
Regular Article

TRANSPLANTATION

CME Article

Benefits and challenges with diagnosing chronic and
late acute GVHD in children using the NIH
consensus criteria
Geoffrey D. E. Cuvelier,1 Eneida R. Nemecek,2 Justin T. Wahlstrom,3 Carrie L. Kitko,4 Victor A. Lewis,5 Tal Schechter,6 David A. Jacobsohn,7

Andrew C. Harris,8 Michael A. Pulsipher,9 Henrique Bittencourt,10 SungWon Choi,11 Emi H. Caywood,12 Kimberly A. Kasow,13 Monica Bhatia,14

Benjamin R. Oshrine,15 Allyson Flower,16 Sonali Chaudhury,17 Donald Coulter,18 Joseph H. Chewning,19 Michael Joyce,20 Süreyya Savaşan,21
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KEY PO INT S

l Using central review in
a multi-institution study,
28.2% of submitted
cGVHD cases in children
were reclassified using
the NIH-CC.

l TheNIH-CCare feasible
and reliable for
children, but further
refinement of criteria,
specifically for pediatric
cGVHD, is needed.

Chronic graft-versus-host disease (cGVHD) and late acute graft-versus-host disease
(L-aGVHD) are understudied complications of allogeneic hematopoietic stem cell trans-
plantation in children. The National Institutes of Health Consensus Criteria (NIH-CC) were
designed to improve the diagnostic accuracy of cGVHD and to better classify graft-versus-
host disease (GVHD) syndromes but have not been validated in patients <18 years of age.
The objectives of this prospective multi-institution study were to determine: (1) whether
the NIH-CC could be used to diagnose pediatric cGVHD and whether the criteria oper-
ationalize well in a multi-institution study; (2) the frequency of cGVHD and L-aGVHD in
children using theNIH-CC; and (3) the clinical features and risk factors for cGVHDand L-aGVHD
using the NIH-CC. Twenty-seven transplant centers enrolled 302 patients <18 years of age
before conditioning and prospectively followed them for 1 year posttransplant for
development of cGVHD. Centers justified their cGVHD diagnosis according to the NIH-
CC using central review and a study adjudication committee. A total of 28.2% of reported

cGVHD cases was reclassified, usually as L-aGVHD, following study committee review. Similar incidence of cGVHD
and L-aGVHD was found (21% and 24.7%, respectively). The most common organs involved with diagnostic or
distinctive manifestations of cGVHD in children include the mouth, skin, eyes, and lungs. Importantly, the 2014 NIH-
CC for bronchiolitis obliterans syndrome performpoorly in children. Past acute GVHD and peripheral blood grafts are
major risk factors for cGVHDand L-aGVHD,with recipients‡12 years of age being at risk for cGVHD.Applying theNIH-CC
in pediatrics is feasible and reliable; however, further refinement of the criteria specifically for children is needed. (Blood.
2019;134(3):304-316)
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Introduction
Chronic graft-versus-host disease (cGVHD) is a major long-term
complication of allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT), resulting in adverse physical and psycho-
logical functioning,1-3 disability,4 and poor quality of life.5,6

Further, cGVHD remains the leading cause of late nonrelapse
mortality following allo-HSCT.7 The high incidence of cGVHD in
adults, between 30% and 65%,8,9 has resulted in an extensive
body of cGVHD literature in this population.

By comparison, cGVHD in infants, children, and adolescents has
been relatively understudied, with most cGVHD studies not
including pediatric patients.9 The reasons for this include fewer
transplants being performed compared with adults, as well as
a lower incidence of cGVHD in children,making cGVHD research in
this age group challenging. This is particularly true for pediatric-
specific prospective multi-institution cGVHD studies, which are
lacking. The true incidence of cGVHD in children is imprecisely
known, with estimates from registry studies suggesting 6% to 33%,
depending upon graft source.10-12 For children with cGVHD, the
disordermay become amajor cause ofmorbidity andmortality.13-15

Given their longer life expectancy, studying cGVHD in children
remains important to improve the outcome of pediatric allo-HSCT.

A major concern with cGVHD research revolves around the
challenges with clinical cGVHD evaluation, resulting in incon-
sistencies in reporting and, therefore, quality of cGVHD data.16

The original Seattle cohort defining any graft-versus-host dis-
ease (GVHD) manifestation occurring after day +100 as being

“chronic”17 is no longer accepted, given contemporary knowl-
edge regarding the biology of acute GVHD (aGVHD) and cGVHD,
which are now understood as related, but distinct, pathophysiologic
entities with different clinical features.18,19 Amajor advancement in the
field came with the publication of the 2005 National Institutes of
Health Consensus Criteria (NIH-CC) for the diagnosis and staging of
cGVHD, which were later updated in 2014.20,21 The NIH-CC defined
cGVHD as requiring the presence of $1 diagnostic cGVHD sign or
symptom, or 1 distinctive cGVHD manifestation with supporting
laboratory or other organ system involvement. Further, the NIH-CC
separated features that were common to both aGVHD and cGVHD as
not being diagnostic for cGVHD, regardless of their time of de-
velopment posttransplant. Finally, manifestations of aGVHD present
after day +100 are now called late acute graft-versus-host disease
(L-aGVHD) to differentiate them from cGVHD. Considerable effort to
validate the NIH-CC in adults has occurred, with the 2014 NIH-CC
considered the most comprehensive criteria for cGVHD assess-
ment.16 However, clinical applicability of the NIH-CC in children has
received little attention outside of 2 single-institution studies that
retrospectively reclassified children with cGVHD according to the
criteria.22,23 Indeed, the diagnostic criteria for cGVHD were de-
veloped primarily from adult data, and it remains unknownwhether
the NIH-CC can be easily applied to children given the potential
difficulties with assessment in pediatrics (eg, young children may
not be able to perform pulmonary function tests [PFTs] because of
their age) and how little is known about L-aGVHD in this population.

