
Validation of the National Institutes of Health chronic GVHD Oral 
Mucosal Score using component-specific measures

CW Bassim1,9, H Fassil2,3,9, JW Mays1, D Edwards1, K Baird4, SM Steinberg5, KM 
Williams2, EW Cowen6, SA Mitchell7, K Cole2, T Taylor2, D Avila2, D Zhang5, D Pulanic2,8, L 
Grkovic2,8, D Fowler2, RE Gress2, and SZ Pavletic2

1National Institute of Dental and Craniofacial Research, NIH, Bethesda, MD, USA

2Experimental Transplantation and Immunology Branch, National Cancer Institute, NIH, 
Bethesda, MD, USA

3Tufts University School of Dental Medicine, Boston, MA, USA

4Pediatric Oncology Branch National Cancer Institute, NIH, Bethesda, MD, USA

5Biostatistics and Data Management Section, Office of the Clinical Director, Center for Cancer 
Research, National Cancer Institute, NIH, Bethesda, MD, USA

6Dermatology Branch National Cancer Institute, NIH, Bethesda, MD, USA

7Outcomes Research Branch, Division of Cancer Control and Population Sciences, National 
Cancer Institute, NIH, Bethesda, MD, USA

8Division of Hematology, Department of Internal Medicine, Clinical Hospital Center Zagreb, 
Zagreb, Croatia

Abstract

Oral chronic GVHD (cGVHD) is a common, late complication of alloSCT that is associated with 

significant patient morbidity. The NIH Oral Mucosal Score (NIH OMS) was developed to assess 

oral cGVHD therapeutic response, but has not been fully validated. This study’s purpose was to 

conduct a rigorous construct validity and internal consistency analysis of this score and its 

components (erythema, lichenoid, ulcers, mucoceles) using established measures of oral pain, oral 

function, oral-related quality-of-life, nutrition and laboratory parameters in 198 patients with 

cGVHD. The construct validity of the NIH OMS was supported: a moderate correlation was 

observed between NIH OMS and mouth pain (rho =0.43), while a weaker correlation was 

observed with low albumin (rho = −0.26). Total NIH OMS, erythema and lichenoid components 

were associated with malnutrition, oral pain and impaired oral QOL, while ulcers were only 

associated with oral pain. No associations were found between mucoceles and any indicator 

evaluated, including salivary function or xerostomia. Kappa determined between scale 

components was low overall (all ≤0.35), supporting a conclusion that each component measures a 
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distinct manifestation of oral cGVHD. This study supports the use of the NIH OMS and its 

components (erythema, lichenoid and ulcerations) to measure clinician-reported severity of oral 

cGVHD.
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INTRODUCTION

Chronic GVHD (cGVHD) is a major late complication of allogeneic hematopoietic SCT 

(alloHSCT).1 It is a clinical syndrome characterized by complex allogeneic and autoimmune 

dys-regulation of the immune system and is the leading cause of non-relapse-related 

morbidity and mortality of long-term transplant survivors.2 Chronic GVHD may persist for 

months or years and may affect multiple organ systems including the eyes, mouth, gut, liver, 

lungs, joints and genitourinary tract. The mouth is commonly involved, with oral 

manifestations occurring in 45–83% of cGVHD patients.3

Oral manifestations of cGVHD can be characterized as mucosal, salivary and/or sclerotic in 

nature and resemble several auto-immune conditions including Sjögren’s syndrome, oral 

lichen planus and scleroderma in both clinical features and histological appearance.4 The 

spectrum of clinical presentation of oral cGVHD is diverse and includes erythema, lichenoid 

hyperkeratosis, xerostomia, mucoceles, atrophy, edema, fibrosis, pseudomembrane and 

ulcerations and can involve any site in the oral cavity. Oral cGVHD can be a significant 

contributor to pain and discomfort, resulting in diminished oral health, impaired oral cavity 

function and reduced quality-of-life (QOL).5–9 Despite its prevalence and impact on health 

and well-being, there remains no standard treatment of oral cGVHD.10

A major obstacle in advancing the development of new therapies for oral GVHD is the lack 

of well-validated measures to evaluate treatment response in clinical trials. In 2006, the NIH 

