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Sclerotic skin manifestations of chronic graft-versus-host disease (ScGVHD) lead to significant 

morbidity, including functional disability from joint range of motion (ROM) restriction. No 

superior second-line therapy has been established for steroid-refractory disease. Imatinib mesylate 

is a multi-kinase inhibitor of several signaling pathways implicated in skin fibrosis with in vitro 

antifibrotic activity. We performed an open label pilot Phase 2 trial of imatinib in children and 

adults with corticosteroid refractory ScGVHD. Twenty patients were enrolled in a 6 month trial. 

Eight received a standard dose (adult: 400 mg daily; children: 260 mg/m2 daily). Due to poor 

tolerability, 12 additional patients underwent a dose escalation regimen (adult: 100 mg daily initial 

dose up to 200 mg daily maximum; children initial dose 65 mg/m2 daily up to 130 mg/m2 daily). 

Fourteen patients were evaluable for primary response, improvement in joint range of motion 

(ROM) deficit, at 6 months. Primary outcome criteria for partial response (PR) was met in 5/14 

(36%), stable disease (SD) in 7/14 (50%), and progressive disease (PD) in 2/14 (14%) patients. 

Eleven (79%) patients, including 5 PR and 6 with SD, demonstrated a positive gain in ROM 

(range 3–94% improvement in deficit). Of 13 patients with measurable changes at 6 months, the 

average improvement in ROM deficit was 24.2% (IQR: 15.5% to 30.5%; p=0.011).

This trial is registered at http://clinicaltrials.gov as NCT007020689.

Introduction

Sclerotic-type chronic graft-versus-host disease (ScGVHD) of the skin is characterized by 

progressive fibrosis of the dermis and subcutaneous tissues. ScGVHD is generally a late 

manifestation of chronic graft-versus-host disease (cGVHD), typically developing > 1 year 

after allogeneic hematopoietic cell transplantation.1 It develops in approximately 15% of 

patients with cGVHD, but poses a disproportionate challenge to management.1,2 In an NIH 

cGVHD natural history study patients with ScGVHD had been treated with an average of 

4.7 prior therapies, compared to 2.8 therapies for patients with non-sclerotic cGVHD.3 

ScGVHD may lead to skin pain, ulceration, restricted chest wall expansion, diminished joint 

range of motion (ROM) and contractures leading to functional disability, and is second only 

to bronchiolitis obliterans as a cause of severe cGVHD-related morbidity.4

Topical treatments, phototherapy, extracorporeal photopheresis (ECP), and systemic 

immunosuppressive agents have been employed for treatment of ScGVHD. Topical 

therapies are limited by poor drug penetration to deep fibrotic tissues. Phototherapy, 

(ultraviolet [UV]B and psoralen and UV-A [PUVA]), is similarly hampered by lack of UV 

penetration to deep dermal tissues. UVA-1 phototherapy utilizes long wavelength UVA light 

that penetrates into the dermis, and has shown efficacy for ScGVHD in several small case 

series, but is only available at a limited number of medical centers in the United States.5–7 

Extracorporeal photopheresis (ECP) is also limited by local availability and cost.8 To date, 

no single or combination salvage regimen has demonstrated superior efficacy for ScGVHD.

Imatinib mesylate represents a novel targeted approach to the management of ScGVHD 

through inhibition of specific signaling pathways implicated in skin fibrosis. Imatinib has 

inhibitory activity against platelet derived growth factor (PDGF) receptor, among other 

tyrosine kinases. Elevated PDGF and its receptor have been found in the skin and 

bronchoalveolar lavage fluid in patients with systemic sclerosis.9,10 Stimulatory PDGF-
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receptor antibodies have been described in patients with systemic sclerosis11 and extensive 

chronic GVHD12, suggesting a direct mechanistic link to skin fibrosis via the PDGF 

pathway; however, the pathogenic significance of these antibodies remains unclear.13

Nevertheless, pre-clinical models of fibrosis in the skin and lungs suggest a therapeutic 

benefit of imatinib on tissue fibrosis.14 In light of these findings, we conducted a pilot phase 

2 study to determine its therapeutic activity using a multi-modality assessment approach 

including strict response criteria that correlate with clinically meaningful functional 

improvement.

