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Impact of chronic graft-versus-host disease on the health status of hematopoietic
cell transplantation survivors: a report from the Bone Marrow
Transplant Survivor Study
Christopher J. Fraser, Smita Bhatia, Kirsten Ness, Andrea Carter, Liton Francisco, Mukta Arora, Pablo Parker, Stephen Forman,
Daniel Weisdorf, James G. Gurney, and K. Scott Baker

The aim of this study was to understand
the impact of chronic graft-versus-host
disease (cGVHD) on the overall health
status of hematopoietic cell transplanta-
tion (HCT) survivors. Subjects included
584 individuals who had undergone allo-
geneic HCT between 1976 and 1999, sur-
vived 2 or more years, and completed a
255-item health questionnaire. Global as-
sessment of health status was facilitated
by measurement of 6 health status do-
mains: general health, mental health, func-
tional impairment, activity limitation, pain,

and anxiety/fear. Information regarding
diagnosis of cGVHD was abstracted from
medical records, and presence of active
cGVHD in the preceding 12 months was
self-reported. The incidence of cGVHD in
participants was 54%, of whom 46% re-
ported active cGVHD. In multivariable
analyses, subjects with active cGVHD
were more likely to report adverse gen-
eral health, mental health, functional im-
pairments, activity limitation, and pain
than were those with no history of cGVHD.
However, health status did not differ be-

tween those with resolved cGVHD and
those who never had cGVHD. We con-
clude that active cGVHD has a significant
impact on many aspects of the overall
health status of HCT survivors and that,
most importantly, those successfully
treated for cGVHD do not appear to have
long-term impairments. (Blood. 2006;108:
2867-2873)

© 2006 by The American Society of Hematology

Introduction

Increasing numbers of hematopoietic cell transplantations (HCTs) are
now being performed, and improved outcomes are resulting in a
growing number of survivors. Chronic graft-versus-host disease
(cGVHD) is a relatively common complication after allogeneic HCT,
with several series reporting an incidence of 40% to 70%.1 The
incidence of cGVHD is likely to increase in the future, secondary to the
increasing use of HCT in older patients, transplants from unrelated and
mismatched related donors, peripheral blood stem cell transplants, and
donor lymphocyte infusions, all of which carry a higher risk for the
development of cGVHD.1-3 However, response to the currently avail-
able therapeutic options for cGVHD is suboptimal.4 One prospective
cohort study documented response rates of 61%, 53%, and 50% at 6
months, 1 year, and 2 years, respectively. In that study, the prevalence of
active cGVHD was 33% at 2 years, but only 18% had discontinued
immunosuppressive therapy by 2 years and 89% by 4 years.5 cGVHD
and/or its treatment has been identified as the leading cause of
nonrelapse mortality (NRM) in HCT survivors.6 A large registry-based
study demonstrated that acute myeloid leukemia (AML) patients with
active cGVHD at 2 years were 3 times more likely to experience NRM
than were those without cGVHD and 1.7 times more likely to die from
any cause.6 However, the presence of cGVHD is associated with a
reduced risk of relapse (relative risk � 0.5-0.6).7

The primary cause of NRM associated with cGVHD is infec-
tion, but several studies have also demonstrated an association
between cGVHD and reduction in Karnofsky performance scores,
poorer quality of life, and later return to work in HCT survivors
with cGVHD.6,8-12 These studies, however, have not been designed
to examine the impact of cGVHD on specific aspects of overall
health. Other studies have documented specific medical late effects
following HCT, long-term health-related quality of life after HCT,
and the rate of physical and psychological recovery after HCT but
have not specifically addressed the impact of cGVHD upon these
outcomes.13-15 Additionally, no previous study has addressed the
question of the impact of successfully treated or resolved cGVHD
on health-related outcomes. The purpose of this study was to gain a
better understanding of the impact of cGVHD on the overall health
status of HCT survivors and to determine whether any impairment
persisted upon resolution of cGVHD.

Patients, materials, and methods

Subjects

The Bone Marrow Transplant Survivor Study (BMT-SS), a collaborative
effort between the City of Hope Cancer Center (Duarte, CA) and the

From the Departments of Pediatrics and Medicine, University of Minnesota,
Minneapolis; Department of Pediatrics, University of Michigan, Ann Arbor; and
Departments of Population Sciences and Hematology and Bone Marrow
Transplantation, City of Hope Cancer Center, Duarte, CA.

Submitted February 21, 2006; accepted June 1, 2006. Prepublished online as
Blood First Edition Paper, June 20, 2006; DOI 10.1182/blood-2006-02-003954.

