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Abstract
Introduction Work return is an indicator of recovery and
functional status for cancer survivors. We investigated
whether demographic, medical and functional factors
predicted full-time work return following hematopoietic
cell transplantation (HCT).
Methods Adults (N=197), most with hematologic malig-
nancy, completed assessments before their HCT and at
intervals over 5 years. Assessments included treatment and
demographic factors, and date of return to full-time work.
We created binary variables, indicative of major impair-
ment, from the Short Form 36 Health Survey (SF-36)
mental (MCS) and physical (PCS) function component

scores, dichotomized at 1 SD below population norms (≤40
vs. >40). PCS and MCS were imputed for 16% of the
sample. Predictors of work return were analyzed using Cox
proportional hazards regression.
Results Of the 130 patients working full-time at pre-HCT,
88 (68%) were alive and relapse-free at 5 years. Of these,
53 (60%) had returned to full-time and 28 (32%) to part-
time work. For the primary analyses at 6 month post-HCT,
14 patients had already died or relapsed and 10 had
returned to work. Among the remaining 106 patients, those
with PCS >40 returned to work faster (Hazard Ratio (HR)
2.38, 95% Confidence Interval (CI) 1.26–4.49). Female
survivors were less likely to return to work than males (HR
0.54, 95% CI 0.29–0.99).
Conclusion Return to work is a lengthy process for many
survivors. Predictors of slower return include physical
dysfunction and female gender.
Implications for cancer survivors Realistic preparation for
time off work is essential to long-term health and finances
of cancer survivors.
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Introduction

Return to work is a primary indicator of recovery and
functional status for hematopoietic cell transplantation
(HCT) and other cancer survivors. Although survivors are
less likely to be employed when compared to healthy
controls [1], the majority (approximately 60%–85%) of
cancer survivors do return to work during the first several
years following diagnosis [2–4] and this is generally true
for HCT patients [5–11]. Although estimates vary, approx-
imately 50–70% of allogeneic transplant survivors report
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working at one-year after transplant [7, 12, 13]. Long-term
survivors of both allogeneic and autologous transplants,
when compared to healthy case-matched controls, exhibit
similar levels of working full-time (72% vs. 74%) at
10 years post-transplant [14].

A clear understanding of which HCT patients return to
full-time work and their timing of work return, however,
has been restricted by the predominance of cross-sectional
samples rather than longitudinal analyses that consider
competing risks of mortality and death or missing cases.
For both HCT and other cancer survivors, few intervention
studies have directly targeted work return or work-related
rehabilitation following cancer [15]; therefore, research is
needed to identify survivors at risk for poor occupational
outcomes. HCT survivors who have delayed return to work,
are unable to return to work, or face health-related
limitations in the workplace, may incur a loss of income
or health insurance or face other financial difficulties in
paying for needed medical care [16].

Ongoing physical and mental health problems after HCT
may put some survivors at risk of not returning to work.
Physical recovery typically occurs back to levels measured
at pre-HCT within one year [5]. Similarly, deficits in mental
health often attenuate within the first year [5]. Nonetheless,
some dysfunction remains over time or can have a late
onset for certain patients [17, 18]. For allogeneic patients
who survive the acute transplant-related toxicities, approx-
imately 60% are diagnosed with chronic graft-versus-host
disease (GVHD) that can persist for years [19–22]. Chronic
GHVD-related toxicities may impair both cognitive and
physical capacity necessary to meet work requirements.
The literature on long-term GVHD impact is mixed, with
some studies suggesting a relationship between chronic
GVHD and work return, loss of employment or non-return
to normal activities [5, 8, 23], whereas others report no
association [9, 13].

Younger age at transplant is associated with a higher
likelihood of work return in HCT recipients [24]. Although

some studies have found no difference in work return by
gender [6, 24], others suggest female HCT patients may be
less likely to return to work after transplant [8, 13]. HCT
survivors with more aggressive or advanced stage disease
typically show poorer outcomes after transplant [25, 26],
but differences in work return by disease and stage have not
been reported [8]. Total body irradiation (TBI) as prepara-
tion for HCT is associated with decreased survival and
other side effects [27], such as cortical atrophy and
ventricular enlargement [28], but has not been found to be
associated with differences in work return compared to
other conditioning regimens [29].

