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ABSTRACT
Female recipients of hematopoietic cell transplant (HCT) may develop lower genital tract (LGT) dysplasia or new malignancies.
A comprehensive systematic review to delineate the occurrence and risk factors for post-HCT LGT precancer and cancer in
womenwas conducted via electronic search of the Cochrane Library, PubMed, Embase,WileyOnline Library, from 1990 to 2018.
All studies on the risk, presentation, or incidence of LGT (cervix, vulva, vagina) precancer or cancer post-HCT were included.
Reviews, case reports, meta-analysis, book chapters, and studies without the relevant clinical outcomes were excluded. Post-HCT
incidence and risk factors for developing LGT precancer or cancer were assessed and determined. Twenty-two out of the original
344 studies met the selection criteria. The risk of LGT cancers in allo-HCT recipients was found to be significantly higher than
in the general population, with the standardized incidence ratios of 1.5–48 for cervical cancer and from 19 to 287 for dysplasia.
Our review portrays an increased risk of premalignant and malignant neoplasms of female LGT, which have an incompletely
described epidemiology and outcomes. Similar to other immunocompromised states, HCT recipients require specific cervical
screening guidelines and can greatly benefit from HPV vaccinations. However, there is a lack of prospective data regarding
optimum cervical screening in HCT recipients and limited programs offer HPV vaccinations worldwide.

© 2019 International Academy for Clinical Hematology. Publishing services by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license (http://creativecommons.org/licenses/by-nc/4.0/).

1. INTRODUCTION

Each year, malignancies, genetic diseases, hemoglobinopathies,
and immunodeficiencies require hematopoietic cell transplanta-
tion (HCT) as potentially curative therapy for tens of thousands
of patients. Eighty-five percent of patients who survive transplant-
related complications in the first two years have a good prognosis
for long-term survival (10 years) [1]. Female survivors are at a risk of
developing chronic health conditions, including lower genital tract
(LGT) precancer and cancer, premature menopause, and problems
with sexual health. These women benefit from gynecologic care
and follow-up post-HCT. An essential part of this care is screening
for human papillomavirus (HPV)-related lower genital and cervical
dysplasia/cancer, which includes cervical cytology and HPV test-
ing and inspection of the LGT for HPV disease at pelvic exams. As
in other populations, assessment of abnormalities noted on testing
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and biopsy of lesions enables early identification and treatment of
premalignant lesions which, in turn, could decrease the risk of cer-
vical and other LGT cancers in long-term survivors of allo-HCT [2].

HPV is the most common sexually transmitted infection, with a
27% estimated overall prevalence in women aged 14–59 years in
North American and European populations [3,4]. The HPV preva-
lence increases from 20% in teenagers to 45% in women aged 20–
24 years and declines to 5% in women over 50 years [5–7]. Ninety
percent of HPV infections clear spontaneously within 2 years, but
persistent HPV confers a significant risk of development of high-
grade lesions and cancer. Additionally, HPV may reactivate and
cause neoplasms later in life [8]. HPV-related disease typically takes
10 to 30 years to progress from initial epithelial changes to inva-
sive cancer [9], illustrating how screening to identify and treat pre-
malignant lesions in the general population can enable prevention
of cervical cancer. Whether the time to these cancers is shorter in
women post-HCT is not known.

Cervical cancer is the second most common cancer worldwide in
women [10]. Vulvar and vaginal cancer are rare and account for
only 7% of all gynecological malignancies [10] and HPV plays
an important role in their development. High-risk HPV types
(16, 18, 31, 33, 34, 45, 52, and 58) are responsible for 95% of cervicalPdf_Folio:142
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intraepithelial neoplasia (CIN) and invasive carcinomas [11,12] as
illustrated by finding HPV genetic sequences in nearly all cervical
cancers [12–14]. Primary vulvar and vaginal cancers are relatively
rare in the LGT, but evidence of HPV DNA in precursor lesions
(vulvar and vaginal intraepithelial neoplasia) has been reported
with HPV 16 being themost common type detected [15]. Persistent
infectionwith any of the oncogenicHPV types is essential for tumor
cell transformation of cervical and other LGT cells [16–18]. Other
immune compromised populations like HIV-infected women and
those postrenal or other solid organ transplant are at risk of HPV-
related disease throughout the LGTt.

HCT recipients may be at a higher risk of developing HPV-related
neoplastic changes due to a number of factors. First, exposure to
ionizing radiation and chemotherapy as part of treatment and con-
ditioning regimens prior to HCT may lead to an increased risk due
to their detrimental effects on immunity,making onemore prone to
infection or reactivation of HPV. Second, delayed immune recov-
ery or prolonged immunosuppressive therapy (IST) for graft versus
host disease (GVHD) increases the risk, as evidenced by an acceler-
ated progression from cervical dysplasia to invasive carcinoma and
a more aggressive disease course in immunocompromised patients
[19]. Third, HPV and GVHD may be interrelated, as illustrated by
a report of HPV reactivation in a post-HCT patient following use of
topical immunosuppression and vaginal dilators [20]. Other gyne-
cologic factors, like history of HPV-related disease and whether the
woman has ever been and is currently sexually active also impacts
the risk. Additionally, transplant-related factors related to the con-
ditioning regimen and recovery including HPV vaccinations may
alter this risk as well.

Given the growing literature onHPV and LGT cancers in recipients
of HCT, many questions regarding the burden and risks of these
complications have arisen in the practicing community. Herein, we
conducted a systematic review of published peer-reviewed litera-
ture on the risk of HPV-related cervical and LGT precancer and
cancer in HCT recipients. A meta-analysis could not be conducted
due to the differences in both the selection of patients and the pri-
mary outcomes reported in various studies.

2. METHODS

A literature search was conducted on articles published from 1990
to 2018, indexed in the Cochrane Library, PubMed, Embase, Wiley
Online Library.

2.1. Search Terms

These encompassed cervical abnormality, cervical dysplasia, cer-
vical atypia, cervical cancer, cervical precancer, cervical neopla-
sia, squamous intraepithelial lesion (SIL), vulvar neoplasm, vulvar
neoplasia, vulvar cancer, vaginal neoplasm, vaginal neoplasia, vagi-
nal cancer, HPV, cervical cytology, bone marrow transplantation,
HCT, stem cell transplantation, chronic graft versus host disease
(cGVHD), GVHD, female genital tract (FGT), and female repro-
ductive tract.

2.2. Inclusion Criteria

Clinical trials, prospective, retrospective, and cross-sectional
observational studies, case-control studies, nested case control

studies, and case series published in English regarding female sub-
jects that described LGT (cervix, vulva, vagina) precancer or can-
cer post-HCT were included. Cohort studies of long-term risk of
secondary neoplasms after HCT which included LGT cancers were
also screened. Outcomes of interest included any LGT dysplasia or
new (secondary) cancer after HCT and identification of risk fac-
tors that could lead to their development. These risk factors encom-
passed extensive chronic or genital GVHD (cGVHD, gGVHD),
requirement for IST >3 years, transplant factors including unrelated
human leukocyte antigen (HLA)-matched donors, allo-HCT recip-
ients who had a relapse of the primary malignancy, extensive or
genital chronic GVHD (as it a poses risk of prolonged IST), abnor-
mal cervical cytology testing (Papanicolaou smears) prior to HCT
which includes atypical squamous cells of undetermined signifi-
cance (ASCUS), and pretransplant dysplasia.

2.3. Exclusion Criteria

Any language other than English, systematic reviews, review arti-
cles, meta-analysis, case reports, book chapters, and preclinical
studies were excluded.

3. RESULTS

Of the 344 articles identified, 27 provided LGT precancer and
cancer information in posttransplant recipients. Removing redun-
dancies and review articles, only 22 remained.Of these 22, five stud-
ies (two prospective cohort and three retrospective cohort studies)
included cervical cytology results and examined the risk factors for
cervical or LGT precancer. Thirteen retrospective cohort studies
reporting the incidence of secondary cancers post-HCT included
cervical cancer and six retrospective cohort studies reported on vul-
var or vaginal cancer incidence.

3.1. Study Characteristics

3.1.1. Cervical and lower genital tract dysplasia

Characteristics of individual studies are presented in Table 1
[21–26] which include four studies reporting on cervical and one
study reporting on lower genital neoplasia.

Sasaduesz et al. [21] conducted a retrospective study of all avail-
able pap smears before and after HCT and reported a 6.8-fold
increase in risk for cervical abnormality (low-grade squamous
intraepithelial lesion [LSIL] or high-grade squamous intraepithe-
lial lesion [HSIL]) before (age-adjusted odds ratio [OR] 2.2, P
= 0.02) and after HCT (OR 7.0, P < 0.0001), with a greater
incidence occurring in allogeneic versus Autologous HCT (auto-
HCT) recipients post-HCT (OR 2.6, P = 0.02). A higher rate
of abnormalities was only found in Allogeneic HCT (allo-HCT)
recipients when comparing pre- and post-HCT status (allogeneic,
OR 6.8, P = 0.004). No increased risk was reported among
auto-HCT recipients. The risk factors for abnormal cytology
identified among allo-HCT recipients included cGVHD and/or
prolonged immunosuppressive therapy (>3 years). That study was
limited by a lack of information on GVHD severity, intensity, and
duration of immnosuppressive therapy.

Pdf_Folio:143
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Savani et al. [22] reported a retrospective study in 38 allo-
HCT recipients, followed for a median of 7 years post-HCT, and
found biopsy-confirmed HPV-related cervical dysplasia in 43%
of patients. On a multivariate logistic regression, the only risk
factor significantly associated with HPV-related cervical dysplasia
(HSIL or LSIL) post-HCT was a prolonged usage of IST (>3 years)
for cGVHD management, which showed a risk 4.6 times higher
than that posed by a shorter duration of IST (OR 4.6, 95% con-
fidence interval [CI] 1.1–16.4; P 5 .019). No significant associa-
tion was found betweenHPV-related dysplasia and genital cGVHD
(P = 0.37), but genital cGVHD was not uniformly assessed.

