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Long-term survival is now an expected
outcome after hematopoietic cell trans-
plantation (HCT). However, the burden of
morbidity long-term after HCT remains
unknown. We examined the magnitude of
risk of chronic health conditions reported
by 1022 HCT survivors and their siblings
(n = 309). A severity score (grades 1 [mild]
through 4 [life-threatening]) was assigned
to each health condition using the Com-
mon Terminology Criteria for Adverse
Events, Version 3. Sixty-six percent of the

HCT survivors reported at least one
chronic condition; 18% reported severe/life-
threatening conditions; comparable values
in siblings were 39% and 8%, respectively
(P < .001). The cumulative incidence of a
chronic health condition among HCT survi-
vors was 59% (95% confidence interval [CI],
56%-62%) at 10 years after HCT; for severe/
life-threatening conditions or death from
chronic health conditions, the 10-year cumu-
lative incidence approached 35% (95% Cl,
32%-39%). HCT survivors were twice as

likely as siblings to develop a chronic condi-
tion (95% ClI, 1.6-2.1), and 3.5 times to de-
velop severe/life-threatening conditions
(95% Cl, 2.3-5.4). HCT survivors with chronic
graft-versus-host disease were 4.7 times as
likely to develop severe/life-threatening con-
ditions (95% Cl, 3.0-7.2). The burden of long-
term morbidity borne by HCT survivors is
substantial, and long-term follow-up of pa-
tients who received transplantation is recom-
mended. (Blood. 2010;116(17):3129-3139)
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compared with their siblings
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Introduction

Hematopoietic cell transplantation (HCT) is an established curative
option for a variety of hematologic malignancies. Advances in
transplantation techniques and supportive care strategies have
resulted in a significant improvement in survival; more than 70% of
those who survive the first 2 years after HCT are expected to

become long-term survivors.!> However, cure or control of the
underlying disease is not accompanied by full restoration of health.
HCT survivors are at risk of developing long-term complications,
such as endocrinopathies, musculoskeletal disorders, cardiopulmo-
nary compromise, and subsequent malignancies.* 4
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Previous reports have focused on specific complications, providing
insight into their etiology and pathogenesis and identifying persons at
increased risk for development of these outcomes, thus setting the stage
for targeted surveillance and interventions to reduce morbidity and
mortality. However, the burden of morbidity resulting from the cumula-
tive impact of these individual complications has not been described.
Understanding the burden of morbidity after HCT is important for a
variety of reasons. It is important to the healthcare providers and policy
makers in identifying and procuring resources for the long-term care of
persons with a high burden of morbidity, to the researchers in identifying
common etiologic pathways that lead to the overall morbidity, and to the
HCT survivors in making an informed decision regarding the quality-of-
life concerns long term after HCT. Using the resources offered by the
Bone Marrow Transplant Survivor Study (BMTSS), we determined the
prevalence and severity of chronic health conditions in HCT survivors,
compared these outcomes with a healthy sibling cohort, and sought to
identify subpopulations at increased risk.

Methods

Subjects

Eligible participants included persons who received HCT at City of Hope
National Medical Center (COH) or the University of Minnesota (UMN)
between 1974 and 1998 for a hematologic malignancy or severe aplastic
anemia (SAA), survived at least 2 years after transplantation, were alive and
18 years of age or older at study participation, and had completed the
questionnaire in English. The Human Subjects Committee at the participat-
ing institutions approved the protocol; informed consent was provided
according to the Declaration of Helsinki.

A total of the 2175 patients underwent HCT at COH or UMN between
1974 and 1998 and survived the first 2 years after HCT; an additional
542 patients died after surviving the first 2 years. Of the 1633 survivors who
were alive at study participation, 1468 (90%) were successfully contacted,
and 1022 (70%) participated. Participants were older at HCT (mean age, 34
vs 29 years, P < .001), with a shorter follow-up after HCT (mean, 8.7 vs
10.4 years, P < .001). Non-Hispanic whites (65% vs 56%, P = .002),
females (67% vs 60%, P = .005), and autologous HCT recipients (66% vs
60%, P = .01) were more likely to participate. Patients who had undergone
HCT for SAA were less likely to participate compared with survivors with
other diagnoses. Participation rate did not differ by risk of relapse at HCT or
by transplanting institution. Comparison with a noncancer population was
made possible by asking participating survivors to invite a nearest-age
sibling to the study. A total of 309 siblings participated in this study.

Clinical characteristics

Information regarding primary diagnosis, preparative regimens, stem cell
source (autologous, sibling, or unrelated donor), graft type (bone marrow or
peripheral blood stem cells), risk of relapse at HCT (standard or high risk),
and prophylaxis and management of graft-versus-host disease (GVHD),
was obtained from institutional databases. Patients transplanted in first or
second complete remission after acute myeloid leukemia (AML) or acute
lymphoid leukemia (ALL), and Hodgkin lymphoma or non-Hodgkin
lymphoma (NHL), first chronic phase of chronic myeloid leukemia (CML),
and patients with SAA were considered at standard risk for relapse; the
remainder were considered at high risk.

Chronic health conditions

HCT survivors and siblings completed a 255-item BMTSS questionnaire,
which covers the following general areas: questions regarding diagnosis by
a healthcare provider of physical health conditions with age at diagnosis
(endocrinopathies, central nervous system compromise, cardiopulmonary
dysfunction, gastrointestinal and hepatic sequelae, musculoskeletal abnor-
malities, and subsequent malignancies), diagnosis and extent of chronic
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GVHD, access to and use of medical care, and sociodemographic character-
istics (race/ethnicity, education, marital status, employment, household
income, and insurance). The reliability and validity of the BMTSS
questionnaire have been tested, and the responses have demonstrated a high
level of sensitivity and specificity, confirming that survivors are able to
report the occurrence of adverse medical conditions with accuracy.'