The Applied Biomarkers of Late Effects of Childhood Cancer/
Pediatric Blood and Marrow Transplant Consortium 1202 study
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(ABLE/PBMTC 1202) was a multi-institution prospective study
aimed at discovering prognostic biomarkers for pediatric cGVHD.24

Integral to the validity of the biomarker studies was the proper
classification of the GVHD status of enrolled subjects according to
the 2005 NIH-CC, including near real-time review of cGVHD
manifestations after diagnosis and central adjudication when re-
quired. This study presents results from these clinical GVHD as-
sessments and documents the benefits and challenges with using
the NIH-CC for cGVHD and L-aGVHD evaluation in pediatrics,
within the context of a multi-institution study. Our objectives were
to evaluate cGVHD and L-aGVHD diagnosis in children according
to the NIH-CC and, in particular, to determine: (1) whether the NIH-
CC, based primarily upon adult data, operationalize well in trans-
plant recipients,18 years of age, (2) the frequency of cGVHD and
L-aGVHD in pediatrics, and (3) the clinical presentations of, and risk
factors for, both disorders. This study represents the largest cohort
of prospectively collected children diagnosed with cGVHD and
L-aGVHD according to the NIH-CC published to date.

Patients and methods
Study design
Twenty-seven pediatric transplant centers (20 in the United
States, 6 in Canada, 1 in Europe) enrolled 302 patients between
8 August 2013 and 16 February 2017. All sites had institutional
ethics board approval. Following written informed consent/
assent, patients were enrolled before the start of conditioning
and followed prospectively for 12 months (6 1 month) following
hematopoietic stem cell transplantation (HSCT) for the de-
velopment of L-aGVHD and cGVHD. Eligibility included age 0 to
18 years at the time of allo-HSCT, as well as any transplantable
diagnosis, graft source, and GVHD prophylaxis regimen. Enroll-
ment was initially restricted to myeloablative conditioning regi-
mens25 and excluded haploidentical transplants; however, with
changing transplant trends, the study was amended to include
reduced-intensity conditioning and haploidentical transplantation.
Exclusion criteria included second or greater allo-HSCT, ex vivo
T-cell depletion, and inability of a patient to follow up at the
transplant center for 1 year post-HSCT. Transplant centers evalu-
ated patients according to their routine practices after HSCT, with
scheduled assessments at day +100 (614 days), 6 months (61
month), and 12 months (61 month). All subjects reported with
cGVHD to the study by the local institution are included. Patients
with nonengraftment (n = 14), patients with early relapse or toxic
mortality before day+114 (n =11 andn=16, respectively), patients
who were withdrawn for any reason (n = 14), and patients who did
not proceed to transplant (n = 4) were excluded. Patients meeting
these criteria were placed into 1 of 3 groups at the end of follow-
up: control group (no L-aGVHD or cGVHD), L-aGVHD only, and
cGVHD (including overlap syndrome).

Clinical data capture
Detailed case report forms (CRFs) were completed at 4 time
points (preconditioning, day +100, and 6 and 12 months),
reflecting standard transplant data before and after transplant
(supplemental Data, Main Case Report Forms; available on the
Blood Web site). Classical aGVHD was defined as aGVHD mani-
festations (maculopapular rash, nausea/vomiting, diarrhea, hyper-
bilirubinemia) occurring before day +100 posttransplant, with
aGVHD staged by organ system and graded according to the
modifiedGlucksberg criteria.26 L-aGVHDwas defined according to

the 2005 NIH-CC and included aGVHD manifestations occurring
on or after day +100.20 Isolated hyperbilirubinemia occurring
after day+100, in the absenceof other cGVHDmanifestations or an
alternative etiology, was classified as L-aGVHD. This included cases
in which a liver biopsy confirmed GVHD, because liver histopa-
thology alone cannot differentiate between aGVHD and cGVHD.20

cGVHD assessment and central adjudication of
cGVHD status
Transplant physicians with experience in the assessment of cGVHD
(site principal investigators [PIs]) completed an initial-onset cGVHD
CRF following clinical assessment of the patient around the time of
cGVHDdiagnosis, detailing the clinicalmanifestations and laboratory
investigations of cGVHD according to the 2005 NIH-CC (supple-
mental Data, Initial Onset of cGVHD Case Report Forms).20 Usually,
this CRF was completed before systemic immune suppression
was escalated. Reasonable time was allowed to complete further
investigations (eg, biopsies, PFTs) to establish a cGVHD diagnosis.
Biopsies were recorded but notmandated. Centers were required to
justify their cGVHD diagnosis according to the 2005 NIH-CC. Once
submitted, initial-onset cGVHDCRFswere reviewed in near real-time
by the study PI (G.D.E.C.). Given the insidious nature of cGVHD, if
a cGVHD diagnosis was equivocal and/or the center was unable to
justify the cGVHDdiagnosis according to theNIH-CC, inquiries were
sent to the site PI for further clarification. If resolution was not
obtained, review by a study adjudication committee composed of
experts in cGVHD evaluation (C.L.K., D.A.J., E.R.N., K.R.S., T.S.,
V.A.L., and J.T.W.) occurred. Final adjudication of GVHD status
occurred by vote. As experience grew, as well as after reassessment
by the local site PI and study committee, a subset of patients was still
believed to possibly or likely have cGVHD based upon clinical and
laboratory features, despite not completely meeting NIH-CC. These
patients were included in the cGVHD group as “non–NIH-CC”
cGVHD cases. Unequivocal cGVHD cases meeting NIH-CC were
not reviewed by the study committee. L-aGVHDwas identified from
clinical CRFs submitted by sites, as well as from patients initially
submitted as cGVHD cases, but who were agreed upon as better
classified as L-aGVHD, upon further review with the site PI and/or
study adjudication committee. Cases in which aGVHD features were
present concurrently with $1 diagnostic and/or distinctive cGVHD
manifestation (with appropriate investigations) were classified as
overlap syndrome and included as cGVHD cases. A follow-upCRF at
12 months (61 month) post-HSCT was also reported for cGVHD
cases, documenting new cGVHD manifestations, organ-specific
severity scoring, and maximal overall cGVHD global severity scor-
ing according to NIH-CC in the first year post-HSCT.

