (39.7) �0.31

Tumor type‡, n (%)
Breast 7866 (43.6) 1279 (42.6) 6587 (43.9) �2.58
Colorectal 1883 (10.5) 285 (9.5) 1598 (10.6) �3.83
Gynecological 1367 (7.6) 218 (7.3) 1149 (7.7) �1.50
Lung or bronchus 2032 (11.3) 423 (14.1) 1609 (10.7) 10.24
Pancreatic 386 (2.1) 44 (1.5) 342 (2.3) �6.00
Other 10,986 (61.0) 1828 (60.9) 9158 (61.0) �0.25

SD= standard deviation, HZ=herpes zoster.
∗
By convention, standardized difference �10% indicates that cohorts are well matched for that variable.[19] A negative value indicates that the mean value for controls is greater than that for cases.

† Twelve months before the cohort-entry date. Malignancy was excluded from Quan-Charlson score calculation.
‡ Eighteen months before and including the cohort-entry date. Not mutually exclusive; patients with multiple cancers were counted once for each applicable tumor type.
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and without HZ, as evidenced by standardized differences of
�10% (Table 2). HZ cases had significantly more office visits,
outpatient visits, ER visits, and inpatient stays than controls
(P< .001 for all; Fig. 2A). On average, HZ cases had more PPPM
visits for all 4 healthcare settings than controls (P< .001 for all;
Fig. 2B).

3.5. Healthcare costs

HZ cases incurred an average of $1055 in additional healthcare
costs per month than their matched controls; mean total monthly
healthcare costs for cases were $5258 vs $4203 for controls
(P< .001; Fig. 3A). Bothmedical and pharmacy costswere higher
for HZ cases than for controls ($4758 vs $3766, P< .001 and
$500 vs $438, P= .03, respectively; Fig. 3A). Medical costs were
dominated by outpatient costs ($1699 for cases, $1518 for
controls, P= .006) and inpatient costs ($1822 for cases, $1177
for controls, P< .001) compared with other categories (Fig. 3B).
After adjustment for age, sex, comorbidity burden, tumor type,
chemotherapy immunosuppression level, and antiviral medica-
tion use, costs remained higher for HZ cases: annual costs
among HZ cases were $48,077 compared with $41,645 among
controls (Table 3), corresponding to a differential cost of $6432
annually or $536 monthly. Other significant cost drivers
included modified Quan-Charlson score 5 or higher ($25,323
additional annual cost compared with score 0) and moderate/
high/very high chemotherapy immunosuppression level
($20,052 additional annual cost compared with none/low)
(Table 3; P< .001 for both).
5

4. Discussion

This is the first study using real-world data to evaluate healthcare
resource utilization and costs associated with herpes zoster
among patients with STM receiving chemotherapy. Patients with
STM receiving chemotherapy had increased rates of HZ
compared to rates in the general population, and those who
developed HZ had higher healthcare resource utilization and
incurred higher healthcare costs than those who did not develop
HZ. Although there are no existing guidelines for the use of
antiviral chemoprophylaxis to prevent HZ in patients receiving
chemotherapy for STM, this study provides insight into antiviral
use patterns among these patients.
The adjusted incidence of HZ in this study was 13.8/1000 PY,

similar to the rate found in previous studies of patients with solid
tumors[4,5] and approximately 3 times the rate of 3/1000 to 5/
1000 PY estimated for the general population.[3] Consistent with
the literature, HZ incidence increased with age and comorbidity
burden,[20–23] was greater among women than among
men,[20,21,24] and was highest among patients with lung or
bronchus cancer,[4] which may reflect differences in the patient
population (e.g., age and advanced cancer stage at diagnosis) or
immunosuppression level of chemotherapy used for lung/
bronchus cancers compared with other cancer types.
Healthcare utilization and costs are greater in our study than

those in studies done among patients with HZ in the general
population.[25,26] Using claims data from 1998 to 2003, White
et al[26] found that annual healthcare costs for patients with HZ
were $983 higher (in 2008 USD) than those of matched controls

http://www.md-journal.com
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without HZ after adjustment for demographic characteristics,
insurance status, comorbidities, and baseline medical expendi-
tures; however, only 7.4% of patients in the study were
immunocompromised. In a more recent claims-based analysis
Table 3

Adjusted
∗
annual healthcare costs among matched cohorts.

Independent variable Estimate,† US dollars (95% C

Intercept 31,926 (22,339–41,513)
Herpes zoster (ref: no HZ) 6432 (3481–9383)
Age range (ref: 18–39)
40–49 2790 (�6648–12,227)
50–59 �810 (�9746–8127)
60–69 �11,392 (�20,081 to �2702
≥70 �31,805 (�40,445 to �23,16

Female (ref: male) �6557 (�10,758 to �2356
Quan-Charlson category (ref: 0)
1–2 4517 (2453–6582)
3–4 16,227 (11,789–20,664)
≥5 25,323 (21,570–29,075)

Tumor type
Breast (ref: no breast cancer) �6391 (�10,984 to �1799
Colorectal (ref: no colorectal cancer) 14,898 (9164–20,632)
Gynecological (ref: no gynecological cancer) 774 (�4474–6023)
Lung or bronchus (ref: no lung/bronchus cancer) 17,113 (11,507 to 22,720)
Pancreatic (ref: no pancreatic cancer) 35,575 (21,033 to 50,117)
Other (ref: no other cancer) 5358 (1534–9181)

Chemotherapy immunosuppression level (ref: none/low)
Moderate/high/very high 20,052 (17,843–22,261)
Unknown �1865 (�4777–1048)

Antiviral medication use (ref: none)
≥30 days 12,105 (3284–20,927)
<30 days 9066 (3710–14,422)

CI= confidence interval, HZ=herpes zoster, ref= reference.
∗
Lin regression analysis.