Patients, materials, and methods

Adult and pediatric patients (≥4 years) with a history of ScGVHD, according to NIH 

Consensus Group Criteria,15 were enrolled at the NIH Clinical Center (clinicaltrials.gov 

identifier: NCT00331968) between December 2008 and February 2011. The primary 

objective was clinical improvement in ScGVHD as measured by change in range of motion 

(ROM) of one or more joints significantly limited by skin fibrosis. Secondary objectives 

were: imatinib tolerability in patients with ScGVHD, responsiveness and utility of outcome 

criteria for ScGVHD evaluation using multi-modality assessments (MRI, skin scoring, 

patient-reported outcomes [PRO] measures), functional assessments and evaluate 

biomarkers of disease activity, assess steady state levels of imatinib, and evaluate the 

response of other cGVHD organ manifestations. The research protocol was approved by 

NCI Institutional Review Board and all participants provided informed written consent. 

Imatinib was provided to the NCI under a collaborative agreement between Novartis and the 

Division of Cancer Treatment and Diagnosis, NCI.

The study design was a single arm, open label trial with the primary endpoint measured at 6 

months. Eight patients were initially treated with 400 mg (adults) or 260 mg/m2 (children) 

imatinib daily in cohort 1. However, due to poor tolerability and the need for dose reduction 

to manage adverse effects in all patients, the protocol was amended and a second cohort of 

12 patients were enrolled and treated using intra-patient dose escalation, in which imatinib 

was initiated at 100 mg (adults) and 65 mg/m2 (children) daily and increased to a maximum 

of 200 mg and 130 mg/m2 daily after one month as tolerated (cohort 2). All patients (or 

parents) were required to keep a daily medication log and symptom diary. Inclusion criteria 

included age ≥ 4, biopsy-proven ScGVHD resulting in ROM restriction ≥ 25% of normal 

range at one or more joints, disease refractory to systemic corticosteroids (1 mg/kg/day × 14 

days) or patients with stable disease but for whom systemic steroids or calcineurin inhibitors 

could not be tapered without disease flare, Karnofsky/Lansky ≥ 60%, absolute neutrophil 

count (ANC) ≥ 1,000/μL, platelet count ≥ 50,000/μL, total bilirubin < 3x upper limit of 

normal (ULN), transaminase < 5x ULN, normal age-adjusted renal function or creatinine 

clearance ≥ 60/mL/min/1.73m2, and normal cardiac function. Exclusion criteria were 

clinically significant systemic illness, including active infection, pregnant or breast-feeding 

females or females unwilling to practice birth control during and for two months after 

treatment, HIV, active HBV or HCV, persistent malignancy, ongoing chemotherapy, 

radiation or immunotherapy, prior treatment with imatinib or other tyrosine kinase inhibitor 

after transplant, hypersensitivity to imatinib, known brain metastases, and concurrent 
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investigational treatment for cGVHD, including ECP. Eligible patients may not have 

received monoclonal antibody therapy within 6 weeks of enrollment. To minimize drug-

drug interactions, patients taking potent inhibitors or inducers of P450 CYP3-A4 were 

excluded.

Skin involvement was assessed by comprehensive dermatologic examination by a 

dermatologist with expertise in cGVHD (E.W.C) and quantified by separate body surface 

area (BSA) assessments of epidermal and fibrotic tissue involvement (ScGVHD). Clinical 

evidence of ScGVHD was determined by the presence of skin thickening, rippling or 

nodularity of subcutaneous tissues upon deep palpation and ROM limitation. Histologic 

confirmation of ScGVHD was obtained by 6 mm punch skin biopsy. Joint involvement was 

determined by a physiatrist with expertise in cGVHD who performed joint ROM 

measurements, grip strength, and 2 and 6 minute walk tests. Joint ROM was compared to 

percent-predicted (% predicted) ROM for each joint using values established by the 

American Academy of Orthopedic Surgeons.16

NIH cGVHD organ severity (range 0–3) was graded by a transplant clinician with expertise 

in cGVHD (K.B.) using the NIH Consensus Criteria.15 The average score for each patient 

was calculated by dividing the total score by 7 domains in men (skin, eye, oral, joint, GI, 

hepatic, pulmonary), or 8 domains (including gynecologic) in women.17 The NIH global 

score was graded “mild,” “moderate,” or “severe” by consensus at a multidisciplinary 

meeting.15 Other subspecialty evaluations included oral medicine (Schubert scale), 

ophthalmology (Schirmer’s scoring, eye examination), occupational therapy and gynecology 

