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A B S T R A C T
Assessments of overall improvement and worsening of chronic graft-versus-host disease (GVHD) manifestations
by the algorithm recommended by National Institutes of Health (NIH) response criteria do not align closely with
those reported by providers, particularly when patients have mixed responses with improvement in some mani-
festations but worsening in others. To elucidate the changes that influence provider assessment of response, we
used logistic regression to generate an overall change index based on specific manifestations of chronic GVHD
measured at baseline and 6 months later. We hypothesized that this overall change index would correlate
strongly with overall improvement as determined by providers. The analysis included 488 patients from 2 pro-
spective observational studies who were randomly assigned in a 3:2 ratio to discovery and replication cohorts.
Changes in bilirubin and scores of the lower gastrointestinal tract, mouth, joint/fascia, lung, and skin were corre-
lated with provider-assessed improvement, suggesting that the main NIH response measures capture relevant
information. Conversely, changes in the eye, esophagus, and upper gastrointestinal tract did not correlate with
provider-assessed response, suggesting that these scales could be modified or dropped from the NIH response
assessment. The area under the receiver operator characteristic curve in the replication cohort was 0.72, indicat-
ing that the scoring algorithm for overall change based on NIH response measures is not well calibrated with
provider-assessed response.
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INTRODUCTION
The clinical management of patients with chronic graft-

versus-host disease (GVHD) entails an evaluation of whether
manifestations have improved or worsened since the previous
evaluation [1]. Overall improvement would typically prompt a
reduction in the intensity of immunosuppressive treatment,
especially in decreasing glucocorticoid doses as much as possi-
ble to limit toxicity. Overall worsening would prompt providers
to consider increasing the intensity of immunosuppressive
treatment, either by raising the glucocorticoid dose or by adding
a new agent or replacing an existing agent with an alternative
agent that could be more effective [2]. Thus, clinician perception
of patient response is a critical variable when managing
patients, and ideally, it should correlate with the endpoints
used in clinical trials.

The National Institutes of Health (NIH) Consensus Confer-
ence on Clinical Trials for Treatment of Chronic GVHD has pro-
vided scales that can be used to evaluate whether changes in
each of the various manifestations of chronic GVHD represent
improvement or worsening [3,4]. The NIH Consensus Confer-
ence has also recommended an algorithm that can be used to
determine overall improvement or worsening [5]. Although
the field has reached good agreement with respect to the
scales used to assess individual manifestations of chronic
GVHD based on empirical data reflecting meaningful changes
[6,7], additional work is needed to assess the validity of the
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Table 1
Demographic Characteristics of Patients in the Discovery and Replication
Cohorts

Characteristic Discovery Replication

Patient age at initial treatment,
median (range), yr

54 (12-78) 55 (2-79)

Patient sex, n (%)

Male 180 (61) 115 (60)

Female 116 (39) 77 (40)

Donor-patient sex combination, n (%)

Female to male 78 (27) 50 (27)

Other 216 (73) 138 (73)

Diagnosis, n (%)

Myeloid malignancy 162 (55) 108 (56)

Lymphoid malignancy 103 (35) 62 (32)

Other/nonmalignant 31 (10) 22 (11)

Conditioning regimen, n (%)

High dose with or without
total body irradiation

145 (49) 84 (44)

Reduced intensity or
nonmyeloablative

150 (51) 107 (56)

Graft source, n (%)

Bone marrow 19 (6) 11 (6)

Mobilized blood cells 270 (91) 174 (91)

Cord blood 7 (2) 6 (3)

Donor and HLA type, n (%)

HLA-matched related 117 (40) 58 (30)

HLA-matched unrelated 141 (48) 102 (53)

HLA antigen or allele-mismatched
related

5 (2) 5 (3)

HLA antigen or allele-mismatched
unrelated

33 (11) 26 (14)
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algorithm used to determine overall improvement or worsen-
ing. In this respect, it is troubling that assessments of overall
improvement and worsening by the algorithm recommended
by NIH response criteria do not align closely with those
reported by providers, particularly when patients have mixed
responses with improvement in some manifestations but
worsening in others, a situation considered by the NIH criteria
as lack of response [8].