Supported in part by grants from the National Cancer Institute (R01 CA078938;
S.B.), the Leukemia Lymphoma Society (2192; S.B.), and the National
Institutes of Health (K23 CA85503-01; K.S.B.).

An Inside Blood analysis of this article appears at the front of this issue.

Reprints: K. Scott Baker, Pediatric Blood and Marrow Transplant Program,
Department of Pediatrics, University of Minnesota, 420 Delaware St SE, Mayo
Mail Code 484, Rm D-557, Minneapolis, MN, 55455; e-mail:
baker084@umn.edu.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked ‘‘advertisement’’ in accordance with 18 U.S.C. section 1734.

© 2006 by The American Society of Hematology

2867BLOOD, 15 OCTOBER 2006 � VOLUME 108, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/108/8/2867/1283877/zh802006002867.pdf by guest on 26 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2006-02-003954&domain=pdf&date_stamp=2006-10-15


University of Minnesota (Minneapolis), examines the long-term outcomes
of individuals who have survived 2 or more years after undergoing HCT.
The present report from BMT-SS is restricted to individuals who met the
following eligibility criteria: (1) allogeneic HCT between 1974 and 1999 at
City of Hope or University of Minnesota; (2) age 18 years or older at the
time of questionnaire completion; and (3) survival of at least 2 years from
HCT. The Human Subjects Committees at the participating institutions
approved the BMT-SS protocol. Informed consent was provided according
to the Declaration of Helsinki.

Data collection

Participants completed the BMT-SS questionnaire, a 255-item survey
assessing medical late effects, current medical conditions, medication use,
health status, health behaviors, pregnancy history, demographic characteris-
tics, socioeconomic indicators, insurance coverage, and other information.
The BMT-SS questionnaire specifically addresses functional impairment
and activity limitations and their impact upon daily life at home, school, or
work. The questionnaire was originally developed for use by the Childhood
Cancer Survivor Study16 and was subsequently modified to address topics
specifically related to the HCT survivor population. The questionnaire has a
yes/no/don’t know format for the majority of questions or a Likert scale or
ordinal response to score degree of impairment or dysfunction. The
BMT-SS questionnaire was validated on a random sample of 100 HCT
survivors, and the agreement with medical records was excellent (percent-
age agreement adjusted for chance, kappa � 0.8) for musculoskeletal,
cardiovascular, pulmonary, and endocrine impairments and for GVHD, and
moderate (kappa 0.4-0.7) for second cancers, central nervous system
disorders, and eye problems.17 Data on patient and treatment characteristics
were prospectively collected, and presence or absence of cGVHD was
abstracted from these databases. The presence or absence of active cGVHD
in the preceding 12 months was self-reported. Subjects also self-reported
whether or not they had taken immune suppressant therapy for at least
1 month during the 2 years prior to questionnaire completion.

Outcomes

The outcomes measured in this analysis were 6 domains of health status
previously defined by Hudson et al18 from the Childhood Cancer Survivor
Study. We measured these same 6 domains of health status including
(1) general health, (2) mental health, (3) functional impairment, (4) activity
limitation, (5) pain as a result of HCT or primary diagnosis, and
(6) fear/anxiety as a result of HCT or primary diagnosis. Participants were
considered to have an adverse outcome with regard to their general health if
they responded that it was “fair or poor” as opposed to “good, very good, or
excellent.” Mental health status was measured using the 18-item Brief
Symptom Inventory (BSI-18).19,20 This measure provides a global severity
index and symptom-specific subscales for depression, somatization, or
anxiety. Participants were considered to have had an adverse outcome with
respect to their mental health if they scored in the lowest 10% of population
norms on any of the 3 symptom-specific subscales. Questionnaire items
selected to measure functional impairment and activity limitation were
adapted from the National Health Interview Survey and the Behavioral Risk
Factor Surveillance System Survey questionnaire.21,22 Participants were
considered to have had an adverse functional outcome if they answered
“yes” to any of 3 questions asking whether they currently had any health
problem that resulted in (1) needing help with personal care needs, such as
eating, bathing, dressing, or getting around their home; (2) needing help in
handling routine needs, such as everyday household chores, doing neces-
sary business, shopping, or getting around for other purposes; or (3) being
unable to hold a job or attend school. Activity limitations were recorded if
participants responded that during the last 2 years their health had limited
them for more than 3 months in any of the following 3 areas: (1) the kinds or
amount of moderate activities they could perform, like moving a table,
carrying groceries, or bowling; (2) walking upstairs or climbing a few
flights of stairs; or (3) walking one block. Participants were considered to
have had an adverse pain outcome related to their HCT or primary diagnosis
if they responded that they currently had a medium amount, a lot of, or
excruciating pain as opposed to none or a small amount. Similarly,

participants were considered to have had an adverse fear/anxiety outcome
related to HCT or their primary diagnosis if they reported a medium amount
of, a lot of, or extreme anxiety as opposed to none or a small amount.