Wang et al. [23] followed a cohort of 89 allo-HCT recipients for 11
years post-HCT in which patients averaged 6.5 Pap smears during
follow-up. Among 69 patients who had normal cervical cytology
pre-HCT, 23% developed HSIL and 9% LSIL post-HCT. HPV DNA
testing was conducted in 12 HSIL patients, 7 (58%) of whom were
HPV positive. None of the six patients with LSIL tested for HPV
DNAhad a positive result. They identified unrelatedHLA-matched
donors and vulvovaginal cGVHD as independent risk factors for
HSIL diagnosed on cervical cytology testing post-HCT compared
with pre-HCT. Vulvovaginal cGVHD conferred the greatest risk for
developing HSIL post-HCT (OR, 31.97; 95% CI, 1.33–769.42) and
was the only independent risk factor significantly associated with
histologically confirmed cervical dysplasia (adjusted OR, 47.7; 95%
CI, 1.83–1234.65; P = 0.02).

Shanis et al. [24] in a prospective cohort study, found an increase
in the cumulative rate of genital HPV infection over time. They
identified having abnormal cervical cytology testing prior to HCT
as a risk factor for having post-HCT HPV infection (OR = 6.5,
P = 0.008) and the strongest risk factor for persistent HPV (OR
= 23.2, P < 0.001). Having either genital cGVHD or extensive
cGVHD conferred a higher risk of developing cervical dysplasia
and for HPV disease, post-HCT (CIN II-III / VIN II-III; OR = 13.1,
P = 0.017). Pre- or post-HCT hysterectomy was associated with an
increased risk of multifocal HPV infections (OR = 7.9, P = 0.01).
Pre-transplant dysplasia was also identified as an important risk
factor on univariate analysis (P = 0.018) and confirmed with mul-
tivariate analysis (OR 10.3; P = 0.013). Time to abnormal cervical
cytology testing was significantly associated with the utilization of
vulvar steroids (hazard ratio [HR] 0.2, p < 0.01) and pre-transplant
dysplasia (HR 0.26, p < 0.05).

Yu et al. [25] reported that among those with early cervical cytol-
ogy testing, cervical atypia mimicking the appearance of cancer
was more prevalent within 100 days after HCT in patients receiv-
ing busulfan containing conditioning regimens (before day +100,
80%, versus after day +100, 2.56%; P = .0002). Biopsy evaluation
of these abnormalities showed that the atypia was related to busul-
fan and not to HPV-related neoplasia. Negri et al. [26] reported a
higher rate of abnormal cervical smears and cytologic HPV-related
SIL compared to the overall SIL rate in allo-HCT recipients in their
institution (P < 0.001). They also described busulfan-related cervi-
cal atypia post allo-HCT, mimicking cancer, which was interpreted
as a false-positive result.

In summary, the aforementioned studies suggest that HCT
recipients are more susceptible to the progression of cervical dys-
plasia, due to prolonged immunosuppression as a result of vulvo-
vaginal GvHD, and long-term use of systemic IST. There is also
evidence to suggest a higher rate of abnormal cervical cytology

after allo-HCT. Future studies with larger patient populations hav-
ing detectable cervical cancer andHPVDNAco-testingwill provide
greater insight into the risk of cervical cancer development post-
HCT, and help distinguish true from transient cervical atypia, min-
imizing detection bias.

3.1.2. Cervical cancer

Study characteristics are presented in Table 2 [27–39].

Thirteen studies allowed the assessment of the development of sec-
ondary cancer after HCT, including cervical cancer. Three of these
studies followed recipients of either auto- or allo-HCT, four of only
auto-HCT and the remaining six studies had patients who received
allo-HCT only.

Previous studies have identified GVHD as a risk factor for sec-
ondary solid cancers after allo-HCT,with recipients developing new
solid cancers at twice the rate of the general population, with a 3-
fold greater risk among patients followed for 15 years or longer
after transplant [37]. GVHD increased the risk of squamous cell
carcinomas, and total body irradiation was the major risk factor
for developing nonsquamous cell carcinomas. Also, LGT dyspla-
sia was common among solid organ transplant recipients [40–42].
HPV has also been detected in 70%–90% of cutaneous squamous
cell cancers [43,44] . Similarly, new (or secondary) neoplasms are a
serious long-term complication after allo-HCT [32,33]. In a long-
term prospective cohort of allogeneic HCT survivors, Bhatia et al.
[33] reported an increased risk of developing oral and cervical squa-
mous cell carcinomas. Although true for other sites, the relationship
between HPV infection and second cancers of the cervix in HCT
survivors is not known.

Bhatia et al. [33] (919 females) and Shimada et al. [35] (324 females)
reported a 13.3- and 8.6-fold increase, respectively, in the risk of
developing cervical cancer as compared with the general popula-
tion, whereas Kolb et al. [32] (433 females) failed to show any sig-
nificant risk increase. The studies with the largest cohorts (range,
1,765–11,752 females) followed recipients of allo-HCT and did not
find an increase in the risk of developing cervical cancer compared
with the general population [27,28,30,31,37,39]. Rizzo et al. [37]
who followed the largest cohort of 11,752 women only reported five
cases of cervical cancer post-HCT. Studies following women who
received auto-HCT had relatively smaller cohorts (range: 60–592),
and also did not show an increase in the risk of developing cervical
cancer secondary to HCT compared with the general population
[29,34,36,38]. Danner-Koptik et al. [29] reported an increase in risk
based on a single case of cervical cancer in a pediatric population
of patients.

In conclusion, for both auto-HCT and allo-HCT recipients, the
findings collectively suggest no elevation in the risk of developing
cervical cancer. However, it is difficult to draw any conclusions due
to the shortcomings of the reviewed papers. A substantial portion
of the collective cohort of these studies included patients aged 0–10
years, with infants being included in each individual study.

3.1.3. Vulvar and vaginal cancer

Study characteristics are presented in Table 3 [27,30,45–48].Pdf_Folio:145



146 M.S. Tanweer et al. / Clinical Hematology International 1(3) 142–153

Ta
bl
e2

St
ud

ie
so

n
ce

rv
ic
al

ca
nc

er
af
te
rH

CT
.

St
ud

y
St
ud

y
D
es
ig
n

H
CT

Pe
ri
od

Pa
tie

nt
s,

N
H
CT

Ty
pe

M
ed
ia
n
A
ge

at
H
CT

,Y
ea
rs

(R
an

ge
)

M
ed
ia
n
Fo

llo
w-

U
p,
Ye
ar
s(
Ra

ng
e)
a

C
er
vi
ca
lC

an
ce
rs

Po
st
-H

CT
,n

(%
of

To
ta
l

Pa
tie

nt
s)

SI
R
(9
5%

CI
)

Ti
m
et
o
D
ia
gn

os
is

of
C
er
vi
ca
lC

an
ce
r

Po
st
-H

CT
,Y

ea
rs

(N
um

be
ro

fC
as
es
)

C
er
vi
ca
l

D
ys
pl
as
ia
Ca

se
s

Po
st
-H

CT
,n

(T
yp

e)

L o
w
sk

y
et
al
.,

19
94

[2
4]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

70
–1

99
3

24
8

A
llo

(1
7–

55
)

1,
60

8
pe

rs
on

-y
ea

rs
b

0
-

-
5
(C

IN
)

Cu
rt
is
et
al
.,

19
97

[2
8]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

64
–1

99
0

7,
85

1
A
llo

25
.5

3.
5
(1

–2
5)

1
(0

.0
13

)
1.
7
(0

.5
4–

3.
85

)
1–

4
(1

)
0

Ko
lb
et
al
.,

19
99

[3
2]

Re
tro

sp
ec

tiv
e

co
ho

rt
pr

e-
19

86
43

3
A
llo

or
au

to
21

(1
–5

1.
9)

10
.7

(5
–2

2.
1)

0
-

-
5
(C

IS
)

Bh
at
ia
et
al
.,

20
01

[3
3]

Re
tro

sp
ec

tiv
e

co
ho

rt
an

d
ne

ste
d

ca
se

-c
on

tro
l

19
76

–1
99

8
91

9
A
llo

or
au

to
33

.9
(1

.5
–7

1.
5)

3.
3
(0

.1
–2

1.
1)

4
(0

.4
4)

13
.3

c
(3

.5
–2

9.
6)

M
ed

ia
n:

3.
3

Ra
ng

e:
1.
6–

9.
7

0

Br
ow

n
et
al
.,

20
05

[3
4]

Re
tro

sp
ec

tiv
e

C
oh

or
t

19
82

–1
99

7
25

4
Au

to
44

9.
5

0
-

-
1
(H

SI
L)

Sh
im

ad
ae

ta
l.,

20
05

[3
5]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

81
–2

00
0

32
4

A
llo

or
au

to
34

(1
5–

70
)

5.
3
(1

-1
9-

9)
2
(0

.6
2)

8.
6c (1
.0
4–

31
.0
1)

3.
8
(1

)4
.9

(1
)

0

Ru
iz
-S

ot
o
et

al
.,
20

05
[3

6]
Re

tro
sp

ec
tiv

e
co

ho
rt

19
93

–2
00

2
60

Au
to

46
(1

8–
69

)
3
(0

.5
–1

2)
1
(1

.7
)

N
R

9.
8
(1

)
0

Ri
zz

o
et
al
.,

20
08

[3
7]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

64
–1

99
4

11
,7
52

A
llo

27
(0

.1
–7

2.
4)

36
,2
52

fe
m

al
e

pe
rs
on

-y
ea

rs
5
(0

.0
43

)
1.
7
(0

.5
4–

3.
85

)
<1

(1
)1

–4
(3

)
≥1

5
(1

)
3
(C

IS
)

Se
sh

ad
ri
et
al
.,

20
09

[3
8]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

87
–2

00
6

16
4

Au
to

50
(1

9–
70

)
4.
8

1
(0

.6
1)

N
R

N
R

0

M
aj
ha

il
et
al
.,

20
11

[3
9]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

86
–2

00
6

1,
90

3
A
llo

29
(<

1–
60

)o
r

36
(<

1–
60

)c
7
(<

1–
21

)o
r

8
(<

1–
19

)b
3
(0

.1
6)

2.
3
(0

.4
8–

6.
77

)
<1

(1
)1

–4
(1

)
5–

9
(1

)
0

D
an

ne
r-
Ko

pt
ik

et
al
.,
20

13
[2

9]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

87
–2

00
3

59
2

Au
to

8(
<1

–2
1)

8
(<

1–
21

)
1
(0

.1
7)

48
c
(1

.2
–2

70
)

<1
(1

)
0

Ri
ng

de
n
et
al
.,

20
14

[3
0]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

95
–2

00
6

1,
76

5
A
llo

53
(<

1–
79

)
6
(0

.1
–1

5.
7)

1
(0

.0
57

)
2.
1
(0

.0
5–

11
.9
3)

N
R

0

At
su

ta
et
al
.,

20
14

[3
1]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

90
–2

00
7

7,
14

9
A
llo

40
(1

6–
85

)
69

,4
65

pe
rs
on

-y
ea

rs
7
(0

.0
98

)
1.
5
(0

.6
–3

.0
)

<1
(1

)1
–4

(4
)5

–9
(1

)≥
10

(1
)

0

A
llo

,a
llo

ge
ne

ic
;a

ut
o,

au
to

lo
go

us
;C

IN
,c

er
vi
ca

li
nt

ra
ep

ith
eli

al
ne

op
la
sia

;C
IS

,c
ar

ci
no

m
ai

n
sit

u;
H
CT

,h
em

at
op

oi
et
ic

ce
ll
tr
an

sp
la
nt

at
io

n;
H

SI
L,

hi
gh

-g
ra

de
sq

ua
m

ou
si

nt
ra

ep
ith

eli
al

le
sio

n;
N
R,

no
tr

ep
or

te
d;

SI
R,

sta
nd

ar
di

ze
d
in

ci
de

nc
er

at
io
.