The goal of this study was to develop and evaluate a simple
algorithm based on objective measures that could be used reli-
ably to assess improvement versus lack of improvement at 6
months after the baseline in patients with chronic GVHD, using
provider assessments of overall response as the gold standard.
We used logistic regression to generate an overall change
index based on the sum of individually weighted change scores
from objective scales measuring specific manifestations of
chronic GVHD at baseline and 6 months later. We hypothe-
sized that this overall change index would correlate strongly
with overall improvement as actually reported by providers as
external validation that the NIH response criteria are well cali-
brated and clinically meaningful.

METHODS
Patients

Patients were enrolled in 1 of 2 prospective, multicenter observational
studies of patients with chronic GVHD. The “Chronic GVHD Consortium
Improving Outcomes Assessment in Chronic GVHD” (Outcomes Assessment)
study enrolled 601 patients with chronic GVHD between 2007 and 2012 [9].
Patients in this study enrolled at any time after starting systemic treatment
for chronic GVHD. At enrollment and every 6 months thereafter, providers
and patients recorded standardized information regarding current chronic
GVHD organ involvement and symptoms using forms developed according to
the 2005 NIH chronic GVHD consensus criteria [3]. For incident cases, pro-
viders and patients also recorded the same information at 3 months after
enrollment. The “Chronic GVHD Consortium Response Measures Validation
Study” (Response Measures Validation study) enrolled 383 patients with
chronic GVHD between 2013 and 2017 [10]. Patients in this study enrolled
within 4 weeks before or after starting a new systemic treatment for chronic
GVHD. At enrollment and at 3, 6, and 18 months thereafter, providers and
patients recorded standardized information according to the 2014 NIH con-
sensus conference criteria [4].

Exclusion criteria in both studies included primary disease relapse and an
inability to comply with study procedures. In both studies, patients rated the
severity of GVHD symptoms according to the Lee Chronic GVHD Symptom
Scale [11]. At each assessment, providers and patients rated overall changes
in GVHD manifestations from baseline according to an 8-point scale with cat-
egories of “completely gone,” “very much better,” “moderately better,” “a lit-
tle better,” “about the same,” “a little worse,” “moderately worse,” or “a lot
worse.” The protocols were approved by the institutional review board at
each site, and all patients provided informed consent in accordance with the
Declaration of Helsinki.

Statistical Analysis
The analysis included patients for whom baseline and 6-month evalua-

tions of chronic GVHD manifestations were available and excluded patients
who had primary disease relapse between enrollment and the 6-month
assessment. The 488 eligible patients were randomly assigned in a 3:2 ratio
to a discovery cohort (n = 296) and a replication cohort (n = 192). The study
was designed to identify changes in objective measures associated with over-
all improvement assessed by providers as chronic GVHD manifestations that
were “completely gone,” “very much better,” or “moderately better” versus
no overall improvement (“a little better,” “about the same,” “a little worse,”
“moderately worse,” or “a lot worse”) because this categorization was felt
to correlate with the recognition that a complete or partial response was clin-
ically meaningful. A stepwise regression analysis was used to select signifi-
cant change variables (ie, factors) for building multivariate models of
improvement, using data from the discovery cohort and a P value threshold
of <.05. If significant factors were closely related (eg, changes in serum ala-
nine aminotransferase [ALT] concentration or the ALT/upper limit of normal
ratio), only the most strongly associated variable was considered for inclusion
in the multivariate analysis. Final factors in the model were based on a
forward selection procedure.

Model parameters (log-odds ratio coefficients) were used to define
weights per unit change for each factor in the model, yielding a sum repre-
senting an overall chronic GVHD activity change index for each patient.
Correlation of the chronic GVHD activity change index with binary improve-
ment versus no improvement outcomes was analyzed as the area under
the receiver operator characteristic curve (AUC) in the discovery cohort, and
results were further evaluated by testing the same model and weights in the
replication cohort. We used a similar approach to assess the extent to which
abnormalities present at 6 months were associated with the provider overall
assessment without considering change from baseline.