Chronic physical health conditions diagnosed after HCT were graded
using the Common Terminology Criteria for Adverse Events, Version 3.0,
an instrument used to grade acute and chronic conditions in persons with
cancer, including cancer survivors, and distinguish grades 1 through 5 with
unique clinical descriptions of the severity for each event (grade 1, mild;
grade 2, moderate; grade 3, severe; grade 4, life-threatening/disabling;
grade 5, death from chronic health conditions). The same scoring system
was applied to responses from the sibling comparison group. A detailed
description of the questions asked in the BMTSS questionnaire, the
corresponding chronic health condition categories that were created from
the responses, and the scoring of these conditions are presented in
supplemental Table 1 (available on the Blood Web site; see the Supplemen-
tal Materials link at the top of the online article). This scoring system has
been successfully used to describe the burden of morbidity resulting from
chronic health conditions in childhood cancer survivors.!?

Psychosocial sequelae and gonadal failure were not included as chronic
health conditions in this analysis. However, psychologic health was
evaluated in this cohort to evaluate its impact on chronic physical health
conditions. This was accomplished using the Brief Symptom Inventory-18.
Brief Symptom Inventory-18 measures psychologic distress experienced
during the previous 7 days using 18 5-point Likert scale items (from
0 = “notat all” to 4 = “extremely”).'8 The item responses were summed to
determine the Global Severity Index; raw scores were converted to
sex-specific T scores (mean = SD; 50 * 10) derived from a community
sample of 1134 adults. Sex-specific T scores were dichotomized; those with
a T score = 63 were classified as having psychological distress.

Statistical analyses

Prevalence and predictors of chronic health conditions. The prevalence of
chronic health conditions was determined for participating HCT survivors
(n=1022) and the sibling comparison group (n = 309). Chronic health
conditions were reported as 3 primary outcomes: presence of any
chronic health condition (grades 1-4), as well as dichotomized as mild to
moderate (grade 1 or 2) and severe/life-threatening/disabling (grade 3 or
4). For participants with more than one condition, the maximum grade
was used in the analysis. Standard parametric and nonparametric
techniques were used for comparisons between clinical and demo-
graphic subgroups.

Comparisons between HCT survivors and siblings after adjusting for
sex, age at study participation (treated as a continuous variable), race/
ethnicity (non-Hispanic whites vs others), education (less than high school,
high school/some college/training, or college graduate/postgraduate educa-
tion), annual household income (< $20 000 per year, $20 000-$60 000 per
year, and > $60 000 per year), and health insurance status (yes/no) were
conducted using relative risk regression for common outcomes and were
reported as relative risks (RR) with 95% confidence intervals (Cls).!” The
analysis accounted for within-family correlations using sandwich SE
estimates.?’

Relative risk regression was also used for analyses restricted to HCT
survivors. A fixed set of explanatory variables were selected a priori and
were used to assess their simultaneous impact on the risk of chronic health
conditions. These variables included stem cell donor type (autologous,
related, and unrelated donor), stem cell source (peripheral blood stem cell
[PBSC], bone marrow, cord blood), presence of chronic GVHD (for
allogeneic HCT survivors only), sex, age at study participation (< 41 years,
41-55 years, and > 55 years), age at HCT (< 18 years, 18-< 45 years,
= 45 years), time since HCT (2-< 5 years, 5-< 10 years, = 10 years), race
(non-Hispanic whites, others), education, health insurance coverage,
transplanting institution (COH, UMN)), participants’ residential characteris-
tics (rural/urban; distance to participating institution [< 60 miles/= 60
miles]), risk of relapse at HCT, year of HCT (before or after 1990),
exposure to total body irradiation (TBI), and primary cancer diagnosis.
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Table 1. Demographic and clinical characteristics of HCT survivors and siblings

Characteristic Survivors (N = 1022), n (%) Siblings (N = 309), n (%) P
Male sex, n (%) 559 (54.7) 113 (36.6) <.001
Race, n (%)* .004
Non-Hispanic white 825 (80.7) 270 (88.0)
Others 197 (19.3) 37 (12.0)
Education, n (%)* .001
Less than high school completion 65 (6.4) 5(1.6)
High school/some college or training 492 (48.3) 130 (42.2)
College graduate/postgraduate 461 (45.3) 173 (56.2)
Household income per year, n (%)* < .001
More than $60 000 438 (45.8) 189 (64.3)
$20 000-$60 000 383 (40.1) 93 (31.6)
Less than $20 000 135 (14.1) 12 (4.1)
With health insurance, n (%)* 934 (92.6) 291 (95.4) .08
Age at study participation, y .03
Mean += SD 43.1 £ 12.0 448 £ 11.8
Range 18-73 19-79
Age at HCT, y
Mean *= SD 34.4 =141 NA
Range 0.4-69 NA
Interval between HCT and study, y
Mean + SD 8.6 + 5.3 NA
Range 2-28 NA
Primary cancer diagnosis, n (%)
Aplastic anemia 53 (5.2) NA
CML 236 (23.1) NA
AML 244 (23.9) NA
Hodgkin lymphoma 92 (9.0) NA
NHL 203 (19.9) NA
ALL 100 (9.8) NA
Multiple myeloma 42 (4.1) NA
Others 52 (5.1) NA
Stem cell donor, n (%)
Autologous HCT 458 (44.8) NA
Allogeneic, sibling donor 465 (45.5) NA
Allogeneic, unrelated donor 99 (9.7) NA
Chronic GVHD, n (%)
Yes 304 (29.8) NA
Risk of relapse at HCT, n (%)*
Standard risk 662 (65.0) NA
High risk 357 (35.0) NA
Preparative regimens, n (%)
Chemotherapy alone 237 (23.3) NA
TBI-based 782 (76.7) NA
TBl/cyclophosphamide 404 (40.0) NA
TBI/cyclophosphamide/etoposide 231 (22.7) NA
TBI/etoposide 123 (12.1) NA
Any immunosuppression, n (%) 545 (53.4) NA
Methotrexate 455 (44.6) NA
Cyclosporine 372 (36.4) NA
Prednisone 315 (30.9) NA

