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A B S T R A C T
Graft-versus-host disease (GVHD) can manifest as acute or chronic complications in patients after hematopoietic
cell transplantation (HCT). Oral chronic GVHD (cGVHD) occurs in approximately 70% of HCT recipients and
includes lichenoid-like mucosal reactions, restricted mouth opening, and salivary gland dysfunction. However,
the underlying histopathological presentation remains to be validated in large cohorts. We characterized the his-
topathological features of oral mucosal cGVHD and devised a scoring model in a large patient cohort (n = 112).
Oral mucosal biopsy sections (n = 303) with and without oral cGVHD were identified from archived and current
HCT recipients with additional healthy controls. Histological screening was performed on hematoxylin and eosin-
stained and periodic acid-Schiff-stained sections. A points-based grading tool (0 to 19, grade 0 to IV) was estab-
lished based on intraepithelial lymphocytes and band-like inflammatory infiltrate, atrophic epithelium with basal
cell liquefaction degeneration, including apoptosis, as well as separation of epithelium and pseudo-rete ridges.
Validation involved 62 biopsy specimens, including post-HCT (n = 47) and healthy (n = 15) specimens. Remaining
biopsy specimens (n = 199) were blindly graded by 3 observers. Histological severity was correlated with clinical
diagnostic and distinctive features, demonstrating a spectrum of individual patient severity, including frequent
signs of subclinical GVHD in healthy mucosa. However, oral cGVHD presented with significantly higher (P < .001)
scores compared with HCT controls, with moderate to high positive likelihood ratios for inflammatory infiltrate,
exocytosis, and basal membrane alterations. The grade II-IV biopsy specimens demonstrated a histopathological
diagnosis of active mucosal lichenoid-like cGVHD, highlighting the importance of correlating clinical presentation
with the dynamic histopathological processes for improved patient stratification. In addition, this tool could be
used for assessing treatments, pathological processes, and immune cellular content to provide further insight into
this debilitating disease.

© 2020 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. This is an open
access article under the CC BY license. (http://creativecommons.org/licenses/by/4.0/)
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INTRODUCTION
Allogeneic hematopoietic cell transplantation (HCT) is used

worldwide for various conditions, mainly to treat leukemias
[1]. Improved transplantation technologies have facilitated the
increased use of HCT, which in turn has led to an increased
incidence of chronic graft-versus-host disease (cGVHD). How-
ever, this rise has been shown to be independent of associated
risk factors, such as enrollment of older patients, augmented
use of peripheral blood stem cells, use of unrelated donors,
and use of different HCT strategies [2]. The leading cause of
death is relapse of the initial disease, followed by infection and
organ failure; cGVHD is often considered the major cause of
non-relapse-related mortality, with reduced quality of life and
disability [2,3].

The precise mechanisms by which GVHD starts and pro-
gresses remain vague, although donor T and B cell involve-
ment have been demonstrated to initiate tissue injury [4].
cGVHD resembles autoimmune-like disorders, with signs and
symptoms that affect multiple organs and sites, and it has
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been stratified into organ-specific diagnostic and distinctive
clinical signs by the National Institutes of Health (NIH) Consen-
sus Development Project [5,6]. cGVHD in the oral cavity
presents in approximately 70% of allogeneic HCT recipients
and is considered one of most prevalent post-transplantation
complications and, along with skin involvement, one of the
earliest signs of cGVHD [3,7,8]. The most recent diagnostic cri-
teria for oral cGVHD are oral lichen planus (OLP)-like lesions,
and distinctive signs include xerostomia, mucoceles, mucosal
atrophy, ulcers, and pseudomembranes [6]. Distinctive signs
require confirmation to rule out viral or bacterial infections,
together with histopathological analysis to confirm the mini-
mum diagnostic score of “likely” GVHD [6,9]. Oral mucosal pre-
sentation, salivary gland dysfunction, and limited mouth
opening have been proposed as 3 different disease presenta-
tions and should be considered individually [10].