This study provides a longitudinal assessment of work
return among HCT patients over the first 5 years after
transplant. Using Steiner et al.’s earlier conceptual model of
work return following cancer as a guide, we developed a
conceptual model to investigate predictors of work return
following HCT (Fig. 1) [15]. We were specifically
interested in identifying predictors of return to work at
6 months post-HCT because return to work is neither
expected nor recommended until this time-point by our
institutional patient guidelines for post-transplant recovery
during the period of immune compromise. Prior to 6 months
post-HCT immune function is still impaired and many
survivors face acute complications from treatment.

We hypothesized that survivors with better physical and
mental health functioning by 6 months after transplant
would return to work faster. First, we examined the
demographic, physical and mental functioning, and
treatment-related characteristics among HCT patients who
were working full-time before transplant compared to those
not working. Then, we tested our hypothesis that physical
and mental functioning at 6 months post-HCT, female
gender, and chronic GVHD would predict longer time to
return to full time work, controlling for other demographic
and treatment factors. Finally, we examined the self-
reported work ability of survivors who returned to full-
time work compared to their pre-transplant ability.

Cancer and Treatment-
Related Factors: 
 Pre-transplant risk category 
 Total body irradiation 
 Type of transplant 

(autologous, allogeneic 
related, allogeneic unrelated) 

 Graft-vs-host disease onset 

Pre-HCT Demographic 
Characteristics: 
 Age 
 Gender 
 Education 

 Marital 
Status 

 Income 

Physical functioning and 
mental health status 6 
months post-HCT: 
 SF-36 physical component 

score  
 SF-36 mental component 

score  

Time to Return to  
Full-Time Work 

FIGURE 1 Conceptual model
of return to work following
hematopoietic stem cell trans-
plant. Adapted from Steiner et
al. [15].
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Methods

Participants and procedures

All procedures and materials were approved by the Fred
Hutchinson Cancer Research Center Institutional Review
Board. Eligible participants were ages 22 or older, were
preparing for a first myeloablative autologous or allogeneic
HCT, had sufficient English language proficiency to
complete the assessments, and were available to complete
the baseline assessment in the ambulatory clinic before
transplantation conditioning began. The study sample
included a total of 197 adults who consented to participate
and completed the primary assessments at baseline (Fig. 2).
Participants reporting full-time employment during the pre-
transplant assessment period were included in the analyses
of return to work (N=130). Full-time work included
participants who reported school and work equaling full-
time work (N=3) or full-time student status (N=2). We did
not include survivors who had no previous history of work
outside their home or who had not worked full-time before
diagnosis and treatment, because of the potentially different
factors influencing their employment.

We conducted pre-transplantation assessment in the
ambulatory clinic and six month, 1-, 2-, 3- and 5-year
assessments by mail. We followed participants until 5 years,
death, or the development of recurrent malignancy, which-
ever occurred first.

Measures

Assessments included demographic and treatment charac-
teristics and date of part- or full-time work return. Patients

completed the Short Form 36 Health Survey (SF-36), which
measures 8 dimensions of mental and physical health, with
a physical and a mental component summary score
calculated relative to a standardized population-based T
score with a mean of 50 and standard deviation (SD) of 10
[30]. For work ability, survivors working full-time were
asked if they were able to accomplish as much work as they
did before becoming sick and to indicate their ability to
accomplish work compared to before diagnosis as a percent
ranging from 0–100%.

Time to full-time work return was calculated as the
difference between date of work return and date of
transplant. The primary variables of interest for the
hypothesis-driven analyses were the SF-36 physical (PCS)
and mental (MCS) component scores at 6 months post-
transplant, calculated as instructed by the instrument
developers, by aggregating the eight scales of the SF-36
(higher scores indicate better health) [31, 32]. We created
binary variables (>40=normal; ≤40=low) from the PCS
and MCS to indicate patients with T-scores 1 SD below the
US population norm of 50 [30].