Pulmonary cGVHD reassessment as per
2014 NIH-CC
A major change in the 2014 NIH-CC occurred with respect to
diagnosing pulmonary cGVHD, including a decreased emphasis
on lung biopsy to document pathological bronchiolitis obliterans
(BO) and an increased emphasis on PFT findings.21 In the
presence of another distinctive cGVHD manifestation, criteria
that incorporated obstructive PFTs and computed tomography
(CT) scans with air trapping, bronchiectasis, and/or small airway
thickening could diagnose BO syndrome (BOS) and fulfill criteria
for pulmonary cGVHD. To determine the utility of the 2014 NIH-
CC criteria in children, centers that reported cases of pulmonary
cGVHD were requested to provide additional information re-
garding the diagnosis (PFT results, CT scans, biopsy results).
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Statistical analysis
See supplemental Data, Statistical Analysis.

Results
Patient characteristics
The 1-year event-free survival was 78.5%6 2.4% and transplant-
related mortality was 9.2% 6 1.7% for the entire cohort. Of the
302 enrolled patients, 243 (80.5%) were alive, engrafted, and
disease-free at day +114 and evaluable for long-termGVHD status
(Figure 1; Table 1). Two-hundred and twenty-seven (93.4%) com-
pleted follow-up to the end of study period, with the other 16
(6.6%) completing follow-up to a median day +244.5 (interquartile
range, day 207-309.5) before experiencing relapse (n = 9) or late-
toxic mortality (n = 7). Fifty-one (21% of the evaluable population)
developed cGVHD at a median day +161 (interquartile range,
day 129-203; range, day 41-385) (Figure 2), including 43 (84.3%)
meeting NIH-CC for cGVHD and 8 (15.7%) being “non–NIH-CC”
cGVHD cases. Sixty patients (24.7% of the evaluable population)
had L-aGVHD only; the majority (80%) experienced persis-
tence of or recurrence from aGVHD before day +100. Only 12

patients (4.9% of the evaluable population, or 20% of L-aGVHD
cases) had true de novo L-aGVHD. The remaining 132 (54.3%
of the evaluable population) had no evidence of L-aGVHD or
cGVHD.

Central adjudication of GVHD clinical features
improved cGVHD assessment
During the study period, inquiries were made by the study PI to
the site PI (or vice versa) to clarify cGVHD clinical manifestations
against the NIH-CC in 44 patients (supplemental Table 1). For
5 patients, communication led to resolution before official
reporting as a cGVHD case (3 agreed most consistent with
L-aGVHD, 2 deemed inconsistent with any form of GVHD). For
the other 39 patients, inquiries occurred after sites submitted
initial-onset cGVHD forms documenting the clinical manifes-
tations of cGVHD to the study. For these, central review by the
study committee occurred only when the reported GVHD
manifestations remained equivocal for a cGVHD diagnosis fol-
lowing further review between the site PI and study PI, which
occurred in 25 of 39 (64.1%) of submitted cases. Although 16 of
39 (41.0%) of the reported cGVHD cases were confirmed as
meeting NIH-CC, 23 of 39 (59.0%) were agreed upon (by the

Quiescent cGvHD

Participants Enrolled Before Conditioning (n=302)

Final Study Population (n=243)

Persistent Late Acute
(n=29; 48.3%)

Progressive /
Quiescent cGvHD

(n=43; 84.3%)*
* n=20 with overlap

syndrome

Recurrent Late Acute
(n=19; 31.7%)

Late Onset De Novo
Acute GvHD
(n=12; 20%)

De Novo cGvHD
(n=8; 15.7%)

No History of Classical
Acute GvHD

(n=87; 65.9%)

History of Classical
Acute GvHD

(n=45; 34.1%)

(n=132)
Control Group

No Late Acute and
No Chronic GvHD

(n=60)

Late Acute GvHD
Only

(n=51)
Chronic GvHD

Excluded (n=59)

Toxic Mortality Before Day +114 (n=16)

Non-Engraftment (n=14)

Early Relapse Before Day +114 (n=11)

Study Withdrawal (n=7)

Lost to Follow Up (n=7)

Did Not Proceed to Transplant (N=4)

Figure 1. Flowdiagram of enrolled patients into 3 final
GVHDgroupings according to NIH-CC.A proportion of
patients in all 3 groups had a history of classical aGVHD
before day +100, including 45 of 132 (34.1%) in the control
group, 43 of 51 (84.3%) in the cGVHD group, and 48 of
60 (80%) in the L-aGVHD group. Of the 51 pediatric
patients with cGVHD (43 meeting NIH-CC), most (84.3%)
had progressive/quiescent cGVHD, meaning that their
cGVHD developed concurrently with or after a past his-
tory of aGVHD. Twenty cGVHD cases (39.2%) had con-
current aGVHD manifestations at the time of cGVHD
diagnosis (overlap syndrome), and 8 others (15.7%) had
a history of L-aGVHD that had resolved before their
quiescent cGVHD diagnosis. De novo cGVHD without
a history of aGVHDwas rare (15.7%). L-aGVHD cases were
further subdivided into persistent L-aGVHD (aGVHD per-
sisting after day +100; n = 29; 48.3%), recurrent L-aGVHD
(aGVHD manifestations returning after day +100 following
a period of resolution; n = 19; 31.7%), or new-onset de novo
L-aGVHD (n = 12; 20%).
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study PI, site PI, and study committee) as not meeting NIH-CC,
including 10 that were better classified as L-aGVHD, 5 that were
felt not to be related to GVHD at all (because of their very mild
severity, resolution without treatment, and/or alternative etiol-
ogy later found), and 8 (all reviewed by the study committee)
where it was believed that the participant probably or likely had
cGVHD, despite the NIH-CC not being formally met (“non–NIH-
CC” cGVHD cases). Themost common reason for reclassification
of submitted cGVHD cases involved patients with clinical
manifestations of GVHD occurring after day +100 that weremost