Independent variables

Sociodemographic variables considered in the analysis included sex,
ethnicity, age at interview, level of education, insurance coverage, and
annual household income. Disease- and treatment-related variables consid-
ered included diagnosis, stem cell source, donor type, conditioning
regimen, age at transplantation, time since transplantation, year of transplan-
tation, and institution. Continuous variables were categorized as shown in
Table 1.

Data analysis

Descriptive statistics including means, standard deviations, frequencies,
percentages, and ranges were calculated for sociodemographic and treat-
ment variables for the eligible study population, stratified by participant and
cGVHD status represented as a 3-level variable: (1) no history of cGVHD;
(2) history of cGVHD (resolved); and (3) active cGVHD in past 12 months.
Two sample t tests for continuous variables and Chi-squared tests for
dichotomous variables were used to test for significant differences between
participants and nonparticipants and between survivors with active cGVHD,
those with resolved cGVHD, and those with no history of cGVHD for
transplant-related variables and sociodemographic factors.

Frequencies and percents were calculated for each adverse health status
outcome among HCT survivors, both as totals and stratified by suspected
transplantation and sociodemographic risk factors. Proportions of adverse
health status outcomes were compared between those with active cGVHD,
those with resolved cGVHD, and those without a history of cGVHD in
multivariable models, one that included treatment-related risk factors and
the other that included sociodemographic risk factors.23 Odds ratios (ORs)
and 95% confidence intervals (CIs) are reported from unconditional logistic
regression models.24 Models that evaluated the influence of cGVHD on
adverse health status while accounting for transplantation-related variables
included sex, age at interview, time since transplantation, donor type, and
conditioning regimen. Models that evaluated the influence of cGVHD on
adverse health status while accounting for sociodemographic risk factors
included sex, race, age at interview, education, insurance, and annual
household income. Stem cell source and treating institution were not found
to be independent predictors of the outcomes nor did they appreciably alter
the risk estimates, so they were not included in the final models. Two-way
interaction terms for both the treatment-related risk factors and the
sociodemographic risk factors were also evaluated. Confounding was
examined for each variable, looking at the strength and the precision of the
estimate in both full and reduced models.25 SAS version 9.1 was used for all
analyses (SAS Institute, Cary, NC).

Results

Recruitment and subjects

Nine hundred ninety-seven HCT survivors were eligible for our
analysis. Among these survivors, 280 (28.1%) refused participa-
tion, 123 (12.3%) could not be contacted, 6 (0.6%) enrolled but did
not complete the health questionnaire, and 4 (0.4%) were pending
data collection. This final analysis included 584 HCT survivors,
58.6% of those presumed eligible and 66.8% of those successfully
contacted. Table 1 describes the characteristics of study partici-
pants and provides a comparison between them and nonpartici-
pants. Participants were slightly more likely than nonparticipants to
have a history of cGVHD (53.6% versus 46.7%; P � .04).

Chronic graft-versus-host disease

The characteristics of study participants according to their cGVHD
status are summarized in Table 2. Overall, 313 (53.8%) subjects

2868 FRASER et al BLOOD, 15 OCTOBER 2006 � VOLUME 108, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/108/8/2867/1283877/zh802006002867.pdf by guest on 26 M

ay 2024



were diagnosed with cGVHD, of whom 144 (24.6%) reported
active cGVHD within the previous 12 months. The prevalence of
active cGVHD was 54.9% in those interviewed 2 to 5 years from
their HCT, 29.2% in those interviewed 6 to 10 years after their
HCT, and 16% in those who received transplants 11 to 28 years
prior to the interview. Table 3 shows that the prevalence of
reporting taking immune suppressant therapy for at least 1 month
during the preceding 2 years in the active, resolved, and no cGVHD
groups was 88.6%, 36.5%, and 30.8%, respectively, 2 to 5 years
following HCT; 81.0%, 15.5%, and 5.8% 6 to 10 years following

HCT; and 39.1%, 1.7%, and 4.8% at least 11 years from the time
of HCT.

