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Abstract

Annual cervical cancer screening with Papanicolaou (Pap) and HPV (human papillomavirus)
testing after stem cell transplant (SCT) is recommended, but the uptake is unknown. We aimed to
determine the prevalence and predictors of cervical cancer screening in patients with hematologic
malignancies. We searched MarketScan Commercial Claims database for women who underwent
allogeneic or autologous SCT. The primary outcome was cervical cancer screening, defined as
procedures or abnormal results for HPV and/or Pap testing according administrative codes within
2 years after SCT. A multivariable logistic regression model was fitted with cancer type, SCT year,
age, geographic area, insurance plan, comorbidity, and presence of graft-versus-host disease
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(GVHD).The study included 1484 patients; 1048 patients (70.6%) had autologous and 436
(29.4%) allogeneic SCT. Mean age was 52.5 years. Overall, 660 patients (44.5%) had screening
within 2 years after SCT, 214 (49.1%) with allogeneic SCT and 446 (42.6%) with autologous SCT
(p=0.02). In the allogeneic SCT group, patients with GVHD had a lower rate of screening than
patients without GVHD (42.5% vs. 55.4%, p<0.01), and GVHD was associated with lower odds of
screening (OR 0.50; 95% CI 0.32-0.79). In the autologous SCT group, patients with comorbid
medical conditions had a lower rate of screening than patients without comorbidity (36.0% vs.
45.7%, p<0.01). In both allogeneic and autologous SCT groups, older patients had lower odds of
screening. Cervical cancer screening rates after SCT are low, particularly in patients with GVHD,
who are at significant risk of second malignancies. Future work is needed to develop strategies to
increase uptake.

Keywords

cervical cancer screening; human papillomavirus; stem cell transplant; second malignancies

Introduction

Human papillomavirus (HPV) is the cause of virtually all cases of cervical cancer.! Patients
who have undergone stem cell transplant (SCT) are at high risk of HPV-related dysplasias,
including cervical dysplasia,? and HPV-related second malignancies,® 4 including cervical
cancer,? % as a result of HPV persistence or reactivation due to immunosuppression.’- 8 The
incidence of cervical cancer after SCT has been reported to be 2% to 67%, 13 times as high
as the incidence in the general population.> Long duration of immunosuppressive therapy
after SCT and chronic graft-versus-host disease (GVHD) are predictors of cervical cancer in
SCT recipients.2: 3. 6.9

Cervical cancer screening with Papanicolaou (Pap) and HPV co-tests is recommended for
immunocompromised patients,19 including patients who have undergone SCT.11
International blood and marrow transplant societies recommend annual cervical cancer
testing after SCT.12 Suboptimal rates of cervical cancer screening have been reported
through surveys conducted with survivors many years after allogeneic SCT (63% to 66%
screened) 13 14 or autologous SCT (77% screened).1# To date, cervical screening rates and
timing after SCT is not clear. In this study, we aimed to determine the prevalence and
predictors of cervical cancer screening among patients with hematologic malignancies
within 2 years after allogeneic or autologous SCT using a large population-based
commercial claims administrative database.

Materials and Methods

We utilized the MarketScan Commercial Claims and Encounters database (Truven Health
Analytics), which is a large, nationwide, employment-based database that provides
information about health administrative claims and health care expenditure for employees
and dependents receiving insurance coverage through private companies. This database
includes data from 45 large employers, with claims collected from more than 100 payers,1®
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and results totaling nearly 230 million unique patients since 1995.16 MarketScan data is
currently available through December 2015.

Using International Classification of Diseases 9 (ICD-9) procedure codes and Healthcare
Common Procedure Coding System (HCPCS) codes (Supplementary Table), we identified
women with malignancy who underwent allogeneic or autologous SCT during the period
from January 1998 through January 2013 and had a diagnosis code for any cancer in the
SCT claims (Figure 1). We excluded patients who were younger than 18 years. The date of
the first SCT claim was used as the index date. Given our intention to study comorbidity
during the 6 months before SCT and cervical cancer screening during a period of at least 2
years after SCT, we limited our cohort to individuals with continuous enrollment from 6
months before to 2 years after the index date.