Percentages are based on the total number of participants who provided data for each variable, rather than on the total number of subjects in each cohort; percentages may

not total 100 because of rounding.
NA indicates not applicable.

*Two subjects with unknown race, 5 with unknown education, 90 with unknown income, 60 with unknown insurance information, and 3 with unknown risk of relapse were

excluded.

Cumulative incidence of chronic health conditions among HCT
survivors. To provide an estimate of the magnitude of risk of chronic
health conditions among HCT recipients with time from HCT, cumula-
tive incidence of chronic health conditions was calculated. This analysis
included patients who had undergone HCT and survived 2 or more years
(including the 542 who died after having survived 2 years after
HCT). For patients who were alive at study participation, self-reported
chronic health conditions were used for the analyses (as described in
“Chronic health conditions”). For the deceased patients, all deaths
from chronic health conditions (n = 225) were considered grade 5;

deaths from primary disease, accident, or suicide (n = 317) were not
graded. Cumulative incidence calculations treated death from causes
other than chronic health conditions as a competing risk according
to the method describe by Gooley et al.?! Sensitivity analyses were
conducted to create a lower boundary for the estimated cumulative
incidence values by treating nonparticipants as having no chronic health
condition.

Data were analyzed using SAS Version 9.1 (SAS Institute). All
statistical tests were 2-sided, and P < .05 was considered statistically
significant.
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Table 2. HCT survivors and siblings with a chronic health condition, according to severity score*

Allogeneic HCT

P, comparison of

Survivors  Autologous All allogeneic Without chronic With chronic No Yes Siblings  all HCT survivors

Health condition (N =1022) HCT HCT GVHD GVHD recurrence recurrence (N = 309) with siblings
No condition 343 (33.6) 180 (39.3) 163 (28.9) 83 (31.6) 80 (26.7) 296 (33.3) 47 (35.3) 189 (61.2) < .001

Grade 1 147 (14.4) 78 (17.0) 69 (12.2) 37 (14.1) 32 (10.7) 127 (14.3) 20 (15.0) 45 (14.6)

Grade 2 345 (33.8) 129 (28.2) 216 (38.3) 96 (36.5) 120 (40.0) 300 (33.8) 45 (33.8) 51 (16.5)

Grade 3 144 (14.1) 53 (11.6) 91 (16.1) 30 (11.4) 60 (20.0) 128 (14.4) 16 (12.0) 15 (4.9)

Grade 4 43 (4.2) 8(3.9) 25 (4.4) 17 (6.5) 8(2.7) 38 (4.3) 5(3.8) 9 (2.9)
Any condition

Grades 1-4 679 (66.4) 278 (60.7) 401 (71.1) 180 (68.4) 220 (73.3) 593 (66.7) 86 (64.7) 120 (38.8) <.001

Grade 1 or 2t 662 (64.8) 271 (59.2) 391 (69.3) 172 (65.4) 218 (72.7) 577 (64.9) 85 (63.9) 112 (36.3) <.001

Grade 3 or 4t 187 (18.3) 71 (15.5) 116 (20.6) 47 (17.9) 68 (22.7) 166 (18.7) 21 (15.8) 24 (7.8) <.001
No. of multiple health

conditions

=2 515 (50.4) 200 (43.7) 315 (55.9) 128 (48.7) 186 (62.0) 444 (49.9) 71 (53.4) 46 (14.9) <.001

=3 353 (34.5) 118 (25.8) 235 (41.7) 89 (22.8) 145 (48.3) 313 (35.2) 40 (30.1) 17 (5.5) < .001

Median (range) 3 (1-16) 2 (1-14) 3 (1-16) 2 (1-16) 4 (1-15) 3(1-16) 2 (1-14) 1(1-7) < .001

Values are n (%).

*The severity of health conditions was scored according to the Common Terminology Criteria for Adverse Events, Version 3. Health conditions of HCT survivors did not
include conditions that patients had before HCT or acute conditions they had within 2 years after the HCT.
1The number of patients in each subgroup may not reflect the sum of grades of conditions because grades 1 to 4 were calculated by taking the maximum grade per subject.

A subject with higher-grade condition may have other lower-grade conditions.

Results

Demographic and clinical characteristics of HCT survivors and
siblings

The demographic and clinical characteristics of persons who completed
the BMTSS questionnaire (HCT survivors, n = 1022; siblings, n = 309)
are presented in Table 1. Although the age at study participation was
comparable between siblings and HCT survivors (mean age, 44.8 vs
43.1 years), there was an overrepresentation of females (63% vs 45%),
non-Hispanic whites (88% vs 81%), college graduates (56% vs 46%),
and persons with higher household income (> $60 000, 64% vs 46%)
among siblings. The proportion of persons with health insurance
coverage was comparable between siblings and HCT survivors (95% vs
93%, P = .08). CML (23%), AML (24%), NHL (20%), ALL (10%),
and Hodgkin lymphoma (9%) accounted for 85% of all primary
diagnoses. TBI was used for 77%, and 35% of the survivors were at high
risk for relapse at HCT. Fifty-five percent of the HCT survivors had
received an allogeneic HCT, and approximately 53% developed chronic
GVHD after HCT. The cohort had been followed for a median of 7.3
years after HCT.

