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Abstract
Acute graft-versus-host disease (aGVHD) is a life-threatening complication that can develop after allogeneic

hematopoietic stem cell transplantation. Patients with steroid-refractory aGVHD (SR-aGVHD) have an extremely
poor prognosis. Ruxolitinib is an approved treatment for SR-aGVHD. However, there is a paucity of real-world
data on the clinical outcomes of patients with SR-aGVHD treated with ruxolitinib.

We conducted a retrospective analysis using hospital records of the clinical outcomes of patients who under-
went stem cell transplantation at our center between January 2021 and December 2022 and developed steroid-
refractory aGVHD which was treated with ruxolitinib.

During the study period, 381 patients underwent allogeneic stem cell transplantation at our center. Amongst
these, 160 (42.0%) developed aGVHD. Of these, 59 (36.8%) had SR-aGVHD and 40 were treated with ruxolitinib.
Ruxolitinib therapy was administered after a median of 6 days (range 3-29) from onset of aGVHD. Amongst the
28 patients who survived at day 28 (12 died before the day 28 response could be assessed), a total of 16 pa-
tients (57.1%) attained a response (complete response (n=12) or partial response (n=4)). Infectious complications
were the most common adverse event (n=39; 97.5%), followed by severe cytopenia (grades 3 to 4) in 25 (62.5%)
patients. The median follow-up of the cohort was 5 months (range 1 to 29 months). At the last follow up, 30
(75%) patients died; 3 patients died of progression of steroid-refractory aGVHD, 14 died of progression of
aGVHD with infection, 10 died of underlying infection and 3 had disease relapse.

From our real-world analysis, we conclude that though the outcomes in patients with SR-aGVHD responding
to ruxolitinib are encouraging, there is still a large unmet need for novel strategies for improving outcomes and
reducing infection-related mortality, even while there is access to ruxolitinib.
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Introduction
Acute graft-versus-host disease (aGVHD) remains an

important complication following allogeneic hema-

topoietic stem cell transplantation (HSCT) in the mod-

ern era. With matched related and unrelated donors, the

cumulative incidence of aGVHD remains 40-60%1. Sys-

temic steroid therapy is the standard first-line treatment

for aGVHD2,3. However, in ˜35-50% of patients,

aGVHD becomes refractory to systemic steroid ther-

apy4,5. It is one of the most serious complications of

HSCT, and its timely recognition and treatment are key

elements of a successful outcome6. Many agents have

been evaluated as second-line treatments for aGVHD7.

The morbidity and mortality are high in these patients.

The average 6-month survival estimate across 25 stud-

ies was 49%7 and another study reported an estimated

2-year survival rate of 17%8 amongst patients with

steroid-refractory aGVHD (SR-aGVHD) prior to the

FDA approval and widespread availability of

ruxolitinib.

Ruxolitinib is an Food and Drug Administration

(FDA) approved drug for SR-aGVHD9. Ruxolitinib

therapy led to significant improvements in efficacy out-
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comes amongst patients with SR-aGVHD, as was dem-

onstrated by the REACH 2 trial, which led to its ap-

proval as a second-line agent9. There is limited real-

world data on the use of ruxolitinib for treatment of

SR-aGVHD10,11, especially from developing countries

with high rates of infections and infection-related mor-

tality during transplantation.

Materials and Methods
After Institutional Review Board approval (IRB No.

15855, dated October 25, 2023), a retrospective study

analyzing the data of patients with SR-aGVHD who

underwent HSCT at Christian Medical College and

Hospital, Vellore, from January 2021 to December 2022

was conducted with a waiver of informed consent. Hos-

pital records were used to retrieve the following data:

patient demographics, transplant-related characteristics,

aGVHD characteristics (including diagnosis, grade, or-

gans involved at diagnosis, and maximum grade), treat-

ments received for aGVHD, timing and dose of

ruxolitinib, and clinical outcomes (including aGVHD

recurrence, rate of infections - viral, bacterial, mycobac-

terial, fungal, and parasitic, and all-cause mortality) in

patients who were refractory to or dependent on sys-

temic corticosteroids.