The MarketScan enrollment file provided data on sex, age, geographic area (Northeast,
North Central, South, or West), and insurance type (health maintenance organization,
preferred provider organization, or other). Comorbid medical conditions, defined using the
system of Deyo et al, were identified by review of claims for the 6 months prior to the index
date.1” Using 1ICD-9 codes (Supplementary Table), we determined whether GVHD was
present prior to cervical cancer screening. The primary outcome was cervical cancer
screening, which was defined as Pap and/or HPV testing or abnormal results for these tests
as indicated by 1CD-9 or HCPCS codes (Supplementary Table) in any claim during the 2
years after SCT.

Cervical cancer screening during the 2 years after SCT was classified as a binary variable,
and unadjusted associations with covariates were tested using the Pearson XZ test. The
screening rate in each 6-month period after SCT was calculated by using the number of
patients who had screening during that 6 month interval divided by the total individuals who
had not yet received any screening at the beginning of that interval. A multivariable logistic
regression model was fitted with cancer type, SCT year, age group, geographic area,
insurance type, comorbidity, and presence of GVHD without differentiation between acute
and chronic GVHD. Goodness of fit was evaluated using the test of Hosmer and Lemeshow,
and results were expressed in terms of odds ratios (ORs) and 95% confidence intervals (Cls).
P values less than 0.05 were considered statistically significant; all tests were 2-sided.
Statistical analyses were carried out using SAS 9.4 (SAS Institute Inc., Cary, NC). This
study was approved by the Institutional Review Board at The University of Texas MD
Anderson Cancer Center.

We identified 1484 women with cancer who received allogeneic or autologous SCT between
1998 and 2013 (Figure 1). The mean age of the patients was 52.5 years (standard deviation,
11.8 years). Of the 1484 patients, 608 (41%) had myeloma, 385 (25.9%) had leukemia, and
340 (22.9%) had lymphoma. A total of 1048 patients (70.6%) had autologous SCT, and 436
(29.4%) had allogeneic SCT. A total of 660 patients (44.5%) had cervical cancer screening
within 2 years after SCT.
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Patient characteristics by SCT type and cervical cancer screening status are summarized in
Table 1. The rate of screening within 2 years after SCT was higher among patients who had
allogeneic SCT than among those who had autologous SCT (49.1% vs. 42.6%, p=0.02). The
incidence of screening was highest during the period from the beginning of month 7 through
the end of month 12 after SCT, when the incidence was 23.6% in the allogeneic SCT group
and 18.9% in the autologous SCT group (Figure 2). We also explored the rates of cervical
cancer screening in the 3™ year after SCT. In a subgroup analysis of allogeneic and
autologous SCT patients with 3 years of full insurance coverage after SCT (n=784), we
found that the rate of cervical screening rates in the third year was lower than the second
year (data not shown).

In both the allogeneic and autologous SCT groups, the rate of cervical cancer screening
within 2 years after SCT was higher among patients with leukemia than among those with
lymphoma and decreased with increasing age. In the allogeneic SCT group, patients with
GVHD had a lower rate of cervical cancer screening than those without GVHD (42.5% vs.
55.4%, p<0.01). In the autologous SCT group, patients with at least 1 comorbidity within 6
months before SCT had a lower rate of screening than patients without comorbid conditions
(36.0% vs. 45.7%, p<0.01).

The multivariable logistic regression model showed that in the allogeneic SCT group, age
over 60 years, a diagnosis of lymphoma, and a diagnosis of GVHD were associated with
significantly lower odds of cervical cancer screening, and in the autologous SCT group, age
over 50 years was associated with significantly lower odds of cervical cancer screening
(Table 2). Because autologous transplant for myeloma is considered palliative, we performed
a sensitivity analysis which included only leukemia and lymphoma patients. We found
similar results as compared to our complete dataset of patients with hematologic
malignancies, except that having a comorbidity was no longer significantly associated with
lower odds of cervical cancer screening (Supplemental Tables 2 and 3).