Ancillary to clinical examination are histological criteria for
diagnosis confirmation. The 2015 NIH Consensus Project
refined the minimum histological criteria for oral mucosal
cGVHD to include “lichenoid interface lymphocytes with infil-
tration of the mucosa (exocytosis) and variable apoptosis” [9].
Numerous histological observations in the oral mucosa have
been described in HCT recipients, including subepithelial
inflammation [11-18], acanthosis [17], atrophy/flattening of
rete ridges [11,12], intraepithelial inflammation/exocytosis
[15,17-19], epithelial/hydropic degeneration/necrosis includ-
ing vacuolization [11,12,14-16,19,20], apoptosis including sat-
ellitosis [12,15-18,20], basal membrane thickening/clefting
[15,17,19], and keratinization [16,18]. Most studies have been
performed with small groups of patients and characterized
according to histopathological strategies, but with the minimal
classification published by the NIH Consensus Project, studies
have reverted to using those inclusion criteria [9,12,21]. The
NIH criteria collate all oral cGVHD patients into 1 consolidated
group, but there is a need to provide guidance toward the final
diagnosis of “possible” or “likely” GVHD. Individual patient
responses are diverse, and in light of the proposed 3 separate
disease states, the research findings are difficult to interpret
and compare with only minimal criteria. Early studies by Sale
et al [12] suggested 2 grades of oral histopathological severity
based on inflammation and epithelial necrosis. Thereafter,
only 1 original report described an oral GVHD grading scheme,
published by Horn et al [19]. Both studies were designed as a
combined mucosal and salivary gland evaluation scheme
focusing on subjective definitive features to derive specific
grades; however, they were conducted more than 25 years
ago, before the NIH Consensus Project.

Thus, there is a significant need to validate the NIH histopa-
thology consultation form (https://www.astct.org/practice-
resources/nih-chronic-gvhd-consensus-project) and define
histopathological guidelines in a sufficiently large cohort to
stratify the histological presentations and facilitate clinical
guidance in research trials [21]. In a large cohort, we have vali-
dated and specified the NIH grading scheme to assess the spe-
cific features individually to reach an objective final grade for
oral mucosal cGVHD histopathology. The grading scheme is
designed to facilitate pathologists’ working practices, leading
to a better understanding of the biology and providing mean-
ingful information to clinicians.
METHODS
Ethical Permissions

All specimen collections and assessments were performed in accordance
with the Declaration of Helsinki and with approval from the Stockholm Local
Ethics Board (registration nos. 2013-1241-31-1 and 2014/1184-31-1).
Biopsy Collection
Biopsy specimens were retrieved either retrospectively from Stockholm’s

Medical Biobank (SMB) or obtained prospectively (after 2013) from alloge-
neic HCT recipients referred to the Oral and Maxillofacial Surgery Clinic at
Karolinska University Hospital. Archived SMB cases (1977 to 2011) for
patients with hematologic conditions were reviewed (n = 789 patient
records) and included based on allogeneic HCT with clinical information cov-
ering late phase (>100 days) post-HCT (Figure 1A). These patients followed a
clinical protocol with observations performed every 3 months post-HCT and
routine biopsy specimens of labial mucosa obtained at multiple time points
irrespective of oral status. The use of specimens from different times during
the study period allowed consideration of all phases of cGVHD pathobiology.
Patients from 2013 were referred routinely at 6 months post-HCT and at
additional later time points for longstanding cGVHD complications. At con-
sultation (K.GL), voluntary patients were clinically scored according to a
modified oral mucosal rating scale (OMRS), and a 5-mm buccal mucosa
punch biopsy was obtained in an nonulcerated area close to the second molar
(n = 16) [22]. Healthy volunteers (n = 15; 13 males and 2 females), with a
median age of 37.7 years (range, 17 to 76 years) underwent punch biopsy to
obtain a 5-mm specimen at a similar site as the HCT recipients when attend-
ing the Oral and Maxillofacial Surgery Clinic at Karolinska University Hospital
for oral mucosal surgery.

Retrospective Clinical Diagnostics
To align all patient biopsy specimens according to the NIH Consensus

Clinical Scoring, retrospective assessment of the SMB medical records was
reviewed independently by 2 oral medicine specialists from 2 different
GVHD centers (K.GL and N.Y) [6]. The biopsy specimens were assessed based
on intraoral photographs and/or clinical description of mucosal status and
grouped either as defined oral cGVHD, when current NIH diagnostic criteria
were met, or as possible oral cGVHD, with distinctive criteria but inconclusive
information to definitively rule out other possible disorders [6]. Oral HCT
control specimens were identified and included as patients with normal-
appearing mucosa, without clinical involvement of oral mucosal GVHD or
any other mucosal condition that could be noted at the time of biopsy. The
prospective cohort was also allocated into the study’s clinical groups
(described above) based on NIH diagnostic criteria but with guidance using
the OMRS score at time of clinical examination. When significant differences
of opinion arose due to insufficient information or proposed exclusion of
patients from the study, both oral medicine specialists reviewed these cases
together to reach a consensus. The characteristics of the HCT patient cohort
are shown in Table 1.