consistent with L-aGVHD (eg, maculopapular rash, diarrhea,
nausea and vomiting, and isolated hyperbilirubinemia) in the
absence of other diagnostic or distinctive cGVHD manifes-
tations. Stated differently, had the ABLE/PBMTC 1202 bio-
marker study relied only upon sites submitting dichotomous yes/
no answers regarding the presence of cGVHD, the cGVHD
group could have been as large as 71 patients, of whom 20
(13 L-aGVHD and 7 with signs and symptoms better ascribed to
non-GVHD causes) would have been erroneously classified as
having cGVHD (error rate, 28.2%).

Table 1. Baseline characteristics

Characteristic (overall percentages of
entire evaluable cohort; n = 243) No L-aGVHD or cGVHD (n = 132) L-aGVHD (n = 60) cGVHD (n = 51)

Diagnoses
Malignant (n = 168; 69.1%) 78 (59) 49 (81.7) 41 (80.4)

ALL, n 33 23 18
MDS/AML, n 37 21 15
Mixed lineage acute leukemia, n 0 0 1
NHL, n 4 3 3
JMML, n 3 2 1
CML, n 1 0 3

Nonmalignant (n = 75; 30.9%) 54 (41) 11 (18.3) 10 (19.6)
Sickle cell anemia, n 12 4 4
Severe aplastic anemia, n 12 1 1
Thalassemia, n 4 1 0
Primary immunodeficiency disorder, n* 12 2 1
Inherited marrow failure syndrome, n† 5 1 2
Other nonmalignant disorder, n‡ 9 2 2

Sex
Male (55.6%) 72 (54.5) 30 (50) 33 (64.7)
Female (44.4%) 60 (45.5) 30 (50) 18 (35.3)

Age at transplant
Median (IQR) (range), y 9.3 (4.6-12.9) (0.2-17.9) 7.7 (3.1-12.2) (0.9-18) 11.9 (7.8-14.6) (2-18)

Donor and HLA match
HLA-matched sibling donor (8/8) 51 (38.6) 13 (21.7) 8 (15.7)
HLA-matched nonsibling family donor 3 (2.3) 3 (5) 0 (0)
Haploidentical family donor (with PTCy) 2 (1.5) 1 (1.7) 1 (2)
HLA-matched unrelated donor (8/8) 48 (36.4) 21 (35) 22 (43.1)
HLA-mismatched unrelated donor (#7/8) 9 (6.8) 9 (15) 12 (23.5)
HLA-matched cord blood (6/6) 9 (6.8) 4 (6.6) 1 (2)
HLA-mismatched cord blood (#5/6) 9 (6.8) 7 (11.7) 6 (11.7)
Double cord blood 1 (0.8) 2 (3.3) 1 (2)

Stem cell source
Bone marrow (62.6%) 94 (71.2) 33 (55) 25 (49.0)
PBSC (20.6%) 19 (14.4) 13 (21.7) 18 (35.3)
Cord blood (15.2%) 18 (13.6) 12 (20) 7 (13.7)
Double cord blood (1.6%) 1 (0.8) 2 (3.3) 1 (2.0)

Unless otherwise noted, data are n (%).

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ATG, anti-thymocyte globulin; Bu, busulfan; CML, chronic myelogenous leukemia; CNI, calcineurin inhibitor; Cy,
cyclophosphamide; Flu, fludarabine; IQR, interquartile range; JMML, juvenile myelomonocytic leukemia; Mel, melphalan; MDS, myelodysplastic syndrome; MMF, mycophenolate
mofetil; MTx, methotrexate; NHL, non-Hodgkin lymphoma; PBSC, peripheral blood stem cells; PTCy, posttransplant cyclophosphamide; TBI, total body irradiation; TT, thiotepa;
6, with or without.

*Primary immunodeficiency disorders included chronic granulomatous disease (n = 6), severe combined immune deficiency (n = 6), leukocyte adhesion defect (n = 1), dedicator of cytokinesis
8 (DOCK8) (n = 1), and GATA2 (n = 1).

†Inherited bone marrow failure syndromes included Fanconi anemia (n = 3), Diamond-Blackfan anemia (n = 2), dyskeratosis congenita (n = 1), severe congenital neutropenia (n = 1), and
Shwachman-Diamond syndrome (n = 1).

‡Other nonmalignant disorders included Hurler syndrome (n = 5), hemophagocytic lymphohistiocytosis/X-linked lymphoproliferative syndrome (n = 2), Glanzmann’s thrombasthenia (n = 2),
cerebral adrenoleukodystrophy (n = 2), osteopetrosis (n = 1), and chronic active Epstein-Barr virus infection (n = 1).
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Clinical manifestations of cGVHD in children at the
time of diagnosis
Of the 43 patients meeting NIH-CC for cGVHD, 36 (83.7%)
exhibited $1 diagnostic cGVHD manifestation at the time of
initial diagnosis. For the other 7, cGVHD diagnosis was estab-
lished according to the NIH-CC by having$1 distinctive cGVHD
sign along with supporting laboratory values or biopsy results
(supplemental Table 2). An additional 8 patients (“non–NIH-CC
cGVHD”) were believed to possibly (n = 6) or likely (n = 2) have
cGVHD after study committee review, despite not meeting
formal NIH-CC (supplemental Table 3). These “non–NIH-CC
cGVHD” patients all had low NIH-CC organ severity scores
(1-2), suggesting that mild presentation may have made the

diagnosis according to the NIH-CC more challenging and/or
the disease was diagnosed at an earlier time in the natural
history of cGVHD development. The most frequent organ
systems involved with diagnostic or distinctive cGVHD mani-
festations in children, in order of decreasing incidence, in-
cluded the mouth, skin, eyes, lungs, scalp, musculoskeletal
system, and nails (Figure 3). No patient was reported with
diagnostic or distinctive cGVHD features of the gastrointestinal
tract (esophageal webs or strictures) or genitalia (lichen planus
features, vaginal scarring/stenosis, ulceration, erosions, or fissures)
at diagnosis or follow-up. Because the study did not record
whether gynecologic examinations were routinely performed,
it is uncertain whether the absence of cGVHD of the genitalia is

