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Abstract

Background—Subsequent cancers (SC) are a significant cause of morbidity and mortality 

in long-term survivors after allogeneic hematopoietic stem cell transplantation (allo-HSCT). 

Chronic graft-versus-host disease (cGVHD) and treatment-related immunosuppression have been 

recognized as risk factors for SC.

Objective—This study sought to investigate the incidence and risk factors for SC in patients with 

established cGVHD, assessed separately for onset of basal cell carcinoma (BCC) and squamous 
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cell carcinoma (SCC)—categorized into non-melanoma skin cancers (NMSC)—and all cancers 

other than NMSC.

Study Design—Two-hundred-and-four patients were enrolled in the prospective cross-sectional 

cGVHD Natural History Study and underwent comprehensive clinical evaluation. Patients were 

followed up with annual survey. Cumulative incidence of NMSC and cancers other than NMSC 

with competing risks was estimated separately, and transplant- and cGVHD-related factors were 

assessed for association with outcomes using Grey’s test and multivariable Cox models. Time for 

all analyses began at two years post-evaluation to restrict analyses to patients who were presumed 

to not have had SC present at evaluation.

Results—Nineteen patients were diagnosed with NMSC and 19 with cancers other than NMSC 

with 10-year cumulative incidences of 15.5% (95% CI: 9.0–27.6) and 13.8% (95% CI: 8.2–20.8), 

respectively. Age at transplant (HR=1.94; 95% CI: 1.23–3.06) and higher CRP at evaluation 

(HR=9.49; 95% CI: 1.26–71.58) were jointly associated with NMSC, while and gastrointestinal 

cGVHD at evaluation (HR=0.26, 95% CI: 0.09–0.78) was associated with reduced risk of NMSC. 

T-cell depletion at transplant (HR=3.09; 95% CI: 1.17–8.20), lymphoma as transplant indication 

(HR=3.96; 95% CI: 1.56–10.05), and oral cGVHD severity at evaluation (HR=4.36; 95% CI: 

1.52–12.46) were jointly associated with cancers other than NMSC.

Conclusion—This study estimates incidence of SC in a population of severely-affected cGVHD 

patients and identifies correlations with subsequent development of SC. These factors seem to be 

different for NMSC and cancers other than NMSC. Further longitudinal investigations accounting 

for dynamic and cumulative processes are needed to improve understanding and management of 

SC.

Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a curative 

immunotherapy for many patients with malignant and nonmalignant diseases.1 Advances in 

allo-HSCT have resulted in reduction of early mortality, giving rise to a growing population 

of long-term survivors at risk for developing late transplant-related complications, including 

onset of subsequent cancers (SC). Chronic graft-versus-host disease (cGVHD) is an 

immunological complication that affects approximately half of patients who survive two 

years after allo-HSCT.2,3 Most patients with cGVHD require prolonged systemic treatment 

with immunosuppressive agents and are subjected to GVHD-related tissue damage and 

immune dysregulation, all of which may promote the development of SC.4,5

Allo-HSCT recipients are at a higher risk of developing new cancers than the general 

population, with risk particularly elevated for oral, bone, soft tissue, and liver cancers, and 

greatest risk extending beyond ten years post-transplant.6,7 Additionally, multiple studies 

have reported elevated risk of non-melanoma skin cancers (NMSC), namely basal cell 

carcinoma (BCC) and squamous cell carcinoma (SCC), after allo-HSCT.8,9 All of these 

cancers manifest in organs and tissues typically affected by cGVHD.

The study of SC in cGVHD population is complicated by numerous logistical challenges, 

including need for data on pre-, peri-, and post-transplant exposures including details 

of cGVHD manifestations and therapy. Estimating risk of SC is further complicated by 
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malignant disease relapse and its associated treatments, which may alter this risk. Factors 

found to be associated with increased risk of SC in patients after allo-HSCT include both 

pre- and post-transplant therapies. Pre-transplant radiation and chemotherapy, transplant 

conditioning, or both may increase risk of developing cancer after HSCT whereas findings 

regarding total body irradiation (TBI) conditioning are inconclusive.5,10–12 Older age at 

transplant may also increase risk of SC.10,11,13 Several factors related to cGVHD and its 

therapies have also been associated with risk of SC.5,15–21 Acute GVHD (aGVHD) has 

been associated with an increase in SCC risk, although its role in the development of 