Chronic health conditions among HCT survivors

Table 2 summarizes the prevalence of chronic health conditions reported
by the HCT survivors. Of the 1022 HCT survivors who completed the
BMTSS questionnaire, 66% reported at least one chronic health
condition and 18% reported grade 3 (severe) or grade 4 (life-
threatening) conditions. Furthermore, 50% of the HCT survivors
reported at least 2 chronic health conditions, and 35% reported 3 or more
conditions. The prevalence of chronic health conditions for those with
and without post-HCT disease recurrence was comparable (any chronic
health condition: 67% vs 65%, P = .6; grade 3 or 4 conditions: 19% vs
16%, P = 4, respectively). The prevalence of any chronic health
condition was significantly higher among allogeneic HCT recipients
compared with autologous HCT recipients (any chronic health condi-
tion: 71% vs 61%, P = .001; grade 3 or 4 conditions: 21% vs 16%,
P = .04). The prevalence of chronic health conditions for allogeneic
HCT recipients with and without chronic GVHD was comparable (any
chronic health condition: 73% vs 68%, P = .2; grade 3 or 4 conditions:

23% vs 18%, P = .2; respectively). However, the prevalence of multiple
health conditions was higher among allogeneic HCT recipients with
chronic GVHD compared with those without (2 or more conditions:
62% vs 49%, P = .002; 3 or more conditions: 48% vs 23%, P < .001).
Allogeneic PBSC products were used in 25 patients. There was no
difference in the prevalence of chronic health conditions between those
who received PBSC or bone marrow allogeneic grafts (P = .3).
T cell-depleted products were used in 23 instances and, again, did not
result in an increase in the prevalence of chronic health conditions
(P = .3) compared with those who received unmanipulated grafts.

A total of 817 long-term survivors visited transplantation centers
during the 2 years before study participation. There was no significant
difference in the prevalence of chronic health conditions between those
who reported a recent visit to the transplantation center (66%) versus
those who did not (67%, P = .6). No difference in the prevalence of
chronic health conditions was observed by distance of residence from
the transplantation center (P = .2) or by whether the survivors lived in a
rural versus urban community (P = .7). Among the 1022 HCT survi-
vors, 89 (9%) reported psychologic distress as indicated by the Brief
Symptom Inventory-18 Global Severity Index scores. However, no
differences were observed in the prevalence of chronic health conditions
among those with psychologic distress (66%) versus those without
(72%, P = .1).

Table 3 summarizes the predictors of chronic health conditions
restricting the analysis to HCT survivors. Compared with autologous
HCT recipients, allogeneic HCT survivors were more likely to report
any chronic conditions (RR = 1.2; 95% CI, 1.1-14), grade 1 or 2
conditions (RR = 1.2; 95% CI, 1.0-1.5), and grade 3 or 4 conditions
(RR = 1.7; 95% CI, 1.2-2.4). Females were more likely than males to
report grade 1 or 2 conditions (RR = 1.2; 95% CI, 1.0-1.3), whereas
patients with longer follow-up (= 5 years from HCT) were more likely
to report grade 3 or 4 chronic health conditions, compared with those
followed for less than 5 years. Survivors with higher education and those
with health insurance coverage were more likely to report chronic health
conditions. However, age at transplantation and use of TBI were not
associated with reporting chronic health conditions. UMN patients were
more likely to report chronic health conditions. These institutional
differences held up even when the analysis was restricted to patients
who reported a visit to their respective HCT centers in the 2 years before
study participation. A higher prevalence of joint surgery, stroke, and
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Table 3. Relative risk of chronic health conditions among HCT survivors according to stem cell donor source, conditioning regimen, and

use of immunosuppressive therapy

Risk factor Grades 1-4 Grades 1-2 Grades 3-4
Stem cell donor
Autologous 1.0 1.0 1.0

Allogeneic, related donor
Allogeneic, unrelated donor

1.18 (1.04-1.35)
1.24 (1.03-1.48)

Sex

Male 1.0

Female 1.11 (1.02-1.21)
Age at study participation, y

Younger than 41 1.0

41-55 0.99 (0.88-1.12)

56 or older 1.03 (0.84-1.26)
Age at HCT, y

Younger than 18 1.0

18- <45 0.96 (0.83-1.12)

45 or older 0.96 (0.76-1.22)
Time since HCT, y

2-<5 1.0

5-<10 1.16 (1.03-1.31)

=10 1.21 (1.01-1.46)
Race

Others 1.0

Non-Hispanic white 1.10 (0.95-1.27)
Education

Less than high school 1.0

High school/some college
College graduate/postgraduate

1.28 (0.99-1.67)
1.33 (1.02-1.73)

Insurance

No 1.0

Yes 1.28 (1.02-1.60)
Institution

COH 1.0

UMN 1.13(1.03-1.25)
Relapse risk at HCT

Low 1.0

High 0.98 (0.88-1.08)
Year of transplantation

Before 1990 1.0

After 1990 0.97 (0.82-1.14)
TBI-containing regimens

Chemotherapy-based regimen 1.0

TBIl-based regimen
Primary cancer diagnosis

1.14 (0.98-1.33)

