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Abstract

Chronic graft-versus-host disease (GvHD) treatment response is assessed using National Institutes of Health (NIH)
Consensus Criteria in clinical trials, and by clinician assessment in routine practice. Patient-reported treatment response
is central to the experience of chronic GvHD manifestations as well as treatment benefit and toxicity, but how they
correlate with clinician- or NIH-responses has not been well-studied. We aimed to characterize 6-month patient-
reported response, determine associated chronic GvHD baseline organ features and changes, and evaluate which patient-
reported quality of life and chronic GvHD symptom burden measures correlated with patient-reported response. From
two nationally representative Chronic GVHD Consortium prospective observational studies, 382 subjects were included in
this analysis. Patient and clinician responses were categorized as improved (completely gone, very much better,
moderately better, a little better) versus not improved (about the same, a little worse, moderately worse, very much
worse). At six months, 270 (71%) patients perceived chronic GvHD improvement, while 112 (29%) perceived no
improvement. Patient-reported response had limited correlation with either clinician-reported (kappa 0.37) or NIH
chronic GvHD response criteria (kappa 0.18). Notably, patient-reported response at six months was significantly
associated with subsequent failure-free survival. In multivariate analysis, NIH responses in eye, mouth, and lung had
significant association with 6-month patient-reported response, as well as a change in Short Form 36 general health and
role physical domains and Lee Symptom Score skin and eye changes. Based on these findings, patient-reported
responses should be considered as an important complementary endpoint in chronic GvHD clinical trials and drug
development.

Introduction

Chronic graft-versus-host disease (GvHD) is the most
common cause of late morbidity and mortality after al-
logeneic hematopoietic cell transplantation (HCT)."? Prior
to the National Institutes of Health (NIH) Consensus Con-
ferences, there was limited standardization of chronic
GVvHD severity scoring and treatment response assess-

ment. In 2005, the NIH Consensus Conference on Clinical
Trials for Treatment of Chronic GVHD provided standard-
ized criteria to assess organs involved in chronic GvHD
and to determine response to therapies for use in clinical
trials;*® consensus criteria were updated in 2014 based
on data that had accumulated since the original guide-
lines.®’ These criteria have elevated the scientific rigor of
current clinical trials in chronic GvHD therapy. However,
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substantial improvements in affected organs may be
required to achieve response by these criteria, and clini-
cian- or patient-reported response metrics may capture
lesser but still important degrees of clinical benefit. For
example, while NIH response criteria have been correlated
with outcomes,® other studies reported limited correlation
between NIH response and clinician-reported response,®®°
and certain quality of life measures."

In chronic GvHD management outside of clinical trials,
clinicians consider patient-reported symptom burden,
findings from physical examination, and routine laboratory
tests to determine clinical response, rather than strictly
applying the NIH Response Criteria. In total, this clinician
assessment of improvement, stability, or worsening is re-
duced to a perceived presence or absence of clinical
benefit, and informs immunosuppressive (IS) therapy
management. Clinician-reported response has been cor-
related with survival,® and subsequent analyses found that
changes in serum bilirubin, NIH O to 3-point scores of
lower gastrointestinal tract, mouth, joint/fascia, lung, and
skin were factors that correlated most with clinician-re-
ported responses.’® Thus, while clinician-assessed re-
sponse is less standardized and rigorous compared to NIH
Response Criteria, it appears to be of value.

Patients affected by chronic GvHD experience the physical
manifestations, symptoms, functional limitations and im-
pairment in quality of life known to be due to chronic
GvHD, and can identify their own benefit and toxicity from
chronic GvHD therapies. Thus, a patient’s self-report of
treatment response may be of critical importance. While
patient-reported responses are captured in clinical trials
according to the NIH criteria, they are not used to deter-
mine overall NIH response. In fact, clinical trials have yet
to incorporate patient-reported outcomes into determina-
tion of success; however, in chronic GvHD, improvement
in quality of life is an important treatment goal.”” It is un-
known whether patient-reported responses correlate with
clinician or NIH responses, nor do we know the factors
that contribute to patient-reported responses. The aims
of this study were to characterize 6-month patient-re-
ported treatment responses, including associated chronic
GvHD baseline organ features and changes, and to evalu-
ate which patient-reported quality of life and chronic
GvHD symptom measures correlate with patient-reported
response. Ultimately, we sought to determine whether pa-
tient-reported response measures may capture clinical
benefit in a different way to standard NIH or clinician-re-
ported response measures in chronic GvHD.

Methods

Patients
Patients were enrolled in two prospective, multicenter
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Chronic GVHD Consortium observational studies. The
“Chronic GVHD Consortium Improvement Outcomes As-
sessment in Chronic GVHD” study enrolled 601 patients
between 2007 and 2012.® Patients in this study enrolled
at any time after starting systemic treatment for chronic
GvHD. At enrollment and every six months thereafter, pro-
viders and patients recorded standardized information re-
garding current chronic GvHD organ involvement and
symptoms using forms developed according to the 2005
NIH Chronic GVHD Consensus Criteria. For incident cases,
providers and patients also recorded the same informa-
tion at three months after enrollment. The “Chronic GVHD
Consortium Response Measures Validation Study” enrolled
383 patients with chronic GvHD between 2013 and 2017
Patients in this study enrolled within four weeks before or
after starting a new systemic treatment for chronic GvHD.
At enrollment and 3, 6, and 18 months thereafter, pro-
viders and patients recorded standardized information ac-
cording to the 2014 NIH Consensus Conference Criteria.
Exclusion criteria in both studies included primary disease
relapse and inability to comply with study procedures. At
each assessment, providers and patients rated overall
changes in GvHD manifestations from enrollment accord-
ing to an 8-point scale with categories of “completely
gone”, “very much better”, “moderately better”, “a little
better”, “about the same”, “a little worse”, “moderately
worse”, or “a lot worse”. This is in the form of a single
question that patients and providers complete. In addi-
tion, patients completed the Short Form 36 (SF-36) sur-
vey, and rated the severity of GvHD symptoms according
to the Lee Chronic GVHD Symptom Scale.” The protocols
were approved by the Institutional Review Board at each
site, and all patients provided informed consent in ac-
cordance with the Declaration of Helsinki.

For the purposes of this analysis, patients from the two
parent cohort studies were included based on the avail-
ability of patient-reported response data at cohort enroll-
ment and at six months. Responses were categorized as
“improved” (completely gone, very much better, moder-
ately better, a little better) versus “not improved” (about
the same, a little worse, moderately worse, a lot worse).

2 [13

Statistical analysis

Comparisons of characteristics by patient perception of
chronic GvHD improvement versus no improvement were
performed using the %? test and Fisher’s Exact Test for
categorical variables and the Wilcoxon rank sum test for
continuous variables. Multivariable logistic regression was
used to examine the relationships between patient per-
ception of chronic GvHD improvement, and transplant and
chronic GvHD characteristics, as well as 6-month organ
responses, using a stepwise procedure with entry and re-
tention criteria of P<0.1. The initial set of variables included
all those found to be univariately related at the P<0. level.
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This same procedure was used to examine the relation-
ships between patient perception of chronic GvHD im-
provement with transplant and patient-reported
outcomes (PRO) of the Lee Symptom Scale and the SF-
36.

The log-rank test was used to compare overall survival
(OS) and failure-free survival (FFS) (composite outcome
including death, malignancy relapse, and start of new line
of systemic IS therapy) by patient perception of chronic
GVHD improvement. OS was calculated from the 6-month
visit until death; FFS was calculated from the 6-month
visit until malignancy relapse, death, or addition of a new
systemic IS medication for chronic GvHD among those
who had not started a new IS medication for chronic GvHD
before six months. Analyses were performed in SAS 9.4
(SAS Institute, Cary NC, USA).

Results

From the overall parent cohort (N=605), this study popu-
lation was limited to 382 patients with baseline and 6-
month patient-reported response data. The 223 excluded
for missing 6-month patient response were predominantly
due to missed visit or missed patient survey (N=166,
74.4%), with a lesser contribution from other reasons
(withdrew from study before 6-month visit N=9, 4%; re-
lapsed before six months N=23, 10.3%; or died before six
months N=25, 11.2%). A comparison of those with versus
without 6-month response data is presented in the Online
Supplementary Appendix. Table 1 summarizes baseline pa-
tient and chronic GvHD characteristics (see also the On-
line Supplementary Appendix). The median time from
chronic GvHD to enrollment was 0.5 months (Interquartile
Range [IQR] 0-8.6 months). Most patients had moderate
(50%) or severe (38%) chronic GvHD, and the most in-
volved organ sites were skin (73%), mouth (60%), and eyes
(54%). Thirty-four percent of the cases were prevalent,
while 66% were incident cases. Chronic GvHD features are
presented in Table 1.