subsequent cancers is not understood.22 Additionally, azathioprine, a formerly common 

cGVHD treatment, has been associated with a 2.5-fold increased risk of developing a 

subsequent cancer, whereas sirolimus may reduce subsequent cancer risk.17 Patients with 

cGVHD have been shown to be at particularly high risk for non-melanoma skin, oral, and 

esophageal cancer, with risk of NMSC increasing with duration of immunosuppression; 

however, the roles of cGVHD severity, clinical presentations, and its treatments remain 

unclear.5,22,23 This report describes incidence of NMSC and cancers other than NMSC and 

assesses impact of factors related to cGVHD and its treatments in a prospective cohort of 

cGVHD patients.

Patients and Methods

Patients

Patients (n=437) were enrolled on the National Institutes of Health (NIH) Chronic Graft­

Versus-Host Disease Natural History Protocol (NCT00092235) between October 2004 

and April 2019 and underwent one-week multidisciplinary evaluation by subspecialists in 

dentistry, dermatology, gynecology, ophthalmology, pain and palliative care, rehabilitation 

medicine, and hematology/oncology. This is an NIH institutional review board-approved 

study and patients provided informed consent. Chronic GVHD was scored in accordance 

with 2005 NIH cGVHD diagnostic and staging criteria.24 Follow-up data were collected 

by annual telephone survey. Patients must have had at least two years of follow-up and 

must have been free of post-transplant relapse of primary malignancy and free of outcomes 

of interest at evaluation to be included in analysis. Relapse was treated as a competing 

risk as subsequent treatment may alter risk of development of a second cancer, thereby 

violating assumptions inherent to censoring patients at relapse. Patients were excluded from 

all analyses for the following reasons: found not to have cGVHD at evaluation or unable to 

complete study (n=22), missing data (n=1), relapse of underlying malignancy following allo­

HSCT and preceding evaluation (n=48), diagnosis of cancers other than NMSC following 

allo-HSCT and preceding evaluation (n=16), insufficient or no follow-up (n=87), and death 

within two years of evaluation (n=59). The resultant study population included 204 patients.

Ascertainment of Subsequent Cancers

Diagnoses of SC were collected through annual follow-up conducted by telephone survey. 

Patients were asked if they had developed a new cancer since transplant other than the 

malignancy they received transplant for. Patients reported SC diagnoses, approximate 

dates of diagnoses, and provided consent to contact and request records from diagnosing 

physicians. Patients who did not self-report a new cancer diagnosis were assumed to not 
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have had SC in cumulative incidence calculations. BCC and SCC were categorized as 

NMSC and all other diagnoses were considered cancers other than NMSC. This study 

estimated cumulative incidence of and assessed factors for association with NMSC and 

cancers other than NMSC separately.

Potential Predictors

Potential predictors included pre-transplant factors and transplant characteristics as well 

as measures of cGVHD severity and treatments collected at evaluation. Pre-transplant 

factors considered were time from diagnosis to transplant and prior autologous or 

allogeneic transplants. Transplant characteristics included indication for transplant, type 

of conditioning regimen, receipt of TBI, and receipt of T-cell depletion for cGVHD 

prophylaxis. Factors related to cGVHD reflected patients’ courses prior to evaluation (prior 

aGVHD, number of systemic therapies received for cGVHD, among others) as well as 

measures of cGVHD activity and severity at evaluation, including NIH organ scores and 

laboratory measures of inflammation.24

Statistical Analysis

Cumulative incidence was estimated for NMSC competing with death, malignancy relapse, 

or cancers other than NMSC, and for cancers other than NMSC competing with death 

or relapse using the method of Gooley.25 Potential predictors of subsequent cancers were 

assessed using Gray’s test in univariable analyses. The evaluation of factors of associated 

with the development of these subsequent cancers was done in a hypothesis generating 

manner, and the results are presented without adjustment for multiple comparisons for 

that reason. Diagnosis of cancers other than NMSC was a competing event for NMSC 

analysis, and relapse was a competing event for both analyses because these patients likely 

received additional treatment that fundamentally altered risk of the event of interest. Patients 

diagnosed with post-transplant NMSC up to two years post-evaluation were excluded from 

analyses of NMSC. As noted above, patients who died within two years of enrollment were 

excluded from these analyses as were any patients with less than two years follow-up to 

restrict analyses to patients who were presumed to not have had SC present at evaluation. 

