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Abstract To determine the diagnostic properties of oral
manifestations and histological features of graft-versus-host
disease (GVHD) screening tests in the diagnosis of
systemic chronic graft-versus-host disease (cGVHD). Sixty
patients having undergone allogeneic haematopoietic stem
cell transplantation were selected. The patients were
submitted to a clinical oral examination to assess symptoms
and clinical changes in the oral mucosa. Histopathologic
analysis of the lower lip oral mucosa (LLOM) and salivary
glands (SG) was also performed. Systemic cGVHD was
used for a comparison to oral cGVHD. The accuracy of oral
cGVHD tests was low for all methods (58.4% and 52.6%
for white lesions and white/red lesions, respectively, in the
clinical analysis; 50.4% for the presence of oral pain; and
66.8% and 55.1% for LLOM and SG histopathologic tests,
respectively). However, the presence of oral pain had good

diagnostic properties [specificity: 100.0, 95% confidence
interval (CI): 88.0–100.0; positive predictive value (PPV):
100.0, 95% CI: 94.4–100.0; and negative predictive value
(NPV): 72.0, 95% CI: 57.3–83.3]. Moreover, SG alterations
revealed by the histopathological analysis also exhibited
good diagnostic properties (sensitivity: 98.6, 95% CI: 81.5–
99.8; PPV: 71.1, 95% CI: 62.1–79.7; NPV: 85.9 95% CI:
32.9–99.4). The clinical severity of oral lesions and
histophatological changes in the LLOM did not exhibit
adequate diagnostic properties, whereas both oral pain and
SG histopathological analysis exhibited adequate properties
for the diagnosis of systemic cGVHD. Histological changes
in lip oral mucosa and salivary glands together with a
clinical manifestation of the disease in the oral mucosa can
be useful to determining the systemic cGVHD.
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Introduction

Allogeneic haematopoietic stem cell transplantation (allo-
HSCT) is a well-established curative treatment for many
haematological malignancies and some non-malignant
disorders [1]. Graft-versus-host disease (GVHD) is a
major complication of allo-HSCT and responsible for
significant morbidity and mortality [2]. GVHD is a multi-
systemic disorder with various clinical, pathological and
immunological manifestations that occur as a result of
complex immunological interactions between the host and
transplanted donor cells. GVHD may be either acute or
chronic, depending on the time of occurrence and clinical
manifestations [3].
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Chronic GVHD (cGVHD) affects 25% to 40% of long-
term HSCT survivors and most frequently occurs 100 days
or more after the transplant [4]. Traditionally, cGVHD is
further classified as either limited or extensive, depending
on the degree of organ involvement [5]. Limited cGVHD
manifests as localised skin involvement, liver dysfunction
or both, whereas extensive cGVHD affects multiple organs,
such as the skin, liver, eyes, salivary glands, oral mucosa
and other target organs [6]. More recently, the Diagnosis
and Staging Working Group of the NIH Consensus
Development Project on Criteria for Clinical Trials in
Chronic GVHD has proposed new criteria for the diagnosis,
organ scoring and global assessment of cGVHD severity
[6].

Oral manifestations occur in about 80% of patients with
extensive cGVHD. The most common findings are erythe-
ma, mucosal atrophy, lichenoid changes, mucositis, xero-
stomia and infections [6]. Pain associated with oral
mucosistis may be debilitating and lead to dysphagia [7].
A clinical oral examination and biopsy of the lip salivary
glands (SG) have been proposed as valuable screening tests
for the diagnosis of cGVHD 3 months following HSCT due
to the high incidence of oral mucosa involvement [3, 8]. As
the properties of these tests have not been clearly
established, the purpose of this study was to determine the
diagnostic properties of clinical, oral and histological
screening tests for systemic cGVHD.

