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To the Editor

Allogeneic hematopoietic cell transplantation (alloHCT) is an increasingly utilized high-risk
therapy used to treat various malignant and non-malignant diseases.? The numbers of
alloHCT performed each year continue to increase for all age groups, particularly those aged
60 and older,! and it remains a physically and psychologically arduous treatment approach.
2,3 Nearly 75-80% of hospitalized HCT patients experience sleep disruption in the early
post-transplant setting;* ° this can exacerbate impaired quality of life, depression, and
fatigue in HCT recipients.® Sleep is a restorative biologic process essential for maintaining
health.” There is epidemiologic evidence that sleep disturbance independently contributes to
inflammation and that improving sleep quality in older adults with insomnia can reduce
biomarkers of multisystem biological risk including C-reactive protein, hemoglobin A1C,
insulin, lipoproteins and triglycerides among others, in a randomized clinical trial setting.8 ©
Sleep dysfunction may adversely impact alloHCT outcomes through increased pro-
inflammatory pathways as shown in HCT and other populations and may lead to adverse
post-alloHCT outcomes.>: 10 Based on this intriguing background, we hypothesized that
patient-reported sleep disturbance before alloHCT would correlate with early post-alloHCT
outcomes. We used the Center for International Blood and Marrow Transplant Research
(CIBMTR) database to conduct this research.

From 2011-2013, the CIBMTR prospectively enrolled 390 patients from 7 transplant centers
to assess the feasibility of collecting patient-reported outcomes.1 Of these, 340 patients
completed the baseline survey including 84 pediatric patients. Adult patients completed the
36-item short form health survey (SF-36) and Functional Assessment of Cancer Therapy-
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Bone Marrow Transplantation subscale (FACT-BMT) questionnaires before HCT and at day
100, 6 months, and 1 year after HCT. Herein, we focus on responses to the sleep-specific
question from FACT-BMT in all adult patients included in this pilot who underwent
alloHCT for acute and chronic leukemias, myelodysplastic syndromes, and
myeloproliferative neoplasms (N=198). We excluded small numbers of patients with non-
Hodgkin lymphoma, Hodgkin lymphoma, multiple myeloma and variety of non-malignant
diseases owing to a wide heterogeneity in pre-transplant treatments as well as duration of
disease. The sleep question in FACT-BMT is a single question applied to the past 7 days, “I
am sleeping well,” with 5 response options: (0-not at all, 1-a little bit, 2-somewhat, 3-quite a
bit, 4-very much). We analyzed 0/1/2 as ‘poor sleep’ and 3/4 as ‘good sleep’ groups as
reported on the before HCT questionnaire. Descriptive statistics were used to summarize the
characteristics of the groups and the Kaplan-Meier estimator was used to evaluate survival.
The primary outcome of interest was overall survival (OS). Other outcomes included
transplant-related mortality, relapse, and graft-versus-host disease, acute (aGVHD) and
chronic (cGVHD); GVHD was analyzed as a time-dependent variable. Multivariate analysis
was conducted using a Cox proportional hazards model. Factors assessed in multivariate
analysis included baseline sleep group (main effect), age at transplant, gender, Karnofsky
Performance Score (KPS), disease, disease risk, conditioning intensity, total body irradiation
(TBI) dose, stem cell source, donor and anti-thymocyte globulin/alemtuzumab use. The
analysis was performed in SAS v9.4 (SAS Institute Inc., Cary, NC).

Table 1 shows the baseline characteristics of the study population. There were 90 patients in
the poor sleep group and 108 patients in the good sleep group. Baseline characteristics were
similar in the two groups except for the following: patients with poor sleep before HCT were
more likely to be <55 years (57% vs 43%, p=0.04), and have a KPS <90% (50% versus
34%, p=0.03) compared to the good sleep group. Although nearly half of the annual income
data was missing, when available, there was a significant association between annual
household income <$60,000 and poor sleep compared to good sleep (50% vs 25%, p-value
0.03). The median follow up of survivors was comparable in both groups.

On univariate survival analysis, baseline poor sleep was associated with lower OS at 100-
days, 6 months, and 1 year with the greatest difference seen in patients aged 18-54 years but
not in those aged 55 and older (table 2). In multivariate analysis, no difference was seen
between outcomes in the poor sleep compared to good sleep group: transplant related
mortality; hazard ratio (HR) 1.59, 95% confidence interval (95% CI) 0.82-12.56, p=0.21,
relapse; HR 1.02, 95% Cl, 0.63-1.66, p=0.92, aGVHD; HR 1.30, 95% ClI, 0.71-2.48,
p=0.39, cGVHD; HR 1.38, 95% Cl, 0.91-2.08, p=0.13 and OS; HR 1.27, 95% ClI, 0.86—
1.87, p=0.22.