As such, this is a landmark analysis, with time for all analyses began at two years post­

evaluation. Cumulative incidence estimates at specific timepoints reported herein are relative 

to the two-year post-evaluation time point at which follow-up began and are conditional on 

meeting inclusion criteria for this analysis.

Potential predictors of subsequent cancers were assessed using Gray’s test in univariable 

analysis.26 Factors initially categorized using three or four groups were subsequently 

combined into two groups for evaluation of association with cumulative subsequent cancer 

incidence, with corresponding p-values adjusted by multiplying unadjusted p-values by the 

number of implicit tests that would be performed to arrive at the grouping. Multivariable 

Cox proportional hazards model analyses were performed to estimate the independent 

effects of factors on development of NMSC, censoring for death, relapse of underlying 

malignancy, diagnosis of cancers other than NMSC, and remaining alive without NMSC 

at last follow-up. A multivariable Cox model was also developed to estimate independent 

associations of factors with subsequent cancer other than NMSC, censoring for death, 
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relapse of underlying malignancy, or remaining alive without diagnosis of cancer other than 

NMSC at last follow-up.

Results

Patient characteristics

Two hundred and four patients with a median follow-up of 84 months were included in 

analysis. Patients were diagnosed with cGVHD a median of 7 months (IQR, 4.6–12.0) post­

transplant and were evaluated a median of 36 (IQR, 21.9–62.6) and 26 (IQR, 12.5–54.7) 

months post-transplant and post-cGVHD diagnosis, respectively. Median age at evaluation 

was 47 years (IQR, 31–56). The most common indications for transplant were acute 

leukemia and lymphoma. Most patients received a related donor transplant (57%) and more 

patients received stem cells from the peripheral blood (74%) than other sources. Fewer 

patients received reduced-intensity (38%) than myeloablative conditioning, and a minority 

of patients (15%) received HLA-mismatched grafts. Thirty-three patients (16%) received 

some form of T-cell depletion for GVHD prophylaxis. Almost two thirds of patients (n=127, 

62%) did not receive TBI as part of conditioning.

Patients had cGVHD involvement in a median of 5 (IQR, 3–6) organs at evaluation. Most 

patients presented with severe (69%) or moderate (29%) cGVHD per NIH global score.24 

The most commonly affected organs were the skin (78%) and eyes (75%). Most (68%) 

patients had experienced aGVHD prior to cGVHD. Patients had received a median of four 

systemic immunosuppressive therapies (IQR, 3–5) for cGVHD prior to NIH evaluation. 

Most patients were receiving moderate- (34%) or high-intensity (41%) immunosuppressive 

therapy at evaluation.27 Demographic and cGVHD characteristics are shown in Tables I and 

II.

NMSC

Nineteen cases of NMSC were observed among 174 patients included in this analysis. 

Cumulative incidence of NMSC was 15.5% (95% CI: 9.0–27.6) at seven and ten years from 

initiation of follow-up. Older age at transplant was associated with increased risk of NMSC 

in univariable analysis. Patients who were older age at evaluation, had received sirolimus or 

phototherapy for treatment of cGVHD, and higher C-reactive protein (CRP) or natural killer 

cell count at evaluation, or did not have gastrointestinal (GI) cGVHD at evaluation were 

found to be at higher risk of NMSC, but these associations were not statistically significant 

(Figure 1, Supplemental Figures 1-2). Increasing age at transplant (by quartile, HR=1.94; 

95% CI: 1.23–3.06), higher CRP at evaluation (HR=9.49; 95% CI: 1.26–71.58) were found 

to be jointly associated with NMSC in the multivariable Cox model. In contrast, presence 

of GI cGVHD—meaning an NIH score of 2, 3, or 3—at evaluation (HR=0.26; 95% CI: 

0.09–0.78) was found to be associated with reduced risk of NMSC (Table III).

Cancers other than NMSC

Nineteen cases of cancers other than NMSC were observed among 204 patients included 

in this analysis. Cancers observed were oral SCC (n=6), melanoma (n=6), prostate (n=2), 

esophageal (n=2), bladder (n=1), thyroid (n=1), and colon (n=1). Cumulative incidence of 
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cancers other than NMSC was 12.1% (95% CI: 7.2–18.3%) and 13.8% (95% CI 8.2–20.8%) 

at seven and ten years from initiation of follow-up, respectively.

