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Abstract

Objective—Compare patient-reported outcomes between people randomized to receive one of
two graft types for unrelated donor transplantation.

Design—~Patient reported outcomes were collected from patients > 16 years old at enroliment and
0.5, 1, 2 and 5 years after transplantation.

Setting—Randomized, controlled, multicenter clinical trial.

Participants—English- or Spanish-speaking, age 16 years or older, participating in randomized
trial of unrelated donor bone marrow vs. peripheral blood (N=551) in hematopoietic cell
transplantation for hematologic malignancies.

Intervention—n/a

Main outcomes and Measures—Functional Assessment of Cancer Therapy — Bone Marrow
Transplant, Mental Health Inventory, occupational functioning, Lee Chronic Graft-versus-Host
Disease Symptom Scale.

Results—At 5 years after transplantation, 102 BM and 93 PB participants were alive and eligible
for assessment. The mean Mental Health Inventory Psychological Well-Being scores (78.9 vs.
72.2, p=0.011, higher better) and the mean Lee chronic graft-versus-host disease (GVHD)
symptom scores (13.1 vs. 19.3, p=0.004, lower better) are significantly better for bone marrow
recipients, adjusting for baseline scores and missing data. Recipients of bone marrow were also
more likely to be working full or part-time than recipients of peripheral blood (RR 1.5, 95% ClI
1.2-2.0, p=0.002), adjusting for work status before transplantation. With a median follow up of 73
months for survivors, no differences in survival, relapse or treatment-related mortality between
bone marrow and peripheral blood are observed.

Conclusions and Relevance—Recipients of unrelated donor bone marrow have better
psychological well-being, less burdensome chronic GVHD symptoms, and are more likely to
return to work than recipients of peripheral blood at 5 years after transplantation. Bone marrow
should be the standard of care for these types of transplant procedures.

Introduction

More transplants are performed from unrelated donors than related donors according to
statistics from the Center for International Blood and Marrow Transplantation (CIBMTR).
More than 80% of transplants from unrelated donors currently use peripheral blood (PB)
instead of bone marrow (BM). In 2012, the primary results of a large, multicenter,
randomized study from the Blood and Marrow Transplant Clinical Trials Network (BMT
CTN) showed similar survival, non-relapse mortality and relapse using the two graft sources.
There was a higher rate of graft failure with bone marrow (9% vs. 3%, p=0.002) and a
higher rate of chronic graft-versus-host disease (GVHD) with peripheral blood (53% vs.
41%, p=0.01).1 Since 2012, there has been no change in the proportion of PB grafts being
used for unrelated donor transplantation, with greater than 80% PB, including for patients
with early stage disease such as acute leukemia in first complete remission (M Horowitz,
CIBMTR data, personal communication).
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This study also included a patient-reported outcomes (PRO) component that has not been
reported before. The PRO data collection was incorporated in recognition that knowledge
about the quality of life (QOL), symptoms, and functional well-being associated with each
graft source would be valuable information to help inform future patients and their
physicians when choosing a graft source.

Patients enrolled in the parent BMT CTN 0201 study were eligible for participation in the
patient-reported endpoints substudy if they were 16 years or older, could communicate in
English or Spanish and had access to a telephone. Exclusion criteria included inability to
participate in interviews due to cognitive, linguistic or emotional difficulties and current
uncontrolled psychiatric illness. Five hundred and seventeen trial participants met these
criteria and were included in the QOL study.

Study Design

The parent study was a randomized, open label, phase 111, multicenter trial with a primary
endpoint of two-year survival by intent-to-treat analysis. Enroliment began on March 31st,
2004 and ended on September 9th, 2009. Eligibility included age up to 66 years, acceptable
organ function and a diagnosis of acute and chronic leukemia, myelodysplasia, or
myelofibrosis. Unrelated donors were 5/6 or 6/6 matched at HLA-A, B and DRBL.
Exclusion criteria included donor-specific antibodies, prior allogeneic or autologous
transplants, HIV infection, pregnant or breastfeeding, with an active infection, or
concomitant enrollment on phase | studies. Patients received one of four myeloablative or
reduced intensity conditioning regimens and one of two GVHD prophylaxis regimens
(methotrexate plus tacrolimus or cyclosporine), specified prior to randomization.
Randomization was stratified based on transplant center and disease risk.