Histological Preparation and Staining
Archived biopsy specimens and/or original pathology slides (hematoxy-

lin and eosin [HTX] stained) for patients meeting the inclusion criteria were
retrieved retrospectively from SMB (Figure 1A). Additional routine staining
with Mayer’s HTX (HISTOLAB Products, Gothenburg, Sweden) and periodic
acid-Schiff (PAS; Merck KGaA, Darmstadt, Germany) was performed, if possi-
ble, to allow examination deeper into the tissue. PAS was included to visual-
ize the basal membrane and any potential Candida spp infections. To validate
the cytomegalovirus (CMV) registry data, 35 randomly selected biopsy speci-
mens from HCT recipients (n = 16 CMV-negative, n = 19 CMV-positive) and
10 healthy volunteers were screened for the presence of CMV and compared
against CMV-positive controls (Cell Marque, Rocklin, CA). Whole-slide imag-
ing was used to digitalize all sections using a 3D midi scanner system (3DHIS-
TECH, Budapest, Hungary), and all further observations were blindly viewed
with Panoramic Viewer 1.15 software (HISTOLAB Products).

Histopathological Grading Scheme: Validation and Full Cohort Analyses
HTX- and PAS-stained sections from normal healthy oral mucosa, pro-

spective biopsy specimens obtained after 2013, and 35 randomly chosen tis-
sue specimens from SMB were used as a validation cohort to ensure a
representative cross-section of all clinical presentations when setting up the
histological grading tool (Figure 1A). Screening for biopsy suitability excluded
5 specimens that either could not be traced within SMB or had minimal or
missing epithelium (Figure 1B). PAS staining was not possible in 4 specimens.
Four assessors (V.T., N.T., G.W., and R.S.) individually screened the validation
cohort blindly to investigate and identify recurring prominent oral histologi-
cal features in the HTX- and PAS-stained tissues. With reference to published
findings, description of features with consequent boundaries were discussed
in pathology validation meetings, leading to a finalized grading scheme
(Table 2) and consensus scores for the validation specimens. Features were
inflammatory infiltrate and exocytosis, basal membrane changes and lique-
faction degeneration, apoptosis, and atrophy of the epithelia (Table 2 and
Supplementary Table S1). All features were weighted according to histopath-
ological severity and summarized with a maximum score of 19. Cluster analy-
sis of the validation cohort scores defined the separation of the histological
grading into grades (G) 0 to GIV (G0, 0 to 2; GI, 3 to 5; GII, 6 to 9; GIII, 10 to
13 and GIV, 14 to 19) (Supplementary Figure S1). The remaining SMB cases
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Figure 1. (A) A total of 789 archived (SMB) clinical records were examined from patients referred as a result of hematologic conditions to the Oral and Maxillofacial Surgery
Clinic at Karolinska University Hospital. Patients were excluded and included based on various criteria and classified as clinically nonoral cGVHD or potential oral cGVHD. These
patients were allocated into a cohort for screening and validation of the histological grading tool and/or a cohort for complete analysis of histological presentation in oral muco-
sal tissues. *Includes patients examined for HCT but with treatment plans that changed, as well as those patients who did not survive to the HCT, **Three patients of potential
GVHD condition in the early phase (<100 days) were included even though not theywere followed into the late phase (>100 days). (B) From those selected into the respective
groupings, the total number of biopsy specimens assessed by either HTX or PAS staining for each cohort are defined. ***Nonqualitative specimens including only minor salivary
glands, specimens with indistinct morphology or specimens lacking mucous membrane tissue. ****Specimens did not meet the quality criteria after further sectioning. (C)
Patients meeting the criteria (n = 303 biopsy specimens) were subjected to clinical scoring for healthy, prior to HCT, HCT control (including no oral cGVHD and prior to oral
cGVHD development), possible oral GVHD, and defined oral cGVHD. Archived SMB patients were retrospectively scored with the National Institutes of Health Consensus Clini-
cal Scoring for oral cGVHD or patients from 2013 onward were diagnosed using the OMRS and considered as defined oral cGVHD. Biopsy specimens were excluded if insuffi-
cient information was provided. Thus, the final cohort comprised 212 biopsy specimens for analysis.
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Table 1
Clinical characteristics of HCT-patients.

Characteristics n (% or range)

No. of patients 112

No. of biopsies 288

Age and gender

Median age (y) at HCT 32.7 (1-67)

Children (<18 years) 22 (19.6)

Ratio male/female/unknown 80/31/1 (71.4/27.6/0.9)

Year of HCT

-1991 73 (65.2)

1992-2000 23 (20.5)

2001-2009 0

2010- 16 (14.3)

Donor

HLA identical related 92 (82.1)

MUD 12 (10.7)

Other (MM related, MRD) 7 (6.2)

Unknown 1 (1.0)

Gender (unmatched/matched/ unknown) 54/57/1 (48.2/50.8/1.0)

CMV match (pos / neg / miss / unknown 52/22/33/5 (46.4/19.6/29.5/4.5)

Disease

Chronic Leukemia 33 (29.4)

Acute Leukemia 47 (42.0)