Patients and methods

Subjects

A total of 60 consecutive allo-HSCT recipients at the
university hospital of the Universidade Federal de Minas
Gerais who had undergone biopsy of the lip SG and
lower lip oral mucosa (LLOM) between April 2006 and
October 2008 were included in this study. The recipi-
ents were conditioned for allo-HSCT based on the
specific protocols of the stem cell transplant unit of
the hospital. Cyclosporin was used in combination with
either methotrexate or mycophenolate mofetil for GVHD
prophylaxis. The clinical data on the patients are
displayed in Table 1.

Systemic chronic GVHD grades

Systemic cGVHD was clinically diagnosed (with or
without histopathological confirmation) by a physician.
All patients were classified as either having the limited or
extensive form of the disease, as previously described by
Shulman et al. [5]. Systemic cGVHD was used for
comparison with oral cGVHD.

Clinical grading of oral chronic graft-versus-host disease

In all patients, a modified model of the Oral Mucosa Rating
Scale was employed to quantify the extent and severity of
oral mucosal involvement in chronic GVHD. The clinical
signs evaluated were erythema (“red lesions”), atrophy and
lichenoid lesions (“white/red lesions”), based on the
number of anatomic sites (tongue, lips, palate, floor of the
mouth and cheeks) affected (0 to 4). The patients were
categorised on a scale ranging from 0 to 4 (0: normal; 1:
white lesions (1 to 2 sites); 2: white lesions (>2 sites); 3:
white/red lesions (1 to 2 sites); 4: white/red lesions (>2
sites) [9].

Table 1 Clinical and demographic characteristics of patients and
donors

Parameters Total (n=60)

Male gender 43 (71.6%)

Female gender 17 (28.4%)

Primary disease

Malignant 40 (66.7%)

Chronic myeloid leukaemia 11 (18.3%)

Acute myeloid leukaemia 17 (28.4%)

Acute lymphoid Leukaemia 5 (8.3%)

Non-Hodgkin’s lymphoma 4 (6.7%)

Hodgkin’s lymphoma 3 (5.0%)

Other malignanciesa 3 (5.0%)

Bone marrow failure syndromeb 17 (28.3%)

Male Donor 35 (58.3%)

Female Donor 25 (41.7%)

Conditioning regimen

BU/CY 21 (35.0%)

CY +/− ATG or Alemtuzumab 13 (21.7%)

BU + FLUD +/− Alemtuzumab 10 (16.6%)

CY + FLUD +/− Alemzutumab 5 (8.4%)

MEL + FLUD +/− Campath 8 (13.3%)

Othersc 3 (5%)

Immunosuppression at time of biopsyd 12 (20%)

Ethnic group Mixed Brazilian
population

Source of stem

Bone marrow 32 (53.3%)

Peripheral blood stem cells 28 (46.7%)

BU busulfan, CY cyclophosphamide, FLUD fludarabine, MEL
melphalan, ATG anti-thymoglobulin
aMyelodysplastic syndrome (n=2); multiple myeloma (n=1)
b Paroxysmal nocturnal haemaglobinuria (n=2); severe aplastic anaemia (n=
14); Fanconi’s anaemia (n=1)
c BU/MEL (n=1); cytarabine/campath/FLUD (n=1)
d Prednisone
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Oral pain

Oral pain was classified as absent, mild or intense based on
visual analog scale (VAS). The determination of this
symptom was adapted from Schubert et al. [10].

Histological criteria for oral cGVHD

Histopathological analyses of LLOM and SG were per-
formed on 59 biopsy specimens (for one sample, it was
only possible to analyse SG sections). The sections were
evaluated blindly. The histological grading of GVHD in the
oral mucosa and salivary glands was performed as
described elsewhere [11]. Briefly, samples were classified
as mild, moderate or severe based on the number of
inflammatory cells in the oral mucosa and the acini and
ducts of the salivary glands in six microscopic fields
(×400). The samples were divided into three groups based
on the total number of inflammatory cells: mild, when
inflammatory cells numbered from 30 to 140; moderate,
when there were between 141 and 250 inflammatory cells;
and severe, for samples with more than 250 inflammatory
cells. For statistical purposes, all cases with mild, moderate
or severe inflammation were grouped as positive for
GVHD.