After written consent, contact information for participants was faxed to a central site for
contact by the QOL data collection team. Participants were mailed a packet of materials
from a central interview center then contacted by phone to collect responses. Interviews
were conducted in English or Spanish. There was no allowance for paper or online
completion of the instruments. Data were entered electronically by interviewers. Several
attempts were made to contact participants prior to transplant. Post-HCT assessment times
were 6 months, 1 year, 2 years and 5 years.

The research protocol was approved by a protocol review committee of the National Heart,
Lung and Blood Institute (NHLBI), and by the relevant institutional review boards or ethics
committees. A Data and Safety Monitoring committee of the NHLBI provided oversight. All
prospective donors and recipients gave written informed consent. This study is registered
with ClinicalTrials.gov, number NCT00075816.
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Data Collection Instruments

Participants completed several validated patient-reported measures at all assessment points
except as noted below. The Functional Assessment of Cancer Therapy — Bone Marrow
Transplant (FACT-BMT) is a 37-item instrument composed of the FACT-G and transplant-
specific subscale. The FACT-G is comprised of 4 domains, physical (7 items), social (7
items, including sexual satisfaction), emotional (6 items) and functional (7 items, including
work, sleep and leisure activities). The transplant-specific module has10 scored items,
addressing appetite, appearance, mobility, and fatigue.2-3 Higher scores indicate better
functioning. The published clinically important difference is 7-9 points based on the
distribution method.34 The Trial Outcome Index (TOI) is composed of the physical,
functional, and transplant-specific modules.>

The Mental Health Inventory (MHI) is a 38 item scale divided into two summary scores
(Psychological Well-Being [14 items, higher scores are better] and Psychological Distress
[24 items, lower scores are better]) and five subscales that measure anxiety, depression,
positive affect, emotional ties, and loss of behavioral and emotional control; it includes the
entire mental subscale of the SF36). As transplantation is associated with both positive and
negative psycho-emotional sequelae, it is important that the instrument detects both.8

The Lee Chronic GVHD symptom scale is a 30 item scale that measures degree of
bothersome symptoms in skin, energy, lung, nutrition, psychological status, eye and mouth,
and provides a summary score. Scores for each domain are converted to a 0-100 scale where
higher scores indicate more bother. The published clinically important difference is 6-7
points based on the distribution method.”:8 The chronic GVHD symptom scale was not
collected at enrollment since no patient had chronic GVHD before HCT.

Additional questions collected self-assessed Karnofsky performance status, overall health
and overall QOL, (excellent, very good, good, fair, poor) and a rating scale for overall QOL
(where 0 equals death and 100 equals perfect quality of life). Occupational health was
measured using 6 items that assess current job status, type of work (captured using
Hollingshead categories), number of hours of paid and unpaid work, school attendance,
importance of work and change in work goals.®

Additional information on late effects and outcomes after three years for participants were
retrieved from the Center for International Blood and Marrow Transplant (CIBMTR)
database.

Statistical Analyses

Four primary PRO measures were pre-specified for analysis, the FACT Trial Outcome Index,
the MHI Psychological Well-Being, MHI Psychological Discomfort, and the Chronic
GVHD Symptom Score.

An analysis of the mean QOL among survivors accounting for missingness was performed
using the method of Kurland and Heagerty.1? The missing data was modeled among
survivors at each time point using stepwise logistic regression considering baseline
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demographics, QOL at baseline or at the prior time point, concurrent clinical issues
including development of chronic GVHD or relapse prior to the assessment time, as well as
occurrence of death or relapse within 6 months post assessment time. The treatment group
was forced into the model, and interactions with each variable were checked and included if
significant. These logistic regression models were used to predict probabilities of missing
data for each patient; these were used as inverse weights in a weighted least squares analysis
of QOL at each time point. For time points after baseline, the baseline QOL measurement
was included as a predictor in the outcome model, except for the chronic GVHD symptom
tool which was not available at baseline. The resulting estimated means, standard errors, and
p-values are reported. Robustness of the results to missing data was examined by also
considering several multiple imputation approaches. First we considered a Missing at
Random (MAR) assumption for imputation. Next we identified the mean shift in imputation
distributions that would change the significance of the results under a Not Missing at
Random (NMAR) assumption (a tipping point analysis).