AA 11 (9.8)

MM 6 (5.4)

Lymphoma 6 (5.4)

Other/unknown (MDS/MPS, Metab, MF) 9 (8.0)

Conditioning regimen

Myeloablative 88 (78.5)

Reduced intensity 23 (20.5)

Unknown 1 (1.0)

GVHD prophylaxis

CsA 15 (13.4)

MTX 20 (17.9)

CsA +MTX 63 (56.31)

Other/unknown, (Tac + Sir, TcD) 14 (12.5)

HCT source

BM/PBSC/Unknown 89/22/1 (79.4/19.6/1.0)

CMV infection

(pos / neg / unknown) 48/63/1 (42.8/56.2/1.0)

aGVHD grade

0 32 (28.5)

1 57 (50.8)

2 20 (17.8)

3 1 (1.0)

4 1 (1.0)

Unknown 1 (1.0)

cGVHD score

None 35 (31.2)

Mild 51 (45.5)

Moderate 16 (14.2)

Severe 9 (8.0)

Unknown 1 (1.0)

MUD – matched unrelated donor, MM - multiple myeloma, MRD – matched
related donor, MDS – myelodysplastic syndrome, MPS – myeloproliferative syn-
drome, Metab – metabolic disorders, CsA – cyclosporine A, MTX – methotrexate,
Tac – tacrolomus, Sir - sirolimus, TcD – T-cell depletion, BM – bone marrow, PBSC
– peripheral blood stem cell.
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(n = 236 biopsy specimens) were assessed for the full histopathological analy-
sis or were excluded if they did not meet the quality criteria (n = 37)
(Figure 1B). Thus, 199 biopsy specimens (HTX and PAS) were individually
blindly graded by 3 assessors (V.T., N.T., and R.S.). All sections were given a
severity score between 0 and 19 (Table 2, Supplementary Figure S1, and Sup-
plementary Table S1).

Statistics and Robustness Testing
Jenks natural breaks optimization for 1-dimensional data was used to

define boundary values and to classify the data into groups [23,24]. Cohen’s
kappa with quadratic weighting was performed to test the agreement by
chance of the histopathological grading and for the clinical classification of
the 2 oral medicine specialists [25]. Statistical tests were performed using
Prism 8 (GraphPad Software, La Jolla, CA), including Student’s t-test and the
Kruskal-Wallis test with Dunn’s correction for multiple comparisons to assess
the histological groups and severity scores. Receiver operator characteristic
(ROC) curve plots were determined for each histological feature related to
oral clinical presentation of prior HCT, oral HCT control, possible cGVHD, and
defined cGVHD. The 95% confidence intervals (CIs) were set using the Wil-
son-Brown method with area under the curve (AUC) and likelihood ratio (LR)
calculated. Significance was considered at a P value <0.05.
RESULTS
Patient Characteristics

We identified 303 oral specimens from 112 HCT recipients
and 15 healthy controls for the purpose of developing the
grading module and subsequent analysis (Figure 1B). The HCT
patients included are summarized in Table 1. The majority
(n = 80; 71.3%) underwent transplantation due to leukemia,
and the overall cGVHD peak severity was mainly mild (n = 51;
45.5%). The median time of cGVHD diagnosis was 140 days
post-HCT. One patient developed secondary cancer in the
tongue mucosa. Of the 48 patients documented with CMV
infection, 45 were diagnosed before day 100 (median, 45
days), and 1 had an unknown date of onset. All except 2 biopsy
specimens included from CMV-positive patients were taken at
least 30 days post-CMV diagnosis (days 1 and 29).
Retrospective Clinical Diagnosis of Oral cGVHD
Patient records from the archived SMB were clinically

screened by 2 oral medicine specialists to allocate each biopsy
a grade of prior HCT, oral HCT control, possible oral cGVHD, or
defined oral cGVHD to follow the NIH clinical criteria for oral
cGVHD (Figure 1C) [6]. From the original collection of 303
biopsy specimens, 15 were from healthy controls, 42 were
excluded following the initial histopathological phase
(detailed below), and 16 obtained after 2013 were from
patients who had been diagnosed at their clinical visits, leaving
a total of 230 specimens for clinical evaluation. An initial
screening of records was performed to validate the clinical
information for each biopsy included, by 1 of the specialists,
resulting in exclusion of 31 specimens from the individual
assessment. The remaining 199 graded biopsy specimens
showed intraobserver concordance between the oral medicine
specialists of 0.8125 (Supplementary Figure S2). A second
phase of joint clinical evaluation was held to reach consensus
for the 31 specimens presenting with limited information and
those not in agreement (n = 66). Thirty-six specimens were
also included from the expert consensus conference. Thus, the
complete cohort was divided into healthy (normal oral
mucosa; n = 15), prior to HCT (n = 26), oral HCT control
(n = 49; subdivided into no oral GVHD [n = 34] and prior to
oral cGVHD [n = 15]), possible oral cGVHD (n = 44), and defined
oral cGVHD (n = 78) (Figure 1C).