RESULTS
Baseline Characteristics

Tables 1 and 2 summarize demographic and transplant
characteristics of patients and the baseline manifestations of
chronic GVHD [12] in the discovery and verification cohorts,
and Supplemental Table S1 lists the centers that enrolled
patients in the 2 studies that contributed to the analysis. As
expected by the randomization of patients between the discov-
ery and verification cohorts, the demographic characteristics
were similar in the 2 groups (Table 1). Likewise, the propor-
tions of patients with abnormalities at baseline and the mean
values of measures among patients with abnormal values were
similar in the 2 groups (Table 2).

Changes Associated with Overall Improvement as Assessed by
Providers

In univariate analysis, changes in 11 objective factors were
associated with overall improvement when providers assessed
chronic GVHD manifestations at 6 months compared with
baseline (Table 3). These included decreases in the serum alka-
line phosphatase, ALT, and total bilirubin concentrations;
lower gastrointestinal tract score; oral lichenoid score; oral
summary score; joint range-of-motion summary score; joint/
fascia score; lung score; mouth score; and skin score. Six of



Table 2
Baseline Chronic GVHDMeasures in the Discovery and Replication Cohorts

Discovery (n = 296) Replication (n = 192)

Measure (Scale Range*) n % Abnormal Meany n % Abnormal Meany

Alkaline phosphatase, U/dL 286 32 276.8 184 35 236.5

Alkaline phosphatase/upper limit of normal ratio 286 32 3.5 184 35 3.2

Alanine aminotransferase, U/dL 287 40 209.2 187 44 200.5

Alanine aminotransferase/upper limit of normal ratio 287 40 4.0 187 44 3.9

Total serum bilirubin, mg/dL 287 8 3.9 187 9 2.7

Total serum bilirubin/upper limit of normal ratio 287 8 3.0 187 9 2.1

Esophagus score (0-3) 296 14 1.4 192 22 1.4

Lower gastrointestinal tract score (0-3) 294 14 1.4 192 14 1.5

Oral erythema score (0-3) 295 41 1.4 192 46 1.4

Oral lichenoid score (0-3) 296 61 1.6 191 62 1.6

Oral sum score (0-12) 296 69 3.2 192 68 3.6

Oral ulcer score (0-6) 295 18 3.0 190 19 3.5

Upper gastrointestinal tract score (0-3) 296 17 1.5 192 21 1.6

Ankle range-of-motion score (1-4) 265 26 2.8 163 26 2.8

Elbow range-of-motion score (1-7) 269 19 5.5 165 20 5.5

Shoulder range-of-motion score (1-7) 269 24 5.5 167 26 5.4

Wrist and finger range-of-motion score (1-7) 270 31 5.1 166 36 5.0

Joint range-of-motion sum score (0-25) 263 44 21.6 162 49 21.5

Eye score (0-3) 296 53 1.5 191 59 1.4

Genital score (0-3) 207 15 1.4 135 13 1.7

Gastrointestinal tract score (0-3) 296 34 1.4 191 36 1.3

Joints/fascia score (0-3) 296 43 1.4 191 43 1.5

Lung score (0-3) 296 26 1.2 192 24 1.4

Mouth score (0-3) 296 59 1.3 192 63 1.3

Skin score (0-3) 296 70 2.2 192 74 2.2

Forced expiratory volume in first second, % of predicted 149 21 62.7 85 29 62.9

Summary symptom score reported by patient (0-100) 251 100 24.0 167 99 23.6

* In all scales, values of 0 indicate no abnormality attributed to GVHD.
y Among patients with abnormal values.
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these change factors remained significant in the multivariate
logistic regression model: total serum bilirubin concentration,
lower gastrointestinal tract score, oral lichenoid score, joint/
fascia score, lung score, and skin score (Table 4). With these 6
factors, the chronic GVHD change index had an AUC of 0.79 for
its association with improvement versus no improvement in
the discovery cohort and 0.72 for this association in the repli-
cation cohort. Results were similar in models that identified
changes associated with provider assessments of overall com-
plete or partial response versus stable disease or progression
(data not shown). Notably, 6 of 9 organs used in the NIH
response assessment were independently associated with pro-
vider-assessed response. Of the 3 that were not, 2 were less
commonmanifestations (esophagus, 14% to 22%; upper gastro-
intestinal tract, 17% to 21%). Changes in the eye score were not
statistically correlated with provider-assessed response.