For each scale, the “clinically meaningful difference” was calculated using a distribution-
based approach, which is half the standard deviation of the population.11-13 The clinically
meaningful difference is the difference in QOL that would prompt adoption of an
intervention or a change in practice because it has been established to be “noticeable” or
“meaningful” to patients.

A weighted logistic regression model was used to compare the likelihood of working full-
time or part-time between the graft types, adjusted for baseline work status and using inverse
weights from the missing data model.

Participant characteristics and enrollment assessments

Table 1 shows the characteristics of responders and non-responders at enrollment and five
years. The response rate at enrollment was 71-73% (eTable 1). At enrollment, functional
well-being, FACT-G total, and the Health Rating Scale were all significantly higher in the
BM group (p<0.05), although none of these had p<0.01.

The QOL database is complete for 5 year follow up and was sealed as of 5/26/2015. The
patient clinical database was updated using long-term follow up data as of June 30, 2015.

Six month through two year assessments

Response rates at 0.5, 1 and 2 years were 28-43% of survivors. There were no differences in
any of the primary scores in the first two years after HCT using univariate comparisons,
although missing data severely limit conclusions during this period. The chronic GVHD skin
score was higher in the BM group (p=0.009) at 6 months, and the chronic GVHD mouth
score was higher in the PB group at 2 years (p=0.034). There were no additional differences
(data not shown).
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Five year primary endpoints

The response rate was 74%-78% of survivors for each instrument (eTable 1). Missing PRO
data at five years was associated with younger age and high risk disease, but not graft source
(OR 1.05, p=0.89). At 5 years, the FACT-Trial Outcome Index (TOI), the MHI
Psychological Well-Being, and the cGVHD symptom scale scores are all significantly better
for BM compared to PB patients in univariate comparisons, although only the latter two are
still significant after adjustment for multiple testing (p<0.0125 because of 4 primary QOL
variables, Table 2). Results were similar when tested in multivariate models adjusting for
baseline patient-reported scores and also imputing missing values based on patient
characteristics (Table 3). Table 3 also provides the clinically significant difference for each
measure. Although none of the observed differences in the scales clearly exceed the
clinically significant difference when missing data were handled by inverse probability
weighting, the limited overlap in the confidence intervals suggests that the observed
differences are clinically meaningful. Multiple imputation of missing data under MAR
generally led to slightly larger effects than inverse probability weighting, and the tipping
points are fairly large for MHI Psychological Well-Being (5 points) and for the cGVHD
symptom scale score (12 points), indicating that these findings are quite robust. (Table 3)

We explored whether inclusion of chronic GVHD variables in the multivariate models
abrogated the statistical differences, which, if true, would suggest that the observed
differences may be due to chronic GVHD. PRO differences remained significant in these
models when chronic GVHD incidence and moderate-severe severity were included in the
models (data not shown). However, when additional details about transplant-center reported
organ involvement (specifically chronic GVHD of the skin, eye, and musculoskeletal
system, and avascular necrosis) were included in the model, none of the PROs remain
significantly different between BM and PB (eTable 3). These results suggest that chronic
GVHD-associated complications accounted for the observed PRO differences between BM
and PB, but that overall incidence and global severity information does not fully capture
these deficits. A diagnosis of chronic GVHD was highly associated with patient-reported
chronic GVHD symptoms but not with QOL or psychological status (eTable 4).

We explored predictors of PRO scores at five years. Results suggested that some baseline
variables (age, gender, co-existing diseases, primary diagnosis, and baseline scores) were
predictive of 5 year PROs, but no potentially modifiable factors other than graft type (eTable
5). In particular, interval from diagnosis to transplant, GVHD prophylaxis, conditioning
regimen, HLA mismatching, and use of anti-thymocyte globulin were not significant
predictors.

With a median follow up of 73 months for survivors, no differences between BM and PB
were observed for all trial participants in survival (40% vs. 39%, p=0.84, Figure), relapse
(32% vs. 29%, p=0.47) or treatment-related mortality (29% vs. 32%, p=0.44) were observed.

Five year secondary endpoints

At 5 years after transplant, the percentage of return to full or part time work for surviving
and responding participants was 52% for BM and 40% for PB. Likelihood of working full or
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part time outside the home at five years was higher for BM recipients (OR 1.5, 95% CI
1.2-2.0,p=0.002) adjusted for work status before HCT and missing data based on graft
source, disease risk, and age, using inverse probability weighting. Of the 7 chronic GVHD
subscales, symptoms in the eye, lung, and energy were significantly better with BM (p<0.01,
eTable 2). There was a trend towards better functional well-being, FACT summary scores,
higher health rating scale scores and perception of overall QOL in the BM group (all
0.01<p<0.05).