Consensus Development Project published criteria for the measurement of therapeutic 

response in clinical trials of cGVHD,11 presenting the NIH cGVHD Oral Mucosal Score 

(NIH OMS) as a measure of oral disease severity. The NIH OMS is a clinician-evaluated 

measure of the mucosal manifestations of oral cGVHD, developed to increase objectivity 

and quantification in serial monitoring of oral cGVHD. However, this 15-point proposed 

scoring system was based on recommendations from a collaborative team of clinicians and 

required validation in patients with cGVHD. Subsequent studies assessing the validity and 

reliability of the NIH OMS have often been limited in their study design, size or 

scope.6,12–14 Recently, Treister et al.15 published a large prospective study through the 

Chronic GVHD Consortium describing the NIH OMS and its components in a cohort of 

patients with cGVHD and analyzing these findings based on their associations with changes 

in oral pain. However, the score itself and its components have not yet been fully validated.

In the current study, we assessed the construct validity of the NIH OMS and its components 

through comparisons with a comprehensive list of accepted measures used in the evaluation 

of cGVHD and in oral disease using a large cohort of systematically evaluated patients with 
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cGVHD. The aim was to determine clinical relevance of the NIH OMS and its components 

and to recommend eventual refinements and simplification of the scoring.

MATERIALS AND METHODS

Study population

Two hundred and sixty-seven post-alloHSCT patients (247 adults, 20 pediatric patients <18 

years), referred for evaluation of cGVHD, were enrolled in a prospective cross-sectional 

study of cGVHD at the NIH Clinical Center in Bethesda, Maryland from 2004 to 2012 

(clinicaltrials.gov identifier: NCT00331968). Patients with inconclusive cGVHD (N =11) or 

late acute GVHD (N =2), or patients enrolled before the NIH consensus conference or who 

were not evaluated using the 2006 NIH OMS (N =56), were excluded from the study, thus 

leaving 198 evaluable participants (191 adults, 7 pediatric patients) with cGVHD and with 

NIH OMS available. This research has been approved by the NCI Center for Cancer 

Research Institutional Review Board (IRB).

Measures

NIH Oral Mucosal Score—Clinicians at the NIH, advanced practitioners or hematology-

oncology fellows experienced in assessing chronic GVHD patients, scored oral cGVHD 

manifestations using the 15-point oral cGVHD OMS (NIH OMS). This scale evaluates the 

four most common manifestations of oral cGVHD: erythema, lichenoid lesions, ulcers and 

mucoceles. It provides a value for the severity of each of these manifestation (erythema, 

lichenoid, mucoceles scored 0–3, ulcers scored 0–6) as well as a total score (scored 0–15) 

(Figure 1).11

Patient-reported outcome measures—In this study, we employed data derived from 

four self-reported measures. The Lee cGVHD Symptom Scale, including a subscale for eyes 

and mouth symptoms,16 the NIH Oral Symptom Scores (mouth dryness, oral pain and oral 

sensitivity on a 0–10 scale),11 the Oral Health Impact Profile (OHIP),17 (http://

www.asbmt.org/displaycommon.cfm?an=1&subarticlenbr=29) and the Functional 

Assessment of Cancer Therapy-Bone Marrow Transplant (FACT-BMT).18

Nutritional Assessment Scale—Nutritional status was evaluated by a certified dietitian 

using the patient-generated subjective global assessment (PG-SGA), and was categorized as 

well-nourished, moderately malnourished or at risk for nutritional deficits or severely 

malnourished.19

Laboratory markers of inflammation—Laboratory markers of inflammation total 

platelets count, C reactive protein, total complement and low albumin were analyzed for 

associations with NIH OMS.

Salivary flow rate—Unstimulated whole saliva was collected every 30 s for a total of 5 

min by dental clinicians. The mass of the collected saliva was determined and then divided 

by 5 min to determine the 5-min salivary flow rate (28). At the time of our analysis, the 

salivary flow rate data was available for 87 patients.
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NIH organ-specific, global and average scores—NIH organ-specific scores are 

based on a transplant clinician-reported scale of 0–3 to evaluate each of eight organ systems 

for women and seven for men: skin, eye, mouth, lung, liver, gastrointestinal tract, joint/

fascia and genital tract (women only). The NIH global score (none, mild, moderate, severe) 

and the NIH average score were also assessed.4

Survival—Survival status was determined through phone calls to patients or the offices of 

primary care providers and searches of the Social Security Death Index.

