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Abstract
Introduction: The first-line treatment of moderate-severe chronic graft versus host disease (cGVHD) involves sys-
temic corticosteroids ± calcineurin inhibitors. Around half of the patients will need second-line agents for
corticosteroid-refractory/dependent (SR/SD) cGVHD. Herein, we report our experience using sirolimus as an add-
on agent to corticosteroids in moderate-severe cGVHD.
Methods: This was a single-center study of allogeneic cell transplant recipients aged ≥ 12 during 2016-2022. The
diagnosis and severity of cGVHD were as per the NIH-2014 criteria. At the physician’s discretion, sirolimus was
added to corticosteroids for moderate to severe cGVHD. The GVHD response was classified based on the EBMT-
NIH-CIBMTR criteria.
Results: cGVHD occurred in 66 (49%) out of 134 recipients. It was mild in 13 (10%) and moderate-severe in 53
(39%) recipients. Sirolimus was used in 38 out of 53 (71.6%) patients with moderate-severe cGVHD, with equal
proportions of matched-related (53%) and haploidentical HCT (47%) recipients. The median time to onset of
cGVHD was 140 days (IQR 108-182). The onset was de novo in 14 (37%), quiescent in 15 (39%), and progressive
in 9 (24%) patients. The median duration on sirolimus was 283 days (134-640). cGVHD was controlled in 30
(79%) and active in 8 (21%) recipients at 6 months. Dyslipidemia was the most common (73%) adverse event.
Failure-free survival at two years was 61% (95% CI 38-78%).
Discussion: This study demonstrates the safety and efficacy of sirolimus as an add-on agent to systemic corti-
costeroids in managing moderate-severe cGVHD. This strategy can reduce the burden of SR/SD cGVHD.
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Introduction
Graft-versus-host disease (GVHD) is a major con-

tributor to mortality and morbidity following allogeneic

stem cell transplantation (HCT). Chronic GVHD

(cGVHD) affects 35-70% of recipients and remains the

Achilles heel of HCT1. The standard first-line treatment

strategy for cGVHD has been systemic corticosteroids,

with or without calcineurin inhibitors (CNI)2. Predni-

sone is started at a dose of 0.5-1 mg/kg and tapered

primarily as per the prototype schedules to achieve a

dose of less than 0.5 mg/kg alternate day by 12 weeks2.

While trials showed no benefit of adding CNI to pred-

nisone, this does appear to reduce the incidence of cor-

ticosteroid side effects3. Therefore, most guidelines rec-

ommend adding a CNI for moderate-severe cGVHD as

a corticosteroid-sparing agent to minimize the toxicity

associated with prolonged corticosteroid treatment4. An-

other trial suggested that sirolimus in combination with

prednisone is an equivalent therapeutic alternative to the

prednisone/CNI/sirolimus combination based on similar

failure-free survival rates5. Despite this, adding si-
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rolimus to prednisone has not been standard practice.

This drug has been overshadowed by the newer drugs

used in the management of corticosteroid-refractory

(SR) GVHD namely ruxolitinib, ibrutinib, and belumo-

sudil, the only agents approved for this indication. The

incidence of SR cGVHD is ～50% and these newer

drugs are targeted to meet this huge unmet need. The

response rates with these agents vary from 30% to

60%6. Herein, we report our experience using sirolimus

as an add-on agent to corticosteroids in moderate-severe

cGVHD.

Materials and Methods
This was a single-center partial retrospective and pro-

spective study as part of the long-term follow-up of

consecutive patients receiving allogeneic HCT from

2016 to 2022. The Institute’s Ethics Committee ap-

proved the study (INT/IEC/2021/SP2-982). Informed

consent was obtained from patients prospectively en-

rolled in the study and was waived for the retrospective

cohort. The study enrolled all patients aged ≥ 12 years.