At six months, 71% of patients reported improvement in
their chronic GvHD, while 29% reported no improvement.
Among those categorized as improved (N=270), patient re-
sponse included: completely gone (N=31, 11.5%), very much
better (N=119, 44.1%), moderately better (N=68, 25.2%), and
a little better (N=52, 19.3%). For the not improved group
(N=112), patient responses were: about the same (N=46,
411%), a little worse (N=37, 33%), moderately worse (N=18,
16.1%), and very much worse (N=11, 9.8%). Notably, there
was limited correlation with clinician-reported response
(kappa 0.37) and NIH response (kappa 0.18). Among clini-
cians, 66% reported improvement in chronic GvHD, while
34% reported no improvement. Per NIH response, 46% of
patients had improvement in chronic GvHD while 54% had
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no improvement. Clinician-reported and NIH responses
grouped per patient-reported response are presented in
the Online Supplementary Appendix. In univariate analysis,
enrollment lung involvement was associated with pa-
tients’ perception of response at six months (P<0.001). NIH
response in skin (P=0.003), eye (P<0.001), mouth (P=0.004),
and lung (P<0.001) at six months was also associated with
patient-reported response at six months (Online Supple-
mentary Appendix).

In multivariable analysis of patient-reported response,
moderate-severe lung involvement at enrollment
(P=0.007) was associated with report of no improvement,
and NIH responses in eye (P=0.009), mouth (P=0.01), and
lung (P=0.03) were associated with patient report of im-
provement at six months (Table 2).

In multivariable analysis of patient perception of chronic
GVHD improvement with quality of life and symptom
burden measures, a higher SF-36 general health score at
enrollment (P<0.001) (indicating better quality of life) and
improvement from enrollment to six months in the SF-36
general health score (P<0.001) were associated with pa-
tient report of improvement, while worsening in SF-36 role
physical domain score was associated with patient report
of no improvement (P=0.04) (Table 3). A lower LSS skin
score at enrollment (P=0.1), indicating lower burden of
symptoms, and improvement from enrollment to six
months in the LSS eye score (P=0.007) were associated
with patient report of improvement, while worsening of
LSS skin score (P<0.001) was associated with patient re-
port of no improvement (Table 3).

Failure-free survival after six months was higher among
patients who reported improvement compared to those
who reported no improvement (P=0.005) (Figure 1). The
most common cause of failure was starting new treat-
ment for chronic GvHD (Table 4). The cumulative inci-
dence of new systemic IS therapy stratified by 6-month
patient-reported response is included in the Online Sup-
plementary Appendix. In a multivariable analysis of the
association of 6-month response with subsequent time
to new systemic IS therapy, we found no significant dif-
ference in the Hazard Ratios for patient, clinician, or NIH
response (data not shown). There was no difference in
overall survival at six months from enrollment between
the two groups (Figure 2).