(female patients). In addition, the NIH Consensus Response Criteria (Form A/Form B) were 

assessed at each time point and organ responses as per NIH Consensus Response Criteria 

were calculated at the 6 month time point.18

Additional evaluations included pulmonary function testing, MRI at the site of sclerotic skin 

involvement, and 10 PRO or performance-based measures of symptoms, functional status, 

and QoL measures: Pincer strength (PS),19 36 item Manual Ability Measure (MAM-36),20 

Jebsen-Taylor Hand Function Test (JTHFT),21 Disabilities of the Arm, Shoulder and Hand 

(DASH)22, Grooved Pegboard (GP),23 Assessment of Motor and Process Skills (AMPS),24 

Human Activity Profile (HAP),25,26 Lee Chronic GVHD Symptom Scale,27 Short Form-36 

Health Survey version 2 (SF-36),28,29 and cGVHD Activity Assessment-Patient Self 

Report.18 Steady state plasma imatinib concentrations were assessed prior to start of 

treatment and after 1 and 3 months on study in cohort two.

The primary endpoint for response to therapy was assessed at 6 months. Skin scoring and 

ROM assessment was performed at baseline and every three months thereafter. Up to three 

‘target’ joints with ≥ 25% ROM reduction associated with skin fibrosis at baseline were 

included in the primary outcome; however, if fewer than three joints were involved, a single 

joint or the average ROM loss from 2 affected joints was used. Joints were prioritized by the 

most significant functional limitations, excluding joints with confounding reasons for 

decreased ROM. Similar ROM assessments have been employed to measure clinical 

response to treatment of radiation-induced skin fibrosis.30,31 The average percentage change 

in ROM deficit from baseline to 6 months was obtained based on the number of degrees of 
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ROM change (6 months)/total ROM deficit (baseline) at each joint, and response was 

defined as > 25% or greater improvement in the deficit. Progression was defined as > 25% 

decline in ROM deficit (confirmed by a repeat evaluation 2–4 weeks later) or > 1 steroid 

pulse during a three month period. All others who did not meet the above criteria for 

progression or response (i.e. between 25% gain and 25% loss in ROM) were considered 

stable disease. Maximal response was no further improvement over two sequential three-

month evaluations. Tapering of immunosuppression was allowed for patients stable or 

improving after 6 weeks of therapy.

Biomarker studies

Immunophenotyping

For analysis of T lineage subsets, thawed PBMC (107 cells/mL) were stimulated with PMA 

(100 ng/mL) (Sigma) and ionomycin (1 ug/mL) (Sigma) for 6 hours at 37° C, adding 

Golgistop and Golgiplug (BD Biosciences) after 2 hours. Following stimulation, cells were 

stained with CD3 and CD4, fixed and permeabilized (eBioscience) for intracellular staining 

with antibodies against Tbet, IFNγ IL-4 (BD Biosciences), FOXP3, IL-17 (eBioscience), 

IL-13, IL-22 (Biolegend) and isotope controls, and analyzed on a Gallios flow cytometer 

(Beckman Coulter).

Plasma TGF-β1 and Phospho-Smad 2

The concentration of total TGF-β1 in plasma was measured using a human TGF-β1 

Quantikine ELISA kit (R&D Systems, Minneapolis, MN) following acid activation of 

samples according to the manufacturer’s instructions. The extent of platelet degranulation in 

plasma samples was determined using an Imunoclone platelet factor 4 (PF4) ELISA kit from 

American Diagnostica (Stamford, CT). Phospho-Smad2 localization in skin sections was 

detected by immunohistochemistry as previously described.32

B cell activation assays

For analysis of phosphorylation of BLNK and Syk, cryopreserved PBMCs were thawed and 

allowed to rest overnight (5 × 106 cells/mL), as previously described.33 1 × 106 cells were 

stimulated with 5 μg/mL of the F(ab′)2 fragment of IgM (Jackson Immunoresearch) for 5 

min at 37 °C. Following stimulation, cells were immediately fixed (BD cytofix buffer), 

permeabilized (BD Perm Buffer III), and stained using antibodies from BD Biosciences: 

BLNK (pY84, clone J117-1278) or Syk (pY348, clone 1120-722), PLCγ (pY759) and BTK 

(pY223). As only four patients had sufficient numbers of viably frozen PBMCs to evaluate 

BCR signaling alterations, results for this assay are reported in the supplemental section.