Statistical analysis

Construct validity—Construct validity, the extent to which a measure is associated in 

theoretically expected directions with measures of both related and unrelated constructs, was 

examined by comparing the NIH OMS and its components to a set of conceptually related 

measures. Relationships between these measures and the total OMS as well as the four 

constituent components (erythema, lichenoid, ulcers and mucoceles) were explored. The 

total scale was considered as a continuous parameter (range 0–15) while the components 

were considered as ordered categorical or dichotomous variables. To accommodate the 

skewed distribution and the ordinal nature of the variables, non-parametric tests were used. 

Specifically, comparisons of ordered categorical parameters vs a dichotomous classification 

variable were evaluated with a Cochran-Armitage trend test.20 Parameters that were both 

dichotomous were compared using Fisher’s exact test. An exact Wilcoxon rank sum test was 

used to determine the significance of the difference between two groups with respect to a 

continuous outcome. The Jonckheere–Terpstra test was used to determine the association 

between two ordered categorical parameters, or between an ordered categorical parameter 

and a continuous parameter.21 An exact Kruskal–Wallis test was used to determine the 

significance of a continuous parameter evaluated over three or more unordered categories. 

The association between a dichotomous and an unordered categorical parameter was 

determined by Mehta’s modification to Fisher’s exact test.22 Spearman rank correlation was 

used to determine the correlation between two continuous parameters. For the purposes of 

this study, |rho|>0.50 would indicate a moderate to strong correlation, 0.3<|rho|<0.5 would 

indicate a weak to moderate correlation and |rho|< 0.3 would indicate weak correlation.23

Internal consistency—Internal consistency was determined by assessing the relationship 

between the overall scale and each of its individual components, and the degree to which 

these components are associated. This was done using the Jonckheere–Terpstra test for trend 

as the intention was to demonstrate the association between pairs of ordered categorical 

parameters. When the components were reduced to dichotomous categories, a Kappa 

statistic was used to evaluate the degree of agreement between two measures.

Survival analyses—The association between OMS and components and overall survival 

were assessed using Kaplan–Meier curves, beginning at the date the patient enrolled on the 

NIH natural history study until the date of death or last follow-up. The significance of the 

difference among a set of Kaplan–Meier curves was determined by a log-rank test.
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All P-values are two-tailed, and were not formally adjusted to account for multiple 

comparisons, except for survival analysis as described. However, in view of the number of 

statistical tests performed, only P-values <0.01 were considered to be statistically 

significant.

RESULTS

Patient demographic, transplant and cGVHD characteristics

A total of 198 patients met the diagnostic criteria for cGVHD as outlined by the NIH 

cGVHD Consensus Conference on diagnosis and staging.4 Table 1 details patient 

demographics and transplant characteristics. No associations were found between these 

characteristics and the NIH OMS or its components.

Out of total 198 patients, 145 (73%) patients scored above a NIH OMS =0, and 48 (24%) 

scored above NIH OMS =2. Of the 145 patients manifesting oral cGVHD, 77% manifested 

erythema, 75% lichenoid changes, 23% ulcerations and 10% mucoceles. Figure 2 shows the 

distribution of these component scores across the spectrum of NIH OMS.

Construct validity

Erythema—The score for erythema was significantly associated with Lee Symptom 

subscales for eyes and mouth (P =0.005) and eating and digestion (P =0.006) as well as with 

single-item patient-reported questions from the Lee Symptom Scale, OHIP and other 

questions concerning mouth pain and ability to eat (Table 2). Nutritional assessment (P 

=0.006), NIH 0–3 organ-specific score for the mouth (P<0.0001), number of organs 

involved (P =0.002), NIH average score (P =0.006) and total albumin (P =0.0004) were also 

associated with erythema scores.

Salivary flow rate (P =0.59) was not associated with erythema, nor was patient-reported oral 

dryness (P =0.02). Neither was survival associated with erythema (P =0.16).

