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Chronic graft-versus-host disease (cGVHD) is the leading cause of late morbidity and

mortality after allogeneic hematopoietic cell transplantation. To better understand patients

at highest risk for nonrelapse mortality (NRM), we analyzed patient-, transplant-, and

cGVHD-related variables, risk factors, and causes of nonrelapse deaths in an updated

cohort of 937 patients enrolled on 2 prospective, longitudinal observational studies through

the Chronic GVHD Consortium. The median follow-up of survivors was 4 years (range, 0.1

months to 12.5 years). Relapse accounted for 25% of the 333 deaths. The cumulative inci-

dence of NRM was 22% at 5 years, and it increased over time at a projected 40% (95%

confidence interval, 30%-50%) at 12 years. Centers reported that cGVHD (37.8%) was the

most common cause of NRM and was associated with organ failure, infection, or additional

causes not otherwise specified. The next most frequent causes without mention of cGVHD

were infection (17%) and respiratory failure (10%). In multivariable analysis, an increased

risk for NRM was significantly associated with the use of reduced intensity conditioning,

higher total bilirubin, National Institutes of Health (NIH) skin score of 2 to 3, NIH lung score

of 1 to 3, worse modified Human Activity Profile adjusted activity score, and decreased

distance on walk test. To summarize, cGVHD NRM does not plateau but increases over time

and is most commonly attributed to GVHD or infection, presumably associated with

immunocompromised status. Severe skin and lung cGVHD remain challenging manifesta-

tions associated with increased NRM, for which novel therapeutic options that do not

predispose patients to infections are needed.

Introduction

Chronic graft-versus-host disease (cGVHD) is common after allogeneic hematopoietic cell transplantation
(allo-HCT). It is a major cause of late morbidity and impaired quality of life,1-3 because of direct target organ
involvement and immune dysfunction, aswell as immune compromise from ongoing therapy.4 cGVHD remains
the main driver of late nonrelapse mortality (NRM) after HCT,5-7 but few recent studies have examined the
impact of cGVHD on NRM8 with attention to potential mitigating interventions. A large US registry study
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Key Points

� NRM increases
without apparent
plateau in patients with
cGVHD.

� The most common
reported causes of
death were cGVHD
and infection.
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reported an increasing incidence of cGVHD between 1995 and 2007
(odds ratio [OR], 1.19;P, .0001) over 3 intervals (1995-1999; 2000-
2003; 2004-2007). NRM rates at 1 and 3 years among patients with
cGVHD decreased over this same time period; however, at 5 years
posttransplant, no significant differences among the different time peri-
ods analyzed suggested that ongoing late NRM was not improved.9

Recent advances in the management of allo-HCT recipients have led
to increased transplant survivorship.10 Major strides have been taken
by expanding our knowledge of cGVHD pathophysiology with an
increased number of novel treatment trials for patients.11-13 However,
it is unclear whether these advances have reduced cGVHD-
associated NRM; detailed explorations into the association between
cGVHD-related factors and NRM are lacking.

In this study, we sought to determine the cumulative incidence of
cGVHD andNRM in amore recent patient cohort. In addition, we eval-
uated causes of death in patients with GVHD and analyzed patient-,
transplant-, and cGVHD-related clinical risk factors for NRM.

Methods

Adult patients (age older than 18 years) enrolled from 15 US institu-
tions between 2007 and 2019 on 2 prospective, longitudinal obser-
vational studies through the Chronic GVHD Consortium were
included for analysis.14,15 Patients had received allo-HCT with
cGVHD requiring new or change in systemic immunosuppressive
therapy. cGVHD patients were classified at enrollment as incident
(,3 months after diagnosis) or prevalent ($3 months but ,3 years
after diagnosis). This study analyzes only baseline (time of enrollment)
data and was approved by the institutional review boards of all partic-
ipating centers; all participants provided signed informed consent.