Statistical analysis

The initial goal of this pilot study was to enroll 10 evaluable patients in order to assess the 

change in ROM from baseline to 6 months. With this as the one planned primary endpoint, 

10 patients would have provided 80% power for a two-tailed 0.05 alpha level test to detect 

1.0 SD change in ROM from baseline to 6 months. A paired t-test was to be used to evaluate 

the change if the data were normally distributed. If the data were not normally distributed 

(p<0.05 by a Shapiro-Wilks test), then a Wilcoxon signed rank test was to be used instead. 
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To allow for patient ‘drop out’ due to disease progression, recurrent malignancy, compliance 

issues, unacceptable toxicity, or the need for additional systemic therapy for cGVHD prior 

to the 6 month evaluation, enrollment of up to 13 patients was allowed. As this was a small, 

one-armed pilot trial, there was no control for natural history or regression to the mean, but 

ScGVHD is typically static or progressive and does not remit or improve spontaneously.

The initial statistical design was revised because none of the initial 8 patients tolerated the 

400 mg dose. Efficacy in the 200 mg escalation cohort was thus evaluated, in accordance 

with the original power calculations, in a second cohort of up to 10 evaluable patients 

enrolled. With 8 patients from the higher dose level and up to 13 total patients from the 

lower dose level, the final sample size was amended to include up to 21 patients, to allow for 

a small number of non-evaluable patients.

Secondary measures included toxicity, lung manifestations, biomarkers and PRO and 

performance-based endpoints. All secondary endpoints were considered exploratory and 

thus adjustment of p values to control family-wise error rates was not performed. 

Differences in secondary outcomes from baseline to 6 months were determined by a paired 

t-test after confirming normality of the differences.

Results

Demographics and clinical characteristics

The general demographics and transplant history of the study population is shown in Table 

1. The majority were Caucasian (n= 17) and male (n=14), the median age was 51.5 years 

(range 7–60), median time from transplant was 55 months (range 12.7–121), and median 

time from cGVHD diagnosis was 40 months (range 4.8–112.9). Eight patients were enrolled 

in cohort 1 and twelve in cohort 2. cGVHD-specific characteristics of the study population 

are shown in Table 2. Patients were using a median of two immunosuppressive agents 

(range 0–2) and 13 were on steroids at the time of enrollment.

Almost all patients (n = 18) had three affected joints with >25% ROM deficit for composite 

ROM analysis. One patient had two affected joints and one had a single joint used for ROM 

assessment. Ankle dorsiflexion was the most commonly affected joint (n=18), followed by 

shoulder abduction (n=15), shoulder flexion (n = 8), wrist extension (n = 6), wrist flexion (n 

= 6), ankle plantar flexion (n=2), hip internal rotation (n =1), and knee flexion (n = 1). The 

median of the average NIH cGVHD score was 1.41 (range 0.75–2.00), with a median of 5.5 

cGVHD-affected organs, (range 2–7).

Primary outcome: change in range of motion

Of the 20 participants enrolled, 14 (70%) were evaluable for primary endpoint response at 6 

months. Of the six patients that did not make it to the 6 month primary endpoint analysis, 

four patients voluntarily withdrew prior to 6 months, one was removed for toxicity and one 

was removed for leukemic relapse. All patients were included in the toxicity analysis. Two 

patients (#3 and #17) experienced progressive disease (PD), one at the 3 month time point 

(Table 3). Five patients demonstrated a partial response (PR) with > 25% improvement in 

ROM deficit; and 7 patients had stable disease. Six of the 7 stable patients had a positive 
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gain in ROM deficit (range 3–22%) but did not meet the 25% threshold for partial response. 

Of 13 patients with measurable ROM changes at 6 months, the mean increase in ROM was 

24.2% of the previous deficit (IQR: 15.5% to 30.5%; p=0.011 by paired t-test). Among the 

11 patients overall that demonstrated ROM improvement, the average gain in ROM was 

31% of the previous ROM deficit.

Secondary outcome measures

Of the 14 subjects included in the primary endpoint analysis, 13 were evaluable for 

secondary endpoint assessments (1 patient progressed prior to the 6 month evaluation and 

was taken off study). There was no significant change in average NIH cGVHD score 

(p=0.73 by paired t-test), NIH cGVHD Provider Global Rating Score (p=0.47), Lung 

Function Score (p=0.29), or other cGVHD organ manifestations as per the NIH cGVHD 

organ response criteria, including skin score, at 6 months (Table 4); however, several 

patients showed a visible change in skin texture and anecdotally reported skin softening and 

improved flexibility despite a lack of significant change in ScGVHD BSA (Figure 1). ROM 

was not significantly associated with any functional or patient reported outcomes, including 

grip strength, walk times, the HAP,25,26 Lee Chronic GVHD Symptom Scale,27 SF-36,28,29 

and cGVHD Activity Assessment-Patient Self Report.18 Overall, 8 patients were able to 

reduce immunosuppression within the first 6 months, 5 patients with stable disease had no 

change in immunosuppression, and 1 patient with progression required an increase in 

systemic therapy (Table 4).