(a
)D

et
er

m
in

ed
by

th
ea

ut
ho

rs
fo

rb
ot

h
m

al
es

an
d

fe
m

al
es

in
th

ec
oh

or
t.

(b
)T

w
o
se

pa
ra

te
stu

dy
gr

ou
ps

of
pa

tie
nt

s,
th

os
ew

ith
ei
th

er
ac

ut
em

ye
lo
id

le
uk

em
ia

in
fir

st
co

m
pl

et
er

em
iss

io
n

or
ch

ro
ni

cm
ye

lo
id

le
uk

em
ia

in
fir

st
ch

ro
ni

cp
ha

se
,w

ith
th

ei
r

re
sp

ec
tiv

em
ed

ia
ns

an
d
ra

ng
es

.(
c)

St
at
ist

ic
al
ly

sig
ni

fic
an

t.

Pdf_Folio:146



M.S. Tanweer et al. / Clinical Hematology International 1(3) 142–153 147

T a
bl
e3

S t
ud

ie
so

n
vu

lv
ar

an
d
va

gi
na

ld
ys

pl
as

ia
an

d
ca

nc
er

af
te
rH

CT
.

St
ud

y
St
ud

y
D
es
ig
n

H
CT

Pe
ri
od

Pa
tie

nt
s,

N
H
CT

Ty
pe

M
ed
ia
n
A
ge

at
H
CT

,Y
ea
rs

(R
an

ge
)

M
ed
ia
n

Fo
llo

w-
U
p,

Ye
ar
s(
Ra

ng
e)
a

Ca
nc
er
sP

os
t-

H
CT

,n
(%

of
To

ta
lP

at
ie
nt
s)

SI
R
(9
5%

CI
)

Ti
m
et
o
D
ia
gn

os
is

Po
st
-H

CT
,Y

ea
rs

(N
um

be
ro

fC
as
es
)

D
ys
pl
as
ia
Ca

se
s

Po
st
-H

CT
,n

(T
yp

e)
L o

w
sk

y
et
al
.,

19
94

[2
7]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

70
–1

99
3

24
8

A
llo

(1
7–

55
)

(1
–2

4)
0

-
-

1
(V

IN
)

D
ee

g
et
al
.,

19
96

[4
6]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

70
–1

99
3

28
3

A
llo

18
(1

.8
–6

7)
1,
49

8
fe
m

al
e

pe
rs
on

-y
ea

rs
1
vu

lv
ar

(0
.3
5%

)
N
R

N
R

0

O
dd

ou
et
al
.,

19
98

[4
7]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

85
–1

99
5

65
Au

to
38

(1
1–

61
)

4.
3
(1

.8
–1

3)
1
vu

lv
ar

(1
.5
%
)

28
7b (3
.7
3-

55
2)

3
(1

)
0

G
al
la
gh

er
et

al
.,
20

07
[4

8]
Re

tro
sp

ec
tiv

e
co

ho
rt

19
85

–2
00

3
41

6
A
llo

39
(1

2–
65

)
1.
8
(0

–1
9.
2)

0
-

-
1
(V

IN
3)

Sh
im

on
ie
t

al
.,
20

13
[4

9]
Re

tro
sp

ec
tiv

e
co

ho
rt

19
99

–2
01

1
38

5
A
llo

50
(1

7–
76

)
4.
6
(1

–1
3)

1
va

gi
na

l
(0

.2
6%

)
N
R

N
R

0

Ri
ng

dé
n
et
al
.,

20
14

[3
0]

Re
tro

sp
ec

tiv
e

co
ho

rt
19

95
–2

00
6

1,
76

5
A
llo

53
(<

1–
79

)
6
(0

.1
–1

5.
7)

2
vu

lv
ar

(0
.1
1%

)
18

.6
b

(2
.2
5–

67
.0
2)

N
R

0

Ab
br

ev
ia
tio

ns
:a

llo
,a

llo
ge

ne
ic
;a

ut
o,

au
to

lo
go

us
;H

CT
,h

em
at
op

oi
et
ic

ce
ll
tr
an

sp
la
nt

at
io

n;
N
R,

no
tr

ep
or

te
d;

SI
R,

sta
nd

ar
di

ze
d
in

ci
de

nc
er

at
io

;V
IN

,v
ul

va
ri

nt
ra

ep
ith

eli
al

ne
op

la
sia

.
(a

)D
et
er

m
in

ed
by

th
ea

ut
ho

rs
fo

rb
ot

h
m

al
es

an
d
fe
m

al
es

in
th

ec
oh

or
t.

(b
)S

ta
tis

tic
al
ly

sig
ni

fic
an

t.

Pdf_Folio:147



148 M.S. Tanweer et al. / Clinical Hematology International 1(3) 142–153

In the case of vulvar and vaginal cancer post-HCT, limited infor-
mation about the risk factors and incidence is available. Ringdén
et al. [30] reported one case of vulvar cancer in 1,765 allo-HCT
recipients (SIR, 18.6; 95% CI, 3.73–552; P = 0.01) and Oddou et al.
[46] reported two cases in 65 auto-HCT recipients (SIR, 287; 95%
CI, 3.73–552; P = 0.01). These are the only two studies which found
an elevated risk of vulvar cancer post-HCT and neither attributed
any factors underlying such risk. Deeg et al. [45] reported one case
of vulvar cancer out of 283 allo-HCT recipients, without mention-
ing any change in the risk for that. Lowsky et al. [27], alongwithGal-
lagher and Forrest [47] each reported one case of vulvar dysplasia
(VIN I and VIN III, respectively), without any risk determination.
Wewere unable to find any studies which prospectively assessed the
risk factors or rates of vaginal cancer post-HCT in allo-HCT recip-
ients. Shimoni et al. [48] are the only authors who reported a sin-
gle case of vaginal cancer out of 385 allo-HCT recipients but did
not provide any risk determination data. Unfortunately, it is diffi-
cult to draw any conclusions regarding post-HCT vulvar and vagi-
nal dysplasia or cancer, due to their rarity in the current literature.
Most studies report small numbers post-HCT and lack any risk
assessment.

4. RISK FACTORS AND MECHANISMS

Most studies to date in allo-HCT recipients have focused on cervi-
cal dysplasia rather than specifically on HPV-related LGT disease,
and have shown that cervical HSIL and cervical dysplasia occur at a
higher rate post-HCT than in general population.Womenundergo-
ing allo-HCThave an increased risk, due to chemotherapies and IST
which comewith the treatment ofmalignancy and cGVHD, respec-
tively. The peak incidence for HPV disease appears to be years after
HCT, suggesting HPV reactivation or new infection through a new
sexual contact. Additionally, the conditioning regimen for HCT
can potentially predispose the recipients to cervical dysplasia [33].
Finally, GVHD results in mucosal lesions involving genital tissues
and may result in dysplasia either independently or synergistically
with HPV involvement [49].

Besides quantitative risks, papers included in our review also iden-
tified that genital GVHD has various manifestations [50]. It can
present as scarring or narrowing of the vaginal canal leading to
shortening of the canal, with or without the presence of arcu-
ate ridges or synechiae. It can also cause the formation of ulcers,
or tender, inflamed erosions of the vulvar mucosa. Topical cor-
ticosteroid is the preferred treatment for mucocutaneous GVHD
as systemic immunosuppression does not decelerate the course of
genital GVHD progression. Topical estrogen may complement the
effects of corticosteroids in some cases, as it promotes the growth
of mucosa and may limit scarring [51]. But care must be taken, as
IST and the usage of vaginal dilators has the potential to lead to
widespread HPV infection [20].

HPV invokes both an antibody and cell-mediated response from the
immune system, with evidence suggesting a central role of T-cells
[52]. Posttransplant cell-mediated immunity is decreased, affecting
T-cells, natural killer cells, and antibody production, which can be
made worse by cGVHD and prolonged IST [53]. Cancer progres-
sion in active HPV infections can be affected by genetic factors,
disease type, cGVHD, conditioning regimens, and treatments [54].
Aldabagh et al. [52] also highlighted an increased risk of multifocal
HPV disease in immunocompromised women.

Since allo-HCTs carry a purportedly higher risk than auto-HCTs
for developing new cancers post-HCT, these results present a
challenge, as they collectively argue against this notion. The aver-
age risk described in allo-HCT recipients may be due to an insuffi-
cient follow-up period for cervical cancer, which has a long latency
period, with some cases having been diagnosed after a decade. Sec-
ondary solid tumor development peaks at approximately 6.8 years
post allo-HCT [47], and the incidence increases linearly over at
least 20 years [37]. Longer follow up periods would allow the max-
imum influence of HCT-related factors to manifest on the cervix.
All 13 studies on new cancers post-HCT lack HPV data (high risk
versus low risk HPV infections) which can help identify which
allo-HCT recipients are at an increased risk. Overall, the num-
ber of cervical cancer patients reported may have been under-
estimated, due to a significant fraction of children (<10 years at
the time of HCT) included in the cohorts, who are unlikely to
contract HPV during the latency period of cervical cancer. Rizzo
et al. [37], Majhail et al. [39], and Kolb et al. [32] reported 14%, 6%,
and 15% of total HCT recipients being under the age of 10, respec-
tively. Ringdén et al. [30] and Bhatia et al. [33], did not specify the
number, but did include young children in their cohorts. Addition-
ally, the increased risk discovered by Bhatia et al. [33] and Shimada
et al. [35] could be explained by their relatively small cohort sizes,
where the small number of cervical cancers (four and six, respec-
tively) could make the risk appear significantly elevated.