Discussion

We found that the prevalence of cervical cancer screening within 2 years after SCT was
44.5% for women with commercial insurance. Among patients who underwent allogeneic
SCT, patients with GVHD were less likely to have screening than were those without
GVHD. Among patients who underwent autologous SCT, we found a trend among patients
with comorbid medical conditions to be less likely to have screening than were those
without comorbidities. Younger age was a predictor of cervical cancer screening in both the
allogeneic and autologous SCT groups.

For the general population, current guidelines recommend Pap testing every 3 years in
women age 21 to 29 years, Pap and HPV co-testing every 5 years in women age 30 to 65
years, and discontinuation of screening at age 65 years if the patient has a normal screening
history and no new risk factors.18 However, for immunocompromised SCT patients who at
high risk for cervical cancer, international blood and marrow transplant societies recommend
annual cervical cancer testing after stem cell transplant.® Certain cancer patients who have
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poor expected outcomes may need a personalized approach that takes into account their
long-term prognosis and weighs the costs vs. benefits of cervical cancer screening.

In a study surveying allogeneic bone marrow transplant recipients in Australia more than 1
year after transplant, 63.4% of female participants reported ever receiving a Pap test since
transplant.3 In another survey, female SCT survivors reported Pap testing rates of 66% and
77% for patients who underwent allogeneic and autologous SCT, respectively, at any time
after SCT.24 Our study results showed lower rates of cervical cancer screening, which may
reflect methodological differences between survey studies, which have a potential for recall
bias, and our study, which was based on actual claims in an administrative database.
Importantly, the lower screening rates in our study likely reflect a higher level of illness
severity in the first 2 years after SCT, which may have led to lower screening rates.

We report that younger age was a predictor of cervical cancer screening, as reported in a
previous study.13 This may reflect that providers may be following the general population
recommendations to perform cervical cancer screening more frequently in younger patients
(every 3 years in women age 21-29 years vs. every 5 years in women 30-65 years).

We found that in the allogeneic SCT group, patients with GVHD had lower odds of cervical
cancer screening than those without GVHD. We were not able to differentiate between acute
GVHD and chronic GVHD, which is associated with a higher risk of second malignancies.
Chronic GVHD has been shown to be a risk factor for cervical cancer,® 6 and patients with
chronic GVHD need cervical cancer screening. However, patients with chronic GVHD often
have multiple medical issues associated with GVHD as well as side effects of
immunosuppressive therapy. In addition, patients with GVHD have a higher likelihood of
cytopenias, including thrombocytopenia, which could preclude cervical procedures. Future
prospective or population-based stem cell transplant registry data should be reviewed to
discern the effect of chronic vs. acute GVHD on the risk of cervical dysplasias and
secondary malignancies. Beyond GVHD, chronic diseases have previously been determined
to be barriers to cervical cancer screening® and may account for the lower rate of screening
among patients with comorbid medical conditions in our autologous SCT group. Myeloma
patients, who tend to be older and thus have more comorbidities, likely accounted for this
finding, as the association of lower screening rates with comorbidities was no longer seen
when myeloma patients were excluded from the analysis.

Our study had several limitations. We limited our population to women who were alive with
insurance coverage for at least 24 months after SCT, and as such we did not include patients
who died shortly after SCT or who lost their insurance coverage shortly after SCT. Though
we used the most recently available data from MarketScan, most data collected occurred
before guidelines were published or shortly thereafter. As such, more recent data, especially
from SCT-focused survivorship clinics, may demonstrate an improvement in screening rates.
This was a retrospective study using an administrative database that did not include the
results of the cervical cancer screening. Due to the observational nature of the data, we were
not able to ascertain the causality or barriers to screening. However, the MarketScan data
come from an insured population including relatively young adults, who are often missing in
other administrative databases such as Surveillance, Epidemiology, and End Results-
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Medicare, and Pap and HPV testing as well as HPV vaccination may be especially valuable
in secondary cancer prevention among younger survivors of hematologic malignancies. Our
study cohort of patients who were continuously insured for 2 years after SCT was selected to
accurately ascertain cervical screening rates in a group where we were confident that we
would be able to pick up screening activities independent of insurance status. Our cohort
may not be representative of the general transplant population which faces substantial
financial burdens after SCT20: 21 and thus our study’s screening rates are likely
overestimates making the actual problem potentially even more pronounced among
underinsured persons post-SCT.