All patients received peripheral blood grafts. The

GVHD prophylaxis included CNI/Methotrexate for full-

matched related donors and post-transplantation cyclo-

phosphamide/CNI/Mycophenolate in haploidentical

HCT. The immunosuppressive therapy (IST) was ta-

pered between 60 and 120 days depending upon the

disease risk, conditioning intensity, chimerism, and

acute GVHD at the physician’s discretion. The diagno-

sis and severity of GVHD were as per the Mount Sinai

Acute GVHD International Consortium (MAGIC) and

National Institute of Health (NIH) 2014 consensus cri-

teria7, 8. The eGVHD app was used at the bedside for

accurate scoring of GVHD severity during each patient

visit9. At the physician’s discretion, sirolimus was added

to corticosteroids for moderate to severe cGVHD. Pred-

nisone was started at 0.5-1 mg/kg/day and tapered by

20-30% every two weeks to reach half of the starting

dose alternate day by 12 weeks and 0.1 mg/kg alternate

day by 24 weeks4. Sirolimus was dosed at 2 mg PO

once daily without a loading dose, and levels were

monitored twice a month to target trough levels of 7-12

ng/mL10. The lipid profile was monitored per the stan-

dard long-term follow-up guidelines for HCT survi-

vors11. The GVHD response was classified according to

the EBMT-NIH-CIBMTR criteria12. Corticosteroid re-

fractoriness was defined as progression of cGVHD on

prednisone dose ≥ 1 mg/kg/day for 1-2 weeks or stable

GVHD on prednisone dose ≥ 0.5 mg/kg/day for 1-2

months. Corticosteroid dependence was defined as the

inability to taper prednisone < 0.25 mg/kg/day in two

attempts over 8 weeks. The overall response was as-

sessed at 6 months. The GVHD status was defined as

active if inflammatory or worsening cGVHD manifesta-

tions were present, controlled if these manifestations

were absent while on IST or IST stopped for < 24

weeks, and resolved if these manifestations were absent

off IST (stopped for > 24 weeks). Failure-free survival

(FFS) was defined by the absence of second-line treat-

ment, non-relapse mortality, and relapse during treat-

ment on sirolimus13. Overall survival (OS) was defined

as the time from transplant to death due to any cause.

GraphPad Prism Software was used for statistical analy-

sis.

Results
A total of 134 allo-HCT recipients were enrolled dur-

ing the study period. cGVHD occurred in 66 (49.2%)

recipients during the study. cGVHD was mild in 13

(9.7%) and moderate-severe in 53 (40.2%) recipients.

Sirolimus was used in 38 out of 53 (71.6%) patients

with moderate-severe cGVHD. It was used as primary

treatment with corticosteroids in 25 (66%) and as a

second-line agent in corticosteroid-dependent/refractory

cases in 13 (34%) recipients. Cyclosporine or mycophe-

nolate was used as the first-line therapy in these 13 pa-

tients. The median age of this cohort was 25.5 years

(IQR 21-36) (Table 1). Most patients had malignant

conditions and received myeloablative conditioning

(60%). There were equal proportions of matched-related

(53%) and haploidentical HCT (47%). Forty percent of

this cohort of patients had grade 2-4 acute GVHD, of

which only 13% were corticosteroid-dependent/refrac-

tory. The median time to onset of cGVHD was 140

days (IQR 108-182). The onset was de novo in 14

(37%), quiescent in 15 (39%), and progressive in 9

(24%) patients. GVHD organ severity scores of ≥2

were found for the skin (58%), mouth (55%), and liver/

gastrointestinal tract (40%) of the recipients. Lung

GVHD occurred in 13% of the recipients. The median

duration on sirolimus was 283 days (134-640). cGVHD

was controlled in 30 (79%) and active in 8 (21%) re-

cipients at 6 months. The response rates were very

similar when used as first and second line treatments

(76% and 85%, respectively). Organ response rates

were the lowest for genital (60%) and joint & fascia

GVHD (67%). The response rates in other organs were

close to 75%. At the last follow-up, GVHD was re-

solved in 5 patients. Patients with active GVHD (n = 8)

showed the following outcomes: There were two deaths

and relapses within 6 months. The two patients who

died on treatment showed organ scores of mouth-3,

eye-1, and skin-2, mouth-2, eye-2, respectively. Two re-

cipients (5.2%) required another agent for severe ad-

verse events (thrombotic microangiopathy leading to

acute kidney injury) and corticosteroid-refractory/de-
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Table　1.　Sirolimus for moderate-severe chronic GVHD

Characteristics n = 38
Age Median (IQR) years 25.5 (21-36)
Sex Males

females
29 (76%)
9 (24%)

Diagnosis Acute myeloid leukemia/myelodysplasia
Acute lymphoid leukemia
Others

15 (39%)
13 (34%)
8 (27%)

Conditioning Myeloablative
Reduced intensity/non-myeloablative

23 (60%)
15 (40%)

Type of HCT Full matched -related donor
Haplo-HCT

20 (53%)
18 (47%)

GVHD prophylaxis Cyclosporine + methotrexate
Cyclosporine + mycophenolate+ post-transplant cyclophosphamide

20 (53%)
18 (47%)

Acute GVHD Grade 2-4 15 (40%)
Response
Dependent/refractory

13/15 (87%)
2/15 (13%)

