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URVIVAL RATES AFTER MYELOAB-

lative hematopoietic cell trans-

plantation (HCT) have im-

proved considerably during the
past 30 years.! The growing popula-
tion of patients who have survived this
treatment has intensified the need to de-
termine the course of recovery and to
identify risk factors for less favorable
functional outcomes. Improved under-
standing of recovery will facilitate more
accurate informed consent, permit bet-
ter planning by patients, families, and
medical teams, and enable the design
of interventions to improve func-
tional recovery.

Medical complications of HCT have
been well documented and include
chronic graft-vs-host disease (GVHD),
recurrent infection, pulmonary com-
plications, premature menopause, cata-
racts, osteoporosis, avascular necro-
sis, infertility, recurrent malignancy,
and secondary malignancy.”'® Cross-
sectional studies have documented
functional and mental health from 1 to
10 years after transplantation but have
not described the course of recovery or
identified pretransplantation factors
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Context Hematopoietic cell transplantation (HCT) is an effective and widely used treat-
ment for hematologic malignancies. The rate and predictors of physical and emotional
recovery after HCT have not been adequately defined in prospective long-term studies.

Objective To examine the course of recovery and return to work after HCT.

Design, Setting, and Patients Prospective, longitudinal cohort study at a US aca-
demic center specializing in HCT. Function was assessed from pretransplantation to
5-year follow-up for 319 adults who had myeloablative HCT for treatment of leuke-
mia or lymphoma and spoke English. Of the 99 long-term survivors who had no re-
current malignancy, 94 completed 5-year follow-up.

Main Outcome Measures Physical limitations, return to work, depression, and dis-
tress related to treatment or disease were evaluated before transplantation, at 90 days,
and at 1, 3, and 5 years after HCT.

Results Physical recovery occurred earlier than psychological or work recovery. Only
21 patients (19%) recovered on all outcomes at 1 year. The proportion without major
limitations increased to 63 % (n =57) by 5 years. Among survivors without recurrent ma-
lignancy, 84% (n=74) returned to full-time work by 5 years. Patients with slower physi-
cal recovery had higher medical risk and were more depressed before HCT (P=.001).
Patients with chronic graft-vs-host disease (P=.01), with less social support before HCT
(P=.001), and women (P<<.001) were more depressed after transplantation. Transplant-
related distress was slower to recover for allogeneic transplant recipients and those with
less social support before HCT (P=.01). Patients who had more experience with cancer
treatment before beginning HCT had more rapid recovery from depression (P =.04) and
treatment-related distress (P =.009).

Conclusions Full recovery after HCT is a 3- to 5-year process. Recovery might be
accelerated by more effective interventions to increase work-related capabilities, im-
prove social support, and manage depression.

JAMA. 2004,291:2335-2343 WWWw.jama.com

that predict recovery.'"'? Other stud-
ies have been limited by lack of pre-
transplantation baseline assessment,”
shorter follow-up,*** or small sample
size when follow-up extends to 3
years. >

We conducted a prospective, longi-
tudinal study to examine recovery of
physical and mental health and return
to work after HCT for treatment of leu-
kemia or lymphoma. Assessments be-

gan before the transplantation and
continued for 5 years to identify pre-
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Figure 1. Flow of Participation in the Study

636 Adults With Leukemia or Lymphoma
Preparing for First Myeloablative
Hematopoietic Cell Transplantation

317 Not Enrolled
16 Eligible But Declined
Consent
166 Had Rapid Hospitalization
12 Did Not Speak English
123 Researcher Unavailable
to Enroll Patients

319 Enrolled and Completed
Pretransplantation Assessment

97 Died
18 With Recurrent Malignancy

90-Day Follow-up
222 Alive
200 No Recurrent Malignancy
171 Completed Assessment
29 Did Not Complete Assessmentt
22 Had Recurrent Malignancy

58 Died
38 With Recurrent Malignancy

1-Year Follow-up
164 Alive
138 No Recurrent Malignancy
113 Completed Assessment
25 Did Not Complete Assessmentt
26 Had Recurrent Malignancy

33 Died
24 With Recurrent Malignancy

3-Year Follow-up
131 Alive
109 No Recurrent Malignancy
103 Completed Assessment
6 Did Not Complete Assessment
22 Had Recurrent Malignancy

11 Died
8 With Recurrent Malignancy

5-Year Follow-up
120 Alive
99 No Recurrent Malignancy
94 Completed Assessment
5 Did Not Complete Assessment
21 Had Recurrent Malignancy

*Only 1 researcher assessed patients and sought con-
sent for participation. When this researcher was un-
available, new patients could not be enrolled.

tAssessments at 90 days and 1 year were per-
formed at the transplant center; assessments at 3 and
5 years were mailed to patients’ homes.

transplantation characteristics associ-
ated with outcomes after HCT. Based on
previous research, we hypothesized that
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physical and emotional recovery would
occur by 1 year, autologous transplan-
tation recipients would recover more
rapidly than allogeneic transplant re-
cipients, and risk factors for slower or
poorer recovery would include higher
medical risk as indicated by relapsed dis-
ease at the time of transplantation, his-
tory of extensive chronic GVHD, and
pretransplantation depression.