Adverse health outcomes

Figure 1 shows the prevalence of HCT survivors with adverse
health outcomes according to cGVHD status. Overall, 81.3% of
subjects with a history of active cGVHD had an adverse outcome in
at least one domain, compared with 40.2% of subjects with
resolved cGVHD and 42.1% of subjects with no history of
cGVHD. There were no significant differences in frequency of
adverse outcomes in any of the domains between those with no
history of cGVHD and those with resolved cGVHD. Figure 2
shows the percentage of subjects who reported poor general health
according to time since HCT and cGVHD status.

Table 4 shows the OR estimates and 95% CIs for adverse
outcomes according to cGVHD status in a model adjusted for sex,
age at interview, time since transplantation, donor type, and
conditioning regimen. Again, there were no statistically significant
differences seen in adverse health outcomes between those with no
history of cGVHD and those with resolved cGVHD. In contrast,
those with active cGVHD have significantly increased risk of
adverse outcomes in the domains of general health (OR, 2.7; 95%
CI, 1.6-4.6), mental health (OR, 2.7; 95% CI, 1.6-4.4), functional
impairment (OR, 5.6; 95% CI, 3.3-9.4), activity limitation (OR,
5.1; 95% CI, 3.1-8.3), and pain (OR, 4.2; 95% CI, 2.4-7.1) but not
anxiety related to HCT (OR, 1.5; 95% CI, 0.8-2.6). Other
significant associations were seen between functional impairment
and female sex (OR, 1.7; 95% CI, 1.1-2.7), age older than 45 years
at the time of interview (OR, 1.7; 95% CI, 1.1-2.7), and having an
unrelated donor (OR, 2.3; 95% CI, 1.3-3.9). Additionally, activity
limitations were significantly associated with conditioning regimen
containing radiation (OR, 2.9; 95% CI, 1.2-7.4), adverse general
health with having had a HCT 2 to 5 years ago (OR, 1.9; 95% CI,
1.1-3.3), and anxiety related to transplantation with having had the
HCT 2 to 5 or 6 to 10 years ago (OR, 2.2; 95% CI, 1.1-4.4) when
compared with those who were treated more than 11 years ago.

Table 5 shows the OR estimates and 95% CIs for adverse health
outcomes according to cGVHD status in a model adjusted for
potential sociodemographic risk factors. This model confirms
active cGVHD as the strongest predictor for adverse outcomes in
all domains except anxiety related to HCT, with the effect once
again most marked in the domains of functional impairment (OR,
6.4; 95% CI, 3.8-11.0), activity limitation (OR, 5.4; 95% CI,
3.3-8.9), and pain (OR, 4.3; 95% CI, 2.5-7.3). As in the previous
model, there were no significant differences in adverse outcomes
between those with no history of cGVHD and those with resolved
disease. This model also demonstrated a significant association
between adverse outcomes in the domains of general health (OR,
1.9; 95% CI, 1.1-3.4), mental health (OR, 2.2; 95% CI, 1.3-3.7),
functional impairment (OR, 4.3; 95% CI, 2.4-7.6), activity limita-
tion (OR, 2.3; 95% CI, 1.2-4.0), and anxiety related to HCT (OR,
2.0; 95% CI, 1.1-3.8) and having an annual household income of
less than $20 000 per year.

Discussion

A previous report from the BMT-SS analyzing late effects in
survivors of chronic myeloid leukemia treated with HCT identified
cGVHD as the most important predictor of adverse medical late
effects and poor overall health among this patient population.26 We
undertook this present analysis to better define the impact of

Table 1. Characteristics of study participants and nonparticipants

Participants, Nonparticipants,
Pno. (%) no. (%)

Sex .007

Female 264 (45.2) 148 (36.7)

Male 320 (54.8) 255 (63.3)

Race/ethnicity .005

White 449 (76.9) 270 (67.0)

Hispanic 79 (13.5) 81 (20.1)

Other 56 (9.6) 52 (12.9)

Institution .24

COH 304 (52.1) 193 (47.9)

UMN 280 (47.9) 210 (52.1)

Age at transplantation* � .001

Younger than 21 y 134 (22.9) 133 (33.0)

21-45 y 293 (50.2) 244 (60.5)

Older than 45 y 157 (26.9) 26 (6.5)

Age at interview† � .001

18-45 y 374 (64.0) 312 (77.4)

Older than 45 y 210 (36.0) 91 (22.6)

Time since transplantation‡ � .001

2-5 y 209 (35.8) 99 (24.6)

6-10 y 169 (28.9) 106 (26.3)

