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Abstract
Chronic graft-versus-host disease is the price a proportion of transplant survivors pay for their cure. Roughly half of those
treated with glucocorticoids do not respond adequately, and until recently the second line was a list of options rather than a
standard.

Objectives: To review the published evidence on ruxolitinib for glucocorticoid-refractory or dependent chronic graft-versus-host
disease: what it achieves against the alternatives, how durable the effect is, what it costs in toxicity, and what the trial did not
measure.

Material and Methods: Narrative review of randomised trials, phase 2 studies, consensus criteria and outcome literature indexed
in PubMed and the major haematology and transplantation journals. No new patient data were generated; every estimate quoted
is one published by the original investigators.

Results: In a phase 3 randomised trial of 329 patients, overall response at week 24 was 49.7 per cent with ruxolitinib against
25.6 per cent with best available therapy (odds ratio 2.99, p < 0.001), and best overall response to week 24 was 76.4 against 60.4
per cent. Median failure-free survival was 18.6 against 5.7 months (hazard ratio 0.37, 95% CI 0.27 to 0.51), and symptom
response 24.2 against 11.0 per cent. At 36 months, 56.5 per cent against 18.2 per cent remained failure-free. Thrombocytopenia
and anaemia were more common with ruxolitinib.

Conclusion: Ruxolitinib is the first agent to beat a mixed comparator arm in a randomised trial in this disease, and the
failure-free survival difference is the most clinically meaningful of its findings. Half of treated patients still did not respond, the
comparator was heterogeneous by design, and the outcome measures capture organ scores rather than the daily function that
defines the illness for the patient.

Abbreviations: BAT – Best Available Therapy, cGVHD – Chronic Graft-versus-Host Disease, ECP – Extracorporeal
Photopheresis, FFS – Failure-Free Survival, JAK – Janus Kinase, mSGRC – Modified Lee Symptom Scale Response, ORR –
Overall Response Rate.
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Introduction
Allogeneic haematopoietic cell transplantation cures

malignancies that nothing else cures, and chronic
graft-versus-host disease is the commonest reason its survivors
do not feel cured. It affects a substantial proportion of long-term
survivors, involves skin, mouth, eyes, gut, liver, lungs, joints and
genitalia in varying combinations, and is the leading cause of
non-relapse mortality and of impaired quality of life after
transplantation [1,2,3,32].

Diagnosis and severity grading were standardised by
consensus rather than derived from biology, which shapes
everything downstream: the trials use response criteria built on
organ scores, and those criteria were themselves revised as
understanding changed [4,5,6]. Systemic glucocorticoids remain
first-line treatment, and approximately half of patients become
refractory to or dependent on them [7,8].

For those patients the second line was, until recently, a
choice among options with little comparative evidence:
extracorporeal photopheresis, mycophenolate mofetil, ibrutinib,
rituximab, calcineurin inhibitors and others [9,10,11], with
retrospective series showing how modest the success of each has
been [29]. Preclinical work implicating Janus kinase signalling
in the inflammation and tissue damage of graft-versus-host
disease provided a rationale for testing ruxolitinib, a JAK1 and
JAK2 inhibitor already licensed in myelofibrosis [12,13]. This
review examines what that testing showed.

Material and Methods
Search strategy: PubMed and the archives of the major

haematology and transplantation journals were searched for
studies of treatment for chronic graft-versus-host disease. Search
terms combined chronic graft-versus-host disease with
steroid-refractory, second-line, ruxolitinib, JAK inhibition,
ibrutinib, photopheresis and failure-free survival. Reference lists
of consensus documents [4,5,6] were screened by hand for
primary sources.

Eligibility: Studies were included if they reported response,
survival or toxicity outcomes for systemic treatment of chronic
graft-versus-host disease, or defined the criteria by which those
outcomes are measured. Trials in acute graft-versus-host disease
are cited where they establish the mechanism or the safety
profile, and are identified as such.

Data extraction and handling: Design, sample size,
comparator, response definition and reported estimate were
extracted as published. The composition of the comparator arm
is reported alongside every comparative figure, because best
available therapy is not a single treatment and the interpretation
depends on what it contained. No pooling or re-analysis was
performed. Figures 1 to 4 and Tables 1 and 2 reproduce
published values only. This is a narrative synthesis and was not
registered as a systematic review.

Results
The trial: REACH3 randomised 329 patients with moderate

or severe chronic graft-versus-host disease that was refractory to
or dependent on glucocorticoids. Median age was 49 years; 42.9
per cent had moderate and 56.5 per cent severe disease; 71.4 per
cent were refractory and 28.6 per cent dependent. The
comparator arm received best available therapy, most commonly
extracorporeal photopheresis (34.8 per cent), mycophenolate
mofetil (22.2 per cent) or ibrutinib (17.1 per cent) [14].

Response: Overall response at week 24, the primary
endpoint, was 49.7 per cent with ruxolitinib against 25.6 per cent
with best available therapy (odds ratio 2.99, p < 0.001), and the
advantage held regardless of which organs were involved at
baseline (Figure 1) [14]. Best overall response at any point to
week 24 was 76.4 against 60.4 per cent (odds ratio 2.17, 95% CI
1.34 to 3.52), and symptom response on the modified Lee scale
was 24.2 against 11.0 per cent (Figure 2) [14].

Figure 1: Overall response at week 24 in REACH3, ruxolitinib
against best available therapy [14]

Figure 2: Best overall response to week 24 and symptom
response on the modified Lee scale [14]

Durability: The finding with the clearest clinical meaning is
failure-free survival, a composite that counts relapse,
non-relapse mortality and the need to start another systemic
therapy. Median failure-free survival was 18.6 months with
ruxolitinib against 5.7 months with best available therapy
(hazard ratio 0.37, 95% CI 0.27 to 0.51) (Figure 3) [14]. Longer
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follow-up confirmed the separation: at 36 months, 56.5 per cent
of ruxolitinib-treated patients remained failure-free against 18.2
per cent, and 59.6 against 26.7 per cent had maintained their
response (Figure 4) [15].

Figure 3: Median failure-free survival in REACH3 [14]

Figure 4: Failure-free survival and maintained response at 36
months in the final analysis [15]

Study Design and cohort Principal reported finding

Zeiser et al. 2021
[14]

Phase 3 RCT, 329
patients, chronic GVHD

ORR 49.7% vs 25.6% (OR
2.99); FFS 18.6 vs 5.7 months

Zeiser et al. 2025
[15]

REACH3 3-year final
analysis

FFS at 36 months 56.5% vs
18.2%; response maintained
59.6% vs 26.7%

Zeiser et al. 2020
[16]

REACH2, phase 3 RCT,
acute GVHD

Higher overall response at day
28 and durable response at day
56

Jagasia et al. 2020
[17]

REACH1, phase 2, acute
GVHD

Supported activity of ruxolitinib
in steroid-refractory disease

Zeiser et al. 2015
[18]

Retrospective survey,
refractory GVHD

First substantial signal of activity
in both acute and chronic disease

Miklos et al. 2017
[19]

Phase 2, ibrutinib in
chronic GVHD

Responses in steