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Background
The 2005 National Institute of Health Chronic Graft-versus-Host Disease Consensus
Conference recommended collection of patient-reported outcomes in clinical trials on chronic
graft-versus-host disease. We assessed whether changes in chronic graft-versus-host disease
severity, determined using National Institute of Health criteria, clinicians’ assessment or
patients’ self-evaluation, correlated with patient-reported quality of life as measured by the
Short Form-36 and Functional Assessment of Cancer Therapy – Bone Marrow Transplant
(FACT-BMT) instruments. 

Design and Methods
Three-hundred and thirty-six adult patients (median age 52 years; range, 19 – 79) with chronic
graft-versus-host disease from six transplant centers contributed baseline and follow-up data
(from 936 visits overall). 

Results
While the majority of the patients had stable chronic graft-versus-host disease, improvement or
worsening was noted in approximately 40% of follow-up visits. Multivariable analysis demon-
strated no association between change in chronic graft-versus-host disease severity evaluated by
National Institute of Health criteria and change in quality of life, while clinician-reported
changes in severity were associated with changes in some quality of life measures. Patient-
reported changes in the severity of chronic graft-versus-host disease were associated with
changes in all quality of life measures. Comparison of the Short Form-36 and the FACT-BMT
suggested that the data collected in the Functional Assessment of Cancer Therapy – General
(FACT-G) core survey are sufficient without the need for the Short Form-36 or the FACT–BMT
subscale. 

Conclusions
We conclude that serial National Institute of Health and clinician-reported chronic graft-versus-
host disease severity assessments cannot substitute for patient-reported outcomes in clinical tri-
als. Collection of just the FACT-G instead of the Short Form-36 and the full FACT-BMT will
decrease respondent burden without compromising quality of life assessment. 
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Introduction

Chronic graft-versus-host disease (GVHD) is an immune-
mediated disorder which is associated with late hematopoi-
etic cell transplantation (HCT)-related morbidity, mortality,
prolonged duration of immune suppressive therapy, and
impaired quality of life (QOL).1-4 While the anticipated tra-
jectory following HCT for patient-reported QOL is one of
recovery and return to pre-HCT functioning, previous stud-
ies have demonstrated that those affected by chronic
GVHD suffer ongoing impairment in multiple domains of
QOL.5-14 The global severity of chronic GVHD as deter-
mined by National Institute of Health (NIH) criteria is asso-
ciated with QOL, and patients with moderate to severe
chronic GVHD have significant impairment across multiple
domains of QOL as shown by comparing their scores with
population normative scores.15 Those with moderate to
severe chronic GVHD have Short Form-36 (SF-36) physical
component scores (PCS) similar to those reported for
patients with allied immune-mediated disorders such as
systemic sclerosis, systemic lupus erythematosus, and mul-
tiple sclerosis, and greater impairment compared to patients
with common chronic medical conditions.15
However, these analyses have not considered clinician-

assessed or patient-reported severity of chronic GVHD, and
have not characterized the relevance of dynamic changes in
chronic GVHD activity on patient-reported outcomes. To
address these limitations, we performed an analysis of the
association between changes in chronic GVHD severity as
assessed by NIH global severity criteria, clinicians, and
patients with changes in patient-reported QOL in a multi-
center cohort of HCT recipients affected by chronic GVHD. 

Design and Methods

Patients with chronic graft-versus-host disease 
A cohort of HCT recipients with chronic GVHD was prospec-

tively assembled in a multicenter observational study. The proto-
col was approved by the Institutional Review Board at each of six
sites (Fred Hutchinson Cancer Research Center, University of
Minnesota, Dana-Farber Cancer Institute, Stanford University,
Vanderbilt University, and the Medical College of Wisconsin). All
subjects provided written informed consent to participation.
Subjects included were allogeneic HCT recipients with chronic
GVHD requiring systemic immunosuppressive therapy. Patients
with classic chronic GVHD and those with overlap syndrome
were eligible.16 Cases were classified as incident (enrollment less
than 3 months after the diagnosis of chronic GVHD) or prevalent
(enrollment 3 or more months but less than 3 years after the diag-
nosis of chronic GVHD). Exclusion criteria were primary disease
relapse after HCT and inability to comply with study procedures.
At enrollment and every 6 months thereafter (incident cases had an
extra assessment 3 months after enrollment), clinicians and
patients reported standardized information on chronic GVHD
organ involvement, severity, and symptoms. The global severity of
the chronic GVHD according to the NIH Consensus criteria was
calculated from individual organ scores provided by clinicians
using the NIH consensus scoring algorithm, resulting in a global
grade of none, mild, moderate, or severe.16 Chronic GVHD severi-
ty was also independently assessed by both clinicians’ and
patients’ report at each study visit using the qualitative categories
of “none”, “mild”, “moderate” and “severe” without specific defini-
tions. Medical charts were reviewed to collect objective medical
data, laboratory and examination results, information on compli-

cations, and medication profiles. 
All available longitudinal data on chronic GVHD severity and