Of the 5 year survivors, 72 (71%) receiving BM had no active chronic GVHD compared
with 46 (49%) of PB recipients, with lower rates of mild (17% vs. 23%), moderate (9% vs.
17%) and severe (4% vs. 9%) favoring BM (p=0.03). A higher proportion of PB recipients
experienced skin sclerosis (18% vs. 8%, p=0.03), eye GVHD (33% vs. 15%, p=0.002), and
musculoskeletal involvement (15% vs. 3%, p=0.003). There were no statistically significant
differences in the reported incidence of mouth, lung or gastrointestinal chronic GVHD
(p>0.05). There was a higher incidence of avascular necrosis with PB (15% vs. 5%, p=0.02).
No differences were detected in myocardial infarction, congestive heart failure, diabetes,
hypothyroidism, dialysis, seizures, or cataracts. There were no secondary endpoints for
which PB was better.

Discussion

This large, multicenter, randomized trial showed similar two- and five-year survival between
people randomized to receive unrelated BM compared to those randomized to receive PB.
While there was an increase in graft failure with BM (9% vs. 3%, p=0.002) there was a
higher rate of chronic GVHD with PB at 2 years (53% vs. 41%, p=0.01).1 Analyzing PROs
collected from participants throughout the five years, we observed better psychological well-
being, less burdensome chronic GVHD symptoms, and a 50% higher likelihood of returning
to full or part time work in the BM recipients compared to PB recipients. There were no
patient-reported endpoints for which PB was superior.

The reason for the improved self-reported health and well-being of BM recipients is unclear.
We hypothesized that chronic GVHD might explain the difference. However, within the
limits of the trial data collection and statistical models, we were not able to attribute the
differences either to the occurrence or overall severity of chronic GVHD as measured in the
study. However, patient-reported symptoms, center-reported chronic GVHD organ
involvement, and avascular necrosis were greater for PB than BM, and a model that adjusted
for chronic GVHD organ involvement and avascular necrosis abrogated the difference
between BM and PB, suggesting that clinical chronic GVHD morbidity was worse with PB
and may account for the observed PRO differences.

Patients randomized to bone marrow were more likely to return to full- or part-time work
than patients receiving peripheral blood. The importance of work to family finances,
insurance coverage, societal reintegration, and perceptions of health has been reported in
transplantation survivors, and this metric adds an important dimension to how successful
transplantation is defined. 13-21
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There are number of limitations to the study. Although the response rates were very high
(greater than 75%) for the enrollment and five year assessments, a quarter of people did not
provide patient-reported information at these timepoints. We addressed this limitation
through modeling of missing data and a tipping point analysis which showed that the
conclusions for MHI well-being and chronic GVHD symptoms were robust, in that the
missing data would have to be completely opposite to the available data in order to change
the conclusions. In contrast, for MHI Distress, the tipping analysis was less robust, only
partially assuaging concern about potential non-responder bias since a smaller shift in non-
responders’ reports could result in lack of significant findings. Second, response rates at 6
months, 1 year and 2 years were much lower at 28-43% compromising our ability to
confidently comment on these time points. In retrospect, the central data collection
mechanism during this time was suboptimal and exacerbated by the demands on patients of
the early recovery period, particularly at 6 months. Thus, we are only confident about our
results at enrollment and 5 years, leaving a large section of time without accurate patient-
reported experiences. Third, we administered validated instruments to participants. While
these have the advantage of demonstrated reliability and validity, some information is
inevitably lost by not collecting qualitative information about participants’ QOL and
functioning. The interviews already took 30-45 minutes and it was not felt that we could
extend the time longer to collect more detailed information. Fourth, allowed GVHD
prophylaxis only included calcineurin inhibitors, methotrexate and ATG. Novel approaches
such as post-transplant cyclophosphamide and novel agents were not studied. Clinical trials
of novel conditioning and GVVHD prophylaxis regimens may require PB. Finally, this study
focuses on PROs reported by patients. Studies of donors suggest that bone marrow harvests
result in a longer recovery period than PB, although with time donors of both graft types
achieve similar recovery.22