The exact relationship between GVHD and HPV reactivation and
spread is uncertain. It is difficult to ascertain whether viral reacti-
vation leads to GVHD or if GVHD and the IST associated with it,
leads to HPV reactivation. IST hinders the ability of the immune
system to clear HPV and increases the risk of dysplastic and
neoplastic changes. Viral reactivation increases the likelihood of
developing a pro-inflammatory microenvironment which pro-
motes allo-immune activation, potentially leading to GVHD. The
context of antigen presentation influences the immune response
and the presence of self-antigens alone is enough to mount it
[55]. Molecular patterns associated with pathogens and tissue dam-
age are more likely to induce a pro-inflammatory response rather
than anergy or an anti-inflammatory response [55]. Thus, when
host self-antigens are presented to the donor immune system in
this microenvironment, immune activation and local GVHD may
become more likely. The need for the combination of both, allo-
antigen and an inflammatory stimulus, to be sufficient for GVHD
to occur is exhibited by the association of viral reactivation and
GVHD in other mucosal environments. Sri et al. [20], described
a 30-year-old woman, two years post-HCT for aplastic anemia,
receiving systemic cyclosporine for cGVHD. Topical estrogen and
corticosteroids, along with vaginal dilators were also used for the
treatment of vaginal cGVHD. Condylomatous cervicitis was dis-
covered upon colposcopy andbiopsy for abnormal cervical cytology
testing. Continued dilator therapy over the next 4 months resulted
in the development of linear verrucous lesions in the vagina and
vulva, which were then treated with laser therapy. Following the
same patient, Buchan et al. [56] reported an outbreak of genital
warts following the use of topical IST. This HPV reactivation lim-
ited the use of local IST and a vaginal estrogen ring was only able
to delay vaginal scarring and necessitated a cruciate incision in the
cervico-vaginal scar to relieve the hematocolpos that developed due
to GVHD. This case highlights a mode of spread of HPV that might
be easily missed. The use of local IST and dilator therapy for geni-
tal GVHD can enhance the spread of HPV, and could explain whyPdf_Folio:148
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vulvovaginal GVHD is a risk factor for cervical dysplasia in some
papers. It also highlights the need for novel management of vaginal
GVHD, and the interrelationship of GVHD and HPV.

5. ROLE OF HPV VACCINATIONS

Vaccination recommendations are provided in Table 4.

A limited number of HCT programs offer HPV vaccination post-
HCT to provide protection to immunodeficient individuals against
the pathogenic strains of HPV. Three vaccines are approved by the
Food andDrugAdministration to prevent HPV infection: Gardasil,
Gardasil 9, and Cervarix. These vaccines are noninfectious, non-
replicating, subunits of viral-like particles. All three prevent infec-
tions with HPV types 16 and 18, two high-risk HPVs that cause
about 70% of cervical cancers [57], 90% of anal cancers in men and
women, 65% of vaginal cancers, and 78% of HPV-related vulvar
cancers. Gardasil also prevents infection with HPV types 6 and 11,
which cause 90% of genital warts. Gardasil 9 prevents infectionwith
the same four HPV types plus five additional high-risk HPV types
(31, 33, 45, 52, and 58).

For immunocompetent individuals, most guidelines recommend
vaccinating females aged 9–14 years, before the onset of sexual
activity, with a catch up period of 26 years. Inmany countries, a two-
dose regimen is recommended for those under the age of 15 years
with an interval of 6months and a standard, three-dose regimen for
those aged 15 years or older and the immunocompromised [58].

In the immunocompromised, including those who are HCT recip-
ients, antibody titers are often lower when compared to the

immunocompetent [59–62]. It was also noted that titers differ
according to the immune therapy received, with mycophenolate
producing lower HPV vaccine titers when compared to other drugs
[63]. Nonetheless, these studies do not attribute any adverse effects
to the HPV vaccine, nor do they alter the course of the original
disease, demonstrating its safety [53,64,65]. Results from a recent
large study on women posttransplant on low dose IST or not on any
IST showed that they can mount a response to HPV vaccine and,
thus, vaccination will likely become a recommended strategy in the
future [66].

Female HCT recipients between the ages of 9 and 26 can ideally
receive three doses of the HPV vaccine if there are no contraindica-
tions present. However, in sexually active women above the age of
26, vaccinations can be considered based on individual bases. Long-
term safety and immunogenicity data is still lacking regarding the
HPV vaccine post-HCT. Thus, further clinical research into under-
standing the course of LGT dysplasia, incidence of cancer, and the
role of HPV is essential in guiding the establishment of HCT spe-
cific vaccination schedules in the future.

6. CHALLENGES

Due to the relative shortage of prospective trials on this topic and
lack of relevant data, there are a number of challenges facing clini-
cians and researchers alike. A long-term follow-up period is needed
to study the progressive changes associated with cervical precan-
cer and cancer. Unfortunately, due to the age of the patients and
the response to HCT, a significant number are lost to follow-up.
Most of the reviewed publications describe their small cohorts as a

Table 4 HPV vaccination recommendations.

Age/Situation Schedule
Notes (Plus Specific Recommendations for HCT
Patients)

9–14 yearsa Routine vaccination for all adolescents at 11–12 years (can start at
age 9) and through age 18 if not previously adequately vaccinated.
Number of doses dependent on age at initial vaccination:

Age 9–14 years at initiation: 2-dose series at 0 and 6–12 months. Minimum interval: 5 months (repeat a dose given too
soon at least 12 weeks after the invalid dose and at
least 5 months after the 1st dose).

Age 15 years or older at initiation: 3-dose series at 0, 1–2 months,
and 6 months.

Minimum intervals: 4 weeks between 1st and 2nd dose;
12 weeks between 2nd and 3rd dose; 5 months
between 1st and 3rd dose (repeat dose(s) given too
soon at or after the minimum interval since the most
recent dose).

HCT recipients aged
9–26 years

3 doses, if no contraindications are present. Consider vaccination on individual bases in sexually
active females above the age of 26.

Immunocompromised
(including HIV)
aged 9–26 yearsa

3-dose series at 0, 1–2 months, and 6 months. HCT recipients fall into this category

Pregnancya Vaccination not recommended, but there is no evidence the
vaccine is harmful. No intervention is needed for women who
inadvertently received a dose of HPV vaccine while pregnant.
Delay remaining doses until after pregnancy. Pregnancy testing
not needed before vaccination

19–26 yearsb 2–3 doses depending on age of initial dose
27–64 yearsb No recommendations available In sexually active females post HCT, HPV vaccination

may be considered on individual basis
≥65 yearsb No recommendations available
Persons who have completed a valid series with any HPV vaccine do not need any additional doses.
HCT, hematopoietic cell transplant; HIV, human immunodeficiency virus; HPV, human papillomavirus.
(a) CDC, NCRID. Recommended Immunization Schedule for Children and Adolescents Aged 18 Years or Younger, UNITED STATES, 2018 Approved by the Advisory Committee on
Immunization Practices AmericanAcademy of Family Physicians [Internet]. 2018 [cited 2019 Jan 2]. Available from: www.acog.org. (b) American Center for Disease Control and Prevention-
Recommended Immunization Schedule for Adults Aged 19 Years or Older, United States, 2018, cited 2019 Jan 2]. Available from: https://www.cdc.gov/vaccines/schedules/hcp/imz/adult-
compliant.html#f6
Pdf_Folio:149
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limitation, warranting a large-scale study to be conducted.
Although the Bethesda classification scale is used to identify the
amount of dysplasia throughout these studies, there is a lack of
consistency in the other variables being tested, which makes it
extremely difficult to compile any meaningful numerical data, par-
ticularly the lack of pre and post-HCT HPV testing.

Cervical screening guidelines are provided in Table 5.

The timing and frequency of cervical screening in women under-
going HCT is still debatable, given the lack of prospective data.
Frequent screening bears the risk of finding self-limiting, transient
lesions which do not have any effect on treatment. The screening
and management guidelines for cervical HPV disease in women
post-HCT have not been formulated based on evidence. Instead
they have mirrored what is advised for those with other immun-
odeficiencies. Established cervical screening programs for healthy
populations require 3- or 5-year cervical cytology testing in sexu-
ally active females. However, this time frame is inappropriate for
the immunocompromised patients and, additionally, the cytology
testing alone may be insufficient for this group of patients. Based
on individual risk factors, such as use of corticosteroids, duration
of IST, time since coitarche and each woman’s fertility goals, treat-
ment of abnormalities should be individualized.

The same guidelines for cervical cancer screening and treatment in
women with solid organ transplantation and HIV can be consid-
ered in post-HCT patients in the absence of substantial evidence.
HPV-related disease screening starts earlier and occurs more fre-
quently in HIV-positive women than in the general population,
due to several reasons. Women infected with HIV have a greater
risk of contracting high-risk HPV infections and CIN [67–69]. Sex-
ually active adolescents who are HIV-positive have a higher rate
of progression to abnormal cervical cytology [70]. These women
have higher rates of vaginal, vulvar, and perianal neoplasia [71,72].
They also have higher rates of anal intraepithelial neoplasia and
anal cancer, compared with the general population [73]. Abnormal
cervical screening results and SIN lesions in HIV-positive women
should be managed according to the ASCCP and The Panel on
Opportunistic Infections guidelines and algorithms. Since these

guidelines have recently changed, does it beckon a change in post-
HCT cervical screening as well? In most of the articles reviewed,
pre-HCT screening was generally ineffective in identifying women
at an increased risk of developing cervical dysplasia, warranting the
need for intense post-HCT monitoring. Cervical cancer screening
is recommended every 1–3 years in HCT survivors from the ages
of 21 to 65 years [74–76]; however, for nonsexually active females
who have had three negative pap smears, discontinuation of screen-
ing may be considered on individual bases. Initiating annual gyne-
cological screening is supported by the occurrence of HPV infec-
tion within the first few years after transplant, and in agreement
with current transplant screening guidelines [53]. Women with-
out extensive or genital GVHD, immunocompromised status, or
malignancy relapse may be considered for longer screening inter-
vals of 2–3 years if they have normal cytology testing in the first few
years. Challenges also exist in finding the correct balance in treat-
ing GVHD and HPV. Genital HPV limits the use of local immuno-
suppression which may worsen scarring of the genital tract. As
observed by Buchan et al. [56], only an estrogen ring was able to
aid the healing of denuded vaginal mucosa as estrogen plays a role
in the support and growth of mucosal surfaces [77], with limited
effects on vaginal GVHD.