Table 2
Histological grading module for defining features of oral mucosal cGVHD with scored points. Assessment of 212 biopsies that included 197 biopsies from HCT patients
and 15 healthy control biopsies.

Grade

Features 0 1 2 3 4

1 Inflammation
infiltrate

Small numbers of
scattered cells,
papilla focused

Sparsely clustered
cells

Tightly clustered
cells

Band-like
infiltrate

Extensive band-like
infiltrate

Score: 0 1 2 3 4

n (%) 71 (33.5) 70 (33.0) 40 (18.9) 22 (10.4) 9 (4.2)

2 Intra-epithelial
infiltration of
lymphocytes

None / occasional Sporadic Focal Widespread

Score: 0 1 2 3

n (%) 56 (26.4) 81 (38.2) 40 (18.9) 35 (16.5)

3 Liquefaction
degeneration

None Sporadic Widespread Confluent

Score: 0 1 2 3

n (%) 77 (36.3) 63 (29.7) 31 (14.6) 41 (19.3)

4 Apoptosis
None / occasional Sporadic Widespread

Score: 0 1 2

n (%) 117 (55.2) 64 (30.2) 31 (14.6)

5 Basal membrane
alteration

Thin intact Increased thickness Thinning / loss with
detachment, and / or
pseudo rete ridges

Score: 0 1 4

n (%) 115 (54.2) 72 (34.0) 25 (11.8)

6 Flattening /
atrophy

Normal rete ridges Some flattening of
rete ridges across
biopsy (<25%)

Flattening of rete
ridges across biopsy

(25-75%)

Flat atrophic
oral epithelia
across biopsy
(75-100%)

Score: 0 1 2 3

n (%) 40 (18.9) 72 (34.0) 55 (25.9) 45 (21.2)

Total score: 19

Grade 0 - 0-2; Grade I - 3-5; Grade II - 6-9; Grade III - 10-13; Grade IV - 15-19.
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Establishment of the Histopathological Grading Scheme
The histopathological features were stratified into 6

major groups that changed with severity, and these were
compiled into the histopathological grading scheme with
associated scoring using a random selection of biopsy speci-
mens for validation purposes (n = 62) (Table 2, Figures 1A
and 2, and Supplementary Table S1). Inflammatory infiltrate
was graded based on the resemblance to an OLP-band like
clustering of cells (score 0 to 4), and intraepithelial infiltra-
tion of lymphocytes was scored between 0 and 3 depending
on occurrence. Basal cell degeneration was divided into liq-
uefaction degeneration, where epithelial cells became
necrotic with vacuolization/spongiosis (score 0 to 3), basal
membrane alterations with changes in basal membrane
thickness that eventually led to Max-Joseph spaces or
pseudo-rete ridges in the most severe cases (score 0 to 4),
and occurrence of apoptosis (scored 0 to 2). The final fea-
ture was flattening of rete ridges with epithelial atrophy
(scored 0 to 3). A weighted score was assigned for each
group of categorical features, with a maximum score of 19
across the complete grading scheme. Clustering of the 62
specimens (Supplementary Figure S1) in the validation
cohort were used to identify the severity groups.
Histopathological Grading Analysis of the Whole Cohort
Biopsy specimens from the remaining archived SMB cohort

were blindly graded by 3 assessors (V.T., N.T., and R.S.), with inter-
observer concordance of 0.7076, 0.7756, and 0.8425, respectively
(Supplementary Figure S3) [25]. The combined grading of the vali-
dation cohort with the remaining large group (n = 212) showed
that each histological gradewaswell represented (Supplementary
Figure S4A). Within the assessment of 212 specimens (Table 2),
66.5% presented with some degree of inflammation but only
14.6% exhibited OLP-band-like pattern. More than one-third
(35.4%) showed focal or widespread lymphocyte exocytosis, and
some degree of liquefaction degeneration was observed across
most specimens (63.7%). More than one-half did not exhibit any
apoptosis or basal membrane alterations, although the proportion
presenting with the most severe scores was relatively high. Fur-
thermore, some degree of flattening to complete atrophy of the
epitheliumwas observed inmore than 80% of biopsy specimens.