Factors associated with increased risk of subsequent cancers other than NMSC in 

univariable analysis were T-cell depletion at transplant, lymphoma as indication for 

transplant, and increasing oral cGVHD severity. Patients not in complete remission at 

transplant also had higher risk of cancers other than NMSC, but this association was not 

statistically significant (Figure 2, Supplemental Figure 3). T-cell depletion (HR=3.09; 95% 

CI: 1.17–8.20), lymphoma as indication for transplant (HR=3.96; 95% CI: 1.56–10.05), and 

oral cGVHD severity (HR=4.36; 95% CI: 1.52–12.46) were jointly associated with cancers 

other than NMSC in the multivariable Cox model (Table III).

Discussion

In this study of patients with moderate or severe cGVHD, the ten-year cumulative incidences 

of NMSC and all other subsequent cancers were 15.5% and 13.8%, respectively. These 

estimates exceed those reported in prior studies; however, this analysis began follow-up 

two years following evaluation of therapy-refractory cGVHD whereas prior studies began 

follow-up at transplant. Moreover, prior studies were not conducted solely among patients 

with cGVHD.7,22

Older age at transplant, higher CRP at evaluation, and presence of GI cGVHD were 

independently associated with NMSC in this study in multivariable analysis. C-reactive 

protein, a common biomarker of inflammation, has also previously been associated 

with cGVHD activity and may be a marker cGVHD-related immune dysregulation and 

inflammation.28 The significance of the association of GI cGVHD is unclear and it is 

possible that this association captures some other factors related to development of NMSC. 

Interestingly, patients with history of treatment of cGVHD with sirolimus were found to be 

at increased risk of NMSC in univariable analysis despite its purported antineoplastic effects 

and prior reports of reduced risk among patients treated with this agent.29–32 In this study 

population, sirolimus was often prescribed later in patients already with refractory cGVHD, 

and adjustment for measures of disease severity attenuated this association in multivariable 

modeling.

Greater severity of oral cGVHD per NIH scoring was associated with increased risk of 

cancers other than NMSC in multivariable analysis. This finding may be attributable to the 

fact that oral SCC accounted for ~30% of cancers other than NMSC reported in this study. 

T-cell depletion was also associated with increased cancers other than NMSC risk, which 

may be explained by altered immune reconstitution among patients in whom this approach is 

taken for cGVHD prophylaxis. Lastly, lymphoma as indication for transplant was associated 

with cancers other than NMSC. Lymphoma patients tend to be older, however, age did 

not remain in the multivariable model and this association may be explained by other 

differences by indication, such as pre-transplant treatments. Primary therapy for Hodgkin 

and non-Hodgkin lymphoma involves regimens with multiple chemotherapeutic agents such 

as alkylating agents and often the incorporation of ionizing radiation, which are known 

risk factors for the development of therapy-associated myeloid neoplasms.33 In contrast, 
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treatment regimens for myeloid malignancies34 and other transplant indications do not rely 

so heavily on these agents.

There are limitations to this study related to the population under study. This study did 

not include patients without cGVHD and was enriched for patients with severe, therapy­

refractory cGVHD. Associations of previously reported risk factors for SC were also not 

observed, suggesting that these factors may not be useful for risk stratification within this 

subgroup of heavily pre-treated cGVHD patients. Furthermore, patients were only evaluated 

at a single point in time and dynamic processes related to disease course and treatments 

as well as cumulative exposures could not be assessed. Moreover, we acknowledge that 

both analyses had a small sample size, but this decision was made in an effort to study 

incidence of second cancers among potentially high-risk patients with moderate-severe 

cGVHD. There are also limitations to this study common to studies of SC among cancer 

survivors. Additionally, due to the rarity of events, this study grouped all NMSC together 

as well as all cancers other than NMSC together for analysis, potentially combining cancers 

of very different risk profiles as one outcome and potentially diluting associations. Finally, 

this study was unable to estimate baseline or background risks for malignancies under study, 

complicating interpretations of the contributions of transplant- and cGVHD-related factors 

to incidence of cancers.