7. CONCLUSIONS

Our systematic review was conducted to compile relevant data
regarding LGT precancer and cancer amongst HCT survivors and
clearly suggests that good quality data regarding this topic are
lacking and that further research is required. All studies show an
increase in the amount of cervical dysplasia post-HCT, ranging
from ASCUS to HSIL, with treatment-associated dysplasia occur-
ring earlier in the course of the disease, and spontaneously resolv-
ing in some cases. The limited amount of progression data available
shows either complete resolution of dysplasia or persistence until
conization/hysterectomy. However, most of the published studies
do not portray long-term outcomes of the complications or its
interventions. Many allo-HCT recipients may require prolonged
IST for GVHD and, thus, are at a higher risk for persistent HPV

Table 5 Official cervical screening guidelines in the general population and HCT recipients with normal
findings.a,b

Age Group Type of Screening
Frequency of
Testing

HCT Recipients(Not Official
Recommendations)

<21 No screening -
21–29 years Cervical cytology testing alone Every 3 years Every 1–3 years
30–65 years Cervical cytology testing alone Every 3 years Every 1–3 years however, for

nonsexually active females who
have had three negative pap
smears, discontinuation of
screening may be considered
on individual bases

Cervical cytology and HPV DNA
cotesting

Every 5 years

>65 years No screening required if: -Negative
previous screening resultsc -No
CIN2+ history in the past 20 years

-

CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.
(a) If a positive result is detected on any cervical cytology testing ofHPVDNA testing, additional follow-up testing is recommended
(guidelines not stated). (b) Recommendations from the American Cancer Society, American Society for Colposcopy and Cervical
Pathology, and American Society for Clinical Pathology (ACS-ASCCP-ASCP) Cervical Cancer Guideline Committee. (c) Defined
as three consecutive negative cytology results or two consecutive negative cotest results within the previous 10 years, with themost
recent tested performed within the past 5 years.
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infections [22] and abnormal cervical smears [21]. Unrelated HLA-
matched donor transplants are also associated with an increased
risk for gGVHD among allo-HCT survivors [78] and, thus, confer
an increased risk of cervical dysplasia [23]. Reports on new (sec-
ondary) cancer with LGT cancer data, following cohorts of allo and
auto-HCT recipients, do not report consistent results. There is a lack
of large prospective studies that follow post-HCT women to study
the progression of LGT dysplasia to cancer.

Additionally, due to the absence of postvaccination efficacy stud-
ies, and to increased risk of disease from non-HPV vaccine strains,
patients require intense gynecologic care post-HCT with dedicated
gynecologists as part of survivorship program, and most countries
recommendmore frequent screening for these women compared to
the general population [79–81]. Further research on this topic will
help clarify screening measures and risk factors to effectively iden-
tify high-risk individuals and preemptively uncover any high-grade
cervical precancer and cancer.

CONFLICTS OF INTEREST

None relevant.

AUTHORS’ CONTRIBUTIONS

MST and SKH designed the study. All authors played a significant
role in each step of manuscript writing and vouch for the accuracy
and contents of the manuscript. All authors approved the final ver-
sion of the draft.

DISCLOSURES

SKH: Honorarium Mallinckrodt, Janssen, Novartis, Pfizer

REFERENCES

[1] Wingard, JR, Majhail, NS, Brazauskas, R, Wang, Z,
Sobocinski, KA, Jacobsohn, D, et al. Long-term survival and late
deaths after allogeneic hematopoietic cell transplantation. J Clin
Oncol 2011;29;2230–9.

[2] Witherspoon, RP, Fisher, LD, Schoch, G, Martin, P, Sullivan, KM,
Sanders, J, et al. Secondary cancers after bone marrow trans-
plantation for leukemia or aplastic anemia. N Engl J Med
1989;321;784–9.

[3] Schiffman, M, Castle, PE, Jeronimo, J, Rodriguez, AC,
Wacholder, S. Human papillomavirus and cervical cancer. Lancet
2007;370;890–907.

[4] Schiffman, M, Wentzensen, N. From human papillomavirus to
cervical cancer. Obstet Gynecol 2010;116;177–85.

[5] Ho, GYF, Bierman, R, Beardsley, L, Chang, CJ, Burk, RD. Nat-
ural history of cervicovaginal papillomavirus infection in young
women. N Engl J Med 1998;338;423–8.

[6] Winer, RL, Feng, Q, Hughes, JP, O’Reilly, S, Kiviat, NB,
Koutsky, LA. Risk of female human papillomavirus acquisition
associated with first male sex partner. J Infect Dis 2008;197;
279–82.

[7] Bauer, HM, Hildesheim, A, Schiffman, MH, Glass, AG, Rush, BB,
Scott, DR, et al. Determinants of genital human papillomavirus
infection in low-risk women in Portland, Oregon. Sex TransmDis
1993;20;274–8.

[8] Doorbar, J. Latent papillomavirus infections and their regulation.
Curr Opin Virol 2013;3;416–21.

[9] Schlecht, NF, Platt, RW, Duarte-Franco, E, Costa, MC,
Sobrinho, JP, Prado, JCM, et al. Human papillomavirus infection
and time to progression and regression of cervical intraepithelial
neoplasia. J Natl Cancer Inst 2003;95;1336–43.

[10] Klosky, JL, Gamble, HL, Spunt, SL, Randolph, ME, Green, DM,
Hudson, MM. Human papillomavirus vaccination in survivors of
childhood cancer. Cancer 2009;115;5627–36.

[11] Sheil, AG, Disney, AP, Mathew, TH, Amiss, N. De novo malig-
nancy emerges as a major cause of morbidity and late failure in
renal transplantation. Transplant Proc 1993;25;1383–4.

[12] Bosch, FX, Manos, MM, Muñoz, N, Sherman, M, Jansen, AM,
Peto, J, et al. Prevalence of human papillomavirus in cervical
cancer: a worldwide perspective. International Biological Study
on Cervical Cancer (IBSCC) Study Group. J Natl Cancer Inst
1995;87;796–802.

[13] Wheeler, CM, Hunt, WC, Joste, NE, Key, CR, Quint, WGV,
Castle, PE. Human papillomavirus genotype distributions: impli-
cations for vaccination and cancer screening in the United States.
J Natl Cancer Inst 2009;101;475–87.

[14] Muñoz, N, Bosch, FX, de Sanjosé, S, Herrero, R,
Castellsagué, X, Shah, KV, et al. Epidemiologic classification of
human papillomavirus types associated with cervical cancer. N
Engl J Med 2003;348;518–27.

[15] De Vuyst, H, Gichangi, P, Estambale, B, Njuguna, E,
Franceschi, S, Temmerman, M. Human papillomavirus types in
women with invasive cervical carcinoma by HIV status in Kenya.
Int J Cancer 2008;122;244–6.

[16] World Health Organization International Agency for Research
on Cancer. IARC. n.d.;90 https://monographs.iarc.fr/iarc-
monographs-on-the-evaluation-of-carcinogenic-risks-to-
humans-31/

[17] Rodriguez, AC, Schiffman, M, Herrero, R, Hildesheim, A,
Bratti, C, Sherman, ME, et al. Longitudinal study of human papil-
lomavirus persistence and cervical intraepithelial neoplasia grade
2/3: critical role of duration of infection. JNCI J Natl Cancer Inst
2010;102;315–24.

[18] Schiffman, M, Clifford, G, Buonaguro, FM. Classification of
weakly carcinogenic human papillomavirus types: addressing the
limits of epidemiology at the borderline. Infect Agent Cancer
2009;4;8.

[19] Holcomb, K, Maiman, M, Dimaio, T, Gates, J. Rapid progression
to invasive cervix cancer in a woman infected with the human
immunodeficiency virus. Obstet Gynecol 1998;91;848–50.

[20] Sri, T, Merideth, MA, Pulanic, TK, Childs, R, Stratton, P. Human
papillomavirus reactivation following treatment of genital graft-
versus-host disease. Transpl Infect Dis 2013;15;E148–51.

[21] Sasadeusz, J, Kelly, H, Szer, J, Schwarer, A, Mitchell, H, Grigg, A.
Abnormal cervical cytology in bonemarrow transplant recipients.
Bone Marrow Transplant 2001;28;393–7.

[22] Savani, BN, Stratton, P, Shenoy, A, Kozanas, E, Goodman, S,
Barrett, AJ. Increased risk of cervical dysplasia in long-term sur-
vivors of allogeneic stem cell transplantation—implications for
screening and HPV vaccination. Biol Blood Marrow Transplant
2008;14;1072–5.