One-year sleep score was available in 93 patients; of these, 66% of patients who reported
poor sleep before HCT reported poor sleep again at 1-year and 65% of patients who reported
pre-transplant good sleep maintained that rating at 1-year. No significant differences were
seen in baseline characteristics or in post-transplant GVHD or relapse rates among patients
whose quality of sleep changed from baseline to 1-year after HCT.
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AlloHCT is a “high-stakes’ procedure with a substantial risk of transplant-related morbidity
and mortality, GVHD, and late complications including cardiovascular disease, diabetes,
chronic fatigue, secondary malignancies in addition to relapse of the primary disease.1?
Sleep impairment is frequently overlooked as a side-effect of transplant and may include a
spectrum of symptoms including difficulty falling asleep, staying asleep, awakening earlier
than intended, and/or nonrestorative sleep.® In a comprehensive review by Jim, et al. it was
noted that sleep disturbance and disorders prior to transplant may be associated with several
treatment-related factors such as intensive chemotherapy, side-effects of treatment (e.g.
peripheral neuropathy), restless leg syndrome, anxiety, and depression.> Pre-alloHCT sleep
disturbances have not been well studied, although reports in the autoHCT setting suggest a
wide range of prevalence estimates, ranging from similar to population norms to as high as
43%.5 One study of 74 participants reported insomnia in over 50% of alloHCT patients at
baseline by self-report.13 Our study extends these observations and shows that in a
representative population of patients with myeloid disorders undergoing alloHCT at multiple
centers, the prevalence of poor sleep prior to transplant was 46%. Further, we found self-
reported poor sleep was more common in younger patients, those with worse physician-rated
functional status, and those with lower annual household income (though limited by
significant missing data), demonstrating an interplay between sleep with sociodemographic
variables, and overall health. While our data did not show a relationship between baseline
sleep and post-alloHCT outcomes, our sample size only had 23% power to show a 27%
difference in hazard of mortality.

In this analysis, we note that a proportion of patients move from one sleep group to the other
between baseline and 1 year suggesting that patients are not restricted to the same sleep
group throughout. Sleep interventions include cognitive behavioral therapy, mindfulness,
pharmacotherapy, correction of conditions such as obstructive sleep apnea, restless leg
syndrome, etc. and could be considered to help ameliorate sleep dysfunction.5 14 In-hospital
sleep disturbance may be exacerbated by frequent sleep interruptions for care and may be
another opportunity for improvement. The health care team may also play a positive role by
counseling patients during clinic visits on sleep hygiene, role of daytime exercise, and
avoidance of electronic devices in bed.

Although limited by the sample size and dependence on a single item sleep question, we
made the following clinically important observations: 1) 46% of adults undergoing alloHCT
for leukemias and chronic myeloid diseases have self-reported poor sleep at pre-transplant
baseline, 2) univariate analysis showed an association between baseline sleep with 1-year
survival in patients under 55 years but not in those 55 and older; however, on multivariate
analysis we were underpowered to show a difference, 3) stage migration between the good
sleep and poor sleep groups is seen in one-third of patients between pre-transplant and 1-
year post-transplant. We believe further research is needed in larger numbers to study the
impact of sleep disturbance on alloHCT outcomes. Given the prevalence of sleep
dysfunction, we propose that interventions to improve sleep including mindfulness-based
and/or pharmaceutical interventions should be tested.
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Baseline characteristics

Table 1

Variable Baseline Poor Sleep (N=90) | Baseline Good Sleep (N=108) | P-value

Median age at transplant (range), years 54 (19-71) 57 (21-75) 0.06

Age 0.04
18-54 51 (57) 45 (42)
55+ 39 (43) 63 (58)

Gender, Male 50 (56) 67 (62) 0.36

Pre-transplant KPS < 90% 45 (50) 37 (34) 0.03

Race 0.66
White 83 (92) 99 (92)

Other 7(8) 8(7)
Unknown/declined 0 1(<1)

Marital status 0.28
Married or living with partner 62 (69) 85 (79)
Single/separated/divorced/widowed 19 (21) 15 (14)

Missing 9 (10) 8 (7)

Education 0.06
Secondary education or less 22 (24) 23 (21)

Vocational school or associates degree 31(34) 21(19)
Bachelors or graduate degree 34 (38) 59 (55)
Missing 3(3) 5(5)

Household annual income 0.03
< $60,000 20 (22) 14 (13)
> $60,000 20 (22) 42 (39)

Missing 50 (56) 52 (48)

Disease 0.91
Acute leukemia 60 (67) 69 (64)
MDS/MPN 21 (23) 28 (26)

Other leukemia ™ 9 (10) 11(10)

Disease risk” 0.23
Low risk 45 (50) 56 (52)
Intermediate risk 22 (24) 15 (14)

High risk 19 (21) 32 (30)
Not classified 44 5(5)

Conditioning regimen 0.16
Myeloablative — non-TBI 27 (30) 27 (25)
Myeloablative — TBI containing 18 (20) 35(32)

Reduced intensity/non-myeloablative— non-TBI 26 (29) 32 (30)
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Variable Baseline Poor Sleep (N=90) | Baseline Good Sleep (N=108) | P-value

Reduced intensity/non-myeloablative — TBI 19 (21) 14 (13)

Stem cell source 0.51

Bone marrow 11 (12) 15 (14)

Peripheral blood 67 (74) 84 (78)

Umbilical cord blood 12 (13) 9 (8)

Donor 0.77

Unrelated 51 (57) 59 (55)

Related 39 (43) 49 (45)
Antithymocyte globulin/Alemtuzumab use 18 (20) 23 (21) 0.82
GVHD prophylaxis regimen 0.35

CNI+ MMF = other(s) 29 (32) 32 (30)

CNI + MTX =+ other(s) 49 (54) 59 (55)

CNI + other(s) (not MMF/MTX) 2(2) 1(<1)

Ex-vivo T-cell depletion/CD34 selection 8 (9) 16 (15)

Missing 2(2) 0
Median follow-up of survivors (range), months 49 (13-62) 52 (13-64)

Other leukemias: CLL, N=18, PLL, N=2; KPS- Karnofsky Performance Score; MDS/MPN- myelodysplastic syndrome/myeloproliferative

neoplasm; CNI- Calcineurin Inhibitor, MMF- Mycophenolate mofetil, MTX- Methotrexate

#Based on the ASBMT RFI Classification
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