The burden of SC in long-term survivors of allo-HSCT will likely increase as this population 

continues to grow and age. Significant attention has been paid to estimating risk of SC 

and identifying risk factors among long-term survivors; however, this is the first study 

to specifically assess risk among heavily pre-treated patients with moderate and severe 

cGVHD, who may represent a high-risk subgroup. These factors seem to be different for 

NMSC and cancers other than NMSC and may represent subsets of patients who may 

benefit from heightened surveillance for SC. The emergence of an increasing number 

of prospective long-term follow-up programs for allo-HSCT recipients will enable more 

comprehensive study of the effects of pre-, peri-, and post-transplant exposures as well as 

dynamic and cumulative processes throughout these periods on risk of SC. As such studies 

become possible, it would be prudent to revisit associations reported in this study with more 

robust investigations.

Supplementary Material

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

• 10-year cumulative incidence of non-melanoma skin cancers was 15.5% (95% 

CI: 9.0–27.6)

• 10-year cumulative incidence of cancers other than non-melanoma skin 

cancer was 13.8% (95% CI: 8.2–20.8)

• Age at transplant (HR=1.94; 95% CI: 1.23–3.06) and higher CRP at 

evaluation (HR=9.49; 95% CI: 1.26–71.58) were jointly associated with non­

melanoma skin cancer

• Gastrointestinal cGVHD at evaluation (HR=0.26, 95% CI: 0.09–0.78) was 

associated with reduced risk of NMSC

• T-cell depletion at transplant (HR=3.09; 95% CI: 1.17–8.20), lymphoma 

as transplant indication (HR=3.96; 95% CI: 1.56–10.05), and oral cGVHD 

severity at evaluation (HR=4.36; 95% CI: 1.52–12.46) were jointly associated 

with cancers other than NMSC
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Figure 1: 
A Cumulative incidence of NMSC competing with death, relapse, or cancers other than 

NMSC; B Cumulative incidence of NMSC competing with death, relapse, or cancers 

other than NMSC stratified by age at transplant (Q1: 25, Q2: 43, Q3: 51); C Cumulative 

incidence of NMSC competing with death, relapse, or cancers other than NMSC stratified 

by C-reactive protein at evaluation (Q1: 0.55 mg/L)–p-value adjusted for multiple implicit 

comparisons conducted following combining groups; D Cumulative incidence of NMSC 

competing with death, relapse, or cancers other than NMSC stratified by gastrointestinal 

cGVHD at evaluation. Notes: Cumulative incidence estimates in panel A are with respect 

to initiation of follow-up at two years post-evaluation; Vertical axes have different scales. 

Abbreviations: CRP–C-reactive protein, GI – gastrointestinal, Qrt–Quartile
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Figure 2: 
A Cumulative incidence of cancers other than NMSC competing with death or relapse; 

B Cumulative incidence of cancers other than NMSC competing with death or relapse 

stratified by receipt of T-cell depletion at transplant; C Cumulative incidence of cancers 

other than NMSC competing with death or relapse stratified by transplant indication; 

D Cumulative incidence of cancers other than NMSC competing with death or relapse 

stratified by NIH oral score at evaluation. Note: cumulative incidence estimates in panel A 

are with respect to initiation of follow-up at two years post-evaluation. Notes: Cumulative 

incidence estimates in panel A are with respect to initiation of follow-up at two years 

post-evaluation; Vertical axes have different scales.
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Table I:

Patient Characteristics

All Patients N (%) or median (IQR)

All 204

Sex

 Male 121 (59)

 Female 83 (41)

Body Mass Index (kg/m2) 24.0 (21.0–27.7)

 Underweight/Normal 118 (58)

 Overweight 61 (30)

 Obese 23 (11)

 Unknown 2 (1)

Age at Transplant 43.5 (25.5–51.5)

Age at cGVHD Evaluation 46.8 (31.3–55.9)

Main Disease

 ALL, AML, MDS 112 (55)

 CML, IMF, MPD 24 (12)

 CLL 12 (6)

 HL, NHL 35 (17)

 MM 5 (2)

 Non-Malignant 16 (8)

Number of Prior Auto-HSCT

 0 192 (94)

 1 11 (5)

 2 1 (<1)

Number of Prior Allo-HSCT

 0 200 (98)

 1 4 (2)

Disease Diagnosis to Allo-HSCT (months) 13.5 (5.7–27.9)

Disease Status at Transplant

 Complete Remission 90 (44)

 Other 103 (51)

 Unknown 11 (5)

Conditioning Regimen

 Myeloablative 77 (38)

 Non-Myeloablative 125 (61)

 Unknown 2 (1)

Total Body Irradiation

 No 127 (62)