Abnormalities That Have Causes Other Than Chronic GVHD
When asked to assess response to treatment for GVHD, pro-

viders might instinctively distinguish between manifestations
caused by chronic GVHD and abnormalities that have other
causes [13]. The 2014 NIH response criteria capture whether
organ dysfunction is solely attributed to non-GVHD causes and
recommended exclusion of these organs in the global calcula-
tion. To test whether this distinction affected provider assess-
ments, we analyzed whether covariate associations with
overall improvement assessed by providers change when
abnormalities not attributed to chronic GVHD were excluded
from consideration. Providers were asked to make such
distinctions in the Response Measures Validation study but not
in the earlier Outcomes Assessment study. Therefore, the anal-
ysis of provider assessments included only the patients
enrolled in the Response Measures Validation study (n = 318).
The results showed no evidence that omission of abnormalities
attributed to causes other than chronic GVHD affected the
association of covariates with overall improvement assessed
by providers, suggesting that it is not necessary to exclude
these organs when calculating responses per NIH criteria
(Supplemental Table S1).

Abnormalities Present at 6 Months without Consideration of
Change from Baseline

We considered the possibility that the overall provider
assessment was influenced as much by abnormalities at
6 months as by changes from baseline. In univariate analysis, 9
objective factors present at 6 months were associated with
overall improvement when providers assessed chronic GVHD
manifestations at 6 months (Table 5). These included decreases
in serum alkaline phosphatase, esophagus score, oral lichenoid
score, oral sum score, range-of-motion sum score, eye score,
joint/fascia score, lung score, and skin score. Five factors
remained significant in the multivariate logistic regression
model: serum alkaline phosphatase concentration, oral lichen-
oid score, joint range-of-motion sum score, lung score, and
skin score. With these 5 factors, the chronic GVHD change
index had an AUC of 0.84 for association with improvement
versus no improvement in the discovery cohort and 0.73 for
this association in the replication cohort. The oral lichenoid



Table 3
Changes in Measures Associated with Overall Improvement as Assessed by
Providers*

Measure Number
Evaluated

x2 P

Alkaline phosphatase, U/dL 268 8.55 .004

Alkaline phosphatase/upper
limit of normal ratio

268 1.75 .19

Alanine aminotransferase, U/dL 268 8.56 .003

Alanine aminotransferase/upper
limit of normal ratio

268 6.91 .009

Total serum bilirubin, mg/dL 269 11.25 .001

Total serum bilirubin/upper
limit of normal ratio

269 11.16 .001

Esophagus score 283 1.97 .16

Lower gastrointestinal tract score 281 5.33 .02

Oral erythema score 279 3.94 .05

Oral lichenoid score 281 20.49 <.0001

Oral sum score 283 7.74 .005

Oral ulcer score 282 0.30 .58

Upper gastrointestinal tract score 283 0.01 .91

Ankle range-of-motion score 240 3.02 .08

Elbow range-of-motion score 247 2.69 .10

Shoulder range-of-motion score 248 0.14 .71

Wrist and finger range-of-motion
score

247 0.53 .47

Range-of-motion sum score 235 4.43 .04

Eye score 283 3.03 .08

Genital score 154 0.26 .61

Gastrointestinal tract score 282 1.62 .20

Joints/fascia score 282 6.40 .01

Lung score 283 10.65 .001

Mouth score 283 4.19 .04

Skin score 283 26.52 <.0001

Forced expiratory volume in
first second, % of predicted

86 1.25 .26

Summary symptom score
reported by patient

214 3.74 .05

* Univariate analysis in the discovery cohort.

Table 4
Weights per Unit Change in Measures Associated with the Provider Assess-
ment of Overall Improvement*

Measurey Weight per Unit Changez

Bilirubin �0.763

Lower gastrointestinal tract score �0.687

Oral lichenoid score �0.829

Joint/fascia score �0.713

Lung score �0.550

Skin score �0.409

* Discovery cohort.
y In each of these scales, higher values reflect more severe manifestations of

chronic GVHD.
z Weights are multiplied by the difference between the 6-month assess-

ment value and the baseline value. For example, the value of a change from a
score of 3 at baseline to 1 at 6 months is �2. For the lower gastrointestinal
score, �2 is multiplied by �0.687, yielding a weighted improvement score of
1.382. The change index is the sum of weighted scores in all 6 measures.