QOL were included in this analysis, from cohort inception through
March, 2010, thus including both baseline enrollment data and
data from all available follow-up assessments. Off study visits
when a patient relapsed or died were excluded from this analysis
since patient-reported information was rarely available. 
Data collection forms, the ACCESS database structure, and SAS

code for the NIH consensus severity algorithm are available upon
request from the authors.

Quality of life instruments
The Functional Assessment of Cancer Therapy – Bone Marrow

Transplant (FACT-BMT) and SF-36 questionnaires were completed
by patients age 18 years or older.  The FACT-BMT v4.0 is a 37-item
self-report QOL questionnaire, which includes a 10-item BMT
subscale. The instrument measures the effect of cancer therapy on
domains including physical, functional, social/family, and emo-
tional well-being, plus BMT-specific concerns. Individual core
domain scores are summarized to give a Functional Assessment of
Cancer Therapy – General (FACT-G) score based on 27 items. The
FACT-G plus the BMT subscale yield a FACT-BMT score based on
all 37 items. Additionally, a Functional Assessment of Cancer
Therapy – Trial Outcome Index (FACT-TOI) score consists of the
sum of physical and functional well-being subscales and the BMT
subscale (24 items).17 We analyzed these three overlapping sum-
mary scores to see if we could identify a parsimonious battery that
would capture the outcomes of interest with the minimum num-
ber of items.
The SF-36 v2 is a 36-item self-report questionnaire which assess-

es the following domains of QOL: physical functioning, role func-
tioning-physical, bodily pain, general health, vitality, social func-
tioning, role functioning-emotional, and mental health. Two sum-
mary scales from the SF-36 are the PCS and the mental component
score (MCS).18-20 The PCS and MCS are normalized so that a score
of 50 represents the average for the 1998 United States general
population with a standard deviation of 10. In validation studies,
the correlation between the SF-36v1.0 and the SF-12 was 91%.21

Statistical methods
Standard algorithms were used to compute total and subscale

scores for the FACT-BMT17 and SF-36 instruments.19,20 Chronic
GVHD severity was separately determined according to the three
severity grading schemes (NIH consensus criteria, clinician-
assessed severity, and patient-reported chronic GVHD severity) for
each of the study visits. 
Change in chronic GVHD severity between sequential visits

was calculated for each grading scheme. The continuous change
scale was also categorized into stable (0), improvement (negative
values), and worsening (positive values) chronic GVHD severity, so
that asymmetry between QOL sensitivity to improvement versus
worsening could be detected in regression models. Agreement
regarding change in severity for the three grading schemes was cal-
culated using weighted kappa for ordinal measures with Fleiss-
Cohen weights.22 Missing QOL data occurred when an office visit
was completed, but the patient did not complete the QOL ques-
tionnaires at the visit, or did not return them by mail afterwards.
A dependence of missing QOL data on health status could result in
bias in assessments of associations between change in QOL and
change in severity. We, therefore, summarized patterns for missing
QOL data with respect to patients’ socio-demographic and chronic
GVHD involvement and severity characteristics. For baseline char-
acteristics, statistical comparisons between groups were made
with the two-sample t-test of independence for continuous vari-
ables, and Fisher’s exact test for categorical variables. Additionally,
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patterns of missing data by chronic GVHD severity and organ
involvement were compared using generalized estimating equa-
tions to adjust for multiple observations per patient. If observed
covariates were related to missing data, including these variables as
predictors in the linear mixed models could assist in implicit impu-
tation of missing QOL data and prevent bias in assessing the rela-
tionship between change in QOL and change in chronic GVHD
severity.23