All patients who underwent Human Leukocyte Anti-

gen (HLA) full-matched donor transplant were started

on GVHD prophylaxis with short course methotrexate,

along with calcineurin inhibitor and anti-thymocyte

globulin (ATG) for unrelated donor transplants. In case

of toxicity due to calcineurin inhibitors, sirolimus (n=8)

or mycophenolate mofetil (MMF) (n=1) were used. All

patients who underwent haploidentical transplant were

started on GVHD prophylaxis with triple immunosup-

pression, which consisted of cyclophosphamide, MMF,

and a calcineurin inhibitor (either cyclosporine or

tacrolimus). In case of toxicity due to calcineurin in-

hibitors, sirolimus (n=3) was used.

Antimicrobial prophylaxis consisted of fluconazole

and acyclovir starting on day 1 post-transplant. Oral

penicillin and sulfamethoxazole-trimethoprim as pro-

phylaxis were added after recovery of blood counts. In

patients who developed aGVHD and received intrave-

nous corticosteroids, antifungal prophylaxis was

switched to oral posaconazole. For patients developing

fever on immunosuppressive therapy post-transplant, the

first line of antibiotics used was a combination of ce-

foperazone/sulbactam, along with amikacin (in case of

febrile neutropenia). All patients with prolonged fever

despite adequate antibiotics underwent high-resolution

computed tomography of the chest and, if suspicious

for fungal infection, underwent serum galactomannan

testing. All patients were routinely monitored for cy-

tomegalovirus (CMV) infection once a week after en-

graftment using a DNA polymerase chain reaction

(PCR) from peripheral blood. If there was CMV reacti-

vation (defined as > 1,000 copies/mL in blood), patients

were started on intravenous ganciclovir in the absence

of cytopenias. BK virus (BKV) was routinely moni-

tored using a quantitative PCR from the urine, once a

week after engraftment. Patients who had symptomatic

BK infection were treated with cidofovir.

aGVHD was diagnosed by the treating physician

considering clinical and laboratory findings. The sever-

ity of aGVHD was graded according to modified

Glucksberg criteria3. SR-aGVHD included all patients

who had progression after 3-5 days or failure to im-

prove in any organ after 5-7 days of therapy onset with

steroids. The initial dose of ruxolitinib was not uniform

amongst the study population, ranging from 2.5-5 mg

once or twice daily for children below 12 years of age

and 5-10 mg twice daily for adults as per the clinician’s

discretion.

Ruxolitinib - definitions of response
Response to ruxolitinib (RUX) treatment was defined

as follows: (1) complete response (CR)―absence of all

aGVHD manifestations; (2) partial response (PR)―sig-

nificant improvement (at least one grade lower) in all

initially affected organs. All other types of responses

were considered as treatment failures10.

Statistics
Descriptive statistics were used, such as mean (stan-

dard deviation) and median (range) for clinical and

laboratory data. For categorical variables, numbers and

percentages were used. The chi-square test and Fisher’s

exact test were used to find the association between two

categorical variables. The independent t-test and Mann-

Whitney U test were used for continuous variables. Sur-

vival analysis was performed using the Kaplan Meier

method. Univariate logistic regression analysis was per-

formed for evaluating predictors of response. A p-value

< 0.05 was regarded as statistically significant. All

analysis was performed using SPSS version 23.0 (SPSS

Inc, Chicago, IL).

Results
During the study period from January 2021 to De-

cember 2022, a total of 381 patients underwent HSCT,

amongst which 245 patients underwent matched unre-

lated donor (MUD)/matched sibling donor (MSD)/

matched related donor (MRD) transplant and 136 pa-

tients underwent haploidentical stem cell transplant.

Amongst the 381 patients who underwent HSCT from

January 2021 to December 2022, a total of 160 patients
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Table　1.　Baseline characteristics

Characteristic Number (%)/Median (Range)
Patients, n 40
Sex (male), n (%) 23 (57.5%)
Age (in years), median (range) 24 (1.5‒62)
Indications for transplant, n 
Severe Aplastic Anaemia 10
Acute Myeloid Leukemia 8
Myelodysplastic Syndrome 5
Acute Lymphoblastic Leukemia 3
Beta Thalassemia Major 3
Fanconi Anemia 3
Chronic Myeloid Leukemia 2
Primary Myelofibrosis 1
Others 5

Source of stem cells, n (%)
Peripheral Blood 40 (100%)