Correlation of Histopathological Findings to Oral Clinical
Assessments

Across the different oral clinical classifications, a broad
spectrum of histological scores was commonplace (Figure 3A).
Fifteen normal healthy controls exhibited few if any



Figure 2. Representative images from the most severe grades of features included within the histological grading module. (A) HTX staining demonstrated extensive
band-like inflammation infiltrate across the whole biopsy. (Scale bar: 100 mm.) (B) Widespread intraepithelial infiltration of lymphocytes and liquefaction degenera-
tion of the epithelial cell layer stained with PAS. (Scale bar: 20 mm.) (C) Basal membrane alterations with thinning and loss of attachment (arrows) to basal membrane;
PAS stained. (Scale bar: 10 mm.) (D) Associated with basal membrane alterations, development of pseudo-rete ridges into the underlying lamina propria could be
detected with PAS staining in the most severe grades (arrow). (Scale bar: 10 mm.) (E) Apoptotic cells (arrows) were identified extensively throughout the tissues with
eosinophilic bodies. (Scale bar: 10 mm.) (F) Civatte bodies were also widely distributed across the epithelium, identified as round homogeneous and lightly stained
globules. (Scale bar: 10 mm.) (G) Flattening and atrophy of the epithelial membrane with loss of rete ridge morphology that covered 75% to 100% of the biopsy speci-
men was considered the most severe. (Scale bar: 10 mm.)
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histological changes (median score 1, G0). Histological changes
prior to HCT were also mainly confined to G0-I (n = 26; median
score 2, G0). The oral HCT control group was composed of
patients clinically classified as no oral cGVHD and prior to oral
cGVHD development. No significant differences were apparent
between these 2 groups (data not shown), although biopsy
specimens were classified from G0 to GIV (n = 49; median
score 4, GI) (Figure 3A). Therefore, for all subsequent analyses,
oral HCT control biopsy specimens were considered 1 group
for comparison purposes. Patients who were clinically graded
as possible oral cGVHD (n = 44; median score 7, GII) and
defined oral cGVHD (n = 78; median score 10, GIII) showed sig-
nificant variation across their histological scoring, with some
defined oral cGVHD patients exhibiting few if any histological
features, whereas others presented with many (Supplemen-
tary Figure S4B). None of the randomly selected biopsy speci-
mens (n = 46) were found to be CMV-positive (data not
shown). There was no statistically significant difference in his-
topathological scores between CMV-positive patients and
CMV-negative patients within the large cohort or within their
corresponding clinical group (Supplementary Figure S5).
Association of Oral Histopathology with cGVHD Activity and
Histological Criteria

The NIH minimal histological oral GVHD criteria include
lichenoid inflammation, exocytosis, and apoptosis [9]. In this
study, specimens graded with lichenoid-like inflammation
(score �2), focal to widespread exocytosis (score �1), and
variable apoptosis (score �1) were considered to meet these
criteria. Within the oral HCT control group, 9 of 49 biopsy
specimens (18.4% GII to GIV) met these criteria, and 15 of 44
(34.1% GII to GIV) in the possible oral cGVHD group were
included. Approximately one-half of the defined oral cGVHD
group (35 of 78; 44.9%, GII-GIV) met the NIH minimal histolog-
ical criteria. No healthy specimens or specimens obtained prior
to HCT identified as positive for the minimal features. Oral HCT
controls, possible oral cGVHD, and defined oral cGVHD were
assessed to establish whether any association existed between
histopathological severity and overall cGVHD diagnosis
(patients with no overall cGVHD score or those with overall
cGVHD diagnosis). The only clinical classification exhibiting
significantly different severity was oral HCT controls
(P = 0.001) (Supplementary Figure S6). However, a significant
association was apparent between oral histopathological
severity and timing of biopsy with overall cGVHD activity
(Figure 3B). Biopsy specimens obtained at cGVHD diagnosis
and within the first year (median score 10; GIII) had a signifi-
cantly higher histological score compared with those diag-
nosed with no overall cGVHD (median score 4; G1)
(P >0.0001).
Influence of Histological Features Correlated with Oral
Clinical Status

To determine whether any specific histological feature con-
tributed to oral cGVHD manifestations, each biopsy specimen
was assessed with respect to its clinical classification against