To date, the primary two-year results of the clinical trial have not resulted in any noticeable
change in clinical practice with more than 80% of unrelated donor transplantations using
PB. Explorations of potential reasons for continued frequent use of PB are the subject of
ongoing studies. We hypothesize that several factors may contribute to the continued
preference of PB despite a higher rate of chronic GVHD. First, ongoing clinical trials may
require PB based on historical data for time to engraftment and GVHD since that has been
the standard for the last few years. Second, clinicians may be worried about the higher rate
of graft failure or delayed engraftment, both observed in our trial, or a higher rate of relapse,
which was not observed in our trial but was seen with some prior studies. Third, donating
PB is associated with a shorter duration of symptoms than donating BM so donors may
prefer to give PB, although large donor studies suggest that almost all donors recover
completely with time.22

In summary, patients randomized to receive BM instead of PB have better psychological
well-being, fewer chronic GVHD symptoms, and are more likely to return to work although
survival, relapse and treatment-related mortality are similar. The failure to see an increase in
the proportion of HCTs using BM means that the clinical results published in 2013 were not
compelling enough to change management of these patients. It remains to be seen whether
the additional information provided by this study will be judged sufficient to recommend
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BM instead of PB for unrelated donor transplantation when performed for the indications
and using the approaches included in this study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Support for this study was provided by grant #U10HL069294 from the National Heart, Lung, and Blood Institute
and the National Cancer Institute to support the Blood and Marrow Transplant Clinical Trials Network that was
responsible for design and conduct of the study, collection, management, and analysis of data, review and approval
of the manuscript, and the Department of the Navy, Office of Naval Research, and the National Marrow Donor
Program that collected and managed data. Enrollment support was provided by DKMS Germany. Any views,
opinions, findings, conclusions or recommendations expressed in this material are those of the author(s) and do not
reflect the views or the official policy or position of the above mentioned parties. SJL and BL had full access to all
the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.

References

1. Anasetti C, Logan BR, Lee SJ, et al. Peripheral-blood stem cells versus bone marrow from unrelated
donors. N Engl J Med. 2012; 367(16):1487-1496. [PubMed: 23075175]

2. McQuellon RP, Russell GB, Cella DF, et al. Quality of life measurement in bone marrow
transplantation: development of the Functional Assessment of Cancer Therapy-Bone Marrow
Transplant (FACT-BMT) scale. Bone Marrow Transplant. 1997; 19(4):357-368. [PubMed:
9051246]

3. McQuellon RP, Russell GB, Rambo TD, et al. Quality of life and psychological distress of bone
marrow transplant recipients: the ‘time trajectory’ to recovery over the first year. Bone Marrow
Transplant. 1998; 21(5):477-486. [PubMed: 9535040]

4. Cella, D. Manual of the Functional Assessment of Chronic Iliness Therapy (FACIT) Scales.
Northwestern University; Evanston: 1997.

5. Veit CT, Ware JE Jr. The structure of psychological distress and well-being in general populations. J
Consult Clin Psychol. 1983; 51(5):730-742. [PubMed: 6630688]

6. Lee S, Cook EF, Soiffer R, Antin JH. Development and validation of a scale to measure symptoms
of chronic graft-versus-host disease. Biol Blood Marrow Transplant. 2002; 8(8):444-452. [PubMed:
12234170]

7. Lee SJ, Wolff D, Kitko C, et al. Measuring therapeutic response in chronic graft-versus-host disease.
National Institutes of Health consensus development project on criteria for clinical trials in chronic
graft-versus-host disease: IV. The 2014 Response Criteria Working Group report. Biol Blood
Marrow Transplant. 2015; 21(6):984-999. [PubMed: 25796139]

8. Altmaier EM, Gingrich RD, Fyfe MA. Two-year adjustment of bone marrow transplant survivors.
Bone Marrow Transplant. 1991; 7(4):311-316. [PubMed: 2070138]

9. Kurland BF, Heagerty PJ. Directly parameterized regression conditioning on being alive: analysis of
longitudinal data truncated by deaths. Biostatistics. 2005; 6(2):241-258. [PubMed: 15772103]

10. Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the minimal

clinically important difference. Control Clin Trials. 1989; 10(4):407-415. [PubMed: 2691207]

11. Juniper EF, Guyatt GH, Willan A, Griffith LE. Determining a minimal important change in a
disease-specific Quality of Life Questionnaire. J Clin Epidemiol. 1994; 47(1):81-87. [PubMed:
8283197]