† Values in the estimates column represent the predicted cost effect of each variable in the model. Pos
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that excluded immunocompromised patients, Johnson et al
foundmean unadjusted total annual healthcare costs to be $1308
higher for patients with HZ compared to those without HZ.
Costs in our study were more similar to those in a recent study by
I) P Predicted cost, with (without) HZ, US dollars

<.001
<.001 48,077 (41,645)

.56

.86
) .010
6) <.001
) .002

<.001
<.001
<.001

) .006
<.001
.77

<.001
<.001
.006

<.001
.21

.007
<.001

itive and negative values indicate increased and decreased costs, respectively.
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Li et al, who conducted a claims-based analysis of directmedical
costs attributed to HZ in selected immunocompromised popula-
tions and found that healthcare costs for cancer patients with HZ
were $4297 higher for ages 18 to 64 years (based on the first and
second quarters after diagnosis) and $3108 higher for ages 64 and
older (based on the first quarter after diagnosis) compared with
those without HZ. Findings of higher costs in immunocompro-
mised patients were also demonstrated in a subanalysis conducted
within the White et al[26] study that found incremental costs to be
higher in immunocompromised patients compared with matched
immunocompetent patients with HZ ($1745 vs $983 in 2008
USD). Several methodological differences could have contributed
to the differences in costs between our study andprior studies, such
as variation in study populations (our study was limited to
immunocompromisedpatientswithSTMreceiving chemotherapy)
and the adjustment for informative censoring included in our
statistical analysis, whichmay have reduced the bias in estimates of
cost outcomes.[25–27]

There are currently no existing guidelines for the use of antiviral
chemoprophylaxis to prevent HZ in patients with STM, with the
exception of a risk-adapted approach to patients treated with the
proteasome inhibitor, bortezomib.[28] Overall receipt of antiviral
prescriptions was low in our study; only 5.2% (8053/155,480) of
patients had claims for antiviral medications from 21 days before
the cohort-entry date through the endof the riskperiod.Among the
1.8% (2755/155,480) of patients who had antiviral prescriptions
for 7 days or less, 5.6% (162/2755) had evidence of an HZ
diagnosis near the time of antiviral therapy initiation, indicating
that antivirals may have been prescribed for HZ treatment rather
than prophylaxis. Patients who had no antiviral medications
prescribed had similar rates ofHZ to patients that were treated for
≥30 days, suggesting that there could have been a bias toward
prescription of antivirals to patients who were considered to be at
high risk of infection and no prescription to patients who were
considered to be at lower risk of infection.
The statisticalmethodsused inour studywere uniquely designed

to avoid biases common to retrospective claims-based analyses of
healthcare costs. Informative censoring can occur in studies for
which the outcome (in this case,HZ) is associatedwith being sicker
and being more likely to die during follow-up; subjects may enter
the health plan shortly before the end of the study period, or die or
disenroll from the health plan before the study is completed.
Traditional methods for analyzing cost data involve excluding
subjects with incomplete data or follow-up, and can produce
erroneous results by failing to account for censoring. For example,
excluding or censoring patients with the outcome of interest who
are sicker andwhose follow-up times are shorter due to death from
more severe disease may bias cost data. To address this issue, we
used propensity score matching to balance the distribution of
measured baseline covariates between patients with and without
HZ, and then modeled total annual healthcare costs using Lin
regression.[18] In this method, costs were estimated over 1-month
intervals of the follow-upperiodusinga regressionmodelweighted
to account for the likelihood of censoring, and then summed over
the entire follow-up period; thus, censoring and the effects of
potential confounders were controlled for simultaneously, result-
ing in an unbiased estimate of cost.
4.1. Limitations

Because this study was conducted in a US managed care
population, the results may not be generalizable other popula-
tions (e.g., patients who are uninsured). This study is also subject
7

to certain limitations inherent to claims-based analyses. The
presence of an HZ diagnosis code on a medical claim does not
prove the presence of disease, as it may be coded incorrectly (e.g.,
in the case of misclassification between HZ and herpes simplex
virus) or intended as a rule-out diagnosis. The potential for
erroneous identification of HZ was mitigated in this study by the
requirement that patients have at least 1 nondiagnostic claim
indicating HZ infection. Although HZ cases cannot be
definitively confirmed using claims data, a previous general-
population study found that approximately 85% of HZ cases
identified from administrative billing codes are true positives.[29]

Similarly, the potential for misidentification of patients with STM
was minimized by the requirement of an STM diagnosis code
from a nonlaboratory claim in addition to at least 1 claim for
chemotherapy. Finally, patients with mild HZ who forego
treatment or self-treat with over-the-counter medications are not
captured in the claims data; this could lead to an underestimation
of HZ incidence.
5. Conclusion

In this real-world study, the HZ incidence rate among patients
receiving chemotherapy for STM was approximately 3 times that
of the general population; moreover, patients with STM who
developedHZwhile receiving chemotherapyusedmore healthcare
resources and incurred higher costs than thosewhodid not develop
HZ.Togetherwith existing evidence thatHZ substantially reduces
quality of life, our findings suggest that prevention of HZ through
vaccination could be an effective strategy for improving outcomes
and reducing costs in this population. Current HZ vaccines based
on attenuated live virus are contraindicated in patients receiving
immunosuppressive chemotherapy[2]; however, the development
of new vaccine formulations that may prove safer for individuals
receiving immunosuppressive chemotherapy could expand oppor-
tunities for HZ prevention.[30,31]
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