Data

Data used in this analysis include provider, patient, and laboratory
measures at enrollment recommended for collection by the National
Institutes of Health (NIH) Chronic GVHD Consensus conferen-
ces.16 These include the 8 provider-reported NIH organ severity
scored from 0 to 3 (skin, eye, mouth, vulvo-vaginal, gastrointestinal,
liver, lung, and joint). Available parameters for pulmonary function
testing were considered first, and if they were unavailable, pulmonary
symptoms as reported by physicians were used. Vulvo-vaginal scor-
ing was also clinically assessed and reported by the provider, and
gynecologic examinations were not mandated within the observa-
tional trials. cGVHD was graded according to the 2014 NIH Con-
sensus Criteria.17 Also tested for their relationship with NRM were
year of transplantation, time from transplantation to cGVHD diagno-
sis, time from diagnosis to enrollment, incident vs prevalent case,
and parent clinical study. We did not include global NIH severity
scoring in the analysis because that is calculated from the individual
organ scores, but we present results according to global NIH mild,
moderate, and severe groups.

Patient-reported outcomes (PROs) and functional measures included
the Lee Symptom Scale, the Human Activity Profile (HAP), and the
Short Form Health Survey (SF-36). Patients reported their cGVHD
symptoms using the Lee Symptom Scale (30 items, captured as a
5-point Likert scale from “no symptoms” to “extremely bothered”).18

The summary score was calculated according to the recommenda-
tions of the developer, with higher scores reflecting worse symptoms.
The HAP is a patient-reported measure of physical activity in adults,

consisting of 94 questions.19 Higher scores represent greater physi-
cal activity. A modified activity score excludes activities that are
restricted after HCT.20 The SF-36 is a 36-item self-report question-
naire that measures patient-reported health and functioning.21 The
physical component score is a sum of individual measures of physical
functioning, role limitations because of physical health, bodily pain,
and general health. Mental component score is the composite of men-
tal health, role limitations because of emotional problems, social func-
tioning, and vitality. Higher scores represent better functioning and are
normalized relative to healthy individuals. Functional measures exam-
ined in this analysis were standardized hand grip strength and the
2-minute walk test, as previously described.22

Cause of death was collected for participants who died. In one study,
it was categorized with options of GVHD-related relapse, infection,
other, and unknown, and with a specification of other causes. In the
other study, it was free-form text. Two independent reviewers used
the available information as reported by investigators to categorize
the cause of death. Nine categories were created: cGVHD not other-
wise specified, cGVHD and infection, cGVHD and organ failure, infec-
tion, respiratory failure, organ failure (excluding respiratory failure),
bleeding, other, and unknown.

Statistical analysis

Descriptive statistics were used to summarize baseline transplantation
and cGVHD features, as well as PROs. The cumulative incidence of
NRM starting from the time of enrollment was estimated by the
Kaplan-Meier method, with relapse and relapse deaths as competing
risks. Cox regression models were used to examine associations
between NRM and transplantation factors, cGVHD factors, and
PROs, first univariably and thenmultivariably for factors found to be asso-
ciated at a significance level of 0.1, using stepwise regression with
entrance into and exit from the model based on a significance level of
0.1. A sensitivity analysis of the incident cGVHD patients alone was per-
formed to investigate whether the results differed. All analyses were per-
formed usingSAS/STAT software, version 9.4 (SAS Institute, Cary, NC).

Results

Patient, transplant, and cGVHD characteristics

Patient and transplant characteristics are provided in Table 1. The
median age at transplantation was 52 years (range, 18-78 years)
and 60% of the patients were male. The median year of transplanta-
tion was 2010 (interquartile range [IQR], 2007-2013). Transplanta-
tions were predominately performed for hematologic malignancies
(95%), most commonly acute myeloid leukemia. Conditioning was
51% myeloablative, and grafts were mostly peripheral blood (90%)
and HLA-matched (85%). Half the patients had previous grade 2 to
4 acute GVHD.