Other variables included cancer and treatment-related
factors. We generated a 3-level pre-transplant prognosis
variable based on disease type and stage to indicate patients
at low, moderate and high risk: Low=chronic myeloid
leukemia (CML), chronic phase; myelodysplastic syn-
dromes (MDS) with refractory anemia <5% blasts; Moder-
ate=CML, accelerated phase; lymphoma, remission; acute
leukemia, remission; chronic lymphocytic leukemia; follic-
ular lymphoma in remission or relapse; MDS with
refractory anemia >5% blasts; breast and ovarian adeno-
carcinoma in remission; High=CML, blast crisis; diffuse
lymphoma in relapse; acute leukemia in relapse; multiple

HCT, hematopoietic stem cell transplant 

Pre-transplant (n=540) 
Received HCT in the enrollment timeframe 

and assessed for eligibility  

Pre-transplant (n=199)
Consented to participate 

Excluded (n=341) 

Declined or lacked time (n=155) 
Declined to participate (n=37) 
Did not have time prior to 
transplant or nurse could not 
contact (n=118) 

Ineligible (n=186) 
Medical illness impairing function 
(n=64) 
Psychiatric or cognitive 
impairment (n=64) 

 Language barrier (n=34) 
Central nervous system disease 
(n=3) 
Not available after HCT (n=6) 
Not US or Canadian resident 
(n=15) 

Post-transplant (n=197) 

Completed pre-HCT work status 
measures 

Worked full-time at pre-HCT 
(n=130) 
Worked part-time at pre-HCT 
(n=10) 

 Homemaker (n=24) 
 Retired/disabled (n=33) 

FIGURE 2 Flow of partici-
pants into the study.
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myeloma; breast and ovarian adenocarcinoma in relapse.
We assessed whether the patient had total body irradiation
in preparation for transplant; type of transplant (autologous,
allogeneic related, allogeneic unrelated); and for allogeneic
patients, whether they developed GVHD at any point
during the study follow-up. Demographic variables consid-
ered were a categorized age variable (<35; 35–44;
≥45 years), gender, education (dichotomized at 4 years of
college or more), current marital status (yes/no), and
income >$45,000.

Statistical analyses

We compared the demographic characteristics for the
survivors working full-time at pre-transplant to the survi-
vors not working full-time. Because we were interested in
examining how physical and mental health functioning at
6 months post-transplant predicted work return, our main
regression analyses focused on the 106 survivors who
worked at pre-transplant, but were still alive/relapse-free
and had not returned to work by 6 months post-HCT. Our
main research question was focused on the PCS and MCS
measures; therefore, we calculated power for these key
variables of interest and had approximately 85–90% power
to detect a hazard ratio of 2.0 for both predictors.

Because PCS and MCS scores were missing at 6 months
post-transplant for 17 patients, we used multiple imputation
methodology to estimate plausible values for the missing
PCS and MCS scores using SAS procedure PROC MI [33].
With multiple imputation, generally all available variables
are included to increase the precision of the imputed
datasets [34, 35]; therefore, we included all variables
specified in the conceptual model (Fig. 1) as well as pre-
transplant PCS and MCS scores. To fill in the missing
values, we fit an imputation prediction model using these
variables to create 10 complete datasets. Additional
analyses utilizing only subjects with complete PCS and
MCS scores (complete case analysis) were carried out to
verify that similar results were obtained. As another check,
we tested an ‘extreme’ imputed dataset where all missing
PCS and MCS values had T-scores 1 SD below the US
population norm (≤40).

Since we found no significant differences between the
complete case and imputed datasets for the demographic
characteristics and for competing risks for return to work
(death or morphologic relapse), the descriptive statistics,
figures and other analyses for the 106 survivors are based
on the imputed datasets. For descriptive statistics, we
calculated the average PCS and MCS values for each
patient across the 10 imputed datasets and then dichoto-
mized those at ≤40. P values were calculated using
MICOMBINE in Stata. We calculated cumulative incidence
curves of return to work by PCS and MCS, treating death

or morphological relapse as competing risk events [36].
Hazard ratios [HR] and 95% confidence intervals [95% CI]
of return to work within the first 5 years after transplant
were calculated using multivariate Cox proportional hazard
regression models [37] for PCS, MCS and other covariates
hypothesized by our conceptual model to be important for
return to work (described above under Measures).

Since some of the conceptual model variables are closely
related, we did not include all variables in the conceptual
model in our Cox proportional regression analyses.
Because income and education are highly related, we
examined income in models separate from education;
however, income was not significantly related to work
return and therefore, we only report education. We
hypothesized that the onset of clinical extensive chronic
GVHD would be more influential on work return than
transplant type (only allogeneic patients are at risk for
GVHD) and transplant type (autologous or allogeneic)
was not included in the final model.