Multivariable models were constructed for the primary analysis
measuring the association between changes in chronic GVHD
severity and changes in patient-reported QOL, using linear mixed
models to account for within-patient correlation and data missing
at random.23 Separate models were fitted for each of the QOL
instruments/domains of interest (SF-36 PCS, SF-36 MCS, FACT-
TOI, FACT-G, FACT-BMT). Patients’ socio-demographic, disease,
and transplantation covariates considered in the models included
the following: age, gender, education, income level, time from
HCT to enrollment, disease stage, donor relation, conditioning
regimen intensity, incident versus prevalent chronic GVHD, and
transplant center. Effects of selected covariates were held constant
when exploring relationships between change in patient-reported
QOL and stability, worsening, or improvement in chronic GVHD
severity.
A final, complementary analysis examined concordance

between changes in each severity grading scheme and clinically
meaningful change in QOL measures, using weighted kappa for
ordinal measures with Fleiss-Cohen weights.22 The threshold for
improvement or worsening in QOL was one-half of the popula-
tion standard deviation (5 points for SF-36, or 7 points for FACT).  
Statistical analyses were conducted using SAS/STAT software,

version 9.2 (SAS Institute, Inc., Cary, NC, USA) and R version 2.9.2
(R Foundation for Statistical Computing, Vienna, Austria).
Recognizing the multiple comparisons involved in comparing sev-
eral QOL measures and pair-wise comparisons among GVHD
severity levels, a type I error was controlled by considering a P
value of 0.02 or lower as statistically significant, and by looking for
consistency of results across related constructs.

Results

Characteristics of the cohort of patients 
with chronic graft-versus-host disease

This analysis was conducted on longitudinal data from
336 patients, including data from enrollment visits and 600
follow-up visits through March, 2010. The analysis, there-
fore, encompasses chronic GVHD severity and QOL data
from a total of 936 visits. Baseline socio-demographic, dis-
ease, and transplantation characteristics, as well as baseline
SF-36 and FACT-BMT scores are summarized in Table 1.
The cohort included nearly equal numbers of incident
(53%) and prevalent (47%) cases of chronic GVHD.  Both
male (60%) and female (40%) HCT recipients were well-
represented, as were recipients of myeloablative (57%) and
non-myeloablative (43%) transplants. Skin, mouth, eye,
and lung symptoms were present in at least half of visits;
genital involvement was least commonly reported, in only
13% of visits. Average SF-36 subscale scores were generally
somewhat below the population norm of 50 points, with
the exception of the mental health scale. The lowest aver-
age values were found for the role-functioning physical
scale (39.5 points; range, 17.7 – 56.9) and the PCS (40.6
points; range 6.2 – 61.1).  
A total of 142 patients had 203 visits at which SF-36

and/or FACT-BMT data were missing. Of these, 97 patients
had data missing for one visit, 30 for two visits, 14 for three
visits, and one for four visits. The most common scenario
was lacking data for both the SF-36 and FACT-BMT for a
visit, as compared to missing just one instrument, suggest-
ing that patients failed to complete the entire patient-report-
ed battery of instruments. Table 2 shows comparisons of
patients with any missing data (n=142) to patients with no
missing QOL assessments (n=194). Patients who completed
all QOL assessments had a higher educational level than
patients with some missing QOL data (P=0.01) but were
otherwise similar in gender and case type at enrollment
(incident versus prevalent, overlap versus classic chronic
GVHD). 
Visits for which QOL data were missing (Table 3) tended

to occur at a longer time since enrollment (median 6 versus
4 months, P=0.01 for comparison of means) and after a
longer interval between visits. The mean time interval
between visits for incident cases was 4.2 months, while it
was 6.1 months for prevalent cases. After accounting for
patient case type, longer time span between visits was
moderately associated with a higher chance of missing SF36
and/or FACT-BMT data (P=0.04). For example, the estimat-
ed odds of missing data for at least one instrument was
57% higher for visits occurring after an interval of more
than 6 months, comparing to visits occurring after an inter-
val from 3 – 6 months (95% CI: 2% higher – 143% higher).
Organ involvement and overall chronic GVHD severity as
assessed by NIH criteria, clinician assessment or patient
assessment were similar (Table 3).