SAA 1.0

CML 0.99 (0.77-1.26)
AML 1.01 (0.80-1.29)
Hodgkin lymphoma 1.06 (0.78-1.43)
NHL 1.14 (0.87-1.50)
ALL 0.98 (0.76-1.28)
Multiple myeloma 1.02 (0.70-1.49)

1.21 (1.02-1.43)
1.21 (0.96-1.54)

1.35 (0.95-1.91)
2.10 (1.34-3.30)

1.0 1.0
1.16 (1.04-1.30) 1.09 (0.88-1.36)

1.0 1.0
0.99 (0.85-1.14) 0.88 (0.62-1.24)
1.07 (0.81-1.41) 0.82 (0.51-1.32)

1.0 1.0
0.92 (0.76-1.12) 1.09 (0.71-1.65)
0.82 (0.60-1.13) 1.79 (0.96-3.31)

1.0 1.0
1.13 (0.98-1.31) 1.73 (1.24-2.40)
1.15 (0.91-1.46) 2.25 (1.37-3.70)

1.0 1.0
1.13 (0.95-1.35) 1.13 (0.76-1.68)

1.0 1.0
1.24 (0.90-1.71) 2.09 (1.06-4.10)
1.32 (0.96-1.82) 2.11 (1.06-4.20)

1.0 1.0
1.27 (0.96-1.67) 1.98 (1.08-3.65)

1.0 1.0
1.12 (0.98-1.27) 153 (1.19-1.97)

1.0 1.0
0.97 (0.85-1.11) 1.00 (0.78-1.29)

1.0 1.0
0.98 (0.79-1.23) 0.76 (0.50-1.17)

1.0 1.0
1.16 (0.96-1.40) 1.22 (0.78-1.92)

1.0 1.0
0.98 (0.73-1.32) 1.14 (0.54-2.42)
0.96 (0.72-1.29) 1.42 (0.69-2.96)
1.06 (0.73-1.52) 1.14 (0.48-2.69)
1.12 (0.80-1.57) 1.63 (0.73-3.64)
0.94 (0.67-1.31) 1.23 (0.56-2.67)
0.98 (0.61-1.56) 1.16 (0.42-3.20)

Relative risks (95% Cls) were obtained from multivariate regression model adjusted for all variables in the table.

intestinal surgery accounted for the institutional differences in the
prevalence of chronic health conditions. Among allogeneic HCT
recipients, there was no statistically significant difference in the preva-
lence of single chronic health conditions between those with chronic
GVHD compared with those without. However, those with chronic
GVHD were more likely to report multiple conditions (RR = 1.3; 95%
CI, 1.1-1.6 for 2 or more conditions; RR = 1.6;95% CI, 1.3-1.9, for 3 or
more conditions).

Chronic health conditions: HCT survivors compared with
siblings

Compared with the siblings, HCT survivors were significantly more
likely to have a chronic health condition of any severity (66% vs 39%,
P <.001), or of grade 3 or 4 severity (18% vs 8%, P < .001) (Table 2).

Furthermore, HCT survivors were significantly more likely to have
multiple conditions (2 or more: 50% vs 15%, P < .001; 3 or more: 35%
vs 6%, P < .001). These differences between HCT survivors and the
sibling comparison group retained statistical significance when the
comparison was restricted to autologous or allogeneic HCT recipients,
those with or without chronic GVHD, or those who did or did not have a
recurrence after HCT (Table 2).

Table 4 summarizes the magnitude of risk of chronic health
conditions for specific clinical subgroups of HCT survivors compared
with siblings, adjusted for sex, age at study participation, race/ethnicity,
education, household income, and health insurance status. The analyses
were conducted for the entire cohort of HCT survivors, as well as
stratified by presence or absence of chronic GVHD among allogeneic
HCT survivors. Overall, HCT survivors were twice as likely as siblings
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to have a chronic health condition (95% CI, 1.6-2.1) of any severity, 1.9
times as likely to have a grade 1 or 2 condition (95% ClI, 1.6-2.2), and
3.5 times as likely to have a grade 3 or 4 condition (95% CI, 2.3-5.4).
Primary diagnoses with the highest risk for a grade 3 or 4 chronic health
condition (compared with siblings) included ALL (RR = 4.9; 95% ClI,
2.9-8.2), AML (RR = 4.1; 95% CI, 2.6-6.4), CML (RR = 3.7;95% ClI,
2.3-5.9), and NHL (RR = 3.3; 95% CI, 2.0-5.4). Survivors of unrelated
donor HCT were at a 4.6-fold increased risk of having a grade 3 or 4
chronic health condition, compared with siblings (95% CI, 2.8-7.6).
HCT survivors exposed to TBI were 3.9-fold more likely to have a grade
3 or 4 condition (95% CI, 2.6-6.0), whereas patients exposed to
immunosuppressive therapy for GVHD management were at a 4.5-fold
(95% CI, 3.0-6.9) increased risk. Furthermore, HCT survivors were
more likely to report multiple conditions (RR = 3.6; 95% CI, 2.7-4.9,
for 2 or more conditions; RR = 6.4; 95% CI, 3.9-10.4 for 3 or more
conditions).