We entered GVHD onset as a time-dependent covariate
and stratified by TBI due to proportional hazards violations
in the main regression models. Female and male-specific
models were generated because of evidence of differences
in work return. In the female model, TBI was included as a
main effect and allowed to vary over time because of its
differential effect on work return over time in females. Due
to the smaller sample sizes in these subgroups, the gender-
stratified models were also limited to the variables
associated with PCS in bivariate analyses or that were
thought to be clinically important. Individuals who had not
returned to full-time work during the 5 years of follow-up
or died before returning to work were censored. The
regression coefficients from the imputed datasets were
combined with the Stata MIRA command to estimate a
single set of summary coefficients using Rubin’s equation
[33]. The proportional hazards assumption was tested for all
covariates in the regression.

Finally, for ability to accomplish work, the mean and
inter-quartile range were calculated at 6 months and 1, 2
and 3 years after transplant for the survivors working full-
time at each time-point. This question was not asked at
5 years. All statistical analyses were performed using SAS
version 9.0 (SAS Institute, Cary, NC) and Stata version
10.0 (Stata Corp, College Station, TX).

Results

Figure 2 displays participant enrollment. The 341 non-
participants were more likely to be male (55% vs. 42%; P=
0.001) and to have an autologous transplant (28% vs. 19%)
than the 197 participants, but were less likely to have an
unrelated donor (28% vs. 38%; overall P=0.002 for
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transplant type). Age at transplant did not differ. Non-
participants had more acute leukemia (31% vs. 18%) and
less chronic myeloid leukemia (25% vs. 39%; overall P=
0.003) cases than the non-participants. Of the 197 with
completed baseline assessment, 130 reported working full-
time before transplant. The 67 patients not employed full-
time were working part-time (15%), were homemakers
(36%), or were not working because of retirement, health or
disability (49%).

Table 1 presents the demographic characteristics by pre-
transplant work status. Survivors working full-time at pre-
HCT (N=130) were less likely to be married than the
survivors not working full-time (N=67) (69% vs. 85%,
respectively, P=0.02). More working survivors had chronic
myeloid leukemia in chronic phase (38% vs. 22%; overall
P=0.02). Of the 130 survivors working at pre-transplant, at
6 months 10 (9%) had already returned to full-time work
and 14 (12%) had died or relapsed (data not shown). We

found no significant differences between the 10 early work
returners and the 106 non-early returners by gender (male
60% vs. 44%; P=0.50), type of transplant (allogeneic
related and unrelated 90% vs. 84%; P=0.77), or education
(college degree or higher 70% vs. 52%; P=0.20). At 1 year,
29 (36%) of survivors were working full-time and 27 (25%)
were working part-time. Of these part-time workers, 19
transitioned into full-time work by the end of follow-up.
Another twenty-three survivors returned to part-time
work at some point after HCT and continued to work
part-time throughout the follow-up; these survivors did
not differ demographically from survivors that returned
to full-time work. By 5 years, of the 88 (68%) surviving
participants, 53 (60%) reported working full-time and 28
(32%) part-time.

Our primary analyses focused on the hypothesized
predictors of return to work for the 106 survivors who
were alive, disease-free, and not working at 6 months post-

Table 1 Pre-transplant demographics and treatment-related factors for those not working vs. working full-time before transplantation

N(%) Not working full-time (N=67)a Working full-time (N=130) P value
Demographics and treatment N(%) N(%)

Age at transplant, years

<35 14(21) 33(25) 0.10

35–49 29(43) 69(53)

≥50 24(36) 28(22)

Sex, female 44(66) 71(55) 0.14

Education ≥4 years college 26(39) 66(51) 0.11

Married 57(85) 90(69) 0.02

Income ≥$45,000 37(55) 84(65) 0.20

Stem cell donor

Autologous 18(27) 20(15)

Allogeneic related 25(37) 59(45) 0.15

Allogeneic unrelated 24(36) 51(39)

Diagnosis

Chronic myeloid leukemia 15(22) 49(38) 0.02

Chronic myeloid leukemia, accelerated or blast crisis 2(3) 11(8)

Acute leukemia in remission 5(8) 17(13)

Acute leukemia in relapse 9(13) 4(3)

Lymphoma in remission 0(0) 3(2)

Lymphoma in relapse 5(8) 8(6)

Myleodysplasia 7(10) 13(10)

Multiple myeloma 4(6) 4(3)

Other 20(30) 21(16)