11-28 y 206 (35.3) 198 (49.1)

Year of transplantation .08

1975-1984 94 (16.1) 92 (22.8)

1985-1994 283 (48.5) 184 (45.7)

1995-2000 207 (35.4) 127 (31.5)

Diagnosis .006

Aplastic anemia 56 (9.6) 72 (17.9)

Acute leukemia 248 (42.5) 186 (46.1)

Lymphoma 44 (7.5) 16 (4.0)

Immune disorder 4 (0.7) 2 (0.5)

Chronic leukemia 230 (39.4) 122 (30.3)

Other 2 (0.3) 5 (1.2)

Stem cell source .24

Bone marrow 546 (93.5) 386 (95.8)

Cord blood 5 (0.9) 2 (0.5)

Peripheral blood stem cells 33 (5.7) 15 (3.7)

Donor type .004

Related 478 (81.8) 350 (86.6)

Unrelated 106 (18.2) 53 (13.2)

Conditioning regimen .02

Chemotherapy 55 (9.4) 57 (14.1)

Radiation and chemotherapy 529 (90.6) 346 (85.9)

cGVHD .04

Yes 313 (53.6) 188 (46.7)

No 271 (46.4) 215 (53.3)

For participants, n � 584; for nonparticipants, n � 403.
COH indicates City of Hope; and UMN, University of Minnesota.
*The mean for participants was 31.0 y (SD � 12.8 y), and the mean for

nonparticipants was 25.4 y (SD � 12.6 y).
†The mean for participants was 40.4 y (SD � 10.7 y), and the mean for

nonparticipants was 37.0 y (SD � 10.6 y).
‡The mean for participants was 9.6 y (SD � 6.0 y), and the mean for

nonparticipants was 11.6 y (SD � 6.3 y).
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cGVHD on the overall health status of all HCT survivors by
measuring 6 previously defined health domains. This study demon-
strated that cGVHD had a significant impact on the overall health
status of HCT survivors. The impact was most marked in the areas

of functional impairment, activity limitation, and pain. We also
demonstrated that outcomes in survivors with resolved cGVHD
were equivalent to those who had never been diagnosed with
cGVHD. This finding has not previously been documented and is

Table 2. Characteristics of the study participants according to cGVHD status

No cGVHD, no.
(%)

P, none vs
resolved

Resolved
cGVHD, no. (%)

P, none vs
active

Active
cGVHD,
no. (%)

P, resolved vs
active

Sex .01 .02 .99

Female 140 (51.7) 67 (39.6) 57 (39.6)

Male 131 (48.3) 102 (60.4) 87 (60.4)

Race/ethnicity .63 .68 .45

White 206 (76.0) 130 (76.9) 113 (78.5)

Hispanic 42 (15.5) 18 (10.7) 19 (13.2)

Other 23 (8.5) 21 (12.4) 12 (8.3)

Institution .25 � .001 � .001

COH 134 (49.4) 74 (43.8) 96 (66.7)

UMN 137 (50.6) 95 (56.2) 48 (33.3)

Age at transplantation*† � .001 � .001 .01

Younger than 21 y 93 (34.3) 27 (16.0) 14 (9.7)

21-45 y 152 (56.1) 118 (69.8) 96 (66.7)

Older than 45 y 26 (9.6) 24 (14.2) 34 (23.6)

Age at interview†‡ .06 � .001 .12

18-45 y 192 (70.8) 105 (62.1) 77 (53.5)

Older than 45 y 79 (29.2) 64 (37.9) 67 (46.5)

Time since transplantation‡§ .12 � .001 � .001

2-5 y 78 (28.8) 52 (30.8) 79 (54.9)

6-10 y 69 (25.5) 58 (34.3) 42 (29.2)

11-28 y 124 (45.8) 59 (34.9) 23 (16.0)

Year of transplantation .002 � .001 .001

1975-1984 71 (26.2) 16 (9.5) 7 (4.9)

1985-1994 122 (45.0) 97 (57.4) 64 (44.4)

1995-1999 78 (28.8) 56 (33.1) 73 (50.7)

Diagnosis .07 .003 .24

Aplastic anemia 31 (11.4) 15 (8.9) 10 (6.9)

Acute leukemia 128 (47.2) 70 (41.4) 50 (34.7)

Lymphoma 16 (5.9) 11 (6.5) 17 (11.8)

Immune disorder 3 (1.1) 1 (0.6) 0 (0.0)

Chronic leukemia 91 (33.6) 72 (42.6) 67 (46.5)

Other 2 (0.7) 0 (0.0) 0 (0.0)