cGVHD characteristics are provided in Table 2. The median time from
transplantation to cGVHDdiagnosiswas8months (IQR, 7-23months).
NIHcGVHDglobal severity scores at enrollmentweremild (13%),mod-
erate (49%), or severe (37%). The most commonly involved organs at
enrollment were skin (68%), mouth (60%), and eyes (55%). Of note,
skin scores were most commonly either 2 (26%) or 3 (24%). For
patients with lung involvement (29%), scoring was 1 (21%), 2 (6%),
or 3 (2%) based on pulmonary function tests (if available) or clinical
symptoms (if pulmonary function testswereabsent).High-risk laboratory
features at enrollment were rare (platelet count ,100 3 109/L, 15%;
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total bilirubin .2 mg/dL, 4%). Functional parameters at enrollment
includedamedianwalk test of 484 feet (IQR, 400-552 feet) andmedian
grip strength of 61 lbs (IQR, 43-81 lbs). Median summary scores at
enrollment for SF-36, modified HAP adjusted activity score and Lee
Symptom Scale scores are further detailed in Table 2.

NRM and cause of death

The median follow-up for survivors was 4 years (range, 0.1 months to
12.5 years). There were 333 deaths reported during the follow-up.
Disease relapse accounted for 25% of the deaths. The cumulative
incidence of NRM at 1 year was 7% (95% confidence interval [CI],
6%-9%), at 3 years it was 15% (95% CI, 13%-17%), and at 5 years,

it was 22% (95%CI, 19%-25%) after enrollment. The cumulative inci-
dence of NRM continued to increase over time without apparent pla-
teau and is predicted to reach 40% (95% CI, 30%-50%) at 12 years
(Figure 1).

The most common identified cause of nonrelapse death was cGVHD
(37.8%) associated with organ failure, infection, or additional causes
not otherwise specified. The next most frequent identified causes with-
out mention of cGVHDwere infection (17%), respiratory failure (10%),
and non-respiratory organ failure (6%) (Figure 2). Of note, for 23% of
deaths, the cause was unknown. There was no difference in cause of
death between incident and prevalent cases (data not shown).

Multivariable analysis of risk factors for NRM

Multiple variables were associated with an increased risk in univariable
analysis (data not shown), including patient (age, performance status,
HCT comorbidity index), transplantation (donor, conditioning inten-
sity), cGVHD-related (NIH stage, platelet count, total bilirubin, skin,
gastrointestinal, liver, lung scores), and functional and PRO (walk
and grip test, SF-36 scores, modifiedHAP score, Lee SymptomScale
skin, energy, lung, eye, and summary scores) variables (supplemental
Table 1). In multivariable analysis, an increased risk for NRM was sig-
nificantly associated with the use of reduced intensity conditioning
(RIC) (hazard ratio [HR], 1.5; P 5 .024), total bilirubin .2 mg/dL
(HR, 2.24; P 5 .017), skin scores 2 to 3 (HR, 1.9; P 5 .002),
lung score of 1 (HR, 1.68; P 5 .009), and lung score of 2 or
3 (HR, 2.25; P 5 .002), worse modified HAP-adjusted activity score
(HR, 0.80 per 10 points; P 5 .01), and decreased distance on walk
test (HR, 0.97 per 10 feet; P 5 .001) (Table 3).

Discussion

In this analysis, we sought to characterize the incidence and nature of
NRM over time among patients with cGVHD enrolled on 2 large lon-
gitudinal observational studies with standardized data assessments
and follow-up. NRM for patients with cGVHD in this cohort was lower
compared with what has been previously reported. In the aforemen-
tioned registry analysis, the cumulative incidence NRM at 1 year, 3
years, and 5 years was 18%, 30%, and 37%, respectively.9 Regard-
less, the absence of an apparent plateau in NRM remains a signif-
icant long-term concern for patients living with cGVHD. Although
the incidence of death is expected to increase with time in any
population, the 12-year NRM of 40% estimated in this cohort of
patients with cGVHD is higher than what has been previously
observed in the long-term follow-up of the general allo-HCT popu-
lation.7 Furthermore, the most common identified causes of death
were related to cGVHD and infection, suggesting that cGVHD and
its ongoing treatment are largely responsible for the sustained risk
for death in this population.23