METHODS
Patients and Procedures

A total of 335 adults who were prepar-
ing for a first myeloablative HCT for leu-
kemia or lymphoma were invited to par-
ticipate in this study. Eligible participants
were at least 18 years old, had suffi-
cient English language proficiency to
complete the assessments, and were
available to complete the baseline as-
sessment in the ambulatory clinic be-
fore the transplantation. Each patient
provided written informed consent. Six-
teen patients declined to participate. The
transplant center institutional review
board and scientific review committee
approved the study procedures, the
consent form, and assessments. Pre-
transplantation, 90-day, and 1-year self-
administered assessments were con-
ducted in the ambulatory clinic with a
researcher available to answer ques-
tions. The 3- and 5-year repeated as-
sessments were conducted by mail with
a researcher available by toll-free tele-
phone line for questions. The re-
searcher called to follow up with par-
ticipants who did not return forms
within 3 weeks. All participants were
contacted for follow-up until 5 years,
death, or the development of recurrent
malignancy, whichever occurred first.

Outcomes

Primary Outcomes. Three self-report in-
struments were used to evaluate out-
comes: the ambulation subscale of the
Sickness Impact Profile (SIP)* as a mea-
sure of physical limitations, the Beck
Depression Inventory (BDI)** as a mea-
sure of clinical depression, and Can-
cer Treatment Distress scale’® as a mea-
sure of distress or worry specific to the
transplantation and associated compli-

cations. At each time point, partici-
pants defined their work situation. At
3 and 5 years, participants were asked
to provide a date of return to work,
which was operationally defined as
either full-time work outside the home,
full-time school, or part-time school
coupled with part-time work.

In this sample, the SIP ambulation
subscale correlated highly with the en-
tire SIP physical function subscale
across time (r=0.74 to 0.91) and en-
compassed the major areas of long-
term difficulty for transplant recipi-
ents over time. As a result, the shorter
ambulation subscale was used to as-
sess physical limitations. Continuous
SIP scores were used for descriptive
analyses, but because the distribution
showed strong positive skewing after
90 days (l-year mean=2.53; range,
0-37.41), we used a dichotomous score
for statistical models. Patients with
scores more than 1 SD above age- and
sex-adjusted population norms were
considered to have clinically meaning-
ful physical limitations.

Higher scores on the BDI indicated
greater severity of depression. Gen-
eral population norms* were used to
define categories of no depression
(<10), mild depression (10-15), mod-
erate depression (16-21), and severe de-
pression (>21).

For the Cancer Treatment Distress
measure, 27 items such as “nausea or
vomiting,” “possibility of relapse,” and
“being a burden to other people” were
rated for the extent to which they
caused distress or worry (0=no dis-
tress, 3=severe distress). A mean score
was calculated with a possible range of
0 to 3. This distress measure has pre-
dicted pain, nausea, and distress among
transplant recipients during treat-
ment better than generalized mea-
sures of anxiety or depression.**>!

Medical Records Extraction of Risk
Factors. Medical data were analyzed as
risk factors for outcomes and were col-
lected from the clinical research data-
base, including diagnosis, condition-
ing regimen, history of treatment before
HCT, stem cell donor (autologous vs
allogeneic related or unrelated), date of
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onset of clinical extensive chronic
GVHD, and dates of recurrent malig-
nancy and death. Pretransplantation
risk categories were assigned with 3 lev-
els depending on diagnosis and dis-
ease status.’> Chronic myeloid leuke-
mia in chronic phase was classified as
low risk, acute leukemia or lym-
phoma in remission and chronic my-
eloid leukemia in accelerated phase
were classified as moderate risk, and
acute leukemia or lymphoma in re-
lapse and chronic myeloid leukemia in
blast crisis were classified as high risk.

Self-reported Risk Factors. Income
(=%$49999 vs =$50000), marital sta-
tus, and education before HCT (<4-
year college degree vs =4-year college
degree) were treated as dichotomous
variables. The Social Support Inven-
tory® was administered at baseline as
a possible predictor of outcomes. This
instrument was not administered at the
posttransplantation time points sim-
ply to minimize patient burden. Scores
reflected overall satisfaction with mul-
tiple kinds of support (advice, major
and minor assistance, love, encourage-
ment, and understanding). Ratings were
made on 7-point scales for each type of
support, with higher numbers indicat-
ing greater satisfaction.