Severe or life-threatening/disabling chronic health conditions

The prevalence of specific severe or life-threatening (grade 3 or 4)
chronic health conditions and the associated adjusted RRs for HCT
survivors compared with siblings are summarized in Table 5. These
analyses were performed for all HCT survivors, as well as stratified by
type of transplantation and among allogeneic recipients by the presence
of chronic GVHD. Overall, HCT survivors were more likely to have
gastrointestinal (RR =4.3; 95% CI, 1.0-18.1), musculoskeletal
(RR = 5.1;95% CI, 1.2-21.1), and cardiovascular problems (RR = 2.9;
95% CI, 1.3-5.9), compared with siblings after adjustment for age, sex,
and race/ethnicity. Autologous HCT recipients had a higher prevalence
of cardiovascular problems (RR = 2.7; 95% ClI, 1.2-5.9) compared with
siblings. Compared with the siblings, allogeneic recipients were more
likely to report cardiovascular problems (RR = 3.0; 95% CI, 1.4-6.4),
auditory or visual impairment (RR = 3.7; 95% CI, 1,1-12.2), gastroin-
testinal problems (RR = 6.0; 95% CI, 1.4-26.5), and musculoskeletal
problems (RR = 7.1;95% CI, 1.6-31.7).

Cumulative incidence of chronic health conditions among HCT
recipients

The cumulative incidence of a chronic health condition (grades 1-5)
among patients who had survived the first 2 years after HCT, and
including those who died subsequently, was 32% (95% CI, 30%-35%)
and 59% (95% Cl, 56%-62%) at 2 and 10 years after HCT, respectively
(Figure 1A). For grades 3-5 chronic health conditions, the cumulative
incidence was 9% (95% CI, 8%-11%) at 2 years, approaching 35%
(95% Cl, 32%-39%) at 10 years (Figure 1A). Restricting the analysis to
those in complete continuous remission after HCT (n = 1187) revealed
the cumulative incidence to be 67% for any chronic health condition and
41% for grades 3-5 conditions at 10 years after HCT.

The 10-year cumulative incidence of grades 3-5 chronic health
conditions was 35% after CML and ALL, and 40% after AML and
NHL. The cumulative incidence of a chronic health condition among
allogeneic HCT survivors was 64% at 10 years and approached 71% at
15 years after HCT, whereas that for autologous HCT recipients was
54% at 10 years and 59% at 15 years (P < .001) (Figure 1B). For grades
3-5 chronic health conditions, the cumulative incidence approached
39% at 10 years among allogeneic HCT recipients and 33% among the
autologous HCT recipients (P < .001; Figure 1C). The 10-year cumula-
tive incidence of grades 3-5 chronic health conditions was significantly
higher among those with chronic GVHD compared with those without
(50% vs 26%, P <.001). The 10-year cumulative incidence was
significantly higher after exposure to TBI (62% vs 52%, P = .002 for
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any chronic health condition; 36% vs 33%, P < .001 for grades 3-5
conditions).

Sensitivity analyses for cumulative incidence calculations

Although we had data on chronic health conditions for all
542 deceased patients (from data on cause of death files from
medical records and National Death Index!?) and the 1022
survivors who participated by completing the questionnaire, we did
not have details regarding chronic health conditions for the 611
HCT survivors who did not participate. To alleviate potential
problems related to incomplete data, sensitivity analyses were
performed in which all survivors with missing data were censored
as of their last contact date. It was assumed that those without
information on chronic health conditions did not develop a chronic
health condition. With these extremely conservative assumptions, a
lower boundary was placed on the reported estimates. The results
of the sensitivity analyses are presented in Table 6.

Discussion

HCT is now the treatment of choice for several life-threatening
diseases.?> Among those who survive the first 2 years after HCT,
80% of allogeneic HCT recipients'3 and 70% of autologous HCT
recipients? are expected to become long-term survivors. The high
intensity of therapeutic exposures, coupled with the occurrence of
chronic GVHD, has a negative impact on the health of HCT
survivors, increasing the likelihood of premature death.!? Studies
examining the burden of morbidity would help make decisions
regarding appropriation of resources, both in terms of quantity and
quality, for the long-term care of HCT survivors.

The current study of long-term HCT survivors demonstrates that the
prevalence of any chronic health condition is high: 66.4% have at least
one chronic health condition, 18.3% have a severe or life-threatening
condition, more than one-half have 2 or more conditions, and more than
one-third have 3 or more conditions. The prevalence of at least one
chronic health condition reported by survivors of childhood cancer
participating in the Childhood Cancer Survivor Study (CCSS) was
62.3%, rates that are comparable with those reported in the current
study.!” However, the prevalence of severe or life-threatening conditions
reported by the childhood cancer survivors (27.5%) was higher than
those that described in the current study. The cumulative incidence of
severe or life-threatening chronic health conditions or death from a
chronic condition (grades 3-5) exceeds 35% at 10 years from HCT in the
current study and was 42% at 30 years from primary cancer diagnosis in
the CCSS cohort. Thus, although the magnitude of risk of chronic health
conditions in the current study is similar to CCSS, the curve is shifted to
the left in the current study, possibly reflecting the older age of the
patient population, the high intensity of therapeutic exposures used for
conditioning in patients undergoing HCT coupled with exposure to
various intensities of pre-HCT chemotherapy and radiation, and the
occurrence of chronic GVHD. Unlike the CCSS, the current study did
not include hypogonadism as a chronic health condition (a condition
rated as grade 3 by CCSS). Inclusion of hypogonadism would have
resulted in a much higher prevalence of chronic health conditions in the
current study because of the high prevalence of hypogonadism (> 90%)
among HCT survivors.??