Lichenoid—Lichenoid changes were significantly associated with responses to single-item 

patient-reported questions concerning mouth pain and ability to eat, as well as with the total 

OHIP score (P =0.010) (Table 2). As with erythema, nutritional assessment (P =0.005), NIH 

organ-specific score for the mouth (P<0.0001), number of organs involved (P =0.004) and 

total albumin (P =0.003) were also associated with lichenoid scores. Salivary flow rate (P 

=0.78), self-report of oral dryness (P =0.024) and survival (P =0.24) were also not 

associated with lichenoid findings.

Ulceration—Ulcerative changes were significantly associated with specific single-item 

Lee symptom and OHIP patient-reported questions about mouth pain (Table 2). The NIH 

organ-specific score for the mouth (P<0.0001) was also associated with ulceration scores. 

Salivary flow rate (P =0.94), oral dryness (P =0.21) and survival (P =0.38) were not 

associated with ulcerations.

Mucoceles—Mucoceles were not associated with any of the measurements or parameters 

evaluated.
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NIH OMS total score—A weak-to-moderately strong, positive correlation was observed 

between total NIH OAS and patient-reported mouth pain (rho =0.43) and mouth sensitivity 

(rho =0.35). Further, a weak, negative correlation was seen with albumin levels (rho = 

−0.26), and a weak, positive correlation was seen with the number of cGVHD organs 

involved (rho =0.27). Total scores were also significantly associated with nutritional 

assessment (P =0.001), and Lee Symptom and OHIP questions concerning mouth pain 

(Table 2). Salivary flow rate (P =0.84) and survival (P =0.23) were not associated with total 

score; self-reported mouth dryness was weakly associated with total score (rho =0.23).

The NIH OMS was also significantly associated with the NIH 0–3 Mouth Score (P<0.0001). 

There was a strong trend for the NIH OMS to increase with increased NIH Mouth Score, 

with medians ranging from 0 to 7as the NIH Mouth Score increases from 0 to 3 (Figure 3).

Internal consistency

Table 3 shows that NIH OMSs were significantly associated with each of the components of 

the scale: erythema (P<0.0001), lichenoid changes (P<0.0001), ulcerations (P<0.0001) and 

mucoceles (P =0.0003). Erythema had weak agreement with lichenoid changes (k =0.35), 

poor agreement with ulcerations (k =0.19) and very poor agreement with mucoceles (k 

=0.03). Lichenoid changes had poor agreement with ulcerations (k =0.16) and very poor 

agreement with mucoceles (k =0.07). Mucoceles had very poor agreement with all of the 

other parameters of the scale.

DISCUSSION

This study reports a comprehensive construct validity evaluation of the NIH OMS as a 

measure of oral chronic GVHD severity, which is based exclusively on an oral exam 

performed by the transplant clinician. In prior studies, the NIH OMS had a median inter-

rater reliability of 0.7, has been preliminarily validated, and was shown to be feasible and 

practical for use.13,14,24 It has also recently been prospectively validated with the perception 

of improvement of clinician- and patient-reported measures or oral pain.15 However, the 

validation of the NIH OMS and its components against component-specific indicators of 

disease activity and severity has not been done.

Our findings support the construct validity of the individual components of the NIH OMS in 

that erythema and lichenoid findings were strongly associated with oral pain and poor oral 

QOL, function and nutrition, as well as with low serum albumin levels and other indicators 

of worse systemic cGVHD, while ulcers were associated primarily with oral pain. Though 

frequently seen in cGVHD patients and a clear manifestation of oral cGVHD, ulceration can 

also be considered a non-specific finding of oral inflammation or infection.25

The distribution of component score contribution to the total score across the spectrum of 

NIH OMSs (Figure 2) shows that these contributions are not dominated by any component 

as oral cGVHD worsens, even though ulcerations are more heavily weighted. It appears that 

as oral cGVHD manifestations become progressively more severe, ulcers account for about 

half of oral cGVHD findings, with the remaining half divided between erythema and 

lichenoid lesions. The poor agreement seen between ulcers and erythema (k =0.19) and 
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between ulcers and lichenoid (k =0.16) supports the notion that ulcerations are capturing a 

distinct manifestation of oral cGVHD separate from erythema and lichenoid, and more fully 

describing the complex presentation of oral cGVHD.15,24

A notable point is the lack of association between any parameter studied and mucoceles, 

also found by Treister et al.,15 which may support the removal of this component from the 