Donor Type, n (%)
Matched Unrelated/Related 23 (57.5%)
9/10 HLA Matched  1 (2.5%)
Haplo-identical 16 (40.0%)

Donor Recipient Sex Matching, n (%)
Female to Male 10 (25.0%)

Conditioning, n (%)
Reduced intensity 28 (70.0%)
Myeloablative  6 (15.0%)
Non-myeloablative  6 (15.0%)

GVHD Prophylaxis, n (%)
Methotrexate + calcineurin inhibitor 24 (60.0%)
Cyclophosphamide + MMF + calcineurin inhibitor 16 (40.0%)

GVHD, graft-versus-host disease; MMF, mycophenolate mofetil; HLA, human leukocyte an-
tigen

(42%) developed aGVHD. Amongst the patients who

underwent MUD/MSD/MRD transplant, 100 (out of

245 patients; 40.8%), developed aGVHD. Sixty patients

(out of 136; 44.1%) who underwent haploidentical stem

cell transplant, developed aGVHD. Amongst the 100

patients who developed aGVHD following MUD/MSD/

MRD transplant, 38 patients (38%) developed SR-

aGVHD. Amongst the 60 patients who developed

aGVHD following haploidentical transplant, 21 patients

(35%) developed SR-aGVHD. Overall, 59 (36.8%) of

the patients who developed aGVHD were steroid refrac-

tory.

Amongst the 59 patients who developed SR-aGVHD,

40 patients were treated with ruxolitinib as a salvage

therapy for SR-aGVHD. The median age at transplant

was 24 years (range 1.5-62 years). The indications for

transplant included both malignant and non-malignant

hematological disorders. Study patients received al-

lografts for severe aplastic anemia (n=10), acute

myeloid leukemia (n=8), myelodysplastic syndromes (n

=5), acute lymphoblastic leukemia (n=3), beta thalas-

semia major (n=3), Fanconi anemia (n=3), chronic

myeloid leukemia (n=2), primary myelofibrosis (n=1),

and others (n=5). The other indications for transplant

included relapsed refractory natural killer T-cell lym-

phoma (n=1), diffuse large B-cell lymphoma (n=1), se-

vere congenital neutropenia (n=1), combined immu-

nodeficiency with RAG1 gene mutation (n=1), leuko-

cyte adhesion defect (n=1), and Shwachman-Diamond

syndrome (n=1). All patients with malignant disease

were in morphologic complete remission at the time of

transplant. Fifteen out of these 16 patients were also

MRD negative, except for one patient who was MRD

positive (Acute Myeloid Leukemia with MRD 0.345) at

the time of transplantation. The baseline characteristics

are shown in Table 1.

Twenty-three patients (57.5%) received stem cells

from HLA-matched donors (either related or unrelated).

One patient was transplanted from a 9/10 HLA-matched

unrelated donor and 16 (40%) received haploidentical

transplantation. In total, 28 patients (70%) received

reduced-intensity conditioning (RIC), whereas myeloab-

lative conditioning (MAC) was provided for 6 (15%)

subjects. Six patients (15%) received non-myeloablative
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Table　2.　GVHD characteristics

Characteristic Number (%) /Median (Range)
Initial overall GVHD Grade, n (%)
Grade IV 35 (87.5%)
Grade II  3 (7.5%)
Grade III  2 (5.0%)

Number of organs involved, n (%)
1 14 (35.0%)
2 18 (45.0%)
3  8 (20.0%)

Organs involved, n (%)
Gut 38 (95.0%)
Skin 17 (42.5%)
Liver 23 (57.5%)

Interval between transplant and onset of 
acute GVHD, days; median (range) 32 days (12‒155)
GVHD, graft-versus-host disease

conditioning (NMA). Peripheral blood was a source of

stem cells for all transplanted patients.

Three patients (7.5%) developed grade II, two pa-

tients (5%) had grade III, and 35 (87.5%) had grade IV

aGVHD. Fourteen patients (35%) had involvement of a

single organ (most commonly the gut), 18 patients

(45%) had involvement of two organs (most common

being the gut and liver), and 8 patients (20%) had in-

volvement of three organs (most common being the gut,

liver, and skin). The most common organ system in-

volved was the gut, seen in 38 patients (95%). The sec-

ond most common organ system involved was the liver,

which was seen in 23 patients (57.5%), followed by the

involvement of skin in 17 patients (42.5%). The median

time from allogeneic HSCT to aGVHD occurrence was

32 days (range 12-155). The GVHD characteristics are

summarized below in Table 2.