12. Lydick E, Epstein RS. Interpretation of quality of life changes. Qual Life Res. 1993; 2(3):221-226.
[PubMed: 8401458]

13. Wingard JR, Curbow B, Baker F, Piantadosi S. Health, functional status, and employment of adult
survivors of bone marrow transplantation. Ann Intern Med. 1991; 114(2):113-118. [PubMed:
1984385]

JAMA Oncol. Author manuscript; available in PMC 2017 December 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leeetal.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 10

Molassiotis A, Morris PJ. The meaning of quality of life and the effects of unrelated donor bone
marrow transplants for chronic myeloid leukemia in adult long-term survivors. Cancer Nurs. 1998;
21(3):205-211. [PubMed: 9615511]

Ferrell B, Grant M, Schmidt GM, et al. The meaning of quality of life for bone marrow transplant
survivors. Part 1. The impact of bone marrow transplant on quality of life. Cancer Nurs. 1992;
15(3):153-160. [PubMed: 1611601]

Rosenberg AR, Syrjala KL, Martin PJ, et al. Resilience, health, and quality of life among long-
term survivors of hematopoietic cell transplantation. Cancer. 2015

Hamilton JG, Wu LM, Austin JE, et al. Economic survivorship stress is associated with poor
health-related quality of life among distressed survivors of hematopoietic stem cell transplantation.
Psychooncology. 2013; 22(4):911-921. [PubMed: 22605430]

Khera N, Chow EJ, Leisenring WM, et al. Factors associated with adherence to preventive care
practices among hematopoietic cell transplantation survivors. Biol Blood Marrow Transplant.
2011; 17(7):995-1003. [PubMed: 21145404]

Khera N, Storer B, Flowers ME, et al. Nonmalignant late effects and compromised functional
status in survivors of hematopoietic cell transplantation. J Clin Oncol. 2012; 30(1):71-77.
[PubMed: 22147737]

Bishop MM, Beaumont JL, Hahn EA, et al. Late effects of cancer and hematopoietic stem-cell
transplantation on spouses or partners compared with survivors and survivor-matched controls. J
Clin Oncol. 2007; 25(11):1403-1411. [PubMed: 17416860]

Wong FL, Francisco L, Togawa K, et al. Long-term recovery after hematopoietic cell
transplantation: predictors of quality-of-life concerns. Blood. 2010; 115(12):2508-2519. [PubMed:
20089962]

Switzer GE, Bruce JG, Harrington D, et al. Health-related quality of life of bone marrow versus
peripheral blood stem cell donors: a prespecified subgroup analysis from a phase 111 RCT-
BMTCTN protocol 0201. Biol Blood Marrow Transplant. 2014; 20(1):118-127. [PubMed:
24184336]

JAMA Oncol. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leeetal.

Page 11

100

80
X
2 607
% Bone marrow
O
o 40- . e
x | Peripheral Blood Stem Cells
20
O I I T T T T T T T T I I T
Years 0 1 2 3 4 5 6 7
BM 264 163 129 122 116 104 73 35
PBSC 262 168 139 116 105 100 62 35

Figure 1.
Overall Survival

JAMA Oncol. Author manuscript; available in PMC 2017 December 01.



Page 12

Leeetal.