score. As 77% of cGVHD patients report some degree of salivary gland involvement,26 

these results may indicate a deficit of the NIH OMS to represent salivary dysfunction. Using 

saliva-specific measures such as salivary flow rate may serve to supplement the NIH OMS 

in assessing the salivary impact of oral cGVHD. Whole salivary flow offers an objective 

measure of salivary gland involvement that is feasible and non-invasive. This approach has 

been used to evaluate therapeutic response in clinical trials to treat dry mouth in oral 

cGVHD27 and has been validated for use in Sjögren’s syndrome,28 which is clinically and 

histopathologically similar to salivary oral cGVHD.26

Consistent with the observations of other investigators, we found that the total NIH OMS is 

highly associated with patient-reported oral pain and sensitivity, a major symptom and 

indicator of oral cGVHD and a driving force for therapeutic symptom control.24 Squaring 

the Spearman’s rho found for the association between NIH OMS and oral pain (rho =0.43) 

shows that only 19% of the variance in NIH OMS was explained by oral pain. This may 

indicate that the NIH OMS captures a wider clinical presentation than painful mouth sores, 

supported by the widely diverse associations found in the present study.

It is also to be noted that the NIH OMS was not associated with other organ system cGVHD, 

except for the NIH Genital Score for women (P =0.04), or with Lee Score subscales that are 

not relevant to oral symptoms. This supports the construct validity of the NIH OMS in that 

there is a clear divergence of association between findings that were theoretically expected 

to be linked with oral cGVHD and findings which were not. Mucosal cGVHD of the mouth 

can be readily theoretically associated with mucosal cGVHD of the vulva-vaginal region for 

women.

Several laboratory markers of inflammation, such as total platelet count, C reactive protein, 

total complement and low albumin have been associated with cGVHD,29 with albumin and 

total complement specifically correlating with the severity of oral cGVHD.6 Our finding that 

higher total NIH OMS is associated with lower serum albumin replicates this previous 

observations of an association between hypoalbuminemia and oral cGVHD6 as well as 

overall cGVHD activity,29 which were derived using a subset of this current cohort.

The NIH OMS is based exclusively on a clinician’s examination of the oral mucosa of a 

post-transplant patient. This is in contrast to the NIH Mouth Score, developed to grade oral 

cGVHD in a clinical setting and which is based on a clinician’s integrated judgment of oral 

disease signs, patient-reported symptoms and limitation of oral intake. The NIH OMS and 

the erythema, lichenoid and ulcer components were all significantly associated with the NIH 

0–3 Mouth Score, showing a significant trend for increasing NIH OMS with increasing NIH 

Mouth Score. Future studies need to determine the exact relationship and utility of these two 

scales in assessment and monitoring of oral chronic GVHD.
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The limitations of this study arise from its cross-sectional design. The NIH OMS score is 

intended to evaluate therapeutic response to treatment, and thus prospectively collected 

serial data points after therapeutic intervention would add knowledge concerning the 

predictive validity of the NIH OMS and its responsiveness to change. Furthermore, the 

participants included in this analysis were predominantly those with severe and therapy-

refractory cGVHD, thus providing a sample of patients who were sufficiently affected by 

oral cGVHD to permit a meaningful evaluation of NIH OMS validity; however, these results 

may not be generalized to individuals with milder cGVHD manifestations.

In conclusion, the proposed NIH OMS offers a clinically relevant description of oral 

cGVHD, with the erythema, lichenoid and ulceration components independently being 

associated with cGVHD relevant signs and/or symptoms. The score could be refined by 

removing the component for mucoceles, as these were not associated with any disease 

activity. Also, the score could be complemented by evaluation of salivary function, as it 

does not capture saliva-specific parameters of disease activity. The NIH OMS demonstrates 

favorable construct validity as an instrument to assess the severity of oral cGVHD 

manifestations.
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Figure 1. 
The NIH OMS (NIH OMS, scored 0–15)10 measures the severity of each of the most 

common manifestations of oral cGVHD: erythema, lichenoid, mucoceles (scored 0–3) and 

ulcers (scored 0–6).
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Figure 2. 
Percentage of component scores to the NIH Oral Score across the spectrum of scores seen, 

showing the distribution of the components (erythema, lichenoid, ulcers, mucoceles).
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Figure 3. 
Distribution of NIH mucosal scores across the NIH Mouth Score (boxplot with median and 

interquartile range shown, whiskers are minimum and maximum values).
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Table 1