Table 1. (continued)

Characteristic (overall percentages of
entire evaluable cohort; n = 243) No L-aGVHD or cGVHD (n = 132) L-aGVHD (n = 60) cGVHD (n = 51)

Conditioning regimen
Myeloablative (86.8%) 111 (84.1) 55 (91.7) 45 (88.2)

TBI 1200-1320 cGY/CY 6 other, n 30 23 19
Bu + CY 6 Mel, n 27 17 14
Bu + Flu 6 Mel, n 44 10 11
Bu + Flu + 200-400 cGY TBI, n 6 4 1
TBI 1200 cGY + other, n 3 0 0
Treosulfan + Flu + 200 cGY TBI, n 1 1 0

Reduced intensity (13.2%) 21 (15.9) 5 (8.3) 6 (11.8)
Cy/Flu + TBI 200-400 cGY, n 7 2 0
Cy 6 Flu, n 4 0 2
TBI 300 cGY (+ serotherapy), n 3 0 0
Flu/Mel (6 serotherapy 6 TT), n 3 2 2
Other, n 4 1 2

Serotherapy
Rabbit ATG (31.3%) 43 (32.5) 20 (33.3) 13 (25.5)
Horse ATG (13.1%) 17 (12.9) 4 (6.7) 11 (21.6)
Alemtuzumab (10.7%) 20 (15.2) 4 (6.7) 2 (3.9)
None (44.9%) 52 (39.4) 32 (53.3) 25 (49)

GVHD prophylaxis
CNI + MTx (66.3%) 80 (60.6) 39 (65) 42 (82.4)
CNI + MMF (22.2%) 35 (26.5) 11 (18.3) 8 (15.7)
PTCy + CNI + MMF (3.3%) 5 (3.8) 2 (3.3) 1 (1.9)
CNI + steroid (2.1%) 1 (0.8) 4 (6.7) 0
Other (6.1%) 11 (8.3) 4 (6.7) 0

History of aGVHD (maximal grade)
None (44%) 87 (65.9) 12 (20) 8 (15.7)
Grade 1 (19.4%) 19 (14.4) 14 (23.3) 14 (27.4)
Grade 2 (20.2%) 17 (12.9) 17 (28.3) 15 (29.4)
Grade 3 (12.3%) 7 (5.3) 12 (20) 11 (21.6)
Grade 4 (4.1%) 2 (1.5) 5 (8.4) 3 (5.9)

Unless otherwise noted, data are n (%).

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ATG, anti-thymocyte globulin; Bu, busulfan; CML, chronic myelogenous leukemia; CNI, calcineurin inhibitor; Cy,
cyclophosphamide; Flu, fludarabine; IQR, interquartile range; JMML, juvenile myelomonocytic leukemia; Mel, melphalan; MDS, myelodysplastic syndrome; MMF, mycophenolate
mofetil; MTx, methotrexate; NHL, non-Hodgkin lymphoma; PBSC, peripheral blood stem cells; PTCy, posttransplant cyclophosphamide; TBI, total body irradiation; TT, thiotepa;
6, with or without.

*Primary immunodeficiency disorders included chronic granulomatous disease (n = 6), severe combined immune deficiency (n = 6), leukocyte adhesion defect (n = 1), dedicator of cytokinesis
8 (DOCK8) (n = 1), and GATA2 (n = 1).

†Inherited bone marrow failure syndromes included Fanconi anemia (n = 3), Diamond-Blackfan anemia (n = 2), dyskeratosis congenita (n = 1), severe congenital neutropenia (n = 1), and
Shwachman-Diamond syndrome (n = 1).

‡Other nonmalignant disorders included Hurler syndrome (n = 5), hemophagocytic lymphohistiocytosis/X-linked lymphoproliferative syndrome (n = 2), Glanzmann’s thrombasthenia (n = 2),
cerebral adrenoleukodystrophy (n = 2), osteopetrosis (n = 1), and chronic active Epstein-Barr virus infection (n = 1).
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a true pediatric phenomenon or is due to the lack of a gyne-
cologic evaluation.

By comparison, common GVHD signs and symptoms (seen in
aGVHD and cGVHD) and “other” features (rare, controversial, or
nonspecific) frequently co-occurred in cGVHD cases, with 47 of
51 (92.2%) cGVHD patients exhibiting involvement in $1 organ
system (Table 2). Such nonspecific signs and symptoms were
present at the time of cGVHD diagnosis in 1 organ system in
13 patients (25.5%), 2 organ systems in 16 patients (31.4%), 3 organ
systems in 9 patients (17.6%), 4 organ systems in 7 patients (13.7%),
and 5 organ systems in 2 patients (4%). When nausea, vomiting,
diarrhea, maculopapular skin rash, and/or hyperbilirubinemia oc-
curred concurrently with other cGVHD manifestations, these pa-
tients were labeled as having overlap syndrome, which occurred in
20 of 51 (39.2%) patients in the cGVHD group.