Baseline and follow-up MRI studies were obtained on 10 patients (Supplemental Table 1). 

The majority of patients exhibited abnormalities in the skin, subcutis, fascia, or muscle at 

baseline. Comparison studies at 6 month demonstrated persistent/stable MRI findings in 

most patients, including 3 of 4 patients who met criteria for partial response.

Adverse events

All 20 patients enrolled were included in the analysis for adverse events. Imatinib was 

generally poorly tolerated at the 400 mg dose and following dose reduction to 300 mg. 

Hypophosphatemia was most frequently observed, occurring in 13/20 patients (65%) and 

requiring oral supplementation in most individuals (Figure 2). Other adverse reactions 

experienced by at least 50% of participants included fatigue (60%), nausea (60%), and 

diarrhea (50%). The most clinically significant adverse event was disrupted fluid 

homeostasis in 60% of patients (12/20). Six patients developed limb edema (1 Grade III), 3 

developed facial edema, 1 had trunk edema, and 2 patients developed pleural effusions, one 

of whom required hospitalization and supplemental oxygen. Edema also exacerbated pre-

existing pain in sclerotic areas and appeared to preferentially collect centrally, presumably 

due to hidebound skin that restricted peripheral fluid collection. Notably, several patients 

complained of worsening muscle symptoms, particularly pain/cramping (7), myalgias (7) 

and CPK elevations (5 Grade 1, 1 Grade 2). Another clinically significant AE was tinnitus 

(n=4), which has been previously reported with imatinib therapy.34 Of note, AEs appeared 

to be dose related and patients re-challenged at lower doses generally tolerated treatment 

better. All of the patients that experienced significant grade 2–3 edema or fluid disturbance 

that required discontinuation of treatment were receiving the 400 mg daily dose of imatinib. 
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In addition, in the second cohort of subjects who received 100 mg for 1 month, then 

increased to 200 mg daily, several AEs increased in either severity or frequency with the 

increase in dose. For example, many patients experienced low grade hypophosphatemia 

during the first month, which increased in severity with the dose increase. Gastrointestinal 

side effects (nausea, vomiting, diarrhea), rarely reported at the 100 mg dose level, were 

common after the increase to 200 mg. In contrast, AEs such as fatigue and muscle cramping 

frequently started at the lower dose of 100 mg daily, but appeared to subside over time.

Steady state serum levels of imatinib therapy in ScGVHD

Because of the poor tolerability at the 400 mg daily dose level, imatinib serum levels were 

measured in the second cohort to determine whether higher than anticipated drug levels were 

associated with the increased toxicity observed in cohort 1. Serum samples were drawn at 1 

month (100 mg) and 2 months (200 mg) on treatment. Steady state serum imatinib 

concentrations from 8 patients at the 200 mg daily dose ranged from 592–2255 ng/mL 

(mean 1157 ng/mL), which is within the inhibitory range of the drug on PDGFR (IC50 

range ~0.1–0.3μM).

Interestingly, 6/8 samples at the 200 mg dose exceeded the population reference drug level 

for the 200 mg dose (Figure 3). In three patients, the observed drug level was > 2 fold higher 

than expected by the population reference. One of these patients was a 7 year old subject 

receiving 100 mg (~150 mg/m2). Although she had the highest measured imatinib serum 

level (2255 ug/L), she reported only grade 1–2 AEs (mostly gastrointestinal), with the 

exception of grade 3 transaminitis possibly related to imatinib. Drugs known to interfere 

with imatinib metabolism were not permissible while on study, suggesting that 

polypharmacy or decreased hepatic drug metabolism may increase the imatinib in the 

cGVHD setting. One patient (#18) suspected of poor drug compliance had non-detectable 

levels at both time points.