The increment in cumulative incidence for any chronic health
conditions among HCT recipients is 12% from 5 years to 10 years,
whereas that for severe/life-threatening conditions or deaths from
chronic health conditions is very similar, 11%. Similarly, identical
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Figure 1. Cumulative incidence of chronic health conditions after

100%
HCT. (A) Cumulative incidence of any chronic health conditions (grades A
1-5) and severe or life-threatening chronic health conditions (grade 3 or 90%
4) or death from a chronic health condition (grade 5) after HCT. (B)
Cumulative incidence of any chronic health conditions (grades 1-5) in 80%
allogeneic and autologous HCT recipients. (C) Cumulative incidence of
chronic health conditions (grades 3-5) in allogeneic and autologous . T0%
HCT recipients. 2
8 eo%
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increments are observed in the cumulative incidence of chronic health
conditions among allogeneic and autologous HCT recipients from 10
years to 15 years after HCT. This is evident visually from the cumulative
incidence curves that show that the curves are parallel. These observa-
tions suggest that the major differences in the cumulative incidence rates
for patients with grade 1 or 2 conditions versus grades 3-5 conditions, or
between allogeneic HCT recipients and autologous HCT recipients, are
established in the first 2 years and that the rate of occurrence of chronic
health conditions is similar over time, with no evidence of a plateau
through the period of follow-up available for the current study. Thus,
attention needs to focus on events occurring in the first 2 years that
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allowed the establishment of these differences in chronic health condi-
tions, as well as long-term follow-up of the HCT survivors to institute
surveillance for early detection of these adverse outcomes.

Overall, HCT survivors were 3.5 times more likely to develop a
severe or life-threatening health condition compared with the
siblings. Among these severe or life-threatening conditions, the risk
was particularly increased for gastrointestinal symptoms (4.3 times
as likely as among siblings) and musculoskeletal problems (5 times
as likely). These results quantify the burden of morbidity borne by
HCT survivors and identify those at risk, emphasizing the need for
close monitoring of these vulnerable populations.
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Table 6. Sensitivity analysis for cumulative incidence of chronic health conditions in HCT recipients
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HCT survivor participants + deceased

HCT survivor participants + deceased + HCT survivor

nonparticipants

2 years 5years 10 years 2 years 5years 10 years

Grades 1-5
Overall 0.32 (0.30-0.35) 0.47 (0.45-0.50) 0.59 (0.56-0.62) 0.23 (0.21-0.25) 0.34 (0.32-0.36) 0.42 (0.39-0.44)
TBI yes 0.35 (0.32-0.37) 0.50 (0.47-0.53) 0.62 (0.59-0.65) 0.25 (0.23-0.27) 0.36 (0.34-0.39) 0.44 (0.41-0.47)
TBl no 0.27 (0.22-0.31) 0.40 (0.35-0.45) 0.52 (0.47-0.58) 0.18 (0.15-0.21) 0.27 (0.24-0.31) 0.35 (0.31-0.39)
No relapse 0.37 (0.34-0.40) 0.54 (0.51-0.57) 0.67 (0.64-0.70) 0.25 (0.23-0.27) 0.36 (0.34-0.39) 0.44 (0.42-0.47)
Autologous HCT 0.28 (0.25-0.31) 0.41 (0.37-0.45) 0.54 (0.50-0.58) 0.21 (0.19-0.24) 0.31 (0.28-0.34) 0.40 (0.37-0.43)
Allogeneic HCT 0.37 (0.33-0.40) 0.53 (0.50-0.57) 0.64 (0.61-0.68) 0.25 (0.22-0.27) 0.36 (0.33-0.39) 0.43 (0.40-0.46)
No chronic GVHD 0.31 (0.26-0.36) 0.44 (0.39-0.49) 0.56 (0.51-0.62) 0.20 (0.16-0.23) 0.28 (0.24-0.31) 0.35 (0.31-0.39)
With chronic GVHD 0.42 (0.37-0.46) 0.61 (0.57-0.66) 0.72 (0.67-0.77) 0.30 (0.26-0.33) 0.43 (0.39-0.47) 0.51 (0.47-0.55)

Grades 3-5
Overall 0.09 (0.08-0.11) 0.24 (0.21-0.26) 0.35 (0.32-0.39) 0.07 (0.06-0.08) 0.16 (0.14-0.17) 0.22 (0.20-0.24)
TBl yes 0.11 (0.09-0.12) 0.25 (0.22-0.28) 0.36 (0.33-0.40) 0.08 (0.06-0.09) 0.16 (0.14-0.18) 0.23 (0.20-0.26)
TBIl no 0.07 (0.04-0.09) 0.22 (0.17-0.26) 0.33 (0.27-0.39) 0.04 (0.03-0.06) 0.14 (0.11-0.17) 0.20 (0.16-0.24)
No relapse 0.11 (0.09-0.13) 0.28 (0.25-0.32) 0.41 (0.37-0.45) 0.07 (0.06-0.09) 0.17 (0.15-0.19) 0.23 (0.21-0.26)
Autologous HCT 0.08 (0.06-0.09) 0.20 (0.17-0.23) 0.33 (0.28-0.37) 0.06 (0.04-0.07) 0.14 (0.12-0.17) 0.22 (0.19-0.25)
Allogeneic HCT 0.11 (0.09-0.14) 0.28 (0.24-0.31) 0.39 (0.34-0.43) 0.08 (0.06-0.09) 0.17 (0.14-0.19) 0.23 (0.20-0.25)
No chronic GVHD 0.08 (0.05-0.10) 0.16 (0.12-0.20) 0.26 (0.20-0.33) 0.05 (0.03-0.07) 0.09 (0.07-0.12) 0.14 (0.11-0.18)
With chronic GVHD 0.14 (0.11-0.18) 0.37 (0.32-0.43) 0.50 (0.43-0.57) 0.10 (0.08-0.13) 0.24 (0.20-0.28) 0.31 (0.26-0.35)

Data are cumulative incidence (95% Cl).