Change in chronic graft-versus-host disease severity
on serial assessment
Change in chronic GVHD severity was examined by

comparing severity at each visit to severity at the previous
visit. In most cases the serial assessments showed that the
severity of the patients’ chronic GVHD remained stable
(NIH 63%, clinician 63%, or patient 58%). However, fol-
low-up visits demonstrated improvement (NIH 19%, clini-
cian 22%, patient 24%) or worsening (NIH 18%, clinician
15%, patient 18%) in others. The proportion of patients
with improvement in chronic GVHD severity by any meas-
ure was highest between the first and second visits, perhaps
reflecting response to treatment initiated at the time of
study entry but remained close to 40% even at subsequent
visits (data not shown). Change in the NIH global severity
score was largely driven by change in severity in skin
(Pearson’s correlation coefficient r = 0.32), eye (r = 0.30),
and lung (r = 0.49) involvement. Change in severity in other
affected organs was correlated to a lesser extent with
change in the NIH global severity score (mouth, r=0.21; gas-
trointestinal tract, r=0.08; liver, r=0.14; joint, r=0.04; genital,
r=0.14).
Although the prevalences of stability, improvement, and

worsening were similar according to NIH criteria, clinicians’
assessment and patients’ ratings, the agreements were not
strong. As shown in Figure 1, weighted kappa values for
agreement between change in pairs of measures were low,
ranging from 0.06 to 0.23. For example, Figure 1B shows the
agreement between change in severity according to NIH
criteria and according to patients’ report. Worsening accord-
ing to NIH criteria and improvement according to patients’
report (upper left corner of Figure 1B) was roughly as com-
mon as worsening according to both criteria (upper right
corner). These discrepancies between clinician-assessed and
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patient-assessed changes in GVHD severity could be asso-
ciated with physical functioning level as measured by the
SF-36 PCS, or with specific organ manifestations (yes/no for
skin, mouth, eye, gastrointestinal tract, liver, joint, genital,
or lung involvement). Generalized estimating equations
were used to model agreement in the three-level classifica-
tion of severity change; none of these cofactors was related
to agreement of clinicians’ and patients’ assessments
(P≥0.1).

Associations between change in chronic graft-versus-host
disease severity and change in quality of life 
Multivariable analysis considered patients’ socio-demo-

graphic, disease, and transplantation covariates (age, gen-
der, education, income level, time from HCT to enrollment,
disease stage, donor relation, conditioning regimen intensi-
ty, incident versus prevalent chronic GVHD, and transplant
center) as predictors of QOL, in addition to three levels of
change in chronic GVHD severity ratings (stable, improved,
worsened). Separate models were constructed for each of
the QOL outcomes (SF-36 PCS, SF-36 MCS, FACT-TOI,
FACT-G, and FACT-BMT). For each model, the change in
chronic GVHD severity was also analyzed as a continuous
predictor (to use the full range of change scores) and as a
categorical predictor (to allow for different magnitudes of
effects on QOL change for improvement and worsening). In
univariable models, statistically significant associations
were not found between any socio-demographic, disease,
or transplantation covariates and change in PCS, FACT-

Table 1. Characteristics and QOL instrument scores for the cohort of patients
with chronic GVHD.
Characteristics N n (%) Mean SE Median Min Max
Patient level (N = 336)

Patient age at 336 50.2 0.7 52.0 19.0 79.0
registration (years)
Months from transplant 336 15.0 0.5 12.3 2.9 39.2
to enrollment
Patient gender 336
Female 135 (40%)
Male 201 (60%)

Site 336
Fred Hutchinson Cancer 168 (50%)
Research Center

University of Minnesota 42 (13%)
Dana-Faber Cancer 41 (12%)
Institute

Stanford University 51 (15%)
Medical Center

Vanderbilt University 28 (8%)
Medical Center
Medical College
of Wisconsin 6 (2%)

Disease status 336
Early 111 (33%)
Intermediate 153 (46%)
Advanced 72 (21%)

Transplant type 336
Myeloablative 191 (57%)
Non-myeloablative 145 (43%)

Case type 336
Incident 178 (53%)
Prevalent 158 (47%)

Donor match 336
HLA matched relative 154 (46%)
HLA mismatched relative 7 (2%)
Unrelated donor 175 (52%)

Marital status 291
Married/living with 231 (79%)
partner 
Single, never married 21 (7%)
Divorced, separated 29 (10%)
Widowed 9 (3%)
Other 1 (1%)

Highest education 291
Some high school 4 (1%)
High school graduate 48 (16%)
Some college 95 (33%)
College graduate 78 (27%)
Post-graduate degree 66 (23%)

Annual family income 271
Under $15,000 12 (4%)
$15,000 - $24,999 14 (5%)
$25,000 - $49,999 38 (14%)
$50,000 - $74,999 61 (23%)
$75,000 - $99,999 48 (18%)
$100,000 or above 98 (36%)

Visit level (N = 936)

Current GVHD 852
classification 
Classic chronic GVHD 655 (77%)
Overlap acute and 197 (23%)
chronic GVHD