TGF-β studies

Levels of TGF-β1 in plasma were normalized to PF4 levels to account for TGF-β1 derived 

from platelet degranulation during sample preparation. The normalized levels showed no 

obvious correlation to outcomes, although levels in most patients were slightly decreased at 

3 months and rose again at 6 months (Supplemental Figure 1). IHC staining of skin for 

phospho-Smad2, a marker for activation of the TGF-β signaling pathway, showed no 

appreciable change pre- and post- treatment (Supplemental Table 2).

Immunophenotyping

Although the number of patient samples was small, no discernable pattern or change in 

frequency or absolute numbers of the Treg, Th1, Th17 or Th2 lymphocyte populations was 

noted (Supplemental Figure 2).

Discussion

To our knowledge, this is the first prospective clinical trial of imatinib specifically for 

treatment of sclerotic skin cGVHD, although several studies have evaluated the use of 
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imatinib in the steroid refractory cGVHD setting.35–37 Using ROM improvement as a 

surrogate marker of disease response obviates many of the limitations associated with skin 

scoring of cGVHD identified in previous studies, which rely on clinician scoring or BSA 

measurement in which numerical improvement may not be clinically meaningful. In fact, 

several patients in the current study reported subjective improvement in skin softening but 

failed to demonstrate a decrease in overall body surface area involvement, consistent with a 

qualitative rather quantitative response that is difficult to capture using currently 

recommended skin scoring systems.

To date, there is conflicting evidence regarding the efficacy and tolerability of imatinib for 

steroid-refractory ScGVHD. Two early European case series reported response rates of 

50%38 and 79%35, respectively, and more recently, improved overall survival in patients 

responding to imatinib therapy.36 In contrast, a larger recent retrospective review of 39 cases 

of treatment-refractory ScGVHD treated with imatinib showed limited responses and poor 

tolerability.39 The authors found a 30% overall response rate and only one complete 

response. Additionally, they found high rates of fluid retention, similar to the present study. 

Poor tolerability and limited responses were also reported in a small pilot for pulmonary 

cGVHD40 and a Phase 1 dose escalation study for steroid refractory cGVHD.37 Responses 

were seen in 40% of patients, including 4 of 6 patients with ScGVHD. As in these prior 

studies, our study, which required sclerotic skin involvement, showed imatinib to be poorly 

tolerated. Many of the AEs encountered manifested as worsening of pre-existing baseline 

symptoms such as muscle cramping, tinnitus and edema. Acral edema was particularly 

uncomfortable in patients with hidebound skin and several patients also experienced central 

fluid shifts (trunk, pulmonary, pleural).

A major goal of the current trial was to use an outcome measure that would be sensitive to 

change and represent meaningful clinical improvement. For this reason, joint ROM at a 

markedly restricted joint, measured by an experienced physiatrist, was chosen, along with a 

battery of functional and QoL measures designed to fully characterize disease burden and 

response. Given that the NIH referral population is enriched for patients with refractory and 

long-standing skin disease, we believe that the ROM improvements shown represent 

meaningful benefit in a subset of patients. It is possible that the drug would show greater 

efficacy if initiated closer to the time of onset of skin fibrosis, rather than after a prolonged 

period of joint restriction. Furthermore, the trajectory of improvement in skin fibrosis is 

slow and, therefore, subtle improvements in skin softening may be difficult to accurately 

quantify. It is unclear why the various PRO and performance scales did not reflect changes 

in ROM. It is conceivable that in a resilient population with long-standing ROM restriction, 

that even if patients could perform tasks of daily living more easily after treatment, these 

changes may not be adequately captured on the scales employed.

ScGVHD is characterized by variable areas of skin involvement at different tissue depths, 

posing a challenge for accurate assessment in clinical trials based on skin pliability alone. In 

addition, edema is a frequent finding in GVHD, particularly in patients with active fibrosis, 

which can be difficult to differentiate from skin fibrosis, and which can be further 

complicated by fluid shifts caused by imatinib treatment. For example, patient 7 had a 

partial ROM response, but had little change in affected BSA. Nevertheless, the patient 
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described significant improvement and clinical photographs showed an appreciable change 

in the rippled appearance of her skin over time (Figure 1). MRI has been proposed as a tool 

to assess deep-seated sclerotic changes.41 The majority of patients who underwent MR 

imaging demonstrated abnormalities in the skin, subcutaneous tissue or fascia. However, 

these findings remained stable at 6 months, even in patients with significant ROM 

improvement, suggesting that MR imaging may not be sufficiently sensitive to change for 

use as response tool in the clinical trial setting.