Chronic GVHD contributed significantly to the increased risk of
severe or life-threatening conditions, and more importantly, to the
development of multiple conditions. Among allogeneic HCT survivors,
nearly three-fourths of patients with chronic GVHD reported at least one
chronic health condition, nearly one-fourth had severe or life-
threatening conditions, and more than one-half had 2 or more condi-
tions. The 10-year cumulative incidence of grades 3-5 chronic health
conditions approached 50% among those with chronic GVHD and was
twice that of those without chronic GVHD (26%). Furthermore, patients
exposed to immunosuppressive therapy for GVHD management were
at a 4.5-fold increased risk compared with siblings. Finally, HCT
survivors with chronic GVHD were 4-fold to 11-fold more likely to
report severe or disabling endocrine sequelae, gastrointestinal complica-
tions, and musculoskeletal problems.

Chronic GVHD is a relatively common complication after
allogeneic HCT, with several series reporting an incidence of 40%
to 70%.'3 Chronic GVHD and its treatment are a leading cause of
nonrelapse mortality in HCT survivors'-3 and a significant contribu-
tor to functional impairments.® The incidence of chronic GVHD
will probably increase in the future, secondary to the increasing use
of HCT in older patients, utilization of unrelated and mismatched
related donors, and PBSC transplantation.!3?42> The significant
impact of chronic GVHD on the health burden borne by HCT
survivors shown in this study emphasizes the critical need for a
multidisciplinary approach to the management of chronic GVHD.

An interesting observation in this study was the association between
higher education (more than high school) and the increased risk of
chronic health conditions. Although this association has not been
reported before, it might reflect the ability of those with higher education
to self-report chronic health conditions better than those who are less
well educated. However, HCT survivors without a high school educa-
tion constituted a very small fraction of our cohort (17%) and therefore
could not have contributed significantly to the overall prevalence rates.
Furthermore, a previously published validation study has shown high
levels of sensitivity and specificity and kappa statistics between medical
record data and self-reported outcomes used as part of this question-
naire.”> Nonetheless, this observation does underscore the need to
develop effective methods of communication between patients and

healthcare providers, so that patients can serve as advocates of their own
health.

Another observation that deserves attention is the association
between health insurance coverage and the risk of reporting chronic
health conditions. This finding was independent of education and
income. This observation can be interpreted in the context of availability
of adequate health care to identify chronic health conditions and
therefore the ability of the HCT survivors to report them. This finding,
coupled with the observation that the risk of chronic health conditions
increases with time from HCT underscores the importance of adequate
long-term follow-up of the HCT survivors to decrease the morbidity
associated with these chronic health conditions.

This study describes the burden of morbidity carried by HCT
survivors to assist the healthcare providers and policy makers with
the scope of the problem, such that appropriate resources can be
identified and procured for the long-term care of HCT survivors. In
our previous publications, we have demonstrated that HCT survi-
vors continue to have premature deaths long after HCT; and
although a substantial proportion of this is the result of primary
disease, a sizeable part is attributed to chronic health conditions
acquired after HCT.!2 It is therefore imperative that the healthcare
providers and policy makers understand the need for life-long
follow-up and provision of proactive care for the HCT survivors.

Identification and allocation of the resources to care for the burgeon-
ing population of HCT survivors usually vary by institution. We have
demonstrated that, although a significant proportion of HCT survivors
continue to receive long-term care at their transplanting centers, many
are discharged to the care provided by the primary care physicians in the
community.?® Clear communications between the transplanting center
and physicians in the community regarding the specifics of the
long-term care of this vulnerable population become critical. Successful
models exist in the pediatric cancer survivor community, where
exposure-related, risk-based, life-long care is provided to cancer survi-
vors using consensus-based guidelines (www.survivorshipguideline-
s.org).”” Similar models need to be explored and tested in the HCT
population.

The results of the study must be interpreted in the context of
potential limitations. Participation rate was 63% of all eligible
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subjects and 70% of those successfully contacted; we addressed
this limitation by conducting sensitivity analyses and hence
creating a conservative lower boundary for the cumulative inci-
dence of chronic health conditions in the current study. This
exercise demonstrates that the cumulative incidence reported in
this study could not possibly be lower than the lower boundary
created by the sensitivity analyses and that, even at its most
conservative estimate, the cumulative incidence of chronic health
conditions is elevated.

This study was not designed to capture details regarding the
burden of morbidity from similarly treated patients who had not
received HCT. Instead, the comparison group consisted of unaf-
fected siblings who completed an identical questionnaire and were
therefore able to serve as a healthy control group. The use of
siblings is an effective comparison group that is associated with
high participation rates, ease of access, and general uniformity of
socioeconomic status and level of health awareness.

The current cohort included patients who were alive at study
participation. Thus, patients who could have died of chronic health
conditions with relatively short latency and high fatality (such as
therapy-related leukemia) were potentially missed when describing
the morbidity after HCT. Although this study was not designed to
describe the magnitude of risk of individual chronic health
conditions (many prior studies have done so in great detail), it does
lend itself perfectly to assessing the cumulative contribution of a
variety of chronic health conditions to the overall burden of
morbidity among long-term HCT survivors.

These limitations notwithstanding, this study represents the first
assessment of its kind to describe the burden of morbidity in a large
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population of long-term HCT survivors. The study demonstrates un-
equivocally that HCT survivors have a high rate of illness because of
chronic health conditions, that those with chronic GVHD are particu-
larly vulnerable, that the incidence of these outcomes continues to
increase with follow-up, and that attention needs to focus on instituting
systematic and targeted follow-up of those at high risk.?8
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