Stem cell source .99 .009 .02

Bone marrow 257 (94.8) 161 (95.3) 128 (88.9)

Cord blood 4 (1.5) 1 (0.6) 0 (0.0)

Peripheral blood stem cells 10 (3.7) 7 (4.1) 16 (11.1)

Donor type � .001 � .001 .14

Related 244 (90.0) 132 (78.1) 102 (70.8)

Unrelated 27 (10.0) 37 (21.9) 42 (29.2)

Conditioning regimen .02 .06 .71

Chemotherapy 35 (12.9) 10 (5.9) 10 (6.9)

Radiation and chemotherapy 236 (87.1) 159 (94.1) 134 (93.1)

Education .83 .39 .53

Did not graduate from high

school 19 (7.0) 11 (6.5) 7 (4.9)

High school graduate 252 (93.0) 158 (93.5) 137 (95.1)

Insurance .77 .19 .14

Insured at time of interview 246 (90.8) 152 (89.9) 136 (94.4)

Uninsured at time of

interview 25 (9.2) 17 (10.1) 8 (5.6)

Annual household income .66 .68 .45

Less than $20 000 41 (15.1) 23 (13.6) 24 (16.7)

Greater than $20 000 230 (84.9) 146 (86.4) 120 (83.3)

For no cGVHD, n � 271; for resolved cGVHD, n � 169; and for active cGVHD, n � 144.
Abbreviations are defined in Table 1.
*Mean � 31.0 y, SD � 12.8 y.
†Mean � 40.4 y, SD � 10.7 y.
‡Mean � 9.6 y, SD � 6.0 y.
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encouraging but also emphasizes the need for improved therapeutic
strategies for treatment of cGVHD.

Despite the strong association between active cGVHD and
adverse health outcomes, it is worth noting that even among those
subjects with active cGVHD, 61.8% reported their general health
as being good, very good, or excellent. There was also some
evidence of possible amelioration of effects of cGVHD over time,
with 30.4% of subjects with active cGVHD in the cohort 11 to 28
years after HCT reporting only fair or poor general health,
compared with 38% and 42.9%, respectively, in the groups 2 to 5
and 6 to 10 years after HCT (Figure 2).

One of the strengths of this study is the large number of HCT
survivors who participated and the broad range of information
collected from participants. This enabled us, in contrast to previous
large registry-based studies,6,8 to measure more descriptive out-
comes regarding the overall health status of subjects. The data
regarding the incidence of cGVHD and the proportion of subjects
continuing immune suppressant therapy at different time points
following HCT are consistent with previously published litera-
ture.1,4,7 Specifically, the incidence of cGVHD in this cohort was
54%, of whom about half reported active cGVHD within the
previous 12 months, with a median time since transplantation of 8.1
years (range, 2-27.7 years). It is unlikely that subjects, all of whom
had survived for at least 2 years after HCT, would have been
diagnosed with cGVHD after completing the questionnaire because
a previous large study showed that the median time to onset of
cGVHD was 3.9 months, with the latest onset at 28 months
following HCT.4

The results of the study must be interpreted in the context of
potential limitations. Participation rate was 58.6% of those pre-
sumed eligible and 66.8% of those successfully contacted. There
were several slight differences between participants and nonpartici-
pants; most importantly, cGVHD was more common among
participants. As a result, our study may have slightly overestimated
the impact of cGVHD on overall health status of survivors, but we
do not feel that this difference is sufficient to account for the
significant discrepancies in outcome between those with and
without active cGVHD.

The fact that a large proportion of the data were collected by
self-report increases the likelihood of misclassification bias. This is

further complicated by the facts that no validated quantitative
criteria for organ-specific or overall responses exist and reversible
disease activity and irreversible damage may be difficult to
distinguish. However, validation studies have previously shown
excellent correlation between medical records and self-reported
active cGVHD,17 and the major variable of interest, presence or
absence of cGVHD, was abstracted from data that had been
prospectively collected by institutional databases, using standard-
ized protocols. Further validation of the distinction between the
active and resolved groups can be seen by the highly significant
difference (Table 3) between the proportions of subjects in each of
these groups who reported taking immune suppressant therapy.
Continuation of immune suppressant medication may be consid-
ered as a marker of active disease, although clinical experience
suggests that this correlation will not be absolute. This difference is
less marked although still significant in the group of subjects who
received transplants 2 to 5 years ago because the questionnaire item
asked whether medications had been taken during the past 2 years
and, therefore, some subjects may have been reporting medications
used as GVHD prophylaxis rather than cGVHD treatment. Al-
though the cross-sectional design of this study precludes us from
making definitive statements regarding the natural history of
cGVHD and the required duration of immunosuppressive therapy,
our findings are consistent with previously reported data that have
addressed those issues prospectively.4 Recently, new response
criteria have been proposed by the National Institutes of Health
Consensus Development Project on Criteria for Clinical Trials in
Chronic Graft-versus-Host Disease.27 The proposed criteria incor-
porate patient self-report as an integral part of response assessment,
recognizing its value and further validating its use in this analysis.