Table 5
Measures at 6 Months Associated with Overall Improvement as Assessed by
Providers*

Measure Number
Evaluated

x2 P

Alkaline phosphatase, U/dL 276 6.62 .01

Alkaline phosphatase/upper
limit of normal ratio

276 4.23 .04

Alanine aminotransferase, U/dL 275 1.40 .24

Alanine aminotransferase/upper
limit of normal ratio

275 2.42 .12

Total serum bilirubin, mg/dL 276 0.32 .57

Total serum bilirubin/upper
limit of normal ratio

276 0.07 .80

Esophagus score 283 4.53 .03

Lower gastrointestinal tract score 283 2.10 .15

Oral erythema score 280 7.86 .005

Oral lichenoid score 281 8.82 .003

Oral sum score 283 8.15 .004

Oral ulcer score 283 1.74 .19

Upper gastrointestinal tract score 283 1.28 .26

Ankle range-of-motion score 253 14.04 .0002

Elbow range-of-motion score 256 25.34 <.0001

Shoulder range-of-motion score 257 29.44 <.0001

Wrist and finger range-of-motion
score

250 38.39 <.0001

Range-of-motion sum score 255 16.80 <.0001

Eye score 283 6.42 .01

Genital score 185 2.11 .15

Gastrointestinal tract score 282 2.22 .14

Joints/fascia score 282 42.89 <.0001

Lung score 283 21.44 <.0001

Mouth score 283 3.23 .07

Skin score 283 70.04 <.0001

Forced expiratory volume in
first second, % of predicted

110 5.46 .02

Summary symptom score
reported by patient

214 3.74 .05

* Univariate analysis in the discovery cohort.

1872 P.J. Martin et al. / Biol Blood Marrow Transplant 25 (2019) 1869�1874
score, lung score, and skin score were the identical factors
identified by the change score. Two additional variables were
similar, although the parameter selected by the model
differed: liver involvement and joint/fascia scores.
Association of Provider Responses with Survival after the
6-Month Assessment

Neither the provider response derived from the 8-point scale
nor the overall NIH response is predictive of subsequent overall
survival. For the provider “completely gone,” “very much better”
or “moderately better” versus “a little better,” “about the same,” “a
little worse,” “moderately worse” or “a lot worse” categories, the
hazard ratio of mortality was 0.90 (95% confidence interval, 0.60
to 1.36; P = .62) (92 events in 459 patients). For the NIH complete
or partial response versus stable or progressive disease categories,
the hazard ratio was 0.88 (95% confidence interval, 0.58 to 1.33; P
= .54) (94 events in 480 patients).

DISCUSSION
Results of this study have identified a set of objective

change measures associated with overall response assess-
ments by providers caring for patients with chronic GVHD, val-
idating the components of the NIH response assessment, but
further work is needed to improve the sensitivity and specific-
ity parameters of this association. We did not find evidence
that the association of change measures with overall response
was appreciably confounded by abnormalities unrelated to
chronic GVHD.
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Several explanations might account for the finding that
AUC values for the change index in the replication cohort did
not exceed 0.75. An AUC value of 0.5 indicates no correlation,
and a value of 1.0 indicates perfect correlation. An AUC value
of 0.75 sits halfway between no correlation and perfect corre-
lation. First, chronic GVHD manifestations can contribute to
the logistic regression model only if they occur at an appreci-
able frequency and have a high probability of change between
the baseline and the assessment. For example, transaminase
elevations occur frequently and are readily reversible, whereas
esophageal abnormalities occur much less frequently and are
less likely to improve. Manifestations that are infrequent and
measures that are unlikely to change within 6 months lack
power to contribute to the model, even though they may
determine provider or patient response assessments in some
individual cases. The scale definitions also may be an issue,
because an esophageal score of 3 is assigned if dilation is
required, and eye scores may reflect punctual plugging and
use of corneal protective devices. Strict application of these
definitions means that anyone who has ever required esoph-
ageal dilation cannot have a score of 2 or less, and once punc-
tual plugs are placed, an eye score of 1 or less is impossible,
even if symptoms resolve. Also, the esophageal and upper gas-
trointestinal tract severity scores have never been empirically
validated according to provider and patient assessments, as
has been done for skin, mouth, eye, gastrointestinal, liver, and
joint scores [14�19].