Statistical Methods

Descriptive and inferential analyses
were performed using SPSS version 10.0
(SPSS Inc, Chicago, Ill) and Stata ver-
sion 6.0 (Stata Corp, College Station,
Tex). To compare recovery rates across
the 3 primary outcomes, scores for
physical function, depression, and treat-
ment distress were standardized to the
same scale using z scores derived from
the entire data set. Generalized esti-
mating equations were used to test for
differences between trajectories of these
outcomes. This analysis method ac-
counted for the statistical dependence
of repeated observations over time and
permitted inclusion of results for par-
ticipants who did not complete all as-
sessments.”* Generalized estimating
equations were also used to develop
statistical models of association be-
tween baseline characteristics and out-
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Table 1. Pretransplantation Patient Characteristics

No. (%)

Not

Consenting  Consenting

1
Consenting and
5-Year Survivor

to Participate to Participate Without Recurrence

(n=317) (n=319) (n=99)

Age,y

Mean (SD) 35 (10.08) 36 (9.82) 36 (9.34)

Range 18-62 18-62 19-59
Sex

Male 186 (59) 180 (56) 52 (53)

Female 131 (41) 139 (44) 47 (47)
Race/ethnicity

White, non-Hispanic 284 (90) 303 (95) 93 (94)

Nonwhite or Hispanic 33 (10)* 16 (5) 6 (6)
Education

College or postgraduate degree 131 (41) 45 (46)

No college degree 175 (55) 51 (52)

Unknown 317 (100) 13 (4) 31
Income, annual $

=49 999 182 (57) 60 (61)

=50 000 111 (35) 33 (33

Unknown 317 (100) 26 (8) 6 (6)
Marital status

Married/cohabiting 211 (66) 65 (66)

Not married at time of transplantation 98 (31) 32 (32)

Unknown 317 (100) 10(3) 2(2)
Diagnosis

CML, chronic phase 60 (19) 88 (28) 43 (44)*

CML, accelerated or blast crisis 41 (13) 45 (14) 99

Acute leukemia in remission 41 (13) 57 (18) 16 (16)

Acute leukemia in relapse or de novo 104 (33)* 63 (20) 11 (11)*

Lymphoma in remission 13 (4) 20 (6) 99

Lymphoma in relapse 58 (18) 46 (14) 11 (11)
Pretransplantation medical riskt

Low 60 (19) 88 (28) 43 (44)*

Moderate 73 (23) 104 (33) 33 (33

High 184 (58)* 127 (40) 23 (29)*
Stem cell donor

Autologous 67 (21) 55(17) 18 (18)

Allogeneic, related donor 196 (62) 222 (70) 69 (70)

Allogeneic, unrelated donor 54 (17) 42 (13) 12 (12)
Regimen included total body irradiation

Yes 258 (81) 276 (87) 90 (91)

No 59 (19) 43 (13) 9(9
Radiation therapy history before transplantation

Yes 55 (17) 11 (11)*

No 244 (77) 85 (86)*

Unknown 317 (100) 20 (6) 33
Chemotherapy before transplantation

Yes 255 (80) 77 (78)

No 52 (16) 18 (18)

Unknown 317 (100) 12 (4) 4 (4)
Primary outcomes at pretransplantation

Physical limits (SIP), % 25 18*

Beck Depression Inventory, mean (SD)f 7.67 (6.92) 7.07 (5.45)

Cancer Treatment Distress, mean (SD)F 1.12(0.52) 1.07 (0.44)

History of school or work outside the home, % 88 92

Abbreviations: CML, chronic myelogenous leukemia; SIP, Sickness Impact Profile ambulation subscale.

*#P<.05 comparison for the consenting cohort vs those not consenting or vs the cohort of consenting 5-year survivors.

1See the “Methods” section for definitions of medical risk.

FFor the Beck Depression Inventory, scores were: no depression (<10), mild depression (10-15), moderate depres-
sion (16-21), and severe depression (>21). For the Cancer Treatment Distress scale, 27 items were measured on a

0-3 scale.
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Figure 2. Mean z Scores for the Primary
Outcomes
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Scores for each outcome were standardized with z
scores across the entire data set to permit compari-
sons between different outcome measures. HCT in-
dicates hematopoeitic cell transplantation.

comes, using models that included time,
risk factor, and time X risk factor in-
teraction terms. The model for physi-
cal function used the dichotomous ver-
sion of that variable and assumed
correlated binomial errors; models for
depression and distress assumed cor-
related normal errors.