First-line treatment consisted of methylprednisolone

at the maximum dose of 2 mg/kg/day in all patients ex-

cept in 13 patients, who received a maximum steroid

dose of 1 mg/kg/day. Ruxolitinib therapy was adminis-

tered a median of 6 days after prior immunosuppressive

therapies (range 3-29). All patients who received

ruxolitinib also were continued on their GVHD prophy-

laxis (primarily consisting of a calcineurin inhibitor +/-

MMF), except in 4 patients who received ruxolitinib

along with an mTOR inhibitor (sirolimus), the doses of

which were titrated according to clinical response and

biochemical levels. The initial dose of ruxolitinib was

variable amongst the patient group, ranging from 2.5

mg every alternate day to 10 mg twice daily as follows:

2.5 mg on alternate days (1 patient; 2.5%), 2.5 mg once

daily (2 patients; 5%), 2.5 mg twice daily (3 patients;

7.5%), 5 mg once daily (9 patients; 22.5%), 5 mg twice

daily (13 patients; 32.5%), 10 mg once daily (2 pa-

tients; 5%) and 10 mg twice daily (10 patients; 25%).

If no limiting toxicities occurred, the dose was esca-

lated based on the clinical condition and response.

However, 3 patients required ruxolitinib interruption

during therapy due to severe neutropenia.

Amongst 40 patients, 32 received ruxolitinib as

second-line therapy at a median time of 5 days (inter-

quartile range of 3 to 7 days; range 3 to 18 days) from

the initiation of steroids. Of the remaining 8 patients,

the second-line therapy was etanercept +/- basiliximab

(n=7) and MMF (n=1) which was started at a median

of 5.5 days (interquartile range 5 to 7 days; range 3 to

11 days) following steroids. In these 8 patients,

ruxolitinib was started as the third-line therapy after a

median of 10 days (range 5 to 18 days) beyond the in-

itiation of the second line.

In our cohort, another line of immunosuppression

other than steroids, calcineurin inhibitors, and

ruxolitinib was used in 29 patients (72.5%). Of these, 8

patients had received ruxolitinib as the third-line ther-

apy following a second-line immunosuppressant. Of the

remaining 32 patients who received second-line

ruxolitinib, 21 patients received a third-line therapy.

The reasons for initiation of the third line were GVHD

progression (n=10), ruxolitinib intolerance (n=1), and

physician discretion (n=10). The most used additional

line agents were etanercept (26 patients, 65%) and

basiliximab (7 patients, 16.3%). Amongst the patients

who required third-line therapy or beyond for SR-

aGVHD, 6 patients received only etanercept, 2 patients

received only basiliximab, 20 patients received etaner-

cept along with basiliximab. One patient received

plasma exchange (along with sirolimus and etanercept)

for control of steroid-refractory acute liver GVHD, and

one patient required extracorporeal photopheresis (along

with etanercept).

The overall survival at 3 months was 67.5% ± 7.4%
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Figure　1.　Overall survival of the entire cohort
The overall survival of the entire cohort at 3 months was 67.5% ± 
7.4% while the 1-year overall survival was 27.3% ± 7.1%

while the 1-year overall survival was 27.3% ± 7.1%,

as shown in Figure 1. Amongst the 28 patients who

survived at day 28 (12 died before the day 28 response

could be assessed, with the cause of death being pro-

gressive GVHD with sepsis in 8, progressive GVHD

and massive hematochezia in 1, bacterial sepsis in 1,

fungal brain abscess in 1, and cellulitis in 1), a total of

16 patients (57.1%) had a response (CR (n=12; 42.8%)

or PR (n=4; 14.2%)), as summarized in Supplemen-
tary Figure. Amongst the patients who showed CR at

day 28, 7 patients had only gut GVHD, 2 had only skin

GVHD, and 3 patients had gut and skin involvement.