Figure 3. (A) Clinical assessment of the oral mucosa biopsy specimens (n = 212) plotted with respect to their corresponding histological score in the grading module
(0 to 19, grade 0 to IV). Within the possible and defined oral cGVHD groups, a broad distribution of histological scores was observed, representing the dynamic nature
of the active disease. Data are plotted presenting the median value and max to min. Comparisons: a = healthy versus possible, healthy versus defined, prior to HCT
versus possible, prior to HCT; c = oral HCT control versus defined; and d = healthy versus oral HCT control, prior to HCT versus oral HCT control. (B) Oral histopatholog-
ical severity score plotted against the overall cGVHD diagnosis and timing of biopsy (n = 168). Biopsy specimens obtained within the first year of diagnosis of overall
cGVHD presented with a significantly higher histological score compared with those without any overall cGVHD. Data are plotted presenting the median value and
range. Comparisons: a = no cGVHD diagnosis versus cGVHD initiation to 1-year post-HCT. a < 0.0001; b < 0.005; c <0.001; d <0.05.
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the individual histological feature scores (Supplementary
Figure S7). Inflammation, liquefaction degeneration, apoptosis,
and basal membrane alterations were associated mainly with
oral HCT controls, possible and defined, whereas exocytosis
and flattening/atrophy were seen to a greater degree across all
clinical presentations, including previous HCT and healthy.
Analyzing the relationship between the histological grades (G0
to GIV) against the individual histological feature scores
showed flattening/atrophy across all histological grades and
possibly no significant influence on disease outcome/predic-
tion (Supplementary Figure S8). The other features showed
noteworthy correlation trends with respect to altered feature
score and increased histopathological severity grades; how-
ever, no individual feature score was definitive of the final his-
tological grade.

To further investigate and determine whether some features
could have a higher predicted rate of occurrence, ROC plots were
drawn for each feature according to the clinical presentation
(Supplementary Figure S9). Data from biopsy specimens from
prior to HCT and oral HCT controls served as control values. AUC
values were calculated; all defined oral cGVHD values were >.6
and considered relatively accurate. LRs were calculated to assess
any impact of histological feature due to transplantation alone
(prior to HCT) or post-HCT (oral HCT controls). LRs for inflamma-
tion (13-fold), apoptosis (8.8-fold), atrophy (8.3-fold), and lique-
faction degeneration (4.1-fold) all demonstrated high to
moderate odds for developing these features in defined cGVHD
when prior to HCT was used as a control. An LR for basal mem-
brane alterations could not be determined, because specificity
was 100%; however, when examining the impact of these fea-
tures post-transplantation using oral HCT controls against
defined oral cGVHD, basal membrane alterations had a 5-fold
moderate LR, followed by inflammation at 3.8-fold and exocyto-
sis and atrophy each at 3.1-fold, suggesting basal membrane
changes as a key feature that warrants further investigation to
understand oral cGVHD severity.

DISCUSSION
Oral cGVHD is proposed to present as a trio of separate dis-

eases, highlighting the importance of assessing the diagnostic and
pathological features for each to support clinicians and researchers
with patient alignment [10]. This study focused on oral mucosal
cGVHD across an extensive cohort of allogeneic HCT recipients
and controls to assess distinctive histopathological features, result-
ing in an objective tissue grading tool. The NIH Consensus Devel-
opment Project has come a long way in terms of agreement on
general terms for clinical diagnostics and routine care, as well as
recommendations for clinical trials [5,6,26,27]. However, validated
histopathological grading criteria in large cohorts for oral mucosal
disease presentation is notable for its absence, leaving histopatho-
logical staging open for interpretation [9].

Herein we present a histological grading scheme that will
be of value in the assessment of all HCT recipients, particularly
those with normal mucosa and with nondiagnostic/active
lesions but corresponding tissue changes, which will increase
our knowledge of the complete biology following HCT and any
possible chronic phase of GVHD, including refractory patients.
This in turn will support comparisons between research find-
ings and contribute to the emerging picture of oral GVHD,
where the underlying mechanisms can be fully explored, lead-
ing to improved patient characterization to facilitate future
investigations, treatments, and outcome prediction.

Application of the grading scheme across our full patient
cohort (n = 112) and biopsy specimen collection (n = 303) has
produced themost extensive oral mucosal cGVHD histopatholog-
ical study to date. The assessment is strengthened by multiple
sampling from some patients obtained before and after HCT,
which provided valuable insight for evaluating the dynamic
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changes in oral mucosal cGVHD progression over time, as well as
the biological stages of GVHD. Recurring histological features
were assessed, ranging from intraepithelial lymphocytes and
band-like inflammatory infiltrate to atrophic epithelium with
basal cell liquefaction degeneration including apoptosis, as well
as separation of epithelium and formation of pseudo-rete ridges.
Most features had been reported previously, but the pseudo-rete
ridges were novel [28]. Additional features observed but not
included in the scheme were leukoedema-like changes, as well
as vacuolated signet ring-like cells. Some degree of epithelial
edema has been reported by others but was deemed nonspecific
pathology [14]. The appearance of vacuolated signet ring-like
cells should not be mistaken for true basal cell degeneration, and
thus they were considered artefacts [29,30]. We also noted pro-
nounced signs of fibrosis in some specimens, which were dis-
cussed in terms of whether to include them as a hallmark for oral
sclerotic GVHD. However, due to limited published data on oral
GVHD submucosal fibrosis pathophysiology with mucosal scar-
ring, and the difficulties involved in histological grading, these
signs were not incorporated, but nonetheless, they do warrant
further investigation [10,18].