Biopsies of involved tissues were reported for 16 cGVHD
patients (skin [n = 8], gastrointestinal tract [n = 3], liver [n = 2],
lungs [n = 2], renal [n = 1]). Six (37.5%) were inconclusive for
a GVHD diagnosis. Three patients experienced early cGVHD
manifestations before day +100 (onset at days +41, +90, and +92).

Global severity scoring of cGVHD in children
Sites scored each organ system involved with cGVHD for se-
verity as per the NIH-CC, at initial diagnosis and at 12 months
(61month) post-HSCT (or at time of death, if occurred first). New
organ system involvement, with cGVHD developing after initial
diagnosis, was recorded. Sites also provided their assessment of
the maximal severity of cGVHD over the first year posttransplant,
allowing for the calculation of the maximal NIH-CC cGVHD
global severity score for each patient, a useful measure asso-
ciated with nonrelapse mortality and survival,27,28 and the total
impact of cGVHD on organ and functional status.20,21,29-31

Children with confirmed NIH-CC cGVHD were assessed at
maximal severity as having mild cGVHD (6/43; 14%), moderate

cGVHD (16/43; 37.2%), or severe cGVHD (21/43; 48.8%); the
median number of organs involved was 3 (range, 1-5).

The 2014 NIH-CC inadequately address pulmonary
cGVHD in children
We noticed particular challenges with diagnosing pulmonary
cGVHD according to NIH-CC in children, despite pulmonary
dysfunction being reported to the study. Additional information
was sought from centers in an attempt to reclassify the 12 reported
patients with pulmonary cGVHD against the 2014 NIH-CC, which
place increased emphasis on PFTs as opposed to lung biopsy.21

Only 4 of 12 (33.3%) met formal 2014 NIH-CC for pulmonary
cGVHD (pathological BO or BOS), with 2 meeting the criteria
only after death from severe pulmonary dysfunction and autopsy
confirmation of BO. Interestingly, both patients had undergone
open lung biopsy while alive that were nondiagnostic. Only 2 of
12 (16.7%) met the 2014 NIH-CC for BOS while alive, both of
whom were older (14 and 15.4 years) and able to reliably
complete PFTs. Reasons for not meeting the 2014 NIH-CC were
many, with .1 reason often present in the same individual
(Table 3). Although it might be argued that these patients did not
truly have pulmonary cGVHD, 9 of 12 met NIH-CC for a cGVHD
diagnosis because of diagnostic and/or distinctive cGVHD
manifestations in other organ systems, arguing that the re-
spiratory syndrome was likely a component of pulmonary
cGVHD. Only 2 patients had symptomatic pulmonary NIH organ
severity scores of 1 (mild, shortness of breath with climbing
1 flight of steps), whereas 7 patients had severity scores of
2 (moderate, shortness of breath after walking flat ground), and
4 patients had severity scores of 3 (severe, shortness of breath
at rest and/or requiring oxygen). At 12 months (61 month) after
HSCT, 3 had NIH-CC lung scores of 0 (suggesting resolution),
3 were stable (identical lung severity score relative to diagnosis),
1 had progressive pulmonary severity but was alive, 4 had died
from progressive pulmonary failure, and 1 had died from re-
lapsed malignancy.
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Figure 2. Time course for cGVHD diagnosis over the first-year
posttransplant. Red solid line indicates all children diagnosed with
cGVHD. Blue dotted line indicates only the children with NIH-CC
cGVHD.
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Risk factors for cGVHD and L-aGVHD development
in children

Univariable analysis revealed a significant increase in the risk of
cGVHDwith malignant disease (odds ratio [OR], 2.84; P = .0069),
peripheral blood stem cell (PBSC) grafts (OR, 3.56; P = .007),
unrelated donors (OR, 3.57; P = .0065), HLAmismatch (OR, 3.21;
P = .003), recipient age $12 years at the time of transplant
(OR, 2.2; P = .03), and a history of classical aGVHD (OR, 10.39;
P, .001). Such risk was significantly reduced when using GVHD
prophylaxis agents other than a calcineurin inhibitor with metho-
trexate (OR, 0.33; P = .0087). By comparison, only malignant
disease (OR, 3.08; P = .0022), HLA mismatch (OR, 2.36; P = .031),
and a history of classical aGVHD (OR: 7.73; P , .001) were risk
factors for L-aGVHDby univariable analysis (supplemental Table 4).

Multivariable analysis revealed that risk for cGVHD development
in children increased with a history of classical aGVHD grades 2 to
4 (OR, 5.48; P = .0001), PBSC grafts (OR, 4.11; P = .0064), and
recipient age$12 years (OR, 3.07; P= .015), whereas such risk was
reduced when a GVHD prophylaxis regimen other than a calci-
neurin inhibitor with methotrexate was used (OR, 0.24; P = .0132).
By comparison, only a history of classical aGVHDgrades 2 to 4 (OR,
6.35; P , .0001) and PBSC grafts (OR, 3.13; P = .0271) were
significantly associated with an increased risk of L-aGVHD on
multivariable analysis (Table 4; supplemental Table 5).

Discussion
cGVHD is a heterogeneous disease in terms of clinical signs and
symptoms, organ involvement, and severity. Accurate clinical
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Figure 3. Organ systems and clinical manifestations
of cGVHD in children at the time of initial cGVHD
diagnosis. (A) The percentage of children with cGVHD
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involvement. (B) The percentage of children with NIH-
CC cGVHD exhibiting diagnostic cGVHD signs at the
onset of cGVHD development. (C) The percentage of
children with NIH-CC cGVHD exhibiting distinctive
cGVHD signs at the onset of cGVHD development.
MSK, musculoskeletal.
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assessment of cGVHD provides the foundation for all sub-
sequent cGVHD research, whether related to biomarkers, reg-
istry studies, or therapeutic clinical trials.16,32 However, a number
of studies clearly demonstrate inconsistency between clinicians

with respect to cGVHD assessment, with wide interobserver
variability in cGVHD diagnosis and severity scoring.33-36 A recent
Blood andMarrow Transplant Clinical Trials Network multicenter
clinical trial, for instance, involving the treatment of established