Statistical analysis

Data analysis was performed using the Receiver Operator
Characteristic (ROC) and area under the ROC curve (SPSS
Inc., version 17.0, Chicago, IL). Sensitivity, specificity,
positive predictive value (PPV) and negative predictive
value (NPV) were calculated at each threshold (Epi Info,
version 6.0, Seattle, WA, USA). Analyses were performed
for the presence or absence of oral cGVHD (histological
analyses, clinical severity of lesions and symptoms) and the
presence or absence of systemic cGVHD.

Results

Clinical outcome

A total of 39 patients (65%) had systemic cGVHD; 17
patients had the limited form of the disease and 22 had
developed the extensive form. Eighteen patients (30%)
had oral GVHD. White lesions were seen in 16 patients
(26.7%) and white/red lesions were found in two
patients (3.3%). Six patients (10%) reported oral
symptoms. The histopathological analysis revealed
cGVHD in the LLOM and SG in 34 (56.6%) and 42
(70%) patients, respectively (Table 2).

Accuracy of oral cGVHD tests

Table 3 displays the scores obtained with the oral cGVHD
screening tests in comparison with systemic cGVHD. The
accuracy of the oral cGVHD tests was low for all samples
(52.6% and 58.4% for mixed white/red and white lesions,
respectively; 50.4% for symptoms; and 66.8% and 55.1%
for LLOM and SG histopathological tests). Oral pain
achieved a sensitivity of 10.3% [95% confidence interval
(CI): 3.3–25.2%], specificity of 100.0% (95% CI: 88.0–
100.0%), PPV of 100.0% (95% CI: 94.4–100.0%) and
NPV of 72.0% (95% CI: 57.3–83.3%). The histological
analysis of the SG also exhibited good diagnostic
properties, with a sensitivity of 98.6% (95% CI: 81.5–
99.8%), specificity of 33.3% (95% CI: 15.5–56.9%), PPV
of 71.1% (95% CI: 62.1–79.7%) and NPV of 85.9% (95%
CI: 32.9–99.4%).

On the other hand, the clinical severity of oral lesions
did not exhibit good properties for the assessment of
systemic cGVHD due to the low sensitivity and low NPV
[sensitivity of white lesions: 35.9% (95% CI: 21.7–52.8%);
sensitivity of white/red lesions: 10.5% (95% CI: 1.8–
34.5%); NPV of white lesions: 42.5% (95% CI: 30.0–
53.8%); and NPVof oral white/red lesions: 39.6% (95% CI:
36.6–47.2%)]. Similar findings were observed in histopath-
ological analysis of the LLOM, which achieved low
specificity (63.6%; 95% CI: 40.8–82.0%) and a low NPV
(56.3%; 95% CI: 30.4–75.6%).

Discussion

Chronic GVHD is a complex entity and major complication
following HSCT [12]. Studies have shown that immuno-
logical mechanisms of cGVHD include donor-derived
alloreactive T lymphocytes, autoreactive T lymphocytes

Table 2 Prevalence of systemic and oral chronic GVHD (n=60)

Parameters Total (n=60) (%)

Systemic 39 (65.0)

Limited 17 (28.3)

Extensive 22 (36.6)

Oral cGVHD

White/red lesions 16 (26.7)

Red lesions 2 (3.3)

Oral pain 6 (10.0)

LLOM histophatological analyses 34 (56.6)

SG histophatological analyses 42 (70.0)

cGVHD chronic graft-versus-host disease, LLOM lower lip oral
mucosa, SG salivary glands
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and regulatory T lymphocytes as well as the dysregulation
of cytokine expression [13].

The first grading scheme for the severity of systemic
cGVHD was proposed in 1980 based on data from 20
subjects classifying the disease as limited when it affects
skin and/or liver or as extensive when present skin
involvement or localized skin involvement or hepatic
dysfunction caused by chronic GVDH in combination with
histological changes of the liver that showed chronic
aggressive hepatitis, bridging necrosis or cirrhosis, involve-
ment of the eye, histologically proven involvement of
minor salivary glands or oral mucosa on labial biopsy, or
proven involvements of any other target organ [5].
Although the new staging proposed by the NIH Consensus
Development Project on Criteria for Clinical Trials in
Chronic GVHD was proposed in 2005, the classification
employed in the present study was proposed by Shulman et
al. [5], which was used by the Universidade de Minas
Gerais Hospital until 2008, when the study was carried out.