All models tested the same 15 risk
factors: stem cell donor (autologous vs
allogeneic), medical risk category, clini-
cal extensive chronic GVHD, diagno-
sis, total body irradiation in the condi-
tioning regimen, history of radiation
therapy before transplantation, his-
tory of chemotherapy before transplan-
tation, age, sex, education, income,
marital status, and pretransplantation
levels of physical limits, depression, and
treatment distress. A parsimonious
model for each outcome was calcu-
lated via forward stepwise entry to the
model for risk factors with either a main
effect or interaction with time signifi-
cant at the P<<.05 level. Cumulative in-
cidence and Cox proportional haz-
ards estimates were used to examine
return to full-time work using the same
risk factors. These analyses were
conducted with the subsample of
patients who had a history of work
or school outside the home prior to
transplantation.
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RESULTS

Patient Characteristics

FIGURE 1 displays the consenting and
follow-up of eligible patients. The lower
rates of response at 90 days and 1 year
resulted from the fact that assessments
were conducted at the transplant cen-
ter with those on site for follow-up,
whereas the 3- and 5-year assessments
were administered by mail to all survi-
vors without recurrent malignancy.
Among patients who completed the
1-year assessment, residual treatment
distress was lower for those who com-
pleted the 90-day assessment than for
those who did not (P=.001), but the 2
groups had no significant differences in
physical limitations or depression.
Among survivors who completed the
3-year assessment, no significant differ-
ences in any of the outcome measures
were detected between those who com-
pleted the 90-day assessment and those
who did not.

TABLE 1 summarizes patient demo-
graphic and clinical characteristics as a
function of cohort: those in the cohort
consenting to participate (n=319), those
not consenting to participate (n=317),
and those consenting and in the sub-
group surviving to 5 years without re-
current malignancy (n=99 of the 319 pa-
tients). Based on comparisons between
those consenting vs not consenting to
participate and between those consent-
ing and the subgroup who survived to
5 years, these groups did not differ in
most characteristics. Five-year survival
was 33% in the consenting sample and
21% in the not consenting sample (log-
rank P<<.001). Patients not consenting
vs consenting were more likely to have
diagnoses of acute leukemia in relapse
(P<<.001) and were more likely to be
high risk (P<<.001). The cohort not con-
senting had a higher number of non-
white or Hispanic patients (P=.004).
Among patients not consenting, 12 non-
white or Hispanic patients were not eli-
gible because they did not speak En-
glish; the cohort difference was not
significant when these patients were ex-
cluded from the analysis.

As expected, the 5-year survivor co-
hort was generally medically healthier

than the cohort of all consenting pa-
tients. The cohort of all consenting pa-
tients more often had previous radia-
tion therapy (P=.03), were more likely
to be in relapse before transplantation
(P=.001), and were more frequently at
high medical risk (P<<.001) than the
subgroup of 5-year survivors. In com-
paring outcomes between all consent-
ing patients and those who were 5-year
recurrence-free survivors, the 2 groups
had few differences (Table 1).

Changes Over Time

The trajectories of physical limita-
tions, depression, and treatment dis-
tress varied over time and differed from
each other (P<<.001) in generalized es-
timating equation analysis (FIGURE 2).
Physical limitations reached a peak at
90 days after HCT, followed by im-
provement at 1 year and no further sig-
nificant change at 3 and 5 years. Be-
fore the transplantation, 25% of patients
(n=81) reported major physical limi-
tations. The proportion increased to
44% (n=76) of survivors at 90 days and
then decreased to 12% (n=14) at 1 year.
At3and 5 years, respectively, 22% and
18% of survivors (n=23 and 16) re-
ported major physical limitations.
Treatment distress was high before HCT
and at 90 days after the transplanta-
tion and then decreased steadily at each
subsequent assessment. Depression
changed less dramatically over time.
Mean scores at 90 days were un-
changed from baseline, while scores at
1, 3, and 5 years were lower, with no
change after the first year. Thus, both
physical limits and depression analy-
ses confirmed our first hypothesis that
most recovery would occur by 1 year,
but treatment distress did not recover
in this time frame and continued to re-
solve over 3 to 5 years.

Because averages can be deceiving, we
defined clinically meaningful rates of
distress and depression for further
analysis. We used the 5-year mean score
plus 1 SD as the threshold for clini-
cally meaningful distress. According to
this standard, 79% of survivors (n=84)
remained distressed at 1 year, 42%
(n=35) at 3 years, and 13% (n=11) at
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5 years. We used general population
norms to define the threshold for de-
pression in this sample. At 90 days, 33%
(n=102) reported depressive symp-
toms, whereas at 5 years 19% (n=18)
had depressive symptoms. Most of those
with symptoms had mild depression. At
each assessment, 7% to 11% of pa-
tients had moderate to severe depres-
sion. Among the 188 patients who had
at least 2 assessments, 78% (n=146)
never had moderate to severe depres-
sion, 21% (n=39) had moderate to se-
vere depression at some (but not all)
assessments, and 1% (n=2) had mod-
erate to severe depression at all assess-
ments. An additional 31% (n=58) were
never moderately or severely de-
pressed, but had mild depressive symp-
toms at 1 or more assessments.