Patient characteristics at the time of enrollment

Patient characteristics n (%) or (range)

Total number of patients 198

Age (median, range) 46 (4–64)

Gender

 Male 109 (55%)

 Female 89 (45%)

Disease

 ALL/AML/MDS 89 (45%)

 CML 29 (15%)

 CLL 14 (7%)

 HL, NHL 43 (22%)

 MM 10 (5%)

 Sarcoma 1 (0.5%)

 Aplastic anemia/PNH 6 (4%)

 Other non-malignant 1 (0.5%)

Conditioning regimen

 Myeloblative 111 (56%)

 Non-myeloblative 86 (43%)

 TBI 78 (39%)

Donor relationship

 Unrelated 75 (36%)

 Related 123 (64%)

Gender match: recipient/donor

 Male/male 55 (28%)

 Male/female 47 (24%)

 Female/female 39 (19%)

 Female/male 40 (20%)

 Unknown 17 (9%)

Cell source

 Bone marrow 37 (19%)

 Peripheral blood 157 (79%)

 Cord blood 4 (2%)

HLA matcha

 Yes 160 (81%)

 No 32 (16%)

cGVHD onset type

 Progressive 75 (38%)

 Quiescent 56 (28%)

 de novo 65 (34%)

Activity by therapeutic intentb
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Patient characteristics n (%) or (range)

 Active 90 (45%)

 Not active: decrease systemic therapy 19 (10%)

 Not active: cGVHD stable 40 (20%)

 Unknown (other) 49 (25%)

Intensity of immunosuppressionc

 None/mild 48 (24%)

 Moderate 69 (35%)

 Severe 80 (40%)

Number of prior treatments

 <2 22 (11%)

 2–5 136 (69%)

 >5 34 (17%)

 Unknown 4 (2%)

 Number of organs involvedd 5 (1–8)

Individual organs involvedd

 Mouth 135 (68%)

 Skin 155 (78%)

 Eyes 162 (82%)

 Lung 149 (75%)

 Liver 102 (51.5%)

 Joints or Fascia 124 (63%)

 Gastrointestinal tract 93 (47%)

 Genitourinary tract 45 (23%)

 NIH average scoree 1.1 (0–2.33)

NIH global scoref

 Mild 3 (2%)

 Moderate 59 (30%)

 Severe 134 (68%)

 Median number of months from transplant to GVHD diagnosis 7 (6–67)

 Median number of months from transplant to enrollment 36 (6–223)

Abbreviations: F =female; HL =Hodgkins lymphoma; M =male; MDS = myelodysplastic syndrome; MM =multiple myeloma; NHL =non-
Hodgkins lymphoma; PNH =paroxysmal nocturnal hemoglobinuria. For all values in the above table, continuous variables are shown as median 
values with ranges and categorical variables are shown as frequencies with percentages.

a
HLA match: a minimum of 8/8 allele match in case of unrelated donors and 6/6 antigen and or allele match (HLA-A, -B. –DR) in case of related 

donors

b
Active: (1) increase systemic therapy because cGVHD is worse; (2) substitute systemic therapy due to lack of response; and (3) withdraw 

systemic therapy due to lack of response. Not active: (1) decrease systemic therapy because cGVHD is better; (2) not change current systemic 
therapy because cGVHD is stable; (3) alter systemic therapy owing to its toxicity. Other: either did not receive any immunosuppressive therapy or 
did not meet any of the criteria.

c
Intensity of immunosupression: mild, single-agent prednisone<0.5; moderate, prednisone≥0.5 mg/kg/day and/or any singe agent/modality; high, 2 

or more agents/modalities±prednisone≥0.5 mg/kg/day.

d
NIH score of 0 not affected versus score>0 affected.
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e
NIH average score: total of NIH scores divided by number of organs affected.

f
NIH global score: mild, only 1 or 2 organs (except lung), with max score of 1 in all organs; moderate, at least 1 organ with max score 2 or 3 or 

more organs with max score of 1 or lung score of 1; severe, at least 1 organ with score of 3 or lung score of 2 or more.
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