The most common sites of cGVHD involvement are the
skin, oral cavity, eyes, GI tract and lungs; however, the
spectrum of clinical involvement is variable [14]. The early
and precise diagnosis of cGVHD is important to determine
the optimal treatment at an early stage of the disease. While
skin and liver manifestations may be confused with signs of
other disorders, the presence of oral cGVHD is a frequent,
prominent and useful component of cGVHD diagnosis and
staging [14, 15]. Oral involvement has been described as a
diagnostic sign of cGVHD and one of the first signs or
symptoms of the disease [15]. Moreover, oral mucosa and
salivary gland alterations are reported to reflect the status of
cGVHD better than other affected organs [16, 17].
However, the accuracy of each oral screening test is unclear
in the diagnosis of systemic cGVHD.

In the present study, the clinical data and biopsies of 60
patients having undergone HSCT were evaluated in attempt
to determine the diagnostic properties of oral screening tests

in the diagnosis of systemic chronic GVHD. The absence
and presence of oral alterations were compared with the
absence and presence of oral changes in systemic chronic
GVHD. The analysis revealed that the general accuracy of
all tests was low (66.8% and 55.1% for LLOM and SG
histopathological tests and between 50.5% and 58.4% for
other oral parameters). However, in the analysis of other
diagnostic properties, the clinical appearance of the oral
lesion demonstrated high specificity (81.0% and 100.0%
for white and white/red lesions, respectively) and PPV
(76.6% and 100.0% for white and white/red lesions,
respectively). This indicates that the high capacity of these
tests to exclude the disease in patients that do not have
systemic cGVHD and that the proportion of patients with
white and white/red lesions who have systemic cGVHD is
also high. Nevertheless, these tests demonstrated low
sensitivity and NPV when compared with systemic
cGVHD. This benchmark standard can be understood as
follows: the ability of the test to identify the disease is low
and its tendency to produce false-negative results is high.
Recently, according to NIH consensus, only lichenoid
changes are diagnostic for cGVHD, while other signs like
erythema are considered insufficient alone to diagnose the
disease [6].

On the other hand, the presence of symptoms demon-
strated high specificity, PPV and NPV (100.0%, 100.0%
and 72.0%, respectively) when compared with systemic
cGVHD. Specificity indicates that the test is suitable for
diagnosing subjects without systemic cGVHD. The PPV
shows that the patients with symptoms always had the
systemic disease and the NPV of 72.0% reveals that this
clinical parameter yields a false negative 28% of the time.
However, sensitivity was low, meaning that most patients
with cGVHD do not exhibit oral symptoms. Based on these
findings, clinical lesion types do not adequately discrimi-
nate patients with cGVHD; whereas, oral symptoms seem
to be a good test for confirming a diagnosis of systemic

Table 3 Sensitivity, specificity, accuracy, positive and negative predictive values for prevalence of oral chronic GVHD in the diagnosis of
systemic chronic GVHD

Variable Sensitivity (95% CI) Specificity (95% CI) ROC Area (95% CI) PPV (95% CI)a NPV (95% CI)a

White/red lesionsb 35.9 (21.7–52.8) 81.0 (57.4–93.7) 0.584 (0.451–0.757) 76.2 (46.4–93.4) 42.5 (30.0–53.8)

Red lesionsc 10.5 (1.8–34.5) 100.0 (80.8–100.0) 0.526 (0.374–0.679) 100.0 (61.4–100.0) 39.6 (36.6–47.2)

Oral pain 10.3 (3.3–25.2) 100.0 (88.0–100.0) 0.504 (0.352–0.661) 100.0 (94.4–100.0) 72.0 (57.3–83.3)