Second, accurate response assessment requires equivalent
awareness of current and baseline organmeasures. For providers
and patients, awareness of current measures far exceeds the
awareness of baseline measures. Because of memory bias, it is
likely that response assessments are driven more by changes
between the most recent visit and the current visit than by
changes between the baseline and the current visits. This mem-
ory bias might be especially applicable when systemic treatment
changed between the baseline and the 6-month assessment. We
attempted to analyze this possibility by excluding patients with
a change of systemic treatment before the 6-month assessment.
The results were uninformative because of insufficient statistical
power (data not shown).

Third, mental algorithms used by providers to assess overall
response are likely to be inconsistent. Providers are likely to
differ in the weights assigned to current symptoms caused, for
example, by oral ulcers, versus asymptomatic evidence of pro-
gressive fibrotic changes that could lead to future disability. If
oral ulcers are resolving but asymptomatic fibrotic manifesta-
tions are progressing, some providers might decrease the
intensity of immunosuppressive treatment, whereas others
might increase immunosuppressive treatment. The only way
to test this possibility would be to sort patients by provider to
determine whether individual providers apply distinctly differ-
ent weights from each other. Our study did not have enough
patients consistently treated by any 2 providers to compare
the weights between them.

The assessment of overall response in patients with
chronic GVHD is unambiguous when at least 1 manifestation
has demonstrable improvement and no other manifestations
have demonstrable worsening. The situation is far more
complex when some manifestations have demonstrable
improvement and others have demonstrable worsening, and
it may indeed be correct that cases with major improvement
in some manifestations and minor worsening in others
should be categorized as overall improvement when decid-
ing whether changes in treatment are indicated. The NIH cri-
teria would consider these cases in the same category as
those who have major worsening in all organs. The logistic
regression model used to derive weights for unit changes in
each scale in the current analysis incorporates an assump-
tion that a change from 0 to 1 (change from no abnormality
to abnormality with no functional effect) carries the same
weight as a change from 2 to 3 (change from abnormality
with moderate functional effect to abnormality with severe
functional effect). The 2014 NIH consensus conference on
measurement of response acknowledged that this equiva-
lence is not appropriate in recognizing that many score
changes from 0 to 1 had little clinical significance [4]. More
flexible modeling approaches might be able to recognize and
adjust for scale differences among organs.

The current results show some correlation between
recorded changes in the objective clinical and subjective
symptom data, but the overall assessment of improvement
versus no improvement cannot be fully explained by meas-
ures that we considered in this study. Whether this result
reflects measurement error in the explanatory or outcome
variables or cognitive biases cannot be addressed by these
data. Results of a previous analysis showed that the NIH
response criteria do not closely agree with overall assess-
ments by providers [8]. If the provider assessment resulted
in a change of treatment, most clinical trials would catego-
rize the outcome as failure, even if the NIH response had not
shown evidence of progression. These considerations high-
light the need for better understanding of the inputs that
drive provider assessments of overall response. The current
results may be helpful in clinical practice by identifying a
limited number of chronic GVHD manifestations associated
with provider assessments, but it would be premature to use
scores derived from the scales and weights in the current
study for making decisions in the clinical management of
patients with chronic GVHD.

Future efforts toward this goal would benefit from meth-
ods to ensure that providers carefully compare serial values
to minimize recall bias before reaching conclusions about
overall improvement or worsening. Future efforts would
also benefit from more complex analytic methods such as
machine learning that could accommodate different weights
assigned to unit changes from baseline anchors across the
range of each scale [20]. The success of such efforts will cer-
tainly be limited by the inherent variability of provider judg-
ment even when evaluating the same clinical scenario.
Nonetheless, it may yet be possible to derive an algorithm of
objective change measures that reflects the clinical judg-
ment of overall improvement versus no improvement by
most providers. In summary, our results support the current
NIH response measures as relevant and reasonably scaled,
but we also identify areas for improvement.
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