Predicting Outcomes

Analyses only partially confirmed that
risk factors for poorer or slower recov-
ery would include allogeneic trans-
plant, higher medical risk, clinical ex-
tensive chronic GVHD, and depression.
Risk factors for physical limits in-
cluded depression, higher medical risk,
and a history of radiation therapy be-
fore transplantation (TABLE 2). Before
HCT, physical limitations were re-
ported more frequently among pa-
tients in the moderate or high medical
risk categories than among those in the
low-risk category. After transplanta-
tion and long-term, the groups were
similar in rates of patients reporting
physical limits and different from their
relative rates of impairment before trans-
plantation (FIGURE 3). Throughout fol-
low-up, physical limitations occurred
more often among patients who were de-
pressed before HCT than among those
who were not depressed (FIGURE 4). A
history of radiation therapy before trans-
plantation also increased the risk for
long-term physical limitations. Con-
trary to our hypotheses, neither alloge-
neic transplant nor chronic GVHD pre-
dicted physical limits.

Patients with chronic GVHD and
women reported more depression. Simi-
larly, those with no history of chemo-
therapy before their transplantation and

©2004 American Medical Association. All rights reserved.
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Table 2. Logistic Regression Predicting Physical Limitations Over Time (n = 295)*

P Value for
Risk Factor OR (95% CI)t P Value Overall Test
Time
Pretransplantation 1.00
90 Days 12.63 (56.57-28.63) <.001
1 Year 2.72 (1.01-7.34) .048 <.001
3 Years 2.88 (1.08-7.68) .04
5 Years 2.38(0.71-8.06) 16
History of radiation therapy
No 1.00
Yes 1.94 (1.14-3.30) .01
Pretransplantation depression, 1.09 (1.05-1.13) <.001
per point increase
Medical risk by time interaction,
relative to low riskt
Pretransplantation 3.91 (1.70-8.99) <.001
90 Days 0.14 (0.05-0.37) <.001
1 Year 0.07 (0.02-0.28) <.001 <.001
3 Years 0.28 (0.09-0.88) .03
5 Years 0.26 (0.06-1.06) .06

Abbreviations: Cl, confidence interval; OR, odds ratio.

*Variables that predicted physical limitations in univariate analyses (P<.10) but were not retained in the final model
included pretransplantation distress and diagnosis. Variables that did not predict physical limitations over time in
univariate models included patient age and sex, allogeneic vs autologous transplant, total body irradiation, history of
chemotherapy, chronic graft-vs-host disease, education, marital status, income, and pretransplantation social sup-

port.

tFor risk factors with only main effects, the OR indicates difference from the reference group. For risk factors with
interactions with time, the pretransplantation OR represents the difference between groups at pretransplantation.
The 90-day to 5-year ORs represent differences between groups in relative change from pretransplantation.

FModerate- and high-risk categories were combined after analysis indicated that they did not differ in predicting out-

come vs the low-risk category.

with lower satisfaction with support be-
fore HCT reported more depression
across time (TABLE 3). If patients had
physical limits before HCT, they were
more depressed before transplanta-
tion but not afterward. At 90 days, de-
pression had declined more in pa-
tients with a history of radiation therapy
before starting HCT treatment than in
patients without previous radiation
therapy. In relation to our hypoth-
eses, analyses confirmed that patients
with chronic GVHD reported more de-
pression. However, contrary to our hy-
potheses, there was no difference in de-
pression between allogeneic and
autologous transplant recipients or be-
tween those with higher or lower medi-
cal risk.

Risk for treatment-related distress
was greater over time for patients who
had lower satisfaction with support be-
fore the HCT, those who had no his-
tory of chemotherapy before they re-
ceived transplant chemotherapy, and
in acute leukemia patients vs those
with chronic leukemia or lymphoma

]
Figure 3. Respondents With Physical
Limitations Over Time, According to Baseline
Medical Risk Category
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Patients with scores =1 SD above age- and sex-
adjusted norms were classified as having physical limi-
tations. Medical risk is defined in the “Methods" sec-
tion. P<.001 for interaction of risk X time. HCT
indicates hematopoeitic cell transplantation.

(TABLE 4). Confirming our second hy-
pothesis, distress declined more rap-
idly between pretransplantation and
3 years in patients who received au-
tologous vs allogeneic stem cells, al-
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though the pattern of recovery from dis-
tress was otherwise similar (FIGURE 5.
Women reported more distress before

]
Figure 4. Respondents With Physical
Limitations Over Time, According to
Presence or Absence of Depressive
Symptoms at Baseline

60

Depression
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% With Physical Limits
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Beck Depression Inventory scores =10 based on gen-
eral population norms were classified as positive for
depression. P<.001 for comparison between groups.
HCT indicates hematopoeitic cell transplantation.