In conclusion, we found low rates of cervical cancer testing in allogeneic and autologous
SCT patients during the recommended time period after SCT. Future work is needed to
disseminate and implement international blood and marrow recommendations to perform
annual cervical cancer screening after SCT. Dedicated GVHD and survivorships clinics
could ensure timely cervical cancer screening.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Stem cell transplant (SCT) recipients are at high risk for cervical dysplasia, and cervical
cancer screening is recommended. However, screening rates and timing after stem cell
transplant (SCT) is not clear.

Using a large commercial claims database, we found that that the screening rates was
low, 44.5%, within 2 years after allogeneic or autologous SCT.

Younger age, a diagnosis of leukemia, and not having graft-versus-host disease or
comorbid medical conditions were predictors of cervical cancer screening.
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Patients who underwent allogeneic or
autologous SCT, 1998-2013
n=20 5924

¥

Fatients with ICD-9 code indicating any
cancer in the SCT claim
n=18,126

YWiormen
n=7 464

Age = 18 years
n=6 994

L ]

Continuous monthly enrollment in
Market=can for B manths prior to SCT
n=5,391

L ]

Continuous monthly enrallment in
MarketScan for 24 maonths after SCT
n=1,454

Figure 1. Cohort selection.

ICD-9, International Classification of Diseases 9; SCT, stem cell transplant.
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Figure 2. Cervical cancer screening rates within 24 months after stem cell transplant, by 6-

month periods.

All cervical cancer screening rates between the allogeneic SCT and autologous SCT groups
were significantly different (p<0.05), except at 19—24 months. The screening rate in each 6-
month period after SCT was calculated by using the number of persons who had screening
during that 6 month interval divided by the total number of persons who had not yet received

any screening at the beginning of that interval (in white).
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Characteristics of patients who underwent cervical cancer screening within 2 years after stem cell transplant

(SCT)

Characteristic

Allogeneic SCT (N=436)

Autologous SCT (N=1048)

Total

Cancer type
Leukemia
Lymphoma
Myeloma
Other

Year of SCT
1998-2001
2002-2005
2006-2009
2010-2013

Age group, yr
<30
30-40
41-50
51-60
61-65
>66

Region
Northeast
North Central
South
West
Unknown

Insurance type
PPO
HMO
Other

Comorbiditya
None
Yes
GVHD
No
Yes

Total (col %)

436

335 (80.0)
65 (14.9)
16 (3.7)
20 (4.6)

26 (6.0)
44.(10.1)
107 (24.5)
259 (59.4)

40 (9.2)
61 (14.0)
109 (25.0)
154 (35.3)
54 (12.4)
18 (4.1)

109 (25.0)
95 (21.8)
139 (31.9)
84 (19.3)
9(2.1)

259 (59.4)
55 (12.6)
122 (28.0)

283 (64.9)
153 (35.1)

224 (51.4)
212 (48.6)

Received screening

N (row %)
214 (49.1)

176 (52.5)
25 (38.5)
7(43.8)

6 (30.0)

15 (57.7)
22 (50.0)
51 (47.7)
126 (48.6)

16 (40.0)
35 (57.4)
66 (60.6)
74 (48.1)
21(38.9)

2(11.1)

50 (45.9)
47 (49.5)
76 (54.7)
35 (41.7)

6 (66.7)

122 (47.1)
28 (50.9)
64 (52.5)

140 (49.5)
74 (48.4)

124 (55.4)
90 (42.5)

p

0.05

0.83

<0.01

0.27

0.59

0.83

<0.01

Total (col %)