The best overall response rate was seen in 20 patients

(71.4%), amongst which 13 obtained a CR and 7

achieved PR, with median time to response being 12

days (range 6-93 days).

Using logistic regression and the Mann-Whitney test,

no statistically significant correlation was noted be-

tween donor type, indication for transplant, day of on-

set of GVHD, maximum grade of GVHD, number or

organs involved, day of initiation of ruxolitinib, and re-

sponse to ruxolitinib (Supplementary Table). Amongst

the 28 patients who survived beyond day 28, 14 of 22

who received ruxolitinib as the second line had a re-

sponse versus 2 of 6 who received ruxolitinib as the

third line. The response rates when ruxolitinib was used

as the second line (14 of 22 patients) were numerically

better than those when it was used as the third line (2

of 6 patients) though this was not statistically signifi-

cant (63.6% versus 33.3%, p=0.35).

The median follow-up from the occurrence of

aGVHD was 5 months (range 1 to 29 months; 15.5

months amongst survivors). At the last follow up, 30

(75%) patients had died. The main cause of death was

progression of aGVHD with sepsis (14 patients; 46.6%)

and its complications including septic shock, acute res-

piratory distress syndrome (ARDS), and multiple organ

dysfunction syndrome (MODS), followed by infection

alone (10 patients; 33.3%). The other causes included

progression of refractory aGVHD (3 patients; 10%) and

relapse (3 patients; 10%). Infections (97.5%), followed

by severe cytopenia (including both neutropenia and

thrombocytopenia, grades 3 to 4) in 25 (62.5%) pa-

tients, were the major adverse events after the initiation

of ruxolitinib therapy. Thirty-five patients developed

CMV reactivation, and polyoma BKV reactivation was

noted in 8 individuals. Two patients with CMV reacti-

vation developed CMV colitis. Twenty-five patients had

culture-positive bacteriemia (Pseudomonas aeruginosa,

Klebsiella pneumoniae, Acinetobacter baumannii,
coagulase-negative Staphylococcus, and others). Out of

40 patients, 21 developed invasive fungal infection (fun-

gal pneumonia (n=12), fungemia (n=4), fungal brain

abscess/meningoencephalitis (n=3), fungal sinusitis (n=

1), and fungal liver abscess (n=1)). Prophylactic anti-

fungals were used in 39 patients at the initiation of ster-

oids (20 received posaconazole without drug level

monitoring, 10 received amphotericin, 4 received anidu-

lafungin, 3 received voriconazole, while 2 received isa-

vuconazole as prophylaxis). Clostridium difficile infec-

tion was seen in 18 patients. No patient developed tu-

berculosis. The spectrum of infections is shown in Ta-
ble 3. Amongst the cytopenia, thrombocytopenia (grade

3-4, < 50,000/mm3) was seen in 13 patients, neutro-

penia (grade 3-4, absolute neutrophil count < 1,000

cells/mm3) in 11 patients, and anemia requiring transfu-

sion in 1 patient. The other acute complications noted

are enumerated in Table 4.

The financial burden and average drug cost amongst

the two groups (MUD/MRD/MSD versus haploidentical

stem cell transplant) were compared. The average total

expense for patients who underwent MUD/MRD/MSD

transplant from the onset of aGVHD till last follow-up

was Indian rupee (INR) 17,61,005/- (INR 1,44,347 -

64,41,035) as compared to INR 25,33,125/- (INR

1,43,114 - 46,68,169) in the haploidentical group.

Amongst the total cost, the average drug cost was INR

7,48,329/- (INR 1,03,804 - 18,89,767) in the MUD/

MRD/MSD group as compared to INR 11,72,873/-

(INR 1,61,767 - 27,55,075) in the haploidentical group.