HCT and remained at a higher rate than
men until they declined more rapidly
in distress between 3 and 5 years. Pa-
tients with a college or postgraduate
education were slower to decline in dis-
tress. Contrary to our third hypoth-
esis, medical risk and extensive chronic
GVHD were unrelated to treatment dis-
tress within or across time.

Other risk factors tested did not sig-
nificantly predict the primary out-
comes. Factors unrelated to any of the
outcomes tested included age, income,
marital status, and whether a patient re-
ceived total body irradiation as part of the
treatment regimen. Cohort diversity was
not adequate to consider race or ethnic-
ity as a predictor of outcomes.

Return to Work

Eighteen of the 281 patients who had a
history of school or work outside the
home and who survived past 1 year with-

]
Table 3. Multivariate Model Predicting Depression Over Time (n = 252)*

P P Value for
Risk Factor Coefficient (95% CI)t Value Overall Test
Time (relative to pretransplantation baseline)
90 Days 1.73(0.70 to 2.76) .001
1 Year -1.00 (-2.57 t0 0.57) 21 001
3 Years -0.72 (-2.29 10 0.85) .37
5 Years -2.15 (-3.63 to —0.67) .004
Female (vs male) 2.73 (1.46 t0 4.01) <.001
Extensive chronic GVHD 2.22 (0.47 to0 3.97) .01
History of chemotherapy before -2.07 (-4.03 to -0.11) .04
transplantation
Pretransplantation social support, -1.24 (-2.00 to -0.48) .001
per point increase in support
Pretransplantation physical limitationst
Pretransplantation 3.01 (1.46 to 4.56) <.001 7]
90 Days -3.84 (-5.72t0 -1.96)  <.001
1 Year -2.35(-4.801t0 0.10) 12 .002
3 Years -1.46 (-4.54 10 1.62) .35
5 Years -3.41 (-7.7310 0.92) .06 _|
History of radiation therapy
Pretransplantation 0.99 (-0.71 to 2.69) 25 7]
90 Days -2.19 (-4.06 to —-0.32) .02
1 Year —0.31 (-4.32 t0 3.70) .88 .001
3 Years -1.15(-3.89 t0 1.58) A1
5 Years 4.84 (-0.84 t0 10.52) 09

Abbreviations: Cl, confidence interval; GVHD, graft-vs-host disease.

*Variables tested that did not predict depression included stem cell donor (autologous vs allogeneic), medical risk cat-
egory, patient age, diagnosis, total body irradiation in conditioning regimen, education, marital status, and income.
Because of its overriding correlation with depression (- = 0.64, P<.001), pretransplantation treatment-related dis-

tress was not entered into the final model.

tFor risk factors with only main effects, the coefficient indicates mean difference from the reference group (eg, the
reference group for female is male). For risk factors with interactions with time, the pretransplantation coefficient rep-
resents the difference between groups at pretransplantation. The 90-day to 5-year coefficients represent differences

between groups in change from pretransplantation.

tFor physical limitations, the score is binary and yes indicates the score is >1 SD above age and sex-based population

norms.
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out recurrent malignancy were ex-
cluded from analyses of return to work
because they did not report return to
work information. The 146 patients who
died or had recurrent malignancy be-
fore 1 year were scored as not returning
to work. FIGURE 6 displays the cumula-
tive incidence of return to full-time work,
with competing risk of death or recur-
rent malignancy also indicated. Among
patients with a history of work outside
the home, 20% returned to full-time
work by 1 year, 31% by 2 years, 33% by
3 years, and 34% by 5 years. Among
5-year survivors without recurrent ma-
lignancy and with a history of work or
school outside the home before trans-
plantation, 84% returned to full-time
work or school. Return to work was sig-
nificantly delayed for women (hazard ra-
tio, 0.52; 95% confidence interval [CI],
0.33-0.82; P=.005). Patients with exten-
sive chronic GVHD also had a nonsig-
nificant trend toward delayed return to
work (hazard ratio, 0.70; 95% CI, 0.4-
1.1; P=.10). Cumulative incidence of re-
turn to work at 1 year for patients re-
ceiving autologous transplants was 23%
and for allogeneic recipients it was 19%,
a nonsignificant difference (hazard ra-
tio over the first year, 0.57;95% CI, 0.3-
1.1; P=.13). The other medical, demo-
graphic, psychological, and physical risk
factors tested with all outcomes did not
predict return to work.

Full Recovery

To determine rates of full recovery, we
evaluated the number of impairments re-
ported at 1, 3, and 5 years. This analysis
included physical and work limita-
tions, depression, and distress. Among
respondents at each time point, 19%
(n=21) reported no impairments at 1
year, 49% (n=51) reported none at 3
years, and 63% (n=57) reported none at
5 years. At 5 years another 25% (n=23)
had a single area of impairment, while
7% (n=6) had 2 areas of impairment.