Discussion

This study provides new insight into patient-reported
treatment response in chronic GvHD, a previously under-
studied area. Six-month patient-reported response was
associated with subsequent FFS, and may represent a
clinically meaningful measure. Moreover, given the limited
correlation with NIH and clinician-assessed response, it
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Table 1. Baseline chronic graft-versus-host disease characteristics by patient perception.
. . Total GVHD not improved GvHD improved -
Variables Categories N=382 N=112 N=270 P
0 103 (27.0%) 1 (27.7%) 72 (26.7%)
Skin® 1 66 (17.3%) 8 (16.1%) 8 (17.8%) 0.77
2 109 (28.5%) 9 (25.9%) 0 (29.6%)
3 104 (27.2%) 4 (30.4%) 0 (25.9%)
0 266 (69.6%) 75 (67.0%) 191 (70.7%)
. 1 92 (24.1%) 0 (26.8%) 62 (23.0%)
Fascia* 0.52
' 2 20 (5.2%) 7 (6.3%) 13 (4.8%)
3 4 (1.0%) 0 (0.0%) 4 (1.5%)
0 259 (68.0%) (68.8%) 182 (67.7%)
Gl 1 84 (22.0%) 4 (21.4%) 60 (22.3%) 0.86
2 35 (9.2%) 11 (9.8%) 24 (8.9%) '
3 3 (0.8%) 0 (0.0%) 3 (1.1%)
0 294 (78.8%) 8 (81.5%) 206 (77.7%)
Liver 1 27 (7.2%) (1 0.2%) 16 (6.0%) 0.07
2 43 (11.5%) 9 (8.3%) 34 (12.8%)
3 9 (2.4%) 0 (0.0%) 9 (8.4%)
0 274 (71.7%) 69 (61.6%) 205 (75.9%)
1 82 (21.5%) 26 (23.2%) 56 (20.7%)
Lun 0.001
Hng 2 21 (5.5%) 14 (12.5%) 7 (2.6%) =
3 5 (1.3%) 3 (2.7%) 2 (0.7%)
0 176 (46.2%) 45 (40.5%) 131 (48.5%)
1 130 (34.1% 33.3% 93 (34.4%
Eye ( ) 7 ) ( ) 0.16
2 69 (18.1%) 26 (23.4%) 43 (15.9%)
3 6 (1.6%) 3 (2.7%) 3 (1.1%)
0 152 (39.8%) 50 (44.6%) 102 (37.8%)
Mouth 1 173 (45.3%) 51 (45.5%) 122 (45.2%) 0.92
2 52 (13.6%) 11 (9.8%) 41 (15.2%)
3 5 (1.3%) 0 (0.0%) 5 (1.9%)
0 236 (61.9%) 8 (60.7%) 168 (62.5%)
1 1(23.9% 4 (21.4% 7 (24.9%
Joint 91 (23.9%) ( ) 67(24.9%) 0.53
2 47 (12.3%) 8 (16.1%) 29 (10.8%)
3 7 (1.8%) 2 (1.8%) 5 (1.9%)
0 228 (83.8%) 9 (76.6%) 169 (86.7%)
: 1 31 (11.4%) 3 (16.9%) 18 (9.2%)
Genital 0.19
enia 2 8 (2.9%) 3 (3.9%) 5 (2.6%)
3 5 (1.8%) 2 (2.6%) 3 (1.5%)

GVvHD: graft-versus-host disease; Gl: gastrointestinal. *Skin sclerosis and fascia involvement presented in the Online Supplementary Appendix.

appears patient-reported response may capture unique
aspects of clinical benefit. We also identified both base-
line chronic GvHD organ involvement and organ responses
that had association with patient-reported response, and
determined which PRO measure changes had greatest as-
sociation with patient-reported response. Taken together,
the findings from this study advance a potential additional
approach for assessing clinical benefit in chronic GvHD
therapy, and lay a foundation for future research in this
area.

We determined that baseline lung and liver involvement,
and NIH responses in eyes, mouth, and lungs had the
greatest association with patient-reported responses in
this cohort. Patient-reported response appeared to be
most associated with organs where responses can be pro-
found in their impact on symptom burden or functionality.
These results may have been influenced by the baseline
frequency and reversibility of specific chronic GvHD organ
manifestations, scale definitions in calculated NIH re-
sponse, as well as patient bias focused on more recent
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Table 2. Multivariate analysis of patient characteristics, chronic graft-versus-host disease characteristics, National Institutes of

Health organ responses by patient perception.

Variable* Class
Not involved
Liver (at enrollment) Mild
Moderate/severe
Not involved
Lung (at enroliment) Mild
Moderate/severe
Not involved/stable
CR
PR
Prog
Not involved/stable
CR
PR
Prog
Not involved/stable
CR
PR
Prog

NIH eye response

NIH mouth response

NIH lung response

OR (95% CI) P Global P-value
Reference - 0.06
0.3 (0.1-0.9) 0.04 -
1.5 (0.6-3.7) 0.41 -
Reference - 0.02
0.7 (0.3-1.6) 0.46 -
0.1 (0.0-0.6) 0.007 -
Reference - 0.009
1.7 (0.6-4.7) 0.32 -
0.7 (0.2-2.2) 0.5 -
0.3 (0.1-0.7) 0.003 -
Reference - 0.01
2.3 (1.1-4.8) 0.03 -
3.8 (1.6-9.1) 0.003 -
1.4 (0.5-4.0) 0.51 -
Reference - 0.03
2.7 (0.8-9.1) 0.1 -
2.2 (0.3-15.9) 0.43 -
0.4 (0.1-1.0) 0.05 -

OR: Odd's Ratio; Cl. Confidence Interval; NIH: National Institutes of Health; CR: complete response; PR: partial response; Prog: progression.
*Model adjusted for disease diagnosis and parent cohort study.