Author Manuscript

(o81) 8 (8€1) 12 (8'6) 2T (0°21) 29 | unnqgo|f a1koowAuyi-nuy/ueynsng/sulgerepn|4
(WK (e9)8 (06) TT (89) 12 uereydjan/ouIgeepn|d
(g'6e) LT (528) LS (L'82) a¢ (r'ze) 8eT uey|nsng/apiweydsoydofohd
(6'7€) ST (e'ev) 99 (529) v9 (8'ev) €LT uopelpelt Apog [eio] /apiweydsoydoohd
9.0 €10 uswibai Buluonipuod
(AR (622t (£'82) s (901) 2¥ Buissin
(6'02) 6 (L'52) 6 (z'92) ze (e'22) 80T (%) U ‘%06>
(T2y) e (7°99) 10T (T°5%) 5§ (0°29) stz (9%) U ‘%06<
¢80 T00°0> 81095 sourwWIopad Axsjoured
0€0 _ (L'e8) 9 _ (5'68) 9€T _ 70 _ (8'z8) TOT _ (8'98) €€ _ (9%) u ‘a0ed BUYM
€6°0 _ (z19) 22 _ (0°29) 6L _ 8.0 _ (v'28) 0L _ (6°59) T2 _ (9%) u ‘sreN
9000 _ (6'7€) ST _ (9'85) 68 _ G50 _ (0'69) 22 _ (0'29) sz _ (9%) U ‘v 2 8BV
100 _ (928 ¥T _ 8T b2 _ 2000 _ (5'88) Ly _ (8'57) Z01 _ (%) U ‘aseasIp st YBIH
€T €1z (CRIK (o) z1 eILWYN3] 211AI0UOWOJBAL J1U0IYD
(981) 8 (8217) L2 (6'8T) €¢ (z'L1) 89 awolpuAs onsejdsApojaAiN
(o817) 8 (8'97) ¥2 (Cannian (6721 18 elwaxna| projaAw o1uoiyo
(e'91) L (1'67) 62 (8'€2) 62 (081 12 elwaXna| onse|jqoydwiA| sinoy
(zvv) 6T (T°9v) 0L (€vv) vs (6'8v) €6T elwaxna| piojpAw sinoy
66°0 950 (9%) u ‘sisoubelq
(8'8v) T2 (riv) 2L (809) 29 (9'6%) 96T pooyq [esaydiiad
(z19) 22 (9°29) 08 (z'6v) 09 (¥°09) 66T Mollew auog
180 280 (9%) u '804no0s Yeu
£p=N ZST=N 221=N G6£=N
anjea-d | siaspuodsas-uoN | siepuodsey | enjea-d | saspuodsas-uoN | sdapuodsey
JUBLUSSasSe JeaA G 1DH-a4d ‘quawijoiug
SJeaA G pue JusW||0JuS Je SIBapuodsal-uou pue siapuodsal JO Sa1sLIBIdRIRYD
T 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

JAMA Oncol. Author manuscript; available in PMC 2017 December 01.



Page 13

Leeetal.

usbnue 81400%n8| UBWINY ‘Y H ‘8SessIp 150y-snsisn-1yelb ‘qHAD

vz (1) 22 (0'81) 22 (802) 28 paydlew g//'g/9 — alow 10 3UQ
(e'56) T (5°58) 0T (0°28) 00T (z6L) €te payolew g/g — aUON
800 150 1944 ‘O- ‘G- V-V TH 18 saydrewsiw Jouod
(€6 v (62)er )6 (r'6) L€ Ehle}
(Ten)1e ('89) ¥0T (8'€L) 06 (9'69) 512 81eX8.10UIBAI/SNLUI|0.I08]
(981) 8 (L'€2) 9 (6'8T) €2 (0T2) €8 31EX3110U19IAI/3U1I0dS019AD
8.0 G9°0 sixelAydoad AHAD
£7=N ZST=N 221=N G6€=N
anfea-d | saspuodsai-uoN | saspuodsay | enjea-d | suspuodsai-uoN | sispuodsey

JUBWISSAsSe JBaA G

19H-a4d quawyjosug

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA Oncol. Author manuscript; available in PMC 2017 December 01.



Page 14

Leeetal.

10118 pJepuels ‘S ‘8seasip 1S0Y-SNSIBA

-yeIb ‘QHAD ‘Alojusaul yifeay [eIusiN ‘WHIA Xapu| aWwodnQ [eli] ‘aeasgns juejdsuel) moisew auoq ‘Adelay) J19oued JO JUSLSSASSE [BUONIUNS ‘|OL LING-1LDWVH ‘uonelue|dsuen (180 onsiodorewsy ‘1 JH

(z=u) L'T-/+27T2 | (08=U) ST —/+0€T VIN VIN 3S —/+ UeaN
T00'0> (191189 s8109s Jamoy) swordwAs gHAD 21uoIyD
(T2=0) ST -/+¥T2 | (08=U) ST -/+€LT (z81=) 8'0 —/+ 0°0Z | (98T=U) L0 —/+ 0'6T 3S —/+ UBsN
500 GE0 (191184 $3109S Iamo]) ssad1siq [eda16ojoyaAsd — IHIN
(=) Tz-/+70L | (08=U) L'T—/+8LL (28T=U) TT—/+T0L | (98T=UW) 0T —/+ G2 3S —/+ UesN
S00°0 600 (4emaq s2409s Jaybiy) Buiag-11aan 189160]0YIASH — THIN
(69=U) 2z -/+T69 | (62=U) L'T-/+09L (#8T=U) 2T —/+ 209 | (06T=U) 2T -/+ ¥'€9 3S —/+ UBsN
100 ZTo (18m8q 81025 J8YBIY) X8PU| BWOJINQ el | INFG-1OVH
anpea-d poojq [eaydiaad MouJew suog _ anjen-d _ poojq |esaydiaad MoJJewWw suog
JUBLUSSaSSe JeaA G 1DH-24d ‘quawijjoiug