[23] Wang, Y, Brinch, L, Jebsen, P, Tanbo, T, Kirschner, R. A
clinical study of cervical dysplasia in long-term survivors of
allogeneic stem cell transplantation. Biol Blood Marrow Trans-
plant 2012;18;747–53.Pdf_Folio:151

https://doi.org/10.1200/JCO.2010.33.7212
https://doi.org/10.1200/JCO.2010.33.7212
https://doi.org/10.1200/JCO.2010.33.7212
https://doi.org/10.1200/JCO.2010.33.7212
https://doi.org/10.1056/NEJM198909213211203
https://doi.org/10.1056/NEJM198909213211203
https://doi.org/10.1056/NEJM198909213211203
https://doi.org/10.1056/NEJM198909213211203
https://doi.org/10.1016/S0140-6736(07)61416-0
https://doi.org/10.1016/S0140-6736(07)61416-0
https://doi.org/10.1016/S0140-6736(07)61416-0
https://doi.org/10.1097/AOG.0b013e3181e4629f
https://doi.org/10.1097/AOG.0b013e3181e4629f
https://doi.org/10.1056/NEJM199802123380703
https://doi.org/10.1056/NEJM199802123380703
https://doi.org/10.1056/NEJM199802123380703
https://doi.org/10.1086/524875
https://doi.org/10.1086/524875
https://doi.org/10.1086/524875
https://doi.org/10.1086/524875
https://doi.org/10.1097/00007435-199309000-00007
https://doi.org/10.1097/00007435-199309000-00007
https://doi.org/10.1097/00007435-199309000-00007
https://doi.org/10.1097/00007435-199309000-00007
https://doi.org/10.1016/j.coviro.2013.06.003
https://doi.org/10.1016/j.coviro.2013.06.003
https://doi.org/10.1093/jnci/djg037
https://doi.org/10.1093/jnci/djg037
https://doi.org/10.1093/jnci/djg037
https://doi.org/10.1093/jnci/djg037
https://doi.org/10.1002/cncr.24669
https://doi.org/10.1002/cncr.24669
https://doi.org/10.1002/cncr.24669
https://doi.org/10.1093/jnci/87.11.796
https://doi.org/10.1093/jnci/87.11.796
https://doi.org/10.1093/jnci/87.11.796
https://doi.org/10.1093/jnci/87.11.796
https://doi.org/10.1093/jnci/87.11.796
https://doi.org/10.1093/jnci/djn510
https://doi.org/10.1093/jnci/djn510
https://doi.org/10.1093/jnci/djn510
https://doi.org/10.1093/jnci/djn510
https://doi.org/10.1056/NEJMoa021641
https://doi.org/10.1056/NEJMoa021641
https://doi.org/10.1056/NEJMoa021641
https://doi.org/10.1056/NEJMoa021641
https://doi.org/10.1002/ijc.23045
https://doi.org/10.1002/ijc.23045
https://doi.org/10.1002/ijc.23045
https://doi.org/10.1002/ijc.23045
https://doi.org/10.1093/jnci/djq001
https://doi.org/10.1093/jnci/djq001
https://doi.org/10.1093/jnci/djq001
https://doi.org/10.1093/jnci/djq001
https://doi.org/10.1093/jnci/djq001
https://doi.org/10.1186/1750-9378-4-8
https://doi.org/10.1186/1750-9378-4-8
https://doi.org/10.1186/1750-9378-4-8
https://doi.org/10.1186/1750-9378-4-8
https://doi.org/10.1097/00006250-199805001-00025
https://doi.org/10.1097/00006250-199805001-00025
https://doi.org/10.1097/00006250-199805001-00025
https://doi.org/10.1111/tid.12098
https://doi.org/10.1111/tid.12098
https://doi.org/10.1111/tid.12098
https://doi.org/10.1038/sj.bmt.1703141
https://doi.org/10.1038/sj.bmt.1703141
https://doi.org/10.1038/sj.bmt.1703141
https://doi.org/10.1016/j.bbmt.2008.07.005
https://doi.org/10.1016/j.bbmt.2008.07.005
https://doi.org/10.1016/j.bbmt.2008.07.005
https://doi.org/10.1016/j.bbmt.2008.07.005
https://doi.org/10.1016/j.bbmt.2008.07.005
https://doi.org/10.1016/j.bbmt.2011.09.012
https://doi.org/10.1016/j.bbmt.2011.09.012
https://doi.org/10.1016/j.bbmt.2011.09.012
https://doi.org/10.1016/j.bbmt.2011.09.012


152 M.S. Tanweer et al. / Clinical Hematology International 1(3) 142–153

[24] Shanis, DL, Pophali, P, Koklanaris, E, Savani, BN, Battiwalla, M,
Barrett, J, et al. High rates of genital tract dysplasia in long-term
survivors of allogeneic stem cell transplantation and associated
risk factors. Biol Blood Marrow Transplant 2012;18;S282.

[25] Yu, S-C, Huang, H-H, Li, C-C, Tang, J-L, Lee, Y-H, Mao, T-L,
et al. Cervical papanicolaou smears in hematopoietic stem cell
transplant recipients: high prevalence of therapy-related atypia
during the acute phase. Biol Blood Marrow Transplant 2017;23;
1367–73.

[26] Negri, G, Herz, M, Deola, S, Piccin, A, Casini, M, Babich, B, et al.
Abnormal cervical cytology after allogeneic bone marrow trans-
plantation. Am J Clin Pathol 2014;142;222–6.

[27] Curtis, RE, Rowlings, PA, Deeg, HJ, Shriner, DA, Socíe, G,
Travis, LB, et al. Solid cancers after bone marrow transplantation.
N Engl J Med 1997;336;897–904.

[28] Lowsky, R, Lipton, J, Fyles, G, Minden, M, Meharchand, J,
Tejpar, I, et al. Secondary malignancies after bone marrow trans-
plantation in adults. J Clin Oncol 1994;12;2187–92.

[29] Danner-Koptik, KE, Majhail, NS, Brazauskas, R, Wang, Z,
Buchbinder, D, Cahn, J-Y, et al. Second malignancies after autol-
ogous hematopoietic cell transplantation in children. Bone Mar-
row Transplant 2013;48;363–8.

[30] Ringdén, O, Brazauskas, R, Wang, Z, Ahmed, I, Atsuta, Y,
Buchbinder, D, et al. Second solid cancers after allogeneic
hematopoietic cell transplantation using reduced-intensity condi-
tioning. Biol Blood Marrow Transplant 2014;20;1777–84.

[31] Atsuta, Y, Suzuki, R, Yamashita, T, Fukuda, T, Miyamura, K,
Taniguchi, S, et al. Continuing increased risk of oral/esophageal
cancer after allogeneic hematopoietic stem cell transplantation in
adults in association with chronic graft-versus-host disease. Ann
Oncol 2014;25;435–41.

[32] Kolb, HJ, Socié, G, Duell, T, Van Lint, MT, Tichelli A,
Apperley JF, et al. Malignant neoplasms in long-term survivors
of bone marrow transplantation. Late effects working party of the
European Cooperative Group for Blood and Marrow Transplan-
tation and the European Late Effect Project Group. Ann Intern
Med 1999;131;738–44.

[33] Bhatia, S, Louie, AD, Bhatia, R, O’Donnell, MR, Fung, H,
Kashyap, A, et al. Solid cancers after bone marrow transplanta-
tion. J Clin Oncol 2001;19;464–71.

[34] Brown, JR, Yeckes, H, Friedberg, JW, Neuberg, D, Kim, H,
Nadler, LM, et al. Increasing incidence of late second malig-
nancies after conditioning with cyclophosphamide and
total-body irradiation and autologous bone marrow transplan-
tation for non-Hodgkin’s lymphoma. J Clin Oncol 2005;23;
2208–14.

[35] Shimada, K, Yokozawa, T, Atsuta, Y, Kohno, A, Maruyama, F,
Yano, K, et al. Solid tumors after hematopoietic stem cell trans-
plantation in Japan: incidence, risk factors and prognosis. Blood
Marrow Transplant 2005;36;115–21.

[36] Ruiz-Soto, R, Sergent, G, Gisselbrecht, C, Larghero, J, Ertault, M,
Hennequin, C, et al. Estimating late adverse events using
competing risks after autologous stem-cell transplantation in
aggressive non-Hodgkin lymphoma patients. Cancer 2005;104;
2735–42.

[37] Rizzo, JD, Curtis, RE, Socie, G, Sobocinski, KA, Gilbert, E,
Landgren, O, et al. Solid cancers after allogeneic hematopoietic
cell transplantation. Blood 2008;113;1175–83.

[38] Seshadri, T, Pintilie, M, Kuruvilla, J, Keating, A, Tsang, R,
Zadeh, S, et al. Incidence and risk factors for second cancers after

autologous hematopoietic cell transplantation for aggressive non-
Hodgkin lymphoma. Leuk Lymphoma 2009;50;380–6.

[39] Majhail, NS, Brazauskas, R, Rizzo, JD, Sobecks, RM, Wang, Z,
Horowitz, MM, et al. Secondary solid cancers after allo-
geneic hematopoietic cell transplantation using busulfan-
cyclophosphamide conditioning. Blood 2011;117;316–22.

[40] Holowaty, P, Miller, AB, Rohan, T, To, T. Natural history of dys-
plasia of the uterine cervix. J Natl Cancer Inst 1999;91;252–8.

[41] Halpert, R, Fruchter, RG, Sedlis, A, Butt, K, Boyce, JG,
Sillman, FH. Human papillomavirus and lower genital neoplasia
in renal transplant patients. Obstet Gynecol 1986;68;251–8.

[42] Han, CS, Miller, W, Haake, R, Weisdorf, D. Varicella zoster infec-
tion after bone marrow transplantation: incidence, risk factors
and complications. Bone Marrow Transplant 1994;13;277–83.

[43] Stockfleth, E, Nindl, I, Sterry, W, Ulrich, C, Schmook, T,
Meyer, T. Human papillomaviruses in transplant-associated skin
cancers. Dermatologic Surg 2004;30;604–9.

[44] Berkhout, RJ, Bouwes Bavinck, JN, ter Schegget, J. Persistence of
human papillomavirus DNA in benign and (pre)malignant
skin lesions from renal transplant recipients. J Clin Microbiol
2000;38;2087–96.

[45] Deeg, H, Socie, G, Schoch, G, Henry-Amar, M, Witherspoon, R,
Devergie, A, et al. Malignancies after marrow transplantation for
aplastic anemia and fanconi anemia: a joint Seattle and Paris anal-
ysis of results in 700 patients. Blood 1996;87;386–92.

[46] Oddou, S, Vey, N, Viens, P, Bardou, VJ, Faucher, C, Stoppa, AM,
et al. Second neoplasms following high-dose chemotherapy and
autologous stem cell transplantation for malignant lymphomas: a
report of six cases in a cohort of 171 patients from a single insti-
tution. Leuk Lymphoma 1998;31;187–94.

[47] Gallagher, G, Forrest, DL. Second solid cancers after allogeneic
hematopoietic stem cell transplantation. Cancer 2006;109;84–92.

[48] Shimoni, A, Shem-Tov, N, Chetrit, A, Volchek, Y, Tallis, E,
Avigdor, A, et al. Secondary malignancies after allogeneic
stem-cell transplantation in the era of reduced-intensity con-
ditioning; the incidence is not reduced. Leukemia 2013;27;
829–35.

[49] Kurinczuk, JJ, Burton, P. Cervical intraepithelial neoplasia in
women with renal allografts. BMJ 1989;298;598–9.