 Yes 75 (37)

 Unknown 2 (1)

Donor Relationship
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All Patients N (%) or median (IQR)

 Related 117 (57)

 Unrelated 87 (43)

Stem Cell Source

 Bone Marrow 46 (23)

 Peripheral Blood 151 (74)

 Cord Blood 7 (3)

T-Cell Depletion

 No 159 (78)

 Yes 32 (16)

 Unknown 13 (6)

HLA Match

 Mismatch 31 (15)

 Match 166 (81)

 Unknown 7 (3)

ALL indicates acute lymphoblastic leukemia; AML, acute myeloid leukemia; MDS, myelodysplastic syndromes; CML, chronic myelogenous 
leukemia; IMF, idiopathic myelofibrosis; MPD, myeloproliferative disease; CLL, chronic lymphocytic leukemia; HL, Hodgkin lymphoma; 
NHL, Non-Hodgkin lymphoma; MM, multiple myeloma; auto-HSCT, autologous hematopoietic stem cell transplant; allo-HSCT, allogeneic 
hematopoietic stem cell transplant; HLA, human leukocyte antigen.
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Table II:

Chronic Graft-versus-Host Disease Characteristics

All Patients N (%) or median (IQR)

All 204

Transplant to Consent (months) 36.2 (21.9–62.6)

Transplant to cGVHD Diagnosis (months) 6.9 (4.6–12.0)

cGVHD Diagnosis to Consent (months) 26.1 (12.5–54.7)

cGVHD Organ Involvement

 Eyes 152 (75)

 Gastrointestinal Tract 95 (47)

 Joints and Fascia 122 (60)

 Liver 91 (45)

 Lungs 145 (71)

 Mouth 134 (66)

 Skin 159 (78)

 Genital (female patients only) 46 (55)

Number of Organs Affected by cGVHD

 1–2 13 (6)

 3–4 62 (30)

 5–6 73 (36)

 7–8 56 (27)

Average NIH Organ Score 1.00 (0.71–1.38)

NIH Global Score

 Mild 4 (2)

 Moderate 60 (29)

 Severe 140 (69)

Prior Acute GVHD

 No 65 (32)

 Yes 138 (68)

 Unknown 1 (<1)

Number of Prior cGVHD Systemic Treatment Regiments

 <2 14 (7)

 2–3 69 (34)

 4–5 70 (34)

 >5 50 (25)

 Unknown 1 (<1)

Ever Treatment with cGVHD Systemic Treatments

 Steroid 189 (93)

 CNI 173 (85)

 Sirolimus 70 (34)

 MMF 100 (49)

 ECP/PUVA 88 (43)
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All Patients N (%) or median (IQR)

 Rituximab 51 (25)

Intensity of Immunosuppression at Evaluation

 None/Mild 49 (24)

 Moderate 70 (34)

 High 84 (41)

 Unknown 1 (<1)

Abbreviations: CNI–calcineurin inhibitor; MMF–mycophenolate mofetil; ECP–extracorporeal photopheresis; PUVA–psoralen and ultraviolet A 
therapy.

Intensity of current immunosuppression is defined as mild (single-agent prednisone 0.5 mg/kg/d), moderate (single-agent prednisone 0.5 mg/kg/d 

and/or any single agent/modality), high (2 or more agents/modalities +/− prednisone 0.5 mg/kg/d)27
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Table III:

Multivariable Cox Proportional Hazards Models

Model Predictor HR (95% CI) p-value

NMSC

Age at Transplant

 By Quartile 1.94 (1.23, 3.06) 0.0047

C-Reactive Protein

 Quartile 1 1.00 (REF)
0.029

 Quartiles 2–4 9.49 (1.26, 71.58)

GI cGVHD

 No 1.00 (REF)
0.017

 Yes 0.26 (0.09, 0.78)

Cancer other than NMSC

T-Cell Depletion

 No 1.00 (REF)
0.023

 Yes 3.09 (1.17, 8.20)

Lymphoma Indication

 No 1.00 (REF)
0.0038

 Yes 0.25 (0.10, 0.64)

Oral cGVHD

 None/Mild 1.00 (REF)
0.0061

 Moderate/Severe 4.36 (1.52, 12.46)

Quartiles of age: Q1: 25, Q2: 43, Q3: 51; Quartile of CRP used in the model: Q1: 0.55 mg/L
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