Total body irradiation 35(52) 66(51) 0.85

Pre-transplant SF-36 PCS (≥40)b 37(55) 88(68) 0.07

Pre-transplant SF-36 MCS (≥40)b 44(66) 100(77) 0.07

a Includes individuals working part-time before HCT, who were homemakers, or not working because of retirement, health or disability-related
reasons
b SF-36 physical (PCS) and mental (MCS) component scores assessed before HCT; scores ≥40 indicate better functioning. Three subjects were not
assessed
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HCT. We found few differences in demographic and
treatment-related characteristics by PCS and MCS scores.
Physical functioning limitations (68%) were more common
than mental health limitations (25%) as indicated by PCS
and MCS scores ≤40 (Table 2). Survivors with MCS scores
within normal range (>40) were significantly less likely to
have completed at least 4 years of college (69% vs. 41%,
respectively, P=0.03). Because the direction of this rela-
tionship was in the opposite direction than hypothesized,
we performed further analyses examining MCS and college
education in both the complete case and imputed datasets.
When examined in relationship to the other variables in the
conceptual model, normal MCS scores continued to be
related to lower education in both datasets. Further
investigation is needed to determine whether this relation-
ship can be replicated.

Figure 3 displays the cumulative incidence of return to
work by MCS and PCS T-scores for the 106 disease-free
patients who had not returned to work at 6 months. By the
end of 5 year follow-up, 67% of survivors with normal
range PCS scores at 6 months post-HCT had returned to
work compared to 38% with low scores, whereas work
return did not differ by MCS score. This trend was also
apparent in the Cox regression models in Table 3. Survivors
with PCS scores >40 at 6 months post-HCT were
significantly more likely to return to work than those with
scores ≤40 (HR 2.38, 95% CI 1.26, 4.49). Female survivors
also were less likely to return to work after transplant than
males (HR 0.54, 95% CI 0.29, 0.99). The extreme value

imputation also yielded similar results to the main imputa-
tion analyses. The Hazard Ratios in the complete case
analyses were similar in magnitude to the imputed
regression, although gender was not significant. As a
secondary analysis, these variables were examined in
relation to return to part-time work, but none of the
relationships were significant in multivariable Cox models.

The gender-stratified analyses are presented in Fig. 4a
and Table 4. Despite no difference in the risk of death/

Table 2 Demographics and treatment-related factors by SF-36 physical (PCS) and mental (MCS) component scores at 6 months post-transplant

N=106a SF-36 PCS at 6 months SF-36 MCS at 6 months

PCS >40 PCS ≤40 P value MCS >40 MCS ≤40 P value
34(32%) 72(68%) 80(75%) 26(25%)

Characteristic N(%) N(%) N(%) N(%)

Age at transplant, years

<35 12(35) 16(22) 0.65 22(28) 6(23) 0.49

35–49 14(41) 40(56) 42(53) 12(46)

≥50 8(24) 16(22) 16(20) 8(31)

Female 19(56) 43(60) 0.99 47(59) 15(58) 0.90

Education ≥4 years college 20(59) 31(43) 0.25 33(41) 18(69) 0.03

Married 21(59) 51(71) 0.23 53(66) 18(69) 0.86

Pre-transplant risk group

Low 19(56) 26(36) 0.12 34(43) 11(42) 0.65

Moderate 12(35) 29(40) 30(38) 11(42)

High 3(9) 17(24) 16(20) 4(15)

Total body irradiation 21(62) 35(49) 0.42 44(55) 12(46) 0.37

Chronic graft-vs-host disease (GVHD)b 18(53) 48(67) 0.22 48(60) 18(69) 0.51

a Sample is comprised of the 106 HCT patients who had not returned to work and had not died or relapsed by 6 months post-HCT. An imputation
prediction model generated SF-36 scores for 17 cases with missing PCS and MCS scores
b Report of clinical extensive chronic GVHD onset at any point during the first 5 years after HCT
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FIGURE 3 Cumulative incidence of return to full-time work by SF-
36 mental (MCS) and physical (PCS) component scores (>40; ≤40) at
6 months post-transplant (N=106). Normal MCS and PCS scores
(>40) indicate better physical or mental health functioning. Log-rank
test of PCS survival curves significant (P value=0.01); MCS tests
were non-significant.
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relapse between males and females, work return was
significantly lower for women (Fig. 4a). All men who
returned to full-time work did so by 3 years, while women
continued to return to full-time work during the 5 years of
follow-up. By 5 years, only 46% of women had returned to
full-time work compared to 64% of men. As indicated in
Table 4, normal range physical functioning continued to be
the main predictor of work return for males (PCS score
>40; HR 2.72, 95% CI 1.10, 6.70) and females (HR 2.80,
95% CI 1.09, 7.18).