Skin involvement 896 507 (57%)
Eye involvement 896 495 (55%)
Mouth involvement 895 479 (54%)

Liver involvement 897 350 (39%)
Joint involvement 896 286 (32%)
Lung involvement 896 459 (51%)
Gastrointestinal 895 194 (22%)
involvement 
Genital involvement 773 100 (13%)
Months elapsed between 600 5.1 1.8 5.4 1.4 11.3
visits (excludes baseline)
SF36-physical functioning 762 42.4 0.4 44.4 14.9 57.0
SF36-role physical 767 39.5 0.4 39.7 17.7 56.9
SF36-bodily pain 765 46.3 0.4 46.1 19.9 62.1
SF36-general health 763 42.2 0.4 41.0 16.2 63.9
SF36-vitality 766 47.0 0.4 49.0 20.9 70.8
SF36-social functioning 769 42.3 0.4 45.9 13.2 56.8
SF36-role emotional 763 46.0 0.4 48.1 9.2 55.9
SF36-mental health 766 50.4 0.4 52.8 7.8 64.1
SF36-physical 747 40.6 0.4 41.5 6.2 61.1
component scale
SF36-mental component 747 49.3 0.4 52.0 6.9 69.0
scale
FACT-physical 765 21.3 0.2 22.0 4.0 28.0
FACT-social/family 768 22.4 0.2 23.0 0.0 28.0
FACT-emotional 766 19.3 0.1 20.0 2.0 24.0
FACT-functional 761 18.0 0.2 18.0 3.0 28.0
FACT-BMT subscale 760 27.7 0.2 28.0 11 40.0
FACT-BMT TOI 757 67.0 0.6 68.0 21 96.0
FACT-G 755 81.0 0.6 83.0 23 108
FACT-BMT total score 754 109 0.8 110 36 148
SE: standard error; SF36: short form 36; FACT,: functional assessment of cancer therapy.
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TOI, or FACT-BMT. For change in FACT-G, a positive asso-
ciation with education level persisted in multiple explorato-
ry models. Since education and months since enrollment
were associated with missing data (Tables 2 and 3), multi-
variable models adjusted for education level and months
since enrollment for all QOL outcomes. 
Table 4 shows the multivariable results, with separate

models for chronic GVHD change as a continuous predictor
of change in QOL (center columns), and as a categorical pre-
dictor (right-hand columns). Change in GVHD severity
assessed using NIH criteria was not associated with change
in any of the QOL outcomes. This conclusion held true for
both the studied summary scores (SF-36 PCS, SF-36 MCS,
FACT-TOI, FACT-G, and FACT-BMT), as well as detailed
investigation of individual domain scores for each (data not
shown). Change in clinician-reported severity of GVHD was
associated with changes in QOL assessed by FACT-G and
FACT-BMT. For the FACT-G, FACT-BMT and SF-36 MCS,
as well as the individual domain scores which contribute to
these summary scores, clinician-assessed improvement (ver-
sus stability) in chronic GVHD severity was more consis-
tently associated with change in QOL than worsening (ver-
sus stability). Patient-reported change in severity of GVHD

was sensitive to changes in all QOL outcomes, including
both the summary scores, and individual domain scores,
and for both improvement and worsening in chronic
GVHD severity.

Association between change in chronic graft-versus-host
disease severity and clinically meaningful 
change in quality of life
To complement the analysis in Table 4, we next exam-

ined the relationship between change in chronic GVHD
severity according to each severity grading scheme and clin-
ically meaningful change in QOL. We defined clinically
meaningful change according to one-half of the population
standard deviation (5 points for SF-36, or 7 points for
FACT). An overall small proportion of the patients at each
of the chronic GVHD cohort visits had clinically meaningful
improvement or worsening (approximately 20% each, with
the remaining stable) on follow-up across each of the exam-
ined QOL domains (SF-36 PCS, SF-36 MCS, FACT-TOI,
FACT-G, and FACT-BMT, Table 5). Weighted kappa statis-
tics were calculated to measure the degree of concordance
and showed low concordance between clinically meaning-
ful change in QOL and change in the severity of chronic
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Table 2. Patient-level description of characteristics related to missing QOL data. 
Patients with no missing QOL Patients lacking SF36 and/or FACT-BMT date P value*