The inclusion of steady state imatinib serum concentrations in this study provides the first 

insight into the poor tolerability of the drug described in several reports in the cGVHD 

setting.37,39 In some instances, serum levels at the 200 mg dose level were several fold 

higher than expected. Therefore, we conclude that dosing at the 400 mg dose could lead to 

toxic levels in these patients. This patient population is invariably on multiple medications, 

which cumulatively may significantly inhibit imatinib metabolism.

In our study, evaluation of TGF-β1 plasma levels by ELISA did not correlate with outcomes 

and IHC staining of skin tissue samples for phospho-SMAD2 similarly showed no 

appreciable change over time. Consistent with a role of B lymphocytes in the induction of 

fibrosis in dermal fibroblasts in systemic sclerosis,42 our B-cell activation studies showed 

preliminary evidence that decreased B-cell signaling may correlate with disease response. 

However, given the small number of patients, additional testing is required to confirm these 

findings.

Because of the pilot nature of this study, primary responses were determined at 6 months 

and long-term efficacy requires further study. However, all patients were contacted 1 year 

after study completion for follow up. The outcomes and duration of responses were quite 

variable. Several subjects that had improvement in ROM continued to do well, with no 

reported loss of ROM after discontinuation. Two patients that worsened within 2 months 

after imatinib discontinuation restarted drug and again experienced improvement in skin 

softness and range of motion. Of note, no patients died while on-study, but 2 patients died 

within 1 year of coming off-treatment (1 subject with PD; 1 with a PR). In conclusion, our 

findings suggest that treatment with imatinib may lead to a functionally meaningful 

improvement in joint range of motion in a subset of patients with treatment-refractory 

disease. Given the lack of a superior salvage therapy for ScGVHD, we believe that low-dose 

imatinib, given as part of a multi-therapy approach and given earlier in the course of disease, 

warrants further exploration in a larger, randomized study which incorporates the NIH joint/

fascia scale, joint ROM, the Photographic ROM (P-ROM),43 and long term benefit as 

assessed by failure free survival.44

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• We prospectively studied imatinib mesylate in steroid-refractory sclerotic-type 

chronic GVHD.

• Primary endpoint was improvement in joint range-of-motion (ROM) at 6 

months.

• ROM improved in 11/14 evaluable patients (range 3–94% improvement).

• Imatinib was poorly tolerated at the 400mg dose.

• Imatinib serum levels were higher than expected at the 200mg dose.
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Figure 1. Improvement in skin tightness following imatinib therapy
(A) Baseline. (B) After 6 months of treatment, there is increased pigmentation but marked 

reduction in rippled appearance of the skin (dose 200 mg daily). (C) End of active treatment 

(9 months), there is persistent pigmentation but overall marked improvement in ROM. (D) 

One year after ending active treatment, patient continues to have increased softening of skin 

fibrosis and reduction in hyperpigmentation (partial response, pt. 7).
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Figure 2. Adverse events
Waterfall plot reveals adverse reactions (AEs) to imatinib in patients with ScGVHD (n =20). 

Green bars represent grade 1 AEs, blue bars represent grade 2 AEs, and orange bars 

represent grade 3 AEs.
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Figure 3. Pharmacokinetics of imatinib treatment in patients with ScGVHD
Data for steady state serum levels in 8 patients receiving imatinib treatment in cohort 2. 

Levels are superimposed on 100 mg and 200 mg daily dose population controls, show in 

black and red, respectively. Patients with ScGVHD show much higher than expected levels 

at the 200 mg dosing level. 1 patient had no detectable levels at either time point (not 

shown).
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Table 1

Patient Demographics

Subject characteristics N=20

Age, median years (range) 51.5 (7–60)

Gender 30% female/70 % male

Months from Transplant, median (range) 55.4 (12.7 – 121)

Months from cGVHD Dx, median (range) 39.85 (4.8–112)

Myeloablative regimen 55 %

Donor match (6/6) 90 %

Donor source

 BM 10 %

 PB 90 %

 Cord 0 %

Ethnicity

 Caucasian 90 %

 African American 5 %

 Hispanic 5 %

cGVHD category

 Overlap 5 %

 Classic 95 %

 Late acute 0 %

cGVHD presentation

 De novo 30 %

 Quiescent 20 %

 Progressive 50 %

Global NIH cGVHD score

 Mild (1) 0 %

 Moderate (2) 0 %

 Severe (3) 100 %
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