Although the association between cGVHD and NRM has long been
appreciated, this study provides further evaluation of cGVHD-
related factors and their association with NRM. Previous studies
have identified patient- and transplantation-related factors associated
with the development of cGVHD, such as patient age, donor type,
graft source, and previous acute GVHD.24 The detailed cGVHD
assessments collected through theConsortium allowed us to evaluate
many variables which, to our knowledge, have never been investigated
in the context of evaluating NRM. In this study, we found that RIC was
associated with increased NRM. We hypothesize that RIC is likely a
surrogate for factors such as older patient age, worse performance

Table 1. Patient and transplantation characteristics

Characteristic

Total

(N 5 937)

Alive

(n 5 604)

Died

(n 5 333)

Median age at transplantation, y (range) 52 (18-78) 51 (18-77) 54 (18-78)

Sex

Female 377 (40) 244 (40) 133 (40)

Male 560 (60) 360 (60) 200 (60)

Diagnosis

AML/ALL 438 (47) 282 (47) 156 (47)

CML/CLL 105 (11) 66 (11) 39 (12)

MDS/MPD 158 (17) 103 (17) 55 (17)

NHL/HL 149 (16) 97 (16) 52 (16)

Other 87 (9) 56 (9) 31 (9)

Donor type

Matched related 358 (38) 236 (39) 122 (37)

Matched unrelated 436 (47) 276 (46) 160 (48)

Mismatched 142 (15) 91 (15) 51 (15)

Missing 1 1 0

Graft source

Peripheral blood 840 (90) 536 (89) 304 (91)

Bone marrow 58 (6) 42 (7) 16 (5)

Cord blood 37 (4) 24 (4) 13 (4)

Missing 2 2 0

Conditioning intensity

Myeloablative 472 (51) 326 (54) 146 (44)

RIC/NMA 461 (49) 275 (46) 186 (56)

Missing 4 3 1

Acute GVHD grades 2-4

No 462 (50) 310 (52) 152 (46)

Yes 467 (50) 287 (48) 180 (54)

Missing 8 7 1

Relapse

No 793 (85) 567 (94) 226 (68)

Yes 144 (15) 37 (6) 107 (32)

Median year of transplantation (range) 2010
(1987-2017)

2010
(1987-2017)

2009
(2005-2016)

All data are presented as n (%), unless otherwise specified.
ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CLL, chronic

lymphocytic leukemia; CML, chronic myeloid leukemia; HL, Hodgkin lymphoma; MDS,
myelodysplastic syndrome; MPD, myeloproliferative disorder; NHL, non-Hodgkin lymphoma;
NMA, non-myeloablative.
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status, or increased comorbidities, although none of these additional
factors were independently associated with NRM in multivariable anal-
ysis. We identified high-risk biochemical assessments (total bilirubin
.2 mg/dL) and organ involvement (score 2 to 3 for skin, any lung
involvement) associatedwith an increased risk for NRM. Lung or score
2 to 3 for skin involvement are known to be manifestations of cGVHD
that are more difficult to treat, and these results suggest that novel
approaches to either prevent or treat these challenging manifestations
without exacerbating immunodeficiency should be of high importance.
We also identified several enrollment functional and patient-reported
assessments that are associated with a higher risk for NRM. We
believe that continued investigations into how organ-specific severity,
functional assessments, and PROs potentially impact clinical out-
comes is of key importance for future studies.