(N = 194) (N = 142)
n (%) n Median Min Max n (%) n Median Min Max

Age at enrollment (years) 194 52.5 19 74 142 52 19 79 0.40
Gender 194 142 0.57
Male 119 (61%) 82 (58%)
Female 75 (39%) 60 (42%)

Education level 193 98 0.01
Some high school 3 (2%) 1 (1%)
High school graduate 25 (13%) 23 (23%)
Some college 59 (30%) 36 (37%)
College graduate 52 (27%) 26 (27%)
Post graduate degree 54 (28%) 12 (12%)

Case type 194 142 0.22
Incident 97 (50%) 81 (57%)
Prevalent 97 (50%) 61 (43%)

*P values are from two-sample t-test of independence for continuous variables, and Fisher’s exact test for categorical variables.  QOL, quality of life; SF36, Short Form 36; FACT-BMT,
functional Assessment of Cancer Therapy – Bone Marrow Transplant Subscale.

Figure 1. Agreement between the NIH-, clinician-, and patient-determined chronic GVHD severity changes. Jittered points were displayed to
differentiate tied data in each category. Fleiss-Cohen weighted kappa was used to measure agreement. (A) NIH consensus and clinicians’
assessment (κ=0.23); (B) NIH consensus and patients’ assessment (κ=0.06). (C) Clinicians’ assessment and patients’ assessment (κ=0.14).  
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GVHD. We did, however, observe a trend in which agree-
ment was greater between clinically meaningful change in
QOL and change in patient-reported chronic GVHD sever-
ity, as compared to that observed with change in chronic
GVHD severity assessed either using NIH criteria or by cli-
nicians (Table 5). 

Discussion

Patient-reported QOL represents a comprehensive assess-
ment of patients’ perceived functional ability and overall
well-being, and is cited by both patients and providers as an
important goal of treatment. Measurable improvements in
QOL may also be recognized by the Food and Drug
Administration as evidence of “clinical benefit”, a necessary
component for regulatory approval.24 The collection of
patient-reported data was, therefore, recommended by the
NIH Consensus Conference as a valuable outcome measure
in clinical practice and therapeutic trials. 
We made several important findings. First, change in

NIH-assessed global chronic GVHD severity over a 6-
month average timeframe was not associated with change
in any of the studied QOL domains. In contrast, changes in

clinician-assessed chronic GVHD were associated with
changes in the FACT-G and FACT-BMT scores of QOL, pri-
marily when chronic GVHD became less severe. Change in
patient-reported chronic GVHD severity, either improve-
ment or worsening, was strongly correlated with change in
QOL, demonstrating significant associations on multivari-
able modeling with all of the studied QOL domains of both
the SF-36 and FACT-BMT. While this observation is some-
what intuitive, it confirms that if one wants to know
whether patients perceive a change in the severity of their
chronic GVHD or whether their QOL has changed, the
only way to ascertain this information in clinical trials or in
clinical practice is to ask patients directly. One cannot rely
on clinician-reported chronic GVHD organ scores or clini-
cian-reported severity of GVHD to extrapolate changes in
QOL. 
We also observed that patients demonstrated clinically

relevant improvement or worsening in QOL (change
greater than 0.5 times the population standard deviation)
compared to that at the prior visit in approximately 40% of
follow-up visits. These clinically meaningful changes
showed the greatest correlation with change in patient-
reported chronic GVHD severity, and little to no correla-
tion with NIH-calculated or clinician-reported changes in
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Table 3. Visit-level description of characteristics related to missing QOL data.
Visits with no missing QOL Visits lacking SF36 or FACT-BMT date P value**

(N = 733) (N = 203)
n (%) n Median Min Max n (%) n Median Min Max

Months from enrollment 733 4 0 29 203 6 0 24 0.01
to current visit
Months from prior visit 456 5.3 1.5 9.7 144 5.8 1.4 11.3 0.06
to current visit (excludes
baseline)
NIH consensus severity 727 169 0.33
None 11 (2%) 3 (2%)
Mild 93 (13%) 17 (10%)
Moderate 423 (58%) 97 (57%)
Severe 200 (27%) 52 (31%)

Clinician-assessed severity 723 169 0.66
None 28 (4%) 8 (5%)
Mild 405 (56%) 98 (58%)
Moderate 242 (33%) 48 (28%)
Severe 48 (7%) 15 (9%)

Patient-reported severity 712 34 0.56
None 51 (7%) 2 (6%)
Mild 395 (56%) 18 (53%)
Moderate 228 (32%) 11 (32%)
Severe 38 (5%) 3 (9%)