COMMENT

Results of this prospective longitudinal
study show that recovery after HCT
occurs gradually over 1 to 5 years as
measured by improvement in physical

©2004 American Medical Association. All rights reserved.



function, return to work, depression, and
treatment-related distress. Given ad-
equate time, 84% of survivors returned
to full-time work. At some point dur-
ing treatment or recovery, 22% of the pa-
tients had symptoms consistent with
clinical depression while an additional
31% had mild depressive symptoms.
Higher levels of depression, lower lev-
els of physical function, and less satis-
faction with social support before HCT
increased the risk of impaired physical
and emotional recovery after the trans-
plantation. Women had increased risk
for depression, treatment-related dis-
tress, and delayed return to full-time
work. Conversely, previous experi-
ence with chemotherapy or radiation
therapy before beginning HCT seemed
to facilitate recovery from the psy-
chological aspects of this intensive
treatment. Extensive chronic GVHD
delayed recovery from depressive symp-
toms and marginally delayed return to
work but did not significantly influ-
ence other outcomes. Although clini-
cal impression suggests that autolo-
gous transplant patients recover more
rapidly than allogeneic recipients, these
groups differed only in more rapid re-
covery from treatment-related distress
for autologous stem cell recipients.
Our results emphasize that recov-
ery is not a unidirectional process of im-
provement. In general, physical recov-
ery occurred earlier than emotional
recovery. However, physical function
remained susceptible to disruption
by a variety of medical complications
that can occur after the transplanta-
tion.!"*1>3> The proportion of partici-
pants with physical limitations in-
creased from 12% at 1 year to 18% to
22% at 3 and 5 years, respectively. Simi-
larly, emotional recovery fluctuated.
Eight percent of patients who were not
clinically depressed at 1 year were clini-
cally depressed at 3 years. Although de-
pression was not more prevalent in pa-
tients with physical problems at 1 year,
at 3 and 5 years survivors with residual
physical limitations were more likely to
be depressed. Thus it seems that con-
tinuing physical complications began to
take a toll on long-term survivors.

RECOVERY AFTER HEMATOPOIETIC CELL TRANSPLANTATION

Both physical and psychological re-
covery progressed more slowly among
participants with depression before
HCT. In other studies, depression has

been associated with increased mortal-
ity after the transplantation.* While our
analyses did not examine the relation-
ship between depression and mortal-

]
Table 4. Multivariate Model Predicting Distress Over Time (n = 234)*

P Value for
Predictor Coefficient (95% CI)t P Value Overall Test
Time (relative to pretransplantation
baseline)
90 Days -0.35 (-0.63 to —0.08) .01
1 Year —0.66 (-0.96 to —0.36) <.001 <001
3 Years —-0.80 (-1.21 to -0.39) <.001
5 Years —0.80 (-1.05 to —0.54) <.001
Pretransplantation social support, -0.12 (-0.19 to -0.05) <.001
per point increase in support
History of chemotherapy -0.19 (-0.34 to -0.05) .009
Diagnosis (relative to chronic leukemia)
Lymphoma 0.00 (-0.19 to 0.20) .96 :l 0
Acute leukemia 0.16 (0.04 to 0.29) .01
Allogeneic stem cell donor
(relative to autologous)
Pretransplantation -0.10 (-0.29t0 0.10) 34 7]
90 Days 0.24 (0.01 t0 0.47) .04
1 Year 0.35 (0.11 t0 0.59) .005 .01
3 Years 0.35 (0.06 to 0.64) .02
5 Years 0.08 (-0.12 to 0.28) 43
Female
Pretransplantation 0.35 (0.23t0 0.47) <.001 7]
90 Days —-0.04 (-0.20t0 0.12) .63
1 Year -0.09 (-0.30t0 0.12) 42 .07
3 Years —0.02 (-0.29 t0 0.24) .86
5 Years —-0.20 (-0.36 to —-0.05) .01
Physical limitationst
Pretransplantation 0.11 (-0.03 to 0.24) A2 7]
90 Days —-0.01 (-0.22 t0 0.19) .89
1 Year —0.08 (-0.29 to 0.23) .82 <.001
3 Years 0.13 (-0.14 to 0.40) .33
5 Years -0.32 (-0.49 to -0.16) <.001
History of radiation therapy
Pretransplantation 0.19 (-0.01 to 0.38) .06 7]
90 Days —-0.02 (-0.26 to 0.23) .88
1 Year —0.07 (-0.49 to 0.35) 74 .005
3 Years —-0.46 (-0.73 to —-0.20) <.001
5 Years 0.01 (-0.25t0 0.27) 94 |
Education, college degree or more
Pretransplantation 0.01 (-0.11 t0 0.14) RSZ
90 Days 0.18 (0.02 to 0.34) .03
1 Year 0.35(0.13 t0 0.56) .002 .002
3 Years 0.05 (-0.25 to 0.34) .75
5 Years —-0.07 (-0.23 10 0.10) 41

Abbreviations: Cl, confidence interval; GVHD, graft-vs-host disease.