Unfortunately, data regarding extent of disease or pattern of
organ involvement at the time of the questionnaire were not
available. However, there is widespread agreement that the current
limited/extensive grading system is of limited use in terms of
dividing patients into meaningful prognostic categories,7,28 and
new consensus guidelines have recently been proposed to facilitate
diagnosis and grading of cGVHD,29,30 and these will be useful for
future studies. It should also be noted that data were not collected

Figure 1. Prevalence of HCT survivors with adverse health outcomes by cGVHD
status.

Figure 2. Percentage of subjects with poor or fair general health according to
time since HCT and cGVHD status. P values are for comparison between active
and no cGVHD groups and active and resolved cGVHD groups.

Table 3. Numbers and percentages of subjects reporting immunosuppressant therapy according to time since HCT and cGVHD status

Time since
transplantation

No cGVHD, no. (%) P, none
vs

resolved

Resolved cGVHD, no. (%)
P, none vs

active

Active cGVHD, no. (%) P,
resolved
vs activeYes No Yes No Yes No

2-5 y 24 (30.8) 54 (69.2) .49 19 (36.5) 33 (63.5) � .001 70 (88.6) 9 (11.4) � .001

6-10 y 4 (5.8) 65 (94.2) .07 9 (15.5) 49 (84.5) � .001 34 (81.0) 8 (19.0) � .001

11-28 y 6 (4.8) 118 (95.2) .30 1 (1.7) 58 (98.3) � .001 9 (39.1) 14 (60.9) � .001

For no cGVHD, n � 271; for resolved cGVHD, n � 160; and for active cGVHD, n � 144.
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Table 4. Odds ratios and 95% CIs for adverse health status among HCT survivors by cGVHD and treatment characteristics

General health Mental health
Functional
impairment

Activity
limitations Pain Anxiety Any domain

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

cGHVD

None 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Resolved 1.0 0.5-1.5 1.0 0.6-1.6 1.2 0.7-2.1 1.1 0.6-1.8 1.1 0.6-2.0 0.6 0.3-1.1 0.9 0.6-1.4

Active 2.7* 1.6-4.6* 2.7* 1.6-4.4* 5.6* 3.3-9.4* 5.1* 3.1-8.3* 4.2* 2.4-7.1* 1.5 0.8-2.6 5.1* 2.8-7.9*

Sex

Female 0.7 0.4-1.1 1.0 0.7-1.5 1.7* 1.1-2.7* 1.6 1.0-2.4 1.0 0.6-1.5 1.4 0.9-2.4 1.3 0.9-1.9

Male 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Age at interview

18-45 y 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Older than 45 y 1.2 0.8-1.9 0.9 0.6-1.4 1.7* 1.1-2.7* 1.2 0.8-1.8 0.8 0.5-1.2 1.0 0.6-1.7 1.3 0.9-2.0

Time since

transplantation

2-5 y 1.9* 1.1-3.3* 1.3 0.7-2.1 1.4 0.8-2.5 1.7 1.0-2.9 1.5 0.8-2.8 2.2* 1.1-4.4* 1.8* 1.1-2.7*

6-10 y 1.3 0.7-2.3 1.3 0.8-2.3 1.3 0.7-2.4 1.0 0.6-1.7 1.5 0.9-3.9 2.2* 1.1-4.4* 1.4 0.9-2.2

11-28 y 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Donor type

Related 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Unrelated 1.3 0.7-2.2 0.9 0.5-1.5 2.3* 1.3-3.9* 1.3 0.8-2.2 1.2 0.7-2.1 0.8 0.4-1.6 1.2 0.7-1.9

Conditioning

regimen

Chemotherapy 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Radiation and

chemotherapy

1.4 0.6-3.2 1.3 0.6-2.8 0.6 0.3-1.3 2.9* 1.2-7.4* 1.5 0.6-3.5 0.9 0.4-2.1 1.2 0.6-2.1

*Odds significantly higher compared to reference group (indicated by dashes).