Additionally, we found that for women, TBI condition-
ing showed differential effects over time. TBI was entered
as an average effect in the main female regression due to
the small sample size and was not significant. In
secondary analyses that allowed TBI to vary, the Hazard
Ratio for TBI before 18 months was 0.29 (95% CI 1.20,
9.61). That is, women with TBI were 71% less likely to
return to work during the first 18 months after transplant
compared to women who did not receive TBI. After
18 months, only 1 female without TBI returned to work
compared to 6 receiving this treatment, resulting in a

Hazard Ratio after 18 months of 12.47 (95% CI 1.21,
128.94). Of the 26 women not receiving TBI (Fig. 4b), the
12 (46%) who returned to work in this group returned
faster and did so by approximately 18 months after
transplant. Women receiving TBI continued to return to
full-time work throughout the follow-up, and by 5 years
they were not different from the non-TBI group, with 36
(45%) working full-time. When cumulative incidence
curves were examined for male survivors, no differences
existed for TBI.

During the first three years of follow-up, all participants
who had returned to full-time work were asked if their
ability to accomplish work tasks had diminished since
before they became sick. Across all time-points, survivors
working full-time reported their ability to accomplish work,
on average, as 80%–87% of their pre-illness ability (Fig. 5).
Although the majority of working survivors reported high
ability levels, between 3% to 11% of patients at each
follow-up time reported their work accomplishments as
60% or less of their pre-illness ability. The percent of
patients reporting work limitations decreased from 65% at

Imputed analysis (N=106)a Complete case (N=89)b

HRc 95% CI P value HRc 95% CI P value

SF-36 PCS score 6 months post-HCT

≤40 (referent) 1 1

>40 2.38 1.26, 4.49 0.008 2.55 1.39, 4.70 0.003

SF-36 MCS score 6 months post-HCT

≤40 (referent) 1 1

>40 1.22 0.58, 2.54 0.60 1.14 0.54, 2.43 0.73

Age at transplant (years)

<35 (referent) 1 1

35–49 0.82 0.42, 1.58 0.55 0.92 0.46, 1.85 0.83

50 + 0.60 0.25, 1.40 0.24 0.61 0.23, 1.58 0.31

Gender

Male (referent) 1 1

Female 0.54 0.29, 0.99 0.05 0.58 0.29, 1.14 0.11

Education ≥4 years college

No (referent) 1 1

Yes 0.85 0.46, 1.59 0.61 0.76 0.42, 1.44 0.40

Married

Not married (referent) 1 1

Married 1.08 0.56, 2.07 0.81 1.22 0.61, 2.42 0.58

Pre-transplant risk category

Low (referent) 1 1

Moderate 1.39 0.73, 2.71 0.34 1.19 0.60, 2.37 0.61

High 1.70 0.76, 3.79 0.20 1.36 0.57, 3.24 0.49

Chronic graft-vs-host disease (GVHD)c

No (referent) 1 1

Yes 0.70 0.37, 1.31 0.24 0.62 0.31, 1.21 0.16

Table 3 Hazard ratios (HR) and
95% confidence intervals (95%
CI) of return to full-time work
from 6 to 60 months post-
transplant

a Sample is comprised of the 106
HCT patients who had not
returned to work and had not
died or relapsed by 6 months
post-HCT. An imputation pre-
diction model generated SF-36
scores for 17 cases with missing
PCS and MCS scores
b Complete case sample is com-
prised of the 89 HCT patients
who had not returned to work by
6 months post-HCT, were alive
at 6 months, and had responded
to the SF-36 at 6 months post
transplant (i.e., not missing
MCS and PCS)
cModels were stratified by total
body irradiation (TBI). Chronic
GVHD included as a time de-
pendent covariate by onset of
GVHD

J Cancer Surviv (2010) 4:33–44 39



6 months to 36% at 3 years. Survivors with low PCS scores
(≤40) at 6 months post-HCT were significantly more likely
to report work related limitations at all 4 time-points (P<
0.01 at each time); however, low MCS scores were only
significant at 2 years (P=0.01). Because of the small
number of survivors working full-time who reported work-
related limitations, comprehensive assessment of potential
underlying differences among those reporting limitations
was not possible, although there were no gender, age or
pre-transplant risk group differences at any of the time-
points.