*Variables tested that did not predict distress included stem cell donor (autologous vs allogeneic), medical risk cat-
egory, chronic GVHD, patient age, total body irradiation in conditioning regimen, marital status, and income. Be-
cause of its overriding correlation with distress (= 0.64, P<.001), pretransplantation depression was not entered

into the final model.

tFor risk factors with only main effects, the coefficient indicates mean difference from the reference group (eg, the
reference group for female is male). For risk factors with interactions with time, the pretransplantation coefficient rep-
resents the difference between groups at pretransplantation. The 90-day to 5-year coefficients represent differences
between groups in change from pretransplantation.

FFor physical limits, the score is binary and yes indicates the score is >1 SD above age and sex-based population

norms.
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ity, we found that moderate or severe
depression and treatment-related dis-
tress adversely affected quality-of-life
outcomes. Of note, depression and dis-
tress differed in both their trajectory of
recovery and in risk factors, which em-
phasizes the value of separately evalu-
ating these syndromes. Also impor-

]
Figure 5. Mean Scores for
Treatment-Related Distress Comparing
Autologous vs Allogeneic Transplant
Recipients Over Time
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Autologous recipients had more rapid decline in dis-
tress at 90 days, 1 year, and 3 years. Distress levels
did not differ at pretransplantation or at 5 years. P=.01
for interaction of distress X time. HCT indicates he-
matopoeitic cell transplantation. Error bars indicate
SEM.

tant, the seeming advantages of lack of
previous treatment and more educa-
tion delayed recovery from treatment-
related distress rather than being pro-
tective. Adequate management after a
complex medical intervention such as
HCT requires routine screening to de-
tect depression or distress and alloca-
tion of resources for treatment. Cost-
effective methods to achieve these aims
are readily available.>"®

In a positive finding, medical risk fac-
tors that predict survival and short-
term quality of life'*?*** did not have
detectable influence on long-term out-
comes among patients who survived.
Among patients alive at 3 and 5 years,
those who were older, those receiving
allogeneic transplants or total body ir-
radiation, and those with higher-risk di-
agnoses and disease stages had the same
long-term quality of life as did patients
with better medical prognoses. The ex-
ception, as hypothesized, was that the
continuing presence of chronic GVHD
increased the risk of long-term depres-
sion and was marginally associated with
later return to work. Anecdotal reports
from patients suggested that return to
work was driven by financial needs or
facilitated by flexibility in work respon-

-]
Figure 6. Cumulative Incidence of Return to Full-time Work as a Function of Sex
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sibilities and did not necessarily indi-
cate complete medical recovery.

Five-year survivors without recur-
rent malignancy did not differ from
the entire cohort assessed in regard to
physical limits or treatment-related
distress after transplantation. Rates of
clinical depression differed only at 1
year after HCT. These findings indi-
cate that the changes described are
not a result of more impaired patients
dropping out of the longitudinal
assessment as they died or their
disease recurred. Rather, individual
patients, whether long-term survivors
or not, had similar patterns of change
in physical limits, depression. and
treatment-related distress.

As in all long-term follow-up stud-
ies, biases might have been intro-
duced by missing data or unbalanced
representation of the population.
Groups that are underrepresented in
our sample include autologous trans-
plant recipients, patients who did not
receive total body irradiation, and non-
white or Hispanic transplant recipi-
ents. Our study did not include pa-
tients who were hospitalized soon after
they arrived at the center. These pa-
tients were more likely to have high-
risk characteristics and higher rates of
mortality. However, the study did in-
clude an adequate representation of
high-risk patients to permit statistical
control for this factor. Our study also
did not provide follow-up for individu-
als who had survived recurrent malig-
nancy after the transplantation.

These results are both encouraging
and cautionary. Patients, families, and
medical teams depend on accurate re-
covery data when planning for post-
transplant needs. Expectations that con-
tradict actual experience cause stress for
survivors and potential conflicts with
family, work, and the medical team. To
facilitate realistic planning, clinicians and
patients should understand that full re-
covery requires more than a year for
most survivors. Patients at risk for de-
layed recovery can be identified before
transplantation. Rehabilitation pro-
grams, similar to those that have accel-
erated recovery for cardiac patients,”

©2004 American Medical Association. All rights reserved.



might improve the physical and psy-
chological health of HCT recipients and
other patients who have survived after
curative treatment for cancer.
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