NIH minimal histological criteria for active oral GVHD
include lichenoid inflammation with lymphocytic exocytosis
and apoptosis [9]. The magnitude of inflammatory clusters var-
ied considerably across the cohort, as was expected owing to
the dynamic nature of the disease and the time frame in rela-
tion to immunosuppressant medication [9,13,14,16,19,31].
Exocytosis and liquefaction degeneration also commonly
occurred, consistent with previous findings [15,18]. Quantifi-
cation of apoptosis, a key feature in GVHD pathology, has been
proposed to finalize oral histological diagnoses [9,32]; how-
ever, considerable variation exists between published studies
describing the extent of apoptosis within oral GVHD tissues
[15-18]. Alterations to the basal membrane have not been dis-
cussed to the same degree, but reports of thickened and partial
to complete clefting have been mentioned [15,17,19,33]. We
identified 2 severity stages: an initial increased basal lamina
thickness, followed by subsequent epithelial detachment with
or without pseudo-rete ridges projecting into the lamina prop-
ria. In chronic oral inflammation, the basal membrane has
been observed to be discontinuous and/or fragmented, with
subsequent branching and pseudo-rete ridge formation
[34,35]. Disruption might indicate biological stages of wound
healing as observed with reticular OLP and leukoplakia lesions
[35,36]. Basal membrane branching has been observed in both
reticular and erosive OLP, whereas thickening was seen only in
the presence of erosive disease [36].

Oral mucosal cGVHD histopathological guidelines include
only minimal histological criteria for the active disease and are
often used only as study criteria, with no reports of the final
histopathological diagnosis of “no,” “possible,” and “likely”
GVHD [17]. Our data show extensive variation of histological
tissue reactions post-HCT in different clinical settings and over
time, suggesting that these patients should not be stratified
into one large oral cGVHD group. In the present investigation,
one-third of the possible cGVHD group and almost one-half of
the defined cGVHD group fell into GII to GIV and met the NIH
minimal criteria [9]. However, a large proportion of biopsy
specimens were outside the NIH remit [16,32,37]. Conversely,
approximately one-fifth of oral HCT controls did meet the NIH
criteria, in line with previous investigations into nonclinical
GVHD affects on mucosa and skin [9,38,39]. Our data also sup-
port the proposal that histological changes may occur in the
oral mucosa due to overall GVHD [37,40]. Oral HCT controls
showed significantly altered histological changes when cGVHD
manifested concurrently in other organs. Histopathological
score at time of cGVHD initiation and activation was signifi-
cantly higher than that in non-cGVHD patients, regardless of
oral status, with a score of �GIII considered “likely” cGVHD.
Therefore, careful consideration of these criteria is required to
ensure reliable patient stratification.

Unique to the present study was the availability of multiple
biopsy specimens obtained from patients over time. The trends
highlight the dynamic nature of the disease with individual
patient response. However, owing to the study’s retrospective
design, it was not possible to account for all parameters,
including immune suppression time frame or subclassification
diagnosis, which could have clarified the disease stages. Simul-
taneous confounding infections or tissue reactions could also
affect interpretation of the histology [9]. CMV complications
post-HCT range from of asymptomatic viremia to end-organ
enrollment and induced cytotoxic T cell response [41,42].
However, CMV infections within the oral mucosa probably are
not as common, and none of our assessed tissue specimens
were positive for CMV. No significant differences were
observed in histopathological severity between CMV-positive
and CMV-negative patients.

Further investigations are needed to validate and assess our
grading scheme in the broader picture, including the correla-
tion with oral clinical parameters as well as other organ scores
with the significance of any confounding factors. However, of
the histological features identified and within the literature,
the likelihood of detecting liquefaction degeneration in speci-
mens post-HCT was greater or equal to the likelihood of identi-
fying exocytosis, suggesting that it also should be considered
as a minimal feature similar to what is described by the NIH
for skin [9]. NIH minimal skin cGVHD criteria contain more
features than oral cGVHD, most of which are in line with our
proposed histological grading scheme. The criteria for oral
GVHD focuses on active disease, but no specific guidelines are
suggested for prolonged phases, unlike for the skin [9].

In light of the current large cohort analyses, we propose a
formalized histological grading system for oral mucosal
cGVHD. Our grading tool can serve to describe the histopatho-
logical spectra in different clinical settings and be used to
define minimal and specific criteria for oral mucosal cGVHD—
G0 (no GVHD), GI (inconclusive/resolved/inactive GVHD), GII
(possible GVHD), and GIII/GIV (likely GVHD)—to stratify
patients into groups to support improved diagnostics and tai-
lored treatments.
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