Table 5. Odds ratios and 95% CIs for adverse health status among HCT survivors by cGVHD and sociodemographic characteristics

General health Mental health
Functional
impairment

Activity
limitations Pain Anxiety Any domain

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

cGVHD

No 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

History 0.8 0.5-1.5 0.9 0.6-1.5 1.2 0.7-2.2 1.1 0.7-1.9 1.1 0.6-2.0 0.6 0.3-1.1 0.9 0.6-1.4

Reported in past 12 mo 2.8* 1.7-4.6* 2.5* 1.6-4.1* 6.4* 3.8-11.0* 5.4* 3.3-8.9* 4.3* 2.5-7.3* 1.4 0.8-2.4 5.4* 3.2-8.9*

Sex

Female 0.7 0.5-1.1 1.0 0.7-1.5 1.8* 1.2-2.8* 1.5 1.0-2.3 1.0 0.7-1.6 1.5 0.9-2.5 1.4 0.9-2.0

Male 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Race

White 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Hispanic 0.9 0.5-1.8 1.2 0.6-2.1 0.9 0.5-1.9 0.8 0.4-1.5 1.4 0.7-2.8 1.1 0.5-2.4 1.2 0.7-2.3

Other 0.7 0.3-1.6 0.9 0.5-1.8 1.0 0.5-2.0 0.8 0.4-1.6 1.1 0.5-2.3 0.3 0.1-1.1 1.0 0.5-1.8

Age at interview

18-45 y 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Older than 45 y 1.2 0.8-1.9 0.9 0.6-1.3 1.7* 1.1-2.7* 1.1 0.7-1.7 0.8 0.5-1.3 0.9 0.5-1.6 1.3 0.9-2.0

Time since transplantation

2-5 y 2.1* 1.2-3.6* 1.3 0.8-2.3 1.8 1.0-3.2 1.9* 1.1-3.1* 1.8 1.0-3.2 2.5* 1.3-5.0* 1.8* 1.2-2.8*

6-10 y 1.4 0.8-2.5 1.4 0.8-2.3 1.6 0.9-2.9 1.1 0.6-1.9 1.7 1.0-3.2 2.2* 1.1-4.5* 1.5 0.9-2.3

11-28 y 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Education

High school graduate 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Did not graduate from high

school

0.7 0.2-1.9 0.9 0.4-2.2 1.2 0.5-3.0 0.4 0.1-1.2 0.4 0.1-1.0 0.6 0.2-2.1 0.8 0.4-1.8

Insurance

Insured at time of interview 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

Uninsured at time of

interview

1.4 0.6-3.0 1.2 0.6-2.4 1.5 0.7-3.3 1.4 0.6-1.9 1.8 0.8-3.9 1.6 0.6-3.8 1.0 0.5-1.9

Annual household income

Less than $20 000 1.9* 1.1-3.4* 2.2* 1.3-3.7* 4.3* 2.4-7.6* 2.3* 1.2-4.0* 1.6 0.9-2.9 2.0* 1.1-3.8* 3.2* 1.8-5.6*

Greater than $20 000 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 — 1.0 —

*Odds significantly higher compared to reference group (indicated by dashes).
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on potentially eligible subjects who had survived 2 years from the
time of HCT but subsequently died from relapse or complications
related to therapy including cGVHD. This may have resulted in an
underestimation of the potential impact of cGVHD. We have made
no effort to distinguish between the effects of cGVHD and its
treatment. However, as the majority of survivors with cGVHD
require prolonged immune suppressant therapy, we feel that this
distinction would be largely artificial because withholding therapy
is not a viable option.

The validity of the outcome measures also warrants some
comment. A single validated instrument for assessment of overall
health status in cancer or HCT survivors is not available. The
Childhood Cancer Survivor Study selected a variety of measures
largely adapted from previously validated measures such as the

Brief Symptom Inventory 18, the National Health Interview
Survey, and the Behavioral Risk Factor Surveillance System
Survey questionnaire to obtain a measure of overall health sta-
tus.19-22 We have applied the same scoring system to the BMT-SS
questionnaire. The items selected appear to have good validity;
however, we recognize the inherent difficulties in accurately
measuring a construct such as global health status.

In conclusion, this large study has identified active cGVHD as
having a significant impact on many aspects of the overall health
status of HCT survivors, emphasizing the need for a multidisci-
plinary approach to the management of these patients. This study
has also provided evidence for the first time that resolution of
cGVHD results in comparable long-term health outcomes to
survivors who were never diagnosed with cGVHD.
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