Current chronic GVHD type 690 162 0.34
Overlap 164 (24%) 33 (20%)
Classic 526 (76%) 129 (80%)

Organ involved
Skin 410 (56%) 727 97 (57%) 169 0.85
Mouth 378 (52%) 727 101 (60%) 168 0.07
Eye 411 (57%) 727 84 (50%) 169 0.92
Gastrointestinal 157 (22%) 726 37 (22%) 169 0.97
Liver 281 (39%) 727 69 (41%) 170 0.85
Joint 230 (32%) 727 56 (33%) 169 0.89
Genital 82 (13%) 628 18 (12%) 145 0.30
Lung 370 (51%) 727 89 (53%) 169 0.66

** P values are from models fitted using generalized estimating equations to adjust for multiple observations per patient. QOL: quality of life; SF36: Short Form-36; FACT-BMT:
Functional Assessment of Cancer Therapy – Bone Marrow Transplant subscale; NIH: National Institutes of Health; GVHD: graft-versus-host disease.



severity. These results show that in approximately two of
five visits, patients would report a clinically significant
change in their QOL over each 6-month period, and that
the only way to identify these patients would be to ask
them directly.
One of the goals of this analysis was to identify the most

parsimonious battery of QOL instruments or items that
would capture the outcomes of interest. It appears that both
the SF-36 and FACT-BMT perform well in capturing the
patients’ perspective, and fairly well in capturing physi-
cians’ assessment. Neither correlates well with changes in
NIH global severity scores. The SF-36 has 36 items, the
FACT-TOI has 24 items, the FACT-G has 27 items and the
FACT-BMT has 37 items: an examination of Table 4 sug-
gests that the battery could be condensed to collection of
only the FACT-G without loss of discrimination capabili-

ties. Patients complain about the redundant nature of the
surveys and would probably welcome completing only 27
instead of 73 items, reducing the anticipated time commit-
ment from 12 minutes to 4 minutes. 
The strengths of this study include the prospective assess-

ment and standardized reporting of data on chronic GVHD
activity according to the NIH Consensus criteria, clinicians’
assessment, and patients’ evaluation. One of the limitations
is the amount of missing data. Our analysis of the patterns
of missing data showed only that more educated partici-
pants were more diligent about performing study proce-
dures; this finding is consistent with a large body of pub-
lished data demonstrating a relationship between patients’
adherence and education level.25 Missing data tended to
occur as the time since enrollment increased and after a
longer interval between visits. We could not identify any
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Table 4. Results of multivariable analyses examining relationships between changes in chronic GVHD severity and changes in patient-reported QOL,
holding education level and months since enrollment constant. Linear mixed models with random patient effects were fitted, with separate models for
each of the QOL outcomes (SF-36 PCS and SF36-MCS; FACT-TOI, FACT-G, and FACT-BMT).  Center columns describe models with chronic GVHD change
as a continuous predictor of change in QOL, and right-hand columns model chronic GVHD change as a categorical predictor. Figures in bold P≤0.02.
Outcome Covariates* Estimate P value 95% 95% Contrast Estimate P value 95% 95%

lower CI upper CI lower CI upper CI

SF36-PCS change
NIH consensus severity 0.08 0.881 -1.03 1.20 Improve vs. Stable -0.79 0.430 -2.75 1.18
change

Worsen vs. Stable -0.73 0.480 -2.77 1.31
Clinician-assessed severity -0.14 0.815 -1.34 1.06 Improve vs. Stable -0.75 0.436 -2.66 1.15
change Worsen vs. Stable -1.12 0.329 -3.38 1.14

Patient-reported severity -2.77 <0.001 -3.83 -1.70 Improve vs. Stable 2.76 0.004 0.91 4.61
change Worsen vs. Stable -3.28 0.002 -5.36 -1.21

SF36-MCS change
NIH consensus severity -0.56 0.382 -1.83 0.70 Improve vs. Stable 1.78 0.115 -0.44 4.00
change

Worsen vs. Stable 0.97 0.407 -1.34 3.28
Clinician-assessed severity -1.56 0.025 -2.91 -0.20 Improve vs. Stable 3.15 0.004 1.00 5.30
change Worsen vs. Stable 0.84 0.518 -1.71 3.38

Patient-reported severity -2.74 <0.001 -3.94 -1.55 Improve vs. Stable 2.54 0.017 0.45 4.62
change Worsen vs. Stable -3.19 0.008 -5.53 -0.85