1048

50 (4.8)
275 (26.2)
592 (56.5)
131 (12.5)

56 (5.3)
124 (11.8)
272 (26.0)
596 (56.9)

51 (4.9)
66 (6.3)
197 (18.8)
431 (41.1)
173 (16.5)
130 (12.4)

279 (26.6)
173 (16.5)
356 (34.0)
209 (19.9)

31(3.0)

531 (50.7)
163 (15.6)
354 (33.8)

704 (67.2)
344 (32.8)

Received screening

N (row %)
446 (42.6)

27 (54.0)
120 (43.6)
229 (38.7)

70 (53.4)

26 (46.4)
63 (50.8)
115 (42.3)
242 (40.6)

31(60.8)
42 (63.6)
112 (56.9)
190 (44.1)
58 (33.5)
13 (10.0)

111 (39.8)
73 (42.2)
154 (43.3)
93 (44.5)
15 (48.4)

237 (44.6)
73 (44.8)
136 (38.4)

322 (45.7)
124 (36.0)

p

<0.01

0.19

<0.01

0.79

0.15

<0.01

GVHD: graft vs. host disease; HMO, health maintenance organization; PPO, preferred provider organization.
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aComorbidity based on Deyo comorbidity index [reference 18: Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use
with ICD-9-CM administrative databases. J Clin Epidemiol. 1992 Jun;45(6):613-619].
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(SCT)

Variable Allogeneic SCT (n=436) Autologous SCT (n=1048)
Odds ratio (95% CI) p Odds ratio (95% CI) p

Cancer type

Leukemia Ref. Ref.

Lymphoma 0.55 (0.31-1.00) 0.05 0.73 (0.39-1.38) 0.33

Myeloma 0.78 (0.26-2.34) 0.66 0.72 (0.39-1.35) 0.31

Other 0.32 (0.11-0.92) 0.04 0.74 (0.37-1.50) 0.41
Year of SCT

1998-2001 Ref. Ref.

2002-2005 0.94 (0.33-2.65) 0.90 1.28 (0.65-2.52) 0.48

2006-2009 1.00 (0.38-2.64) 0.99 1.20 (0.63-2.29) 0.59

2010-2013 1.28 (0.50-3.27) 0.60 1.24 (0.67-2.31) 0.50
Age group, yr

<30 0.42 (0.18-0.99) 0.05 0.86 (0.40-1.85) 0.70

30-40 Ref. Ref.

41-50 1.07 (0.54-2.11) 0.84 0.79 (0.44-1.43) 0.43

51-60 0.64 (0.34-1.22) 0.18 0.48 (0.27-0.85) 0.01

61-65 0.45 (0.20-1.00) 0.05 0.32 (0.17-0.59) <0.01

266 0.08 (0.02-0.38) <0.01 0.07 (0.03-0.15) <.001
Region

Northeast Ref. Ref.

North Central 0.88 (0.49-1.58) 0.67 0.87 (0.58-1.32) 0.52

South 1.25 (0.71-2.19) 0.45 0.89 (0.60-1.32) 0.56

West 0.67 (0.35-1.28) 0.23 0.96 (0.62-1.50) 0.86

Unknown 2.08 (0.46-9.44) 0.34 1.29 (0.57-2.96) 0.54
Insurance type

PPO Ref. Ref.

HMO 1.16 (0.61-2.19) 0.65 0.97 (0.67-1.42) 0.88

Other 1.39 (0.87-2.21) 0.17 0.96 (0.71-1.29) 0.77
Comorbiditya

None Ref. Ref.

Yes 1.11 (0.72-1.71) 0.64 0.77 (0.58-1.02) 0.06
GVHD

No Ref. --

Yes 0.50 (0.32-0.79) <0.01

GVHD, graft vs. host disease; HMO, health maintenance organization; PPO, preferred provider organization.

aComorbidity based on Deyo comorbidity index [reference 18: Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use

with ICD-9-CM administrative databases. J Clin Epidemiol. 1992 Jun;45(6):613-619].
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