Wespecifically analyzedcausesof death amongpatientswithcGVHD.
As expected, most NRM deaths were attributed, at least in part, to
ongoingcGVHD.Death related to cGVHDcanbemultifactorial.Organ
failure related to GVHD was reported in 4.8% of patients. Although
some patientswill experience organ failure directly because of ongoing
cGVHD involvement, this is less likely to happen with the most

Table 2. cGVHD characteristics and PROs at enrollment

Characteristic

Total

(N 5 937)

Alive

(n 5 604)

Died

(n 5 333)

cGVHD case type

Incident 498 (53) 321 (53) 177 (53)

Prevalent 439 (47) 283 (47) 156 (47)

Median time from HCT to cGVHD, mo (range) 7.5 (1-141) 7.6 (1-141) 7.3 (1-58)

cGVHD type

Classic 320 (34) 221 (37) 99 (30)

Overlap 617 (66) 383 (63) 234 (70)

cGVHD severity

None 15 (2) 9 (2) 6 (2)

Mild 121 (13) 82 (14) 39 (12)

Moderate 459 (49) 307 (51) 152 (46)

Severe 342 (37) 206 (34) 136 (41)

Platelet count 3 10
9/L

,100 137 (15) 74 (12) 63 (19)

$100 792 (85) 524 (88) 268 (81)

Missing 8 6 2

Bilirubin, mg/dL

#2 884 (96) 578 (97) 306 (94)

.2 37 (4) 16 (3) 21 (6)

Missing 16 10 6

Karnofsky performance score

,80 323 (38) 176 (32) 147 (48)

$80 535 (62) 377 (68) 158 (52)

Missing 79 51 28

Skin

0-1 475 (51) 312 (52) 163 (49)

2-3 462 (49) 292 (48) 170 (51)

Fascia

0-1 864 (92) 555 (92) 309 (93)

2-3 73 (8) 49 (8) 24 (7)

Gastrointestinal

0-1 856 (91) 557 (92) 299 (90)

2-3 80 (9) 46 (8) 34 (10)

Missing 1 1 0

Esophagus

0-1 900 (96) 579 (96) 321 (96)

2-3 37 (4) 25 (4) 12 (4)

Upper

0-1 872 (93) 555 (92) 317 (95)

2-3 65 (7) 49 (8) 16 (5)

Lower

0-1 894 (96) 583 (97) 311 (94)

2-3 41 (4) 20 (3) 21 (6)

Missing 2 1 1

Liver

0-1 818 (88) 535 (90) 283 (86)

2-3 108 (12) 61 (10) 47 (14)

Missing 11 8 3

All data are presented as n (%), unless otherwise specified.

Table 2. (continued)

Characteristic

Total

(N 5 937)

Alive

(n 5 604)

Died

(n 5 333)

Lung

0-1 864 (92) 570 (94) 294 (88)

2-3 73 (8) 34 (6) 39 (12)

Eye

0-1 743 (79) 473 (78) 270 (81)

2-3 193 (21) 130 (22) 63 (19)

Missing 1 1 0

Mouth

0-1 797 (85) 519 (86) 278 (83)

2-3 140 (15) 85 (14) 55 (17)

Joint

0-1 798 (85) 509 (84) 289 (87)

2-3 138 (15) 94 (16) 44 (13)

Missing 1 1 0

Genital

0-1 708 (95) 436 (95) 272 (95)

2-3 37 (5) 24 (5) 13 (5)

Missing 192 144 48

Median walk test, ft (range) 484
(62.5-1150)

500
(62.5-1150)

450
(144-840)

Median grip strength, lbs (range) 60.6
(2-167)

62.9
(3.6-167.0)

57.7
(2-159.7)

Median SF-36 score (range)

Physical component scale 39
(11-60.7)

40.4
(11-60.7)

36.1
(12.1-59.4)

Mental component scale 49.7
(7.1-68.4)

50.5
(7.1-68.4)

47.7
(10.6-68.2)

Modified HAP-adjusted activity score 66
(7-94)

69.0
(20-94)

59
(7-94)

Lee Symptom Scale overall summary score 21.6
(0-74.4)

20.3
(0-68.8)

23.5
(0-74.4)