Table 3. Multivariate analysis of patient-reported outcome by patient perception.

Variable* OR (95% Cl)** P
SF-36 general health (enroliment) 2.7 (1.9-3.8) <0.001
LSS skin (enroliment) 0.9 (0.7-1.0) 0.1
SF-36 general health (change score) 3.3 (2.0-5.3) <0.001
SF-36 role-physical (change score) 1.4 (1.0-1.9) 0.04
LSS skin (change score) 0.7 (0.6-0.8) <0.001
LSS eye (change score) 0.8 (0.7-1.0) 0.007

OR: Odd's Ratio; Cl: Confidence Interval; SF-36: Short-Form 36; LSS:

presented for each variable represents OR per 10-point change.

changes versus change from baseline, as previously re-
viewed.® The organ site-specific LSS change measures
most associated with patient-reported response demon-
strated some, but not complete, agreement with these
same organ-specific NIH response findings. Finally, we ac-
knowledge that the association of 6-month patient-re-
ported response with subsequent FFS was primarily
driven by changes in systemic IS treatment, and that this
did not impact OS. The dominance of treatment change
in the composite FFS outcome was well-established in
prior studies.™ In chronic GvHD therapy, it represents a
significant failure where additional lines of therapy lead to
additional risk of infectious complications, treatment
toxicity, medication costs, and associated healthcare
costs.

Additional investigation is needed in larger patient popu-
lations, both for overall validation of this work, and to

Lee Symptom Scale. *Model adjusted for parent cohort study. **OR

further refine conclusions regarding specific organ mani-
festations. Following validation, patient-reported response
could be analyzed in clinical trials, potentially as a sec-
ondary outcome measure to complement NIH responses.
This would allow for a formal determination of benefit that
could lead to approvals for treatments in the situations
where NIH responses do not capture the full clinical bene-
fit in the setting of a clinical trial. Patient-reported re-
sponse could also be formally captured in routine clinical
care through use of a simple patient-reported ordinal re-
sponse scale to provide structured assessment above and
beyond information currently shared by patients regarding
their perceived treatment benefit. While inviting patients’
impressions of benefit of treatments is routine in clinical
practice, this structured assessment may provide insight
into clinical benefit not captured through usual response
measures.
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This analysis has some limitations. First, this is an un-
planned retrospective analysis of existing data from two
parent national cohort studies. While these parent studies
were rigorously designed, this analysis was facilitated
using only those subjects with available baseline and 6-

A. Im et al.

month patient-reported response data. Second, we note
heterogeneity in the included subjects, both regarding dif-
fering parent cohort enrollment criteria, and other factors,
most notably variation in the number of lines of systemic
therapy and the actual agents used to treat the chronic
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Figure 1. Failure-free survival and patient-reported response.

5-year failure-free survival by patient perception of chronic graft-

versus-host disease at six months among those failure free at six months.
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Figure 2. Overall survival and patient-reported response.
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Table 4. Causes of failure in failure-free survival.

A. Im et al.

At 1 year At 2 years At 3 years At 5 years
GVHD . Not Improved . Not Improved . Not Improved . Not Improved
improved improved improved improved
New medication 42.4% 26.5% 54.2% 39.4% 65.1% 43.6% 65.1% 51.2%
Relapse 4.3% 5.6% 6.0% 6.7% 6.0% 7.8% 6.0% 9.8%
Non-relapse mortality 0.0% 1.6% 3.5% 2.8% 3.5% 4.6% 3.5% 7.8%

GVvHD: graft-versus-host disease.

GvHD after cohort. Third, in the study of association be-
tween NIH responses and patient-reported response, we
acknowledge certain organ sites were better represented,
and that these may differ in treatment responsiveness
overall. Given this, we were unable to conduct more de-
tailed analyses according to each type of organ involve-
ment per affected organ site.

Patient-reported responses are an important response
measure that is associated with FFS in chronic GvHD and
should be considered as a complementary response out-
come for clinical trials and drug development in chronic
GvHD.
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