Discussion

Results of this longitudinal study demonstrate that a
majority of HCT survivors eventually return to the
workforce but that a substantial minority face ongoing
work-related limitations or do not return to full time work.
By one year 36% of patients who were alive and worked
full-time before transplant had returned to full-time work.
By 5 years, this increased to 60%. As hypothesized, we
found that those with better physical functioning by
6 months after transplant were 2 times more likely to

a  By gender (N=106)   

b  For women by TBI (N=62)   
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FIGURE 4 Cumulative
incidence of return to full-time
work. Figure 4a presents the
cumulative incidence by gender,
with competing incidence of
death or relapse. Figure 4b
presents the cumulative inci-
dence of return to full-time work
for women only by whether or
not they received total body
irradiation (TBI), with
competing incidence of
death or relapse.
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return to work after HCT, although mental health did not
predict their return to work. Of note, a majority of survivors
had normal range mental health scores at the 6 month time
point (75%). Socioeconomic characteristics, such as age,
income and education, were not significantly associated
with work return, nor were treatment factors such as
chronic GVHD, although these comparisons may have
been limited due to our relatively small sample size.

The proportion returning to work in the current study is
lower than our earlier study done in a similar sample of

5 year survivors where 84% returned to full time work. In
the previous study, 69% of survivors had died or relapsed by
5 years [5] whereas in the current study of patients
transplanted about 10 years later, 36% had died or relapsed
at this time. For the 130 survivors working full-time at pre-
transplant in the current cohort, only 32% had died or
relapsed by 5 years. The difference in rates of return to work
for the current survivors may reflect improved survival rates
and greater morbidity in some of those surviving, rather than
declines in the overall percent returning to work.

N=106 Male N=44a Female N=62a

HR 95% CI P value HR 95% CI P value

SF-36 PCS score 6 months post-HCT

≤40 (referent) 1 1

>40 2.72 1.10, 6.70 0.03 2.80 1.09, 7.18 0.03

Age at transplant (years)

<35 (referent) 1 1

35–49 0.48 0.19, 1.13 0.09 1.36 0.52, 3.58 0.53

50+ 0.87 0.26, 2.82 0.82 0.52 0.15, 1.78 0.30

Total body irradiation

No (referent) 1 1

Yes 1.34 0.53, 3.38 0.53 0.53 0.22, 1.28 0.16

Chronic graft-vs-host disease (GVHD)b

No (referent) 1 1

Yes 0.58 0.24, 1.37 0.22 0.92 0.41, 2.06 0.84

Table 4 Hazard ratios (HR) and
95% confidence intervals (95%
CI) of return to full-time work
by gender

a Sample is comprised of the
patients who had not returned to
work by 6 months post-HCT
and had not died or relapsed by
6 months
b Chronic GVHD included as a
time dependent covariate by
onset of GVHD

6 months 1 year 2 years 3 years

Alive/morphologic 
relapse-free, N(%) 116(89) 109(84) 99(76) 94(72)

Currently working full-

timeb, N(%) 10(9) 39(36) 54(55) 56(60)

Percent reporting 
work limitations, 
N(%) 6(65) 16(41) 17(31) 20(36)
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aBars represent mean reported percent at each time-point; lines represent the 25% and 75% inter-quartile range.
bDenominator is number alive and relapse-free at each time-point. 

FIGURE 5 Percent accom-
plished at work compared to
pre-illness for patients working
full-time.
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Female survivors were 50% less likely to return to work
than male patients, which is consistent with other findings
[8, 13]. Although it is unclear from our study whether this
finding was driven by differences in work-related intentions
or job flexibility or because of health-related barriers, our
secondary analyses suggest that the health impacts of HCT
conditioning regimens may explain some of the gender
work differences. Although other studies have not reported
a relationship between TBI and work return [13, 29], we
found that women receiving TBI were less likely to return
to work than females without this conditioning treatment
during the first 18 months after transplant. By 5 years after
transplant, the proportions working were similar (46% vs.
45%, respectively). These results should be interpreted
cautiously since they were not hypothesized and because of
the small number of women returning to work after
18 months. Nonetheless, the findings suggest that subse-
quent studies investigating TBI and work return should
consider gender differences in the analyses of predictors of
return to work.