All data are presented as n (%), unless otherwise specified.
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commonly involved organs such as skin, mouth, and eyes and may be
related to additional complications of GVHD and therapy. Direct organ
involvement is most prominent for patients with advanced lung involve-
ment, whichwaspreviously associatedwith poor outcomes and is con-
firmed in our analysis. cGVHD can also be associated with increased
risk for infection because of immune dysregulation and ongoing immu-
nosuppression. Infection was listed as a primary contributing cause of
death in 35% of NRM deaths in this study, further emphasizing the
need for continued vigilance in this population, and it justifiesprolonged
infection prophylaxis measures. The anticipated future use of targeted
therapies with less systemic immunosuppressive effects might also
decrease the risk for serious infectious complications. Finally, it is
important to note that relapsed malignancy accounted for 25% of
the deaths in this study cohort. Although studies have suggested a
lower risk of relapse in patients with cGVHD,8 our study demonstrates
that this risk remains significant, even years after transplantation.

This study has several limitations. First, because the eligibility criteria
was cGVHD at new or at change of systemic immunosuppressive

therapy regimen, there was a higher proportion of patients with mod-
erate or severe disease. Thus, the study populationmay not be repre-
sentative of cGVHD patients as a whole. Second, the analysis was
performed by using data collected at the time of study entry. Longitu-
dinal evaluations of cGVHD-related factors over time may be able to
more accurately identify changes that signal a new or increasing
risk for NRM over the natural history of cGVHD and its treatment.
Next, adjudication of cause of death is a challenge in many clinical
studies. In these longitudinal studies, cause of death was reported
by the participating center with no specific guidelines to follow.
Whether cGVHD was active or thought to be a contributing factor
in death was not standardized and therefore may be underestimated.
In addition, the impactof systemic therapy, including response to ther-
apy and duration of treatment, could not be evaluated in this analysis.

1.0
Relapse

Death without relapse

Years since enrollment

0.8

0.6

0.4

0.2

0.0
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Figure 1. The cumulative incidence of NRM among patients diagnosed with

cGVHD. Relapse shown as a competing risk.

Infection
16.9%

Chronic GVHD
37.8%

Secondary:
none reported

15.3%

Secondary:
infection
17.7%

Secondary:
organ failure 4.8%

Unknown
23.3%

Organ failure
(non-respiratory)

5.6%

Bleeding
1.6%

Respiratory failure
9.6%

Other
2.8%

Figure 2. Reported primary causes of death for cases of NRM.

Table 3. Multivariable analysis of variables associated with

increased risk for NRM

Parameter HR 95% CI P Global P

Conditioning regimen

Myeloablative 1.0

RIC/NMA 1.5 1.1-2.1 .024

Bilirubin at enrollment, mg/dL

#2 1.0

.2 2.24 1.16-4.34 .017

Skin score at enrollment

Not involved 1.0 .004

Mild 1.21 0.72-2.05 .47

Moderate or severe 1.89 1.27-2.82 .002

Lung score at enrollment

Not involved 1.0 .002

Mild 1.68 1.14-2.49 .009

Moderate or severe 2.25 1.35-3.75 .002

Walk test (per 10 feet) 0.97 0.96-0.99 .001

Modified HAP-adjusted activity score
(per 10 points)

0.80 0.70-1.0 .012
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Finally, themajority of the follow-up in this cohort tookplacebefore the
recent introduction of novel approaches for theprevention (posttrans-
plant cyclophosphamide) and treatment (ibrutinib, ruxolitinib) of
cGVHD.12,13 Thus, it remains unknown whether using these agents
could reduce NRM because of their less immunosuppressive nature
and potential to induce sustained cGVHD responses.

In conclusion, NRM continues to increase over time in patients with
cGVHD without an apparent plateau and is most commonly attrib-
uted toGVHD or infection, presumably associated with immunocom-
promised status. More advanced skin cGVHD and the presence of
lung cGVHD remain challenging manifestations associated with
increased NRM, for which novel therapeutic options are needed.
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