Table 2. Common and other GVHDmanifestations according to the 2005NIH-CC present in children at the time of initial
onset of cGVHD

NIH-CC cGVHD organ system and
clinical manifestation* Frequency in all cGVHD cases (n = 51)

Frequency in confirmedNIH-CC cGVHD
cases (n = 43)

Skin (n = 32; 62.7%)
Dry skin 22 (43.1) 19 (44.2)
Erythema/maculopapular rash 17 (33.3) 15 (34.9)
Pruritus 13 (25.5) 12 (27.9)
Isolated hyperpigmentation 6 (11.8) 6 (14)
Isolated hypopigmentation 5 (9.8) 5 (9.8)
Ichthyosis 5 (9.8) 4 (9.3)
Keratosis pilaris 3 (5.9) 2 (4.7)

GI tract (n = 20; 39.2%)
Anorexia 18 (35.3) 15 (34.9)
Weight loss/failure to thrive 15 (29.4) 13 (30.2)
Nausea/vomiting 10 (19.6) 7 (16.3)
Chronic diarrhea 6 (11.8) 5 (11.6)

Liver (n = 14; 27.5%)
Increased total bilirubin, alkaline phosphatase,
AST, and/or ALT .23 ULN

14 (27.5) 13 (30.2)

Mouth (n = 16; 31.4%)
Erythema 11 (21.6) 10 (23.3)
Pain 8 (15.7) 7 (16.3)
Mucositis 5 (9.8) 5 (11.6)
Gingivitis 1 (2) 1 (2.3)

Eyes (n = 11; 21.6%)
Itchy 9 (17.6) 9 (20.9)
Photophobia 3 (5.9) 3 (7)
Blepharitis 2 (4) 2 (4.7)
Excessive tearing 2 (4) 2 (4.7)
Difficulty opening eyes in morning 2 (4) 2 (4.7)
Periorbital hyperpigmentation 1 (2) 1 (2.3)

Scalp (n = 6; 11.8%)
Thinning of scalp hair 6 (11.8) 6 (14)

Musculoskeletal system (n = 1; 5.9%)
Muscle weakness 1 (2) 1 (2.3)

Genital (n = 1; 5.9%)
Vaginal dryness 1 (2) 1 (2.3)

Other
Pericardial/pleural effusions/ascites 4 (7.8) 2 (4.7)
Eosinophilia 3 (5.9) 3 (7)
Immune thrombocytopenia 1 (2) 0
Nephrotic syndrome 1 (2) 0 (0)
Cardiomyopathy 1 (2) 1 (2.3)
Neuropathy 1 (2) 1 (2.3)

All data are n (%).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GI, gastrointestinal; ULN, upper limit normal.

*Percentage shown by each organ system reflects the proportion of individuals with cGVHD (including all patients with NIH-CC or non–NIH-CC cGVHD) with $1 common or other cGVHD
manifestation in that organ system at the time of initial cGVHD diagnosis. Common and other cGVHDmanifestations as per 2005 NIH-CC that were not reported to the study (0 patients) are
not included.
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cGVHD and occurring at experienced transplant institutions,
excluded 10% of participants post hoc for not satisfying the NIH-
CC for cGVHD diagnosis at the time of enrollment.37 Further,
although registry studies regarding cGVHDprovide access to large
numbers of patients for statistical analysis, the retrospective data
collection without adjudication of cGVHD diagnosis raises serious
concern about the validity of the diagnosis to begin with. To ad-
dress this, theCenter for International Blood andMarrowTransplant
Research implemented cGVHD reporting according to the
2014 NIH-CC on their research-level CRFs in 2016.38 However,
multiple barriers to using the NIH-CC have been reported, in-
cluding lack of time, unfamiliarity with the recommendations,
controversy with the criteria, and requirement for investigator
training, raising concerns about whether such data from a registry
will be sufficient for analysis.34,38-40 These issues are likely

compounded in children, in whom cGVHD is not encountered as
frequently compared with adult allo-HSCT.

The ABLE/PBMTC 1202 study represents the largest study
documenting the clinical features of cGVHD and L-aGVHD in
children according to the NIH-CC. This study has a number
of strengths, including the prospective data collection, re-
quirement for sites to justify their cGVHD diagnosis according to
the NIH-CC, the near real-time review of cGVHD cases, central
review and adjudication of the cGVHD diagnosis, and the multi-
institutional nature of the study, which included smaller to larger
pediatric bone marrow transplantation centers, thus reflecting
a real-world analysis. An important finding was that, in our at-
tempt to meticulously document cGVHD in children according
to the NIH-CC, 28.2% of submitted cGVHD cases were reclas-
sified as something other than cGVHD. If extrapolated to larger
registry data, this could imply that.1 in 4 documented cases of
pediatric cGVHD may not truly be cGVHD. Therefore, we sug-
gest that future studies of cGVHD in children, whether regarding
biomarkers or clinical trials using cGVHD as an end point, require
a judicious and detailed process for assessing and adjudicating
cGVHD diagnoses. In our analysis, L-aGVHD in children was of
similar incidence to cGVHD (24.7% vs 21%) and was the major
reason to reclassify a diagnosis in submitted cGVHD cases. In-
deed, manifestations common to aGVHD and cGVHD (as well as
“other” features) were present in 92.2% of cGVHD cases, with
true overlap syndrome (simultaneous aGVHD and cGVHD) oc-
curring in 39.4% of cGVHD cases. In our experience, separating
clinical manifestations as being acute or chronic was challenging
for clinicians. However, as the trial continued, fewer reports of
cGVHD needed to be reclassified as L-aGVHD, suggesting
a positive learning curve in the context of a multi-institution
study. Although in-depth training around assessing patients
according to the NIH-CC was not provided at the start of the
ABLE/PBMTC 1202 study, this will be an emphasis in our next
cGVHD biomarker study in children (ABLE 2.0/PBMTC 1901),
which will open in 2019. Our data also strengthen the link be-
tween acute and chronic GVHD, with very few children having

Table 3. Reasons for not meeting 2014 NIH-CC for BOS
(pulmonary cGVHD)

Reason No. of instances*

CT scan of lungs with nonspecific features and
lack of BO features (air trapping, airway
thickening, bronchiectasis)

6

PFT not performed because of young age 5

Investigations (eg, BAL) not performed to rule
out infection

4

PFT did not meet American Thoracic Society
guidelines for reliability because of patient
effort

2

Too unwell to perform PFTs 1

PFTs met some, but not all, criteria for BOS 1

BAL, bronchoalveolar lavage.