[50] Jagasia, MH, Greinix, HT, Arora, M, Williams, KM, Wolff, D,
Cowen, EW, et al. National Institutes Of Health Consensus
Development Project on criteria for clinical trials in chronic
graft-versus-host disease: I. The 2014 Diagnosis and Staging
Working Group report. Biol Blood Marrow Transplant 2015;21;
389–401.e1.

[51] Hamilton, BK, Goje, O, Savani, BN, Majhail, NS, Stratton, P. Clin-
ical management of genital chronic GvHD. Bone Marrow Trans-
plant 2017;52;803–10.

[52] Aldabagh, B, Angeles, JGC, Cardones, AR, Arron, ST. Cutaneous
squamous cell carcinoma and human papillomavirus: is there an
association? Dermatologic Surg 2013;39;1–23.

[53] Inamoto, Y, Shah, NN, Savani, BN, Shaw, BE, Abraham, AA,
Ahmed, IA, et al. Secondary solid cancer screening follow-
ing hematopoietic cell transplantation. Bone Marrow Transplant
2015;50;1013–23.

[54] Morton, LM, Saber, W, Baker, KS, Barrett, AJ, Bhatia, S,
Engels, EA, et al. National Institutes of Health Hematopoietic
Cell Transplantation Late Effects Initiative: The Subsequent Neo-
plasms Working Group report. Biol Blood Marrow Transplant
2017;23;367–78.Pdf_Folio:152

https://doi.org/10.1016/j.bbmt.2011.12.214
https://doi.org/10.1016/j.bbmt.2011.12.214
https://doi.org/10.1016/j.bbmt.2011.12.214
https://doi.org/10.1016/j.bbmt.2011.12.214
https://doi.org/10.1016/j.bbmt.2017.04.022
https://doi.org/10.1016/j.bbmt.2017.04.022
https://doi.org/10.1016/j.bbmt.2017.04.022
https://doi.org/10.1016/j.bbmt.2017.04.022
https://doi.org/10.1016/j.bbmt.2017.04.022
https://doi.org/10.1309/AJCP4SKAUS9TOTJX
https://doi.org/10.1309/AJCP4SKAUS9TOTJX
https://doi.org/10.1309/AJCP4SKAUS9TOTJX
https://doi.org/10.1056/NEJM199703273361301
https://doi.org/10.1056/NEJM199703273361301
https://doi.org/10.1056/NEJM199703273361301
https://doi.org/10.1200/JCO.1994.12.10.2187
https://doi.org/10.1200/JCO.1994.12.10.2187
https://doi.org/10.1200/JCO.1994.12.10.2187
https://doi.org/10.1038/bmt.2012.166
https://doi.org/10.1038/bmt.2012.166
https://doi.org/10.1038/bmt.2012.166
https://doi.org/10.1038/bmt.2012.166
https://doi.org/10.1016/j.bbmt.2014.07.009
https://doi.org/10.1016/j.bbmt.2014.07.009
https://doi.org/10.1016/j.bbmt.2014.07.009
https://doi.org/10.1016/j.bbmt.2014.07.009
https://doi.org/10.1093/annonc/mdt558
https://doi.org/10.1093/annonc/mdt558
https://doi.org/10.1093/annonc/mdt558
https://doi.org/10.1093/annonc/mdt558
https://doi.org/10.1093/annonc/mdt558
https://doi.org/10.7326/0003-4819-131-10-199911160-00004
https://doi.org/10.7326/0003-4819-131-10-199911160-00004
https://doi.org/10.7326/0003-4819-131-10-199911160-00004
https://doi.org/10.7326/0003-4819-131-10-199911160-00004
https://doi.org/10.7326/0003-4819-131-10-199911160-00004
https://doi.org/10.7326/0003-4819-131-10-199911160-00004
https://doi.org/10.1200/JCO.2001.19.2.464
https://doi.org/10.1200/JCO.2001.19.2.464
https://doi.org/10.1200/JCO.2001.19.2.464
https://doi.org/10.1200/JCO.2005.05.158
https://doi.org/10.1200/JCO.2005.05.158
https://doi.org/10.1200/JCO.2005.05.158
https://doi.org/10.1200/JCO.2005.05.158
https://doi.org/10.1200/JCO.2005.05.158
https://doi.org/10.1200/JCO.2005.05.158
https://doi.org/10.1038/sj.bmt.1705020
https://doi.org/10.1038/sj.bmt.1705020
https://doi.org/10.1038/sj.bmt.1705020
https://doi.org/10.1038/sj.bmt.1705020
https://doi.org/10.1002/cncr.21492
https://doi.org/10.1002/cncr.21492
https://doi.org/10.1002/cncr.21492
https://doi.org/10.1002/cncr.21492
https://doi.org/10.1002/cncr.21492
https://doi.org/10.1182/blood-2008-05-158782
https://doi.org/10.1182/blood-2008-05-158782
https://doi.org/10.1182/blood-2008-05-158782
https://doi.org/10.1080/10428190902756578
https://doi.org/10.1080/10428190902756578
https://doi.org/10.1080/10428190902756578
https://doi.org/10.1080/10428190902756578
https://doi.org/10.1182/blood-2010-07-294629
https://doi.org/10.1182/blood-2010-07-294629
https://doi.org/10.1182/blood-2010-07-294629
https://doi.org/10.1182/blood-2010-07-294629
https://doi.org/10.1093/jnci/91.3.252
https://doi.org/10.1093/jnci/91.3.252
https://doi.org/10.1111/j.1524-4725.2004.00144.x
https://doi.org/10.1111/j.1524-4725.2004.00144.x
https://doi.org/10.1111/j.1524-4725.2004.00144.x
https://doi.org/10.3109/10428199809057598
https://doi.org/10.3109/10428199809057598
https://doi.org/10.3109/10428199809057598
https://doi.org/10.3109/10428199809057598
https://doi.org/10.3109/10428199809057598
https://doi.org/10.1002/cncr.22375
https://doi.org/10.1002/cncr.22375
https://doi.org/10.1038/leu.2012.299
https://doi.org/10.1038/leu.2012.299
https://doi.org/10.1038/leu.2012.299
https://doi.org/10.1038/leu.2012.299
https://doi.org/10.1038/leu.2012.299
https://doi.org/10.1136/bmj.298.6673.598-b
https://doi.org/10.1136/bmj.298.6673.598-b
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1038/bmt.2016.315
https://doi.org/10.1038/bmt.2016.315
https://doi.org/10.1038/bmt.2016.315
https://doi.org/10.1111/j.1524-4725.2012.02558.x
https://doi.org/10.1111/j.1524-4725.2012.02558.x
https://doi.org/10.1111/j.1524-4725.2012.02558.x
https://doi.org/10.1038/bmt.2015.63
https://doi.org/10.1038/bmt.2015.63
https://doi.org/10.1038/bmt.2015.63
https://doi.org/10.1038/bmt.2015.63
https://doi.org/10.1016/j.bbmt.2016.09.005
https://doi.org/10.1016/j.bbmt.2016.09.005
https://doi.org/10.1016/j.bbmt.2016.09.005
https://doi.org/10.1016/j.bbmt.2016.09.005
https://doi.org/10.1016/j.bbmt.2016.09.005


M.S. Tanweer et al. / Clinical Hematology International 1(3) 142–153 153

[55] Matzinger, P. The Danger model: a renewed sense of self. Science
2002;296;301–5.

[56] Buchan, A, Merideth, MA, Childs, RW, Stratton, P. Novel man-
agement of vaginal chronic graft-versus-host disease causing
haematometra and haematocolpos. BMJ Case Rep 2018;2018;bcr-
2017-222720.

[57] Forman, D, de Martel, C, Lacey, CJ, Soerjomataram, I, Lortet-
Tieulent, J, Bruni, L, et al.Global burden of human papillomavirus
and related diseases. Vaccine 2012;30;F12–F23.

[58] World Health Organization.WHO meeting of the Strategic Advi-
soryGroup of Experts on immunization, April 2014 – conclusions
and recommendations.WHO 2014;89;221–36.

[59] Kumar, D, Unger, ER, Panicker, G, Medvedev, P, Wilson, L,
Humar, A. Immunogenicity of quadrivalent human papillo-
mavirus vaccine in organ transplant recipients. Am J Transplant
2013; 13;2411–17.

[60] Esposito, S, Corona, F, Barzon, L, Cuoco, F, Squarzon, L,
Marcati, G, et al. Immunogenicity, safety and tolerability of a biva-
lent human papillomavirus vaccine in adolescents with juvenile
idiopathic arthritis. Expert Rev Vaccines 2014;13;1387–93.

[61] Heijstek, MW, Scherpenisse, M, Groot, N, Tacke, C, Schepp, RM,
Buisman, A-M, et al. Immunogenicity and safety of the bivalent
HPV vaccine in female patients with juvenile idiopathic arthritis:
a prospective controlled observational cohort study. Ann Rheum
Dis 2014;73;1500–7.

[62] Mok, CC, Ho, LY, Fong, LS, To, CH. Immunogenicity and safety
of a quadrivalent human papillomavirus vaccine in patients with
systemic lupus erythematosus: a case-control study. Ann Rheum
Dis 2013;72;659–64.

[63] Grönlund, O, Herweijer, E, Sundström, K,
Arnheim-Dahlström, L. Incidence of new-onset autoimmune
disease in girls and women with pre-existing autoimmune disease
after quadrivalent human papillomavirus vaccination: a cohort
study. J Intern Med 2016;280;618–26.

[64] Grimaldi-Bensouda, L, Rossignol, M, Koné-Paut, I, Krivitzky, A,
Lebrun-Frenay, C, Clet, J, et al. Risk of autoimmune diseases and
human papilloma virus (HPV) vaccines: six years of case-referent
surveillance. J Autoimmun 2017;79;84–90.

[65] Majhail, NS, Rizzo, JD, Lee, SJ, Aljurf, M, Atsuta, Y, Bonfim, C,
et al. [Recommended screening and preventive practices for long-
term survivors after hematopoietic cell transplantation]. Rinsho
Ketsueki 2014;55;607–32.

[66] Stratton, P, Battiwalla, M, Abdelazim, S, Barrett, AJ,
Cantilena, CR, Childs, RW, et al. Immunogenicity of HPV
quadrivalent vaccine in women after allogeneic HCT is com-
parable to healthy volunteers. Biol Blood Marrow Transplant
2018;24;S85–6.