Over one-third of survivors working full-time at 3 years
reported not being able to accomplish as much at work as
they did before their illness. Although most patients
working full-time reported a relatively high work capacity
(on average 80%–87% of their pre-illness ability) over the
3 years of follow-up, the types of limitations faced by HCT
survivors could not be assessed in our analyses. One study
of working cancer survivors found that 18% reported
difficulty performing physical tasks, 12% faced limitations
with prolonged mental concentration and 22% had prob-
lems keeping pace with others at work [2]. For the HCT
population, that often faces severe complications and slow
recovery, more precise investigation of the specific type and
severity of work limitations, the clinical characteristics that
predispose certain patients to work limitations, and how
these limitations differ over time is required to identify
appropriate rehabilitation strategies.

The Institute of Medicine report, From Cancer Patient to
Cancer Survivor: Lost in Transition, identified the need to
expand employment-related services [38]. Addressing
cancer survivors’ needs as they transition back to work is
challenging because rehabilitation services are not com-
monly integrated with cancer care delivery systems [16].
Since HCT patients often travel long distances for their
transplants, they may have added rehabilitation difficulties.
Survivors who are unable to return to work may face
barriers in accessing needed rehabilitation services if they
lose their health insurance coverage or face financial
difficulties. Only one intervention has specifically targeted
work-related rehabilitation for HCT patients and found no
improvements in employment [6]. Our results suggest that
examining physical and cognitive difficulties after the acute
HCT recovery phase may be important for identifying high-

risk patients and that the effects of treatment may differ for
males and females.

Our study has certain limitations. Our sample size was
relatively small, which may have limited the power to
detect other meaningful differences in our regression
analysis. The exclusion of patients not working before
HCT limits generalizability to those working full-time
before transplant. We would assume there are added
barriers for those not working full time before transplant
who wish to enter the work force after HCT. Exclusion
criteria for study entry, such as cognitive impairment or
medical conditions, allowed us to focus on HCT patients
more likely to be in the labor force at pre-transplant, but do
not represent those with major comorbidities that could
further complicate their return to work return following
HCT. It is possible with more sensitive measures of chronic
GVHD treatment duration or severity we may have found a
stronger effect of GVHD on return to work. Additionally,
we did not find differences in work return by pre-transplant
education, income or marital status, potentially because a
large proportion of patients enrolled in the study were of a
relatively high socioeconomic status. Studies in more
socioeconomically diverse HCT samples may be more
likely to find differences in these variables for work return
prompted by the economic need of some patients.

Further, we were unable to assess work-related inten-
tions, changes in occupations, work hours or content, or the
economic impact of cancer on the patients and families;
therefore, we can not consider whether some survivors
attempted to return to work and were unable or if some
survivors elected not to return. In particular, evaluation of
these work-related variables may be needed to understand
the gender differences in work return found in our analyses.
Also, we were unable to investigate the influence of health
insurance coverage because virtually all patients undergo-
ing treatment at the study site were insured. Future research
should develop comprehensive assessments that include
types of tasks required at work, and how these factors may
impact work return for HCT patients.

Both the model-based and ‘extreme’ value imputation
analyses were similar to our complete case analyses,
providing evidence that those missing SF-36 assessments
at 6 months were not necessarily of poorer health. The one
difference was the change in significance of gender in the
multiply imputed analysis, for a hazard ratio of similar
magnitude, illustrating the advantage of using imputation to
gain power.

Our results provide important prospective, longitudinal
information on return to work for HCT survivors. As more
patients survive after HCT, with potentially higher rates of
long-term functional deficits, comprehensive information
about return to work will inform transplant recipients,
clinicians and employers about appropriate expectations
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and identify patients in need of rehabilitation services. The
prevalence of cross-sectional studies of HCT survivors has
limited the examination of trajectories in work return and
ability over time. We found that HCT patients with better
physical functioning 6 months after transplant were more
likely to return to work — and return to work faster — in
the first five years after transplant. Clinical trials to retain
physical capabilities during treatment, or improve them in the
immediate post-transplant period, are needed to facilitate both
the pace of return to work and work effectiveness for those
returning. Interventions may need to be targeted by gender
and to assist survivors with continued work-related difficul-
ties to improve employment outcomes in this population.
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