Chronic GVHD Quiescent
Progressive
De-novo

15 (39%)
9 (24%)
14 (37%)

Time to onset of cGVHD Median (IQR) days 140 (108-182)
Organ scores Skin 2/3

Mouth 2/3
Lungs 1-3
Liver/GI 2/3

22 (58%)
21 (55%)
5 (13%)
15 (40%)

Sirolimus indication Corticosteroid-dependent/refractory (second line)
First line

13 (34%)
25 (66%)

Response at six months (overall) Controlled
Active

30 (79%)
8 (21%)

Response at six months First line
Second line

19/25 (76%)
11/13 (85%)

Organ response Eyes
Skin
Mouth
Joints & fascia
Liver
Lungs
Gastrointestinal
Genital

14/18 (78%)
19/25 (76%)
24/32 (75%)
2/3 (67%)
8/11 (73%)
4/5 (80%)
11/14 (78%)
3/5 (60%)

Adverse events Dyslipidaemia
Thrombotic microangiopathy/renal dysfunction

22/30 (73%)
2 (5%)

Days on sirolimus Median (IQR) 283 (134-640)
Failure-free survival 2-year 61% (95% CI 38-78%)
Overall survival 3-year 70% (95% CI 50-83%)
HCT, hematopoietic cell transplantation; GVHD, graft versus host disease; IQR, interquartile range

pendent GVHD. The two patients with SR-cGVHD had

severe cGVHD with organ scores of mouth-3, liver-3,

skin-2 and mouth-2, skin-3, and genital-1, respectively.

Dyslipidemia was the most common (73%) adverse

event related to sirolimus but was manageable using

lipid-lowering therapy. Failure-free survival at two years

was 61% (95% CI 38-78%). The 3-year overall survival

was 70% (95% CI 50-83%) (Figure 1).

Discussion
The first-line treatment of moderate-severe cGVHD

involves systemic corticosteroids with or without cal-

cineurin inhibitors. Around half of the patients will

need second-line agents for corticosteroid-refractory/de-

pendent (SR/SD) cGVHD. Currently, three drugs

(ruxolitinib, ibrutinib, and belumosudil) are FDA-

approved for the management of SR cGVHD. These

newer drugs have overshadowed sirolimus, which has

recently gone off-patent. Sirolimus is a mammalian tar-

get of rapamycin (mTOR) inhibitor14. It has been stud-

ied as GVHD prophylaxis and in the management of

SR aGVHD and cGVHD15. While studies have shown

high (63-81%) overall response rates in SR cGVHD,

there were few complete responses (17-38%)10, 16. These

studies were done over a decade back, and sirolimus

was used much later (≥ three lines in 63-75%). This

study demonstrated that using sirolimus at earlier lines
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Figure　1.　Failure-free survival after sirolimus for moderate-
severe cGVHD
The two-year failure-free survival was 61% (95% CI 38-78%)

as an add-on therapy to corticosteroids in cGVHD was

associated with a reasonable response rate (79%).

Though the patient numbers for second-line therapy

were smaller, the response rates were similar to those

of patients receiving first-line therapy. Sirolimus was ef-

fective across all organs, but the patient numbers for

lung, genital, joints & fascia GVHD were lower. While

there were two deaths and relapses and two patients

had thrombotic microangiopathy necessitating treatment

change, there were only two patients with true SR-

cGVHD. The rest of the patients could taper corti-

costeroid doses as per the scheduled plan. While the re-

nal toxicity rates were lower in our study without the

use of the loading dose, the incidence of dyslipidemia

was similar15. The patients were on sirolimus for a me-

dian duration of 40 weeks (max 5.6 years). There is

also data showing that prolonged sirolimus administra-

tion (≥ 1-year post-transplant) was associated with a

lower risk of moderate-severe cGVHD17. The failure-

free survival rates were similar to those reported with

ruxolitinib and belumosudil18,19. The track record of

safety and tolerance of sirolimus is much longer than

those of the newer drugs. Limitations of this study in-

clude the single-center study and heterogeneous use of

sirolimus at the physician’s discretion as frontline ther-

apy or after corticosteroid refractoriness. Nevertheless,

this study demonstrates the safety and efficacy of early

sirolimus application in managing moderate-severe

cGVHD. This strategy has the potential to reduce the

burden of SR/SD cGVHD and the need for expensive

second-line treatment options. The cost of generic si-

rolimus is a fraction of that of newer therapies for SR-

GVHD. In the era of newer drugs for cGVHD, si-

rolimus should not be forgotten as a cost-effective

therapeutic alternative, and efforts to study it in RCTs

should be continued.
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