[67] Ellerbrock, TV, Chiasson, MA, Bush, TJ, Sun, XW, Sawo, D,
Brudney, K, et al. Incidence of cervical squamous intraepithelial
lesions in HIV-infected women. JAMA 2000;283;1031–7.

[68] Hawes, SE, Critchlow, CW, Faye Niang,MA, Diouf, MB, Diop, A,
Touré, P, et al. Increased risk of high‐grade cervical squamous
intraepithelial lesions and invasive cervical cancer among african

women with human immunodeficiency virus type 1 and 2 infec-
tions. J Infect Dis 2003;188;555–63.

[69] Schuman, P, Ohmit, SE, Klein, RS, Duerr, A, Cu‐Uvin, S,
Jamieson, DJ, et al. Longitudinal study of cervical squa-
mous intraepithelial lesions in Human Immunodeficiency Virus
(HIV)–seropositive and at‐riskHIV‐seronegative women. J Infect
Dis 2003;188;128–36.

[70] Moscicki, A, Ellenberg, JH, Crowley‐Nowick, P, Darragh, TM,
Xu, J, Fahrat, S. Risk of high‐grade squamous intraepithelial lesion
in HIV‐infected adolescents. J Infect Dis 2004;190;1413–21.

[71] Conley, LJ, Ellerbrock, TV, Bush, TJ, Chiasson, MA, Sawo, D,
Wright, TC.HIV-1 infection and risk of vulvovaginal and perianal
condylomata acuminata and intraepithelial neoplasia: a prospec-
tive cohort study. Lancet 2002;359;108–13.

[72] Jamieson, DJ, Paramsothy, P, Cu-Uvin, S, Duerr, A. HIV Epi-
demiology Research Study Group. Vulvar, vaginal, and perianal
intraepithelial neoplasia in women with or at risk for human
immunodeficiency virus. Obstet Gynecol 2006;107;1023–8.

[73] Kaplan, JE, Kaplan, C, Holmes, KK, Brooks, JT, Pau, A,
Masur, H, et al.Guidelines for prevention and treatment of oppor-
tunistic infections inHIV-infected adults and adolescents: recom-
mendations from CDC, the National Institutes of Health, and the
HIV Medicine Association of the Infectious Diseases Society of
America. MMWR Recomm Rep 2009;58;1–207. quiz CE1-4.

[74] Nguyen, ML, Flowers, L. Cervical cancer screening in immuno-
compromised women. Obstet Gynecol Clin North Am
2013;40;339–57.

[75] Bhatia, S, Armenian, SH, Landier, W. How I monitor long-term
and late effects after blood or marrow transplantation. blood
2017;130;1302–14.

[76] Majhail, NS, Rizzo, JD, Lee, SJ, Aljurf, M, Atsuta, Y,
Bonfim, C, et al. Recommended screening and preventive
practices for long-term survivors after hematopoietic cell trans-
plantation. Biol Blood Marrow Transplant 2012;18;348–71.

[77] Daling, JR, Madeleine, MM, Schwartz, SM, Shera, KA, Carter, JJ,
McKnight, B, et al. A population-based study of squamous cell
vaginal cancer: HPV and cofactors. Gynecol Oncol 2002;84;
263–70.

[78] Woolfrey, A, Lee, SJ, Gooley, TA,Malkki,M,Martin, PJ, Pagel, JM,
et al. HLA-allele matched unrelated donors compared to HLA-
matched sibling donors: role of cell source and disease risk cate-
gory. Biol Blood Marrow Transplant 2010;16;1382–7.

[79] Jeronimo, J, Castle, PE, Temin, S, Denny, L, Gupta, V, Kim, JJ,
et al. Secondary prevention of cervical cancer: ASCO resource-
stratified clinical practice guideline. J Glob Oncol 2017;3;635–57.

[80] GOV.UK. Cervical screening: professional guidance. 2004.
https://www.gov.uk/government/collections/cervical-screening-
professional-guidance.

[81] Arbyn, M, Anttila, A, Jordan, J, Ronco, G, Schenck, U,
Segnan, N, et al. European Guidelines for Quality Assurance
in Cervical Cancer Screening. Second edition–summary docu-
ment. Ann Oncol Off J Eur Soc Med Oncol 2010;21;448–58.

Pdf_Folio:153

https://doi.org/10.1126/science.1071059
https://doi.org/10.1126/science.1071059
https://doi.org/10.1136/bcr-2017-222720
https://doi.org/10.1136/bcr-2017-222720
https://doi.org/10.1136/bcr-2017-222720
https://doi.org/10.1136/bcr-2017-222720
https://doi.org/10.1016/j.vaccine.2012.07.055
https://doi.org/10.1016/j.vaccine.2012.07.055
https://doi.org/10.1016/j.vaccine.2012.07.055
https://doi.org/10.1111/ajt.12329
https://doi.org/10.1111/ajt.12329
https://doi.org/10.1111/ajt.12329
https://doi.org/10.1111/ajt.12329
https://doi.org/10.1586/14760584.2014.943195
https://doi.org/10.1586/14760584.2014.943195
https://doi.org/10.1586/14760584.2014.943195
https://doi.org/10.1586/14760584.2014.943195
https://doi.org/10.1136/annrheumdis-2013-203429
https://doi.org/10.1136/annrheumdis-2013-203429
https://doi.org/10.1136/annrheumdis-2013-203429
https://doi.org/10.1136/annrheumdis-2013-203429
https://doi.org/10.1136/annrheumdis-2013-203429
https://doi.org/10.1136/annrheumdis-2012-201393
https://doi.org/10.1136/annrheumdis-2012-201393
https://doi.org/10.1136/annrheumdis-2012-201393
https://doi.org/10.1136/annrheumdis-2012-201393
https://doi.org/10.1111/joim.12535
https://doi.org/10.1111/joim.12535
https://doi.org/10.1111/joim.12535
https://doi.org/10.1111/joim.12535
https://doi.org/10.1111/joim.12535
https://doi.org/10.1016/j.jaut.2017.01.005
https://doi.org/10.1016/j.jaut.2017.01.005
https://doi.org/10.1016/j.jaut.2017.01.005
https://doi.org/10.1016/j.jaut.2017.01.005
https://doi.org/10.1016/j.bbmt.2017.12.656
https://doi.org/10.1016/j.bbmt.2017.12.656
https://doi.org/10.1016/j.bbmt.2017.12.656
https://doi.org/10.1016/j.bbmt.2017.12.656
https://doi.org/10.1016/j.bbmt.2017.12.656
https://doi.org/10.1001/jama.283.8.1031
https://doi.org/10.1001/jama.283.8.1031
https://doi.org/10.1001/jama.283.8.1031
https://doi.org/10.1086/376996
https://doi.org/10.1086/376996
https://doi.org/10.1086/376996
https://doi.org/10.1086/376996
https://doi.org/10.1086/376996
https://doi.org/10.1086/375783
https://doi.org/10.1086/375783
https://doi.org/10.1086/375783
https://doi.org/10.1086/375783
https://doi.org/10.1086/375783
https://doi.org/10.1086/424466
https://doi.org/10.1086/424466
https://doi.org/10.1086/424466
https://doi.org/10.1016/S0140-6736(02)07368-3
https://doi.org/10.1016/S0140-6736(02)07368-3
https://doi.org/10.1016/S0140-6736(02)07368-3
https://doi.org/10.1016/S0140-6736(02)07368-3
https://doi.org/10.1097/01.AOG.0000210237.80211.ff
https://doi.org/10.1097/01.AOG.0000210237.80211.ff
https://doi.org/10.1097/01.AOG.0000210237.80211.ff
https://doi.org/10.1097/01.AOG.0000210237.80211.ff
https://doi.org/10.1037/e537722009-001
https://doi.org/10.1037/e537722009-001
https://doi.org/10.1037/e537722009-001
https://doi.org/10.1037/e537722009-001
https://doi.org/10.1037/e537722009-001
https://doi.org/10.1037/e537722009-001
https://doi.org/10.1016/j.ogc.2013.02.005
https://doi.org/10.1016/j.ogc.2013.02.005
https://doi.org/10.1016/j.ogc.2013.02.005
https://doi.org/10.1182/blood-2017-03-725671
https://doi.org/10.1182/blood-2017-03-725671
https://doi.org/10.1182/blood-2017-03-725671
https://doi.org/10.1016/j.bbmt.2011.12.519
https://doi.org/10.1016/j.bbmt.2011.12.519
https://doi.org/10.1016/j.bbmt.2011.12.519
https://doi.org/10.1016/j.bbmt.2011.12.519
https://doi.org/10.1006/gyno.2001.6502
https://doi.org/10.1006/gyno.2001.6502
https://doi.org/10.1006/gyno.2001.6502
https://doi.org/10.1006/gyno.2001.6502
https://doi.org/10.1016/j.bbmt.2010.03.024
https://doi.org/10.1016/j.bbmt.2010.03.024
https://doi.org/10.1016/j.bbmt.2010.03.024
https://doi.org/10.1016/j.bbmt.2010.03.024
https://doi.org/10.1200/JGO.2016.006577
https://doi.org/10.1200/JGO.2016.006577
https://doi.org/10.1200/JGO.2016.006577
https://www.gov.uk/government/collections/cervical-screening-professional-guidance.
https://www.gov.uk/government/collections/cervical-screening-professional-guidance.
https://doi:10.1093/annonc/mdp471
https://doi:10.1093/annonc/mdp471
https://doi:10.1093/annonc/mdp471
https://doi:10.1093/annonc/mdp471

	Lower Genital Tract Precancer and Cancer in Hematopoietic Cell Transplant Survivors and the Role of HPV: A Systematic Review and Future Perspectives
	1 INTRODUCTION
	2 METHODS
	2.1 Search Terms
	2.2 Inclusion Criteria
	2.3 Exclusion Criteria

	3 RESULTS
	3.1 Study Characteristics
	3.1.1 Cervical and lower genital tract dysplasia
	3.1.2 Cervical cancer
	3.1.3 Vulvar and vaginal cancer


	4 RISK FACTORS AND MECHANISMS
	5 ROLE OF HPV VACCINATIONS
	6 CHALLENGES
	7 CONCLUSIONS