FACT-TOI change
NIH consensus severity change-0.35 0.630 -1.79 1.09 Improve vs. Stable 0.52 0.688 -2.01 3.05

Worsen vs. Stable -0.53 0.696 -3.18 2.12
Clinician-assessed severity -1.61 0.040 -3.15 -0.07 Improve vs. Stable 2.43 0.052 -0.02 4.89
change Worsen vs. Stable -0.71 0.630 -3.60 2.18
Patient-reported severity -4.11 <0.001 -5.44 -2.78 Improve vs. Stable 4.85 <0.001 2.54 7.16
change Worsen vs. Stable -3.26 0.014 -5.85 -0.68

FACT-G change
NIH consensus severity change-0.49 0.511 -1.96 0.98 Improve vs. Stable 0.02 0.985 -2.55 2.60

Worsen vs. Stable -1.34 0.331 -4.05 1.37
Clinician-assessed severity -2.52 0.002 -4.08 -0.97 Improve vs. Stable 2.83 0.026 0.34 5.32
change Worsen vs. Stable -2.30 0.122 -5.23 0.62
Patient-reported severity -3.97 <0.001 -5.31 -2.63 Improve vs. Stable 4.34 <0.001 2.00 6.68
change Worsen vs. Stable -3.46 0.009 -6.06 -0.86

FACT-BMT change
NIH consensus severity -0.56 0.558 -2.43 1.31 Improve vs. Stable 0.64 0.702 -2.65 3.92
change Worsen vs. Stable -0.81 0.644 -4.27 2.65
Clinician-assessed severity -2.98 0.004 -4.97 -0.99 Improve vs. Stable 3.92 0.016 0.74 7.10
change Worsen vs. Stable -1.97 0.300 -5.72 1.77
Patient-reported severity -5.21 0.000 -6.93 -3.50 Improve vs. Stable 5.92 <0.001 2.93 8.90
change Worsen vs. Stable -4.40 0.010 -7.74 -1.06

*All models adjusted for educational level and months since enrollment. QOL: quality of life; SF36: Short Form 36; PCS: physical component scale; MCS: mental component scale;
FACT: Functional Assessment of Cancer Therapy; TOI: Trial Outcome Index; -G, general score; -BMT: Bone Marrow Transplant score.



other patient, transplant or chronic GVHD characteristics
associated with missing data.
In summary, these data indicate that NIH and clinician-

determined chronic GVHD severity assessments do not
reflect the full QOL experience of people with chronic
GVHD. Inclusion of patient-reported outcomes in the con-
duct of clinical trials and routine clinical practice provides a
unique perspective that is not currently captured through
any clinician-reported assessments. We recommend use of
the FACT-G core survey rather than the SF-36 and the
FACT-BMT subscale since the core survey would substan-
tially decrease respondent burden without compromising

understanding of multi-dimensional QOL and sensitivity
to change. 
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Table 5. Frequency of clinically meaningful change in QOL and weighted kappa statistics between changes in chronic GVHD severity and clinically
meaningful changes in QOL.

Improvement Stable Worsening Agreement
NIH Clinician Patient NIH Clinician Patient NIH Clinician Patient NIH Clinician Patient

SF36-PCS 93 (23%) 90 (23%) 85 (22%) 228 (56%) 224 (56%) 221 (57%) 84 (21%) 83 (21%) 82 (21%) -0.04 -0.05 0.24
SF36-MCS 92 (23%) 92 (23%) 86 (22%) 234 (58%) 228 (58%) 225 (58%) 79 (19%) 77 (19%) 77 (20%) 0.04 0.12 0.18
FACT-TOI 86 (21%) 84 (21%) 80 (20%) 256 (62%) 253 (63%) 250 (64%) 68 (17%) 65 (16%) 63 (16%) 0.01 0.13 0.22
FACT-G 89 (22%) 88 (22%) 80 (20%) 242 (59%) 237 (59%) 237 (61%) 76 (19%) 74 (19%) 73 (19%) 0.04 0.18 0.21
FACT-BMT 107 (27%) 105 (26%) 100 (26%) 204 (50%) 201 (51%) 200 (51%) 95 (23%) 92 (23%) 89 (23%) 0.04 0.15 0.26

QOL: quality of life; SF36: Short Form 36; PCS: physical component scale; MCS: mental component scale; FACT: Functional Assessment of Cancer Therapy; TOI: Trial Outcome Index;
-G: General score; -BMT: Bone Marrow Transplant score.
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