Discussion
HSCT is a curative treatment for numerous hema-

tologic disorders12. The therapeutic benefits of HSCT in

malignancies are primarily derived from an anti-

leukemia effect (graft-versus-leukemia effect) that is
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Table　3.　Spectrum of infections

Characteristic Number (%)
Cytopenia (Grade III/IV), n (%) 25 (62.5)
Bacterial infections 30 (75.0)
Culture positive 25 (83.3)
Pseudomonas 8 (32.0)
Klebsiella 7 (28.0)
Acinetobacter 2 (8.0)
Coagulase negative staphylococcus 3 (12.0)
Others 5 (20.0)

Culture Negative 5 (16.6)
Clostridium difficile 18 (60.0)

Viral infections 37 (92.5)
Cytomegalovirus 35 (94.5)
Human polyomavirus 1 8 (21.6)
Others‒Dengue, COVID, Respiratory syncytical virus, Metapneumovi-
rus, Influenza A, Rhino-enterovirus, Herpes simplex virus 10 (27.0)

Fungal infections 21 (57.5)
Proven 6 (15.0)
Probable 9 (22.5)
Site
Lung 12 (54.0)
Bloodstream 4 (17.4)
Brain 3 (13.0)
Paranasal sinuses 1 (4.3)
Liver 1 (4.3)

COVID, Coronavirus disease 2019

Table　4.　Acute complications (excluding infection 
and cytopenias)

Complications Number (%)
Renal Dysfunction 11 (27.5)
Drug-induced Hypertension 10 (25.0)
Thrombotic microangiopathy 9 (22.5)
Malnutrition 14 (35.0)
Cardiac Dysfunction 2 (5.0)
Drug induced Hyperglycaemia 2 (5.0)
Steroid induced Myopathy 3 (7.5)
Hypovitaminosis D 3 (7.5)
Neutropenic colitis 1 (2.5)
Hypocortisolism 2 (5.0)
Critical illness neuropathy 1 (2.5)
Pseudomembranous colitis 1 (2.5)
Small bowel obstruction 2 (5.0)
Para-infectious demyelination 1 (2.5)
Posterior reversible encephalopathy 1 (2.5)

mediated by donor T-cells present in the graft. Unfortu-

nately, these donor T-cells also induce GVHD, the ma-

jor life-threatening complication of HSCT13.

An effective therapy for advanced (grade III-IV)

aGVHD still remains a challenge. High-dose corti-

costeroids (CS) are accepted as the first-line treatment.

It has been estimated that nearly half of graft recipients

suffering from advanced aGVHD respond to initial ther-

apy with CS3. The absence of response to CS results in

an extremely short survival of approximately 40% at 6

months7. The agents commonly used as second and fur-

ther lines of therapy for SR-aGVHD include ATG, my-

cophenolate mofetil, calcineurin inhibitors, or extracor-

poreal photopheresis; however, the response is mixed3.

In 2019, FDA approved ruxolitinib, a JAK1/2 inhibitor,

for therapy of SR-aGVHD in adult and pediatric pa-

tients > 12 years14. Approval was based on favorable re-

sults of the REACH2 clinical trial in which ruxolitinib

showed an advantage over other immunosuppressive

therapies. The response rate with ruxolitinib at day 28

was 62.3% compared with 39.4% in the control group

(p < 0.001)9. Ruxolitinib is reported to block dendritic

cell activation, reduce the migration of neutrophils into

GVHD affected organs, and limit T-cell proliferation15.

Previous studies appear to confirm the beneficial ef-

fect of ruxolitinib in SR-aGVHD, amongst which the

most pivotal studies included REACH1 and REACH2.

REACH1 was an open-label phase 2 study, which in-

cluded patients aged at least 12 years with grades II to

IV steroid-refractory aGVHD, who received ruxolitinib.

At day 28, 39 patients (54.9%) had an overall response,

including 19 (26.8%) with CR. The best overall re-

sponse rate was 73.2% (CR 56.3%), with a median du-
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ration of response of 345 days. The overall survival es-

timate at 6 months was 51.0%9. The REACH2 study

showed an overall response at day 28 higher in the

ruxolitinib group than in the control group (62% [96

patients] vs. 39% [61 patients]; p < 0.001). In our real-

world cohort, the overall response rate at 28 days was

57% (16 of 28 evaluable patients).