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

"sjInsaJ palsnlpeun JeaA aAl) pue auljaseg

Author Manuscript

JAMA Oncol. Author manuscript; available in PMC 2017 December 01.



Page 15

UOIRINBP PIBPURBIS x G'( = 30UBIBIp JuediyIubis Afjeaiunjo
=

GZTO'0=eyde 1e UoISN|OUOD JUI3YIP € 0] Pea| PINOM YOIYM SanjeA BuISSILW 10} §d PUe g USaMIaq SW02IN0 UBaLU Ul 30UaJailIp Paliys=1uIod Buiddi) ‘wopuey 1e BuissiN=YVIN
$10149 pJepue]s ‘JS ‘aseasip 1S0Y-snsian-14elb ‘\QHAD ‘AI01UBAUL Yi[eay [eIUSIA ‘[HIA ‘Xapul SWO02INQ [l ‘8[easgns juejdsuel) moirew auoq ‘Adeay) Jaoues JO JUSWSSasSe [euollound ‘[OL 1LING-LOVH

Leeetal.

(cL=u) 9T -1+ €61 (08=U) ST -/+ TET 3S —/+ UeaN
(1ameq
$81095 JaMmo]) swoldwAs
9¢r | 1000> | (T'v-'L21-) v'8- 1L | (0c-'501-) €9- ¥00'0 AHAD d1uodyd
(TL=U) ST -/+ 0'6T (08=u) €T -/+ 0'9T 3S —/+ UeaN
(1amaq
$8102S JaMO[) $Sa41s1g
6'€- 6£0°0 (co'T8-) T §'9 (60'8'9-) 0°e- 8210 [ea160joydAsd - IHIN
(cL=u)6T-1+22L (08=u) L'T -/+6'8L 3S —/+ UeaN
(4amaq
$8109s Jaybiy) Butag-jjam
T5- €000 (zzrsavL '8 (8TT-9T) L'9 1100 [eatbojoydhsd — IHIN
(69=U) 6'T -/+ G'0L (62=U) 9T —/+ L'9L 3S —/+ Uea
(1amaq $21005
€0 2100 (ETT-v 1) v'9 68 (TT1-€1T) 29 ¥10°0 Jaybiy) 10L LING-1LOVH
uondwnsse
dVIN
4apun (1D %56) (10 %56)
poojq [esaydiiad poojq [esayduiad
pue mosrew pue moJew
au0q Usamiaq auoQ usamiaqg
i0d buiddiy | anpea d 8oualaylg *mocm.._mt_n weayubis Ajreotuno aoualaylg | anfead | (g€6=u) poojq feaaydiaad | (20T=u) mosrew auog | ainsesw payiodas-jusized
uoneindwi ajdinnw Buisn So1sIA830RIRYD [R21UlfD JuRdyIubIS Buisn Bunybiom
erep Buissiw Joy paisnipy Aqeqoud asaanul Buisn eyep Buissiw pue sanjea juaw|joaus 104 paisnipy

Author Manuscript

"Sa1Is1I810RRYD [Ra1UI|D JuRDIHIUBIS Buisn Bunybiam Aujigeqoud asieaul Buisn eyep Bulssiw pue sanjea
1uswijjoJus Joy paisnipe ‘sieak anly 1e syuaidioal poojq [esaydiiad pue mollew auoqg Usamiaq sieak anly e sanjen pariodal-lusied Atewnd jo uostedwo)

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

JAMA Oncol. Author manuscript; available in PMC 2017 December 01.



	Abstract
	Introduction
	Methods
	Participants
	Study Design

	Data Collection Instruments
	Statistical Analyses

	Results
	Participant characteristics and enrollment assessments
	Six month through two year assessments
	Five year primary endpoints
	Five year secondary endpoints

	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3