LLOM histopathological analyses 71.1 (53.9–84.0) 63.6 (40.8–82.0) 0.668 (0.529–0.818) 76.8 (60.7–88.8) 56.3 (34.0–75.6)

SG histopathological analyses 98.6 (81.5–99.8) 33.3 (15.5–56.9) 0.551 (0.342–0.666) 71.1 (62.1–79.7) 85.9 (32.9–99.4)

PPV positive predictive value, NPV negative predictive value, CI confidence interval, LLOM lower lip oral mucosa, SG salivary glands, ROC
Receiver Operator Characteristic
a Prevalence of systemic chronic GVHD: 65%
bAtrophy and lichenoid lesion
c Erythema area
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disease and an important clinical criterion for determining
cGVHD without performing other invasive procedures.

In the analysis of histopathological parameters for the
determination of cGVHD, the histopathological test of the
LLOM proved adequate for the detection of systemic
cGVHD, considering its good sensitivity and specificity.
The findings also reveal that there were a high proportion
of patients with positive histopathological findings for
cGVHD of the LLOM who also had systemic cGVHD, as
demonstrated by the high PPV. However, when the test
indicated the absence of the disease in the histopathologic
LLOM evaluation, the proportion of patients not affected
by systemic cGVHD was low, as demonstrated by the low
NPV.

The histopathological analysis of the SG exhibited good
diagnostic properties regarding the detection of systemic
cGVHD, with high sensitivity, PPV and NPV (98.6%,
71.1% and 85.9%, respectively). The results of the present
study demonstrate that the SG test identifies systemic
cGVHD in 98.6% of cases, that 71.1% of the patients with
cGVHD of the SG had the systemic disease and that this
histopathological parameter yields a false negative 14.1%
of the time. These findings show that histological analysis
is suitable for determining cGVHD, especially SG histo-
pathological examination. This is in agreement with Soares
et al. [18], who studied the most relevant histopathologic
features for oral cGVHD diagnosis and found that the SG
exam is important to establish the diagnosis and determine
the grade of cGVHD. Thus, oral biopsy could be a suitable
tool for the diagnosis and monitoring of cGVHD, as it is
accessible for examination and sampling and has an
important relationship with systemic cGVHD.

In a recent paper, Imanguli et al. [15] found that
involvement of the salivary glands in cGVHD contributes
to morbidity in patients having undergone HSCT and
further demonstrated the distinction between salivary and
oral mucosal involvement. In another study, the authors
attempted to identify the most relevant histological features
for the diagnosis of cGVHD and found that the SGs are
more frequently affected by cGVHD than LLOM, which is
in agreement with other studies [19, 20] and with the results
of the present study. However, Horn et al. [21] investigated
the clinical relevance of histological findings for the
outcome of HSCT and found that histological alterations
in the oral cavity do not correlate with the overall HSCT
outcome, cutaneous cGVHD or earlier acute GVHD.

Therefore, although the criteria proposed by Shulman
et al. [5] allow the diagnosis of systemic cGVHD based
on clinical presentation, there are situations in which the
alterations are less distinct. In such cases, the examina-
tion of the oral cavity and biopsy of both the mucosa
and minor salivary glands can provide supportive
diagnostic information.

In summary, this is the first study to demonstrate the
accuracy of oral tests for determining systemic chronic
GVHD. The overall accuracy of these tests is not good.
Nevertheless, the data revealed that oral chronic GVHD
screening tests have good properties for the diagnosis of
systemic cGVHD. Both the presence of oral symptoms and
histopathological manifestations in the salivary glands have
good properties regarding the diagnosis of systemic
cGVHD. Oral screening tests remain an important tool for
the diagnosis and grading of cGVHD and should be
employed, especially when further diagnostic information
is needed, thereby contributing to the accurate and early
diagnosis of chronic GVHD. These findings should be
explored further in a larger group of patients, using the
new staging proposed by the NIH Consensus Develop-
ment Project on Criteria for Clinical Trials in Chronic
GVHD, which may better characterise the extent of
chronic GHVD.
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