*In many instances, .1 reason could be identified in an individual patient for not meeting
the 2014 NIH-CC for BOS (pulmonary cGVHD).

Table 4. Multivariable risk factor analysis for cGVHD and L-aGVHD development in children

Variable

cGVHD L-aGVHD

OR (CI) P OR (CI) P

Maximal previous aGVHD grade
Grade 2-4 5.479 (2.304-13.025) .0001 6.346 (2.919-13.794) ,.0001
Grade 0-1 Reference Reference

Stem cell source
PBSC 4.110 (1.481-11.083) .0064 3.132 (1.138-8.622) .0271
Cord blood 2.308 (0.481-11.083) .2962 1.849 (0.545-6.272) .3237
Bone marrow Reference Reference

Age of recipient at time of transplant, y
$12 3.073 (1.244-7.590) .0150 0.598 (0.277-1.292) .1906
,12 Reference Reference

GVHD prophylaxis
Other 0.241 (0.078-0.743) .0132 0.647 (0.269-3.687) .3321
CNI + MTx Reference Reference

CI, confidence interval; CNI, calcineurin inhibitor; MTx, methotrexate.
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true de novo cGVHD and the major risk factor for cGVHD being
a history of grades 2 to 4 aGVHD.

Our study supports use of the NIH-CC for cGVHD evaluation in
children. Although we used the 2005 NIH-CC as opposed to the
2014 NIH-CC (because the latter had not been published when
the study opened), this should have minimal impact given that
the diagnostic criteria changed little between the 2 versions.38

Importantly, 15.7% of our cGVHD cases did not meet NIH-CC
(“non–NIH-CC cGVHD cases”); however, site PIs and the study
committee agreed that the patient likely or probably had
cGVHD. This is not surprising given that the NIH-CC were
designed to identify patients with unequivocal cGVHD for en-
rollment in clinical trials, and it is accepted that many patients
with clinical features of cGVHD and active alloreactivity (but not
meeting NIH-CC) are encountered in clinical practice.38 How-
ever, we believe that there is still room for improvement in the
cGVHD diagnostic criteria in future iterations of the NIH-CC,
specifically for children. This is particularly true for pulmonary
cGVHD; the pathologic diagnosis of BO by lung biopsy and the
PFT criteria for BOS perform poorly, particularly in young chil-
dren unable to adequately complete PFTs. New modalities,
such as parametric response mapping from high-resolution in-
spiratory/expiratory CT scans, which quantify the degree of
functional small airway disease relative to normal lung paren-
chyma, have shown promise in differentiating BOS from pul-
monary infection without BOS and could offer a noninvasive
means of diagnosing early pulmonary cGVHD in children without
the need for PFTs.41 Cellular and plasma biomarkers, such
as higher percentages of CD19+ CD21Low B cells and ele-
vated B-cell activating factor,42 matrix metalloproteinase-3,43

and Krebs Von Den Lungen-6,44 have also been found to be
potential biomarkers for pulmonary BOS following allo-HSCT,
which could further aid in the early asymptomatic diagno-
sis of the disorder and act synergistically with other non-
invasive diagnostic tests. Further, although the NIH-CC
require the absence of infection to diagnose BOS, given the
frequency of concurrent respiratory infections in children, this
may not be possible. We believe that the NIH-CC for pul-
monary cGVHD need to be simplified, and investigations
required should be more in line with the developmental stage
of young children.

When NIH-CC for cGVHD are met in children, the most common
organ systems involved in our study at the time of diagnosis
were the mouth, skin, eyes, and lungs. cGVHD of the muscu-
loskeletal system (fasciitis) and sclerosis of the skin were rela-
tively rare at first presentation, possibly reflecting that these
manifestations represent a more terminal event in the natural
history of cGVHD, once scarring and fibrosis set in. The most
significant risk factors for cGVHD and L-aGVHD in children from
our data were a history of aGVHD and PBSC grafts. Interest-
ingly, recipient age $12 years was a risk factor for cGVHD, but
not L-aGVHD, which might suggest that hormonal changes
associated with puberty could influence immune dysregulation
and alloreactivity associated with cGVHD. This hypothesis
requires further study in future research regarding cGVHD in
adolescents.

Given the longer life expectancy of children and the signifi-
cant morbidity and cost associated with cGVHD, efforts to re-
duce cGVHD development in this population are imperative.

Modifiable actions supported by our data might include the use
of bone marrow over PBSCs as the graft source and judicious
effort to prevent higher-grade 2 to 4 aGVHD. Other strategies
increasingly used in pediatric transplant, including ab T-cell
receptor–depleted haploidentical transplant45,46 and posttrans-
plant cyclophosphamide for GVHD prevention,47-49 have shown
promise in children with malignant and nonmalignant disease,
including low (and sometimes nonexistent) rates of cGVHD with
excellent long-term survival outcomes. When cGVHD does
occur, the NIH-CC can be used for diagnosing cGVHD in chil-
dren; however, future iterations of the criteria should be mod-
ified to reflect pediatric-specific issues.
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