Nineteen patients with grade III/IV SR-aGVHD were

analyzed by Abedin S et al., who reported a response

rate of 84% at day 28 with a 6-month overall survival

(OS) of 58%16. Amongst responders, 9 patients achieved

CR and 7 patients PR. However, 38 of our patients had

grade IV disease as compared to only 21% in the above

study. Similarly, another analysis on 23 Chinese pa-

tients with SR-aGVHD reported an almost 87% overall

response rate for ruxolitinib treatment with a 1-year OS

of 82%17. However, this study had patients with grade II

aGVHD, which accounted for ˜40% of the entire cohort

and in none of the patients more than 2 organs were in-

volved as compared to our study where 87.5% of our

patients had grade IV aGVHD, 18 patients (45%) had

involvement of two organs (most common being the gut

and liver), and 8 patients had involvement of three or-

gans (most common being the gut, liver, and skin). Of

note is that ruxolitinib was initiated after a median of 5

days of GVHD duration, similar to our study where

ruxolitinib was administered after a median of 6 days

after inefficient immunosuppressive therapies (range 3-

29 days).

In the REACH2 study, the most common adverse

events up to day 28 were thrombocytopenia (33% in

the ruxolitinib group and 18% in the control group),

anemia (in 30% and 28%, respectively), and cytomega-

lovirus infection (in 26% and 21%, respectively)9. Simi-

larly, in a study conducted on 18 patients who received

ruxolitinib for SR-aGVHD by Spalek A et al., severe

cytopenia (grades 3 to 4) was the major adverse event

after the initiation of RUX therapy and occurred in

89% of patients. Thrombocytopenia (n=11; 61%) and

neutropenia (n=4; 22%) were common; however, severe

anemia was demonstrated in only one patient11. In this

study, it was also noted that there was no significant

correlation between cytopenia and ruxolitinib efficacy.

In our study, the most common adverse events recorded

were infections seen in 39 patients [97.5%] and cy-

topenia seen in 25 [62.5%] of the patients. As was seen

in the REACH2 trial, the most prevalent infection was

CMV reactivation, as in our study, which was noted in

35 of the 40 patients.

In the REACH2 trial9, 47% in the ruxolitinib group

and 51% in the control group had died by the data cut-

off date. Most deaths were attributed to aGVHD (22%

in the ruxolitinib group and 25% in the control group).

Other causes of death were underlying disease progres-

sion, including neoplasms (in 8 patients in the

ruxolitinib group and 8 in the control group), multiple

organ dysfunction syndrome (in 3 and 1 patient, respec-

tively), sepsis (in 4 and 3 patients, respectively), and

septic shock (in 3 and 3 patients, respectively). In a

study by Spalek A et al., after a median follow-up of

55 days (range 29-706), 14 patients (78%) died, mainly

due to further progression of GVHD11. In the present

study at the last follow up, 30 (75%) patients had died.

Causes of death included progression of aGVHD with

sepsis (14 patients; 46.6%) and its complications, in-

cluding septic shock, ARDS and MODS, followed by

infection alone (10 patients; 33.3%). The other causes

included progression of refractory aGVHD (3 patients;

10%) and relapse (3 patients; 10%).

It has been noted that infections, as well as infection-

related mortality were high in our cohort vis-a-vis other

studies. Prior data from our center18, which included all

patients undergoing haploidentical stem cell transplant

between 2010 and June 2020, showed that more than

90% of patients had at least one documented infection,

with a 44% incidence of bacterial, 71% viral, and 38%

fungal infection. It was shown that factors adversely af-

fecting survival post-haploidentical transplant included

presence of a documented bacterial (p=0.000) and fun-

gal infection (p=0.000). It was also noted in the study

that incidence of infection with MDR organisms had in-

creased from 24.7% in 2010 to 2015 to 34.4% between

2016 to 2020. Multidrug-resistant organisms included

carbapenem-resistant organisms, methicillin-resistant

Staphylococcus aureus and vancomycin-resistant En-
terococcus. One of the major challenges, thus, is infec-

tions with MDR organisms and the mortality associated

with these19.

The limitations of the study include its retrospective

nature, the small sample size, varying timelines for in-

itiation of ruxolitinib, varying doses of ruxolitinib

which may have impacted the responses, and the inclu-

sion of patients who had received an additional line of

immunosuppressants along with ruxolitinib for the

analysis.

Conclusions
From our real-world analysis, we conclude that the

outcomes in patients with steroid-refractory aGVHD re-

sponding to ruxolitinib are encouraging. However, there

is still a large unmet need for novel strategies for im-

proving outcomes and reducing infection-related mortal-

ity in patients with steroid-refractory aGVHD, even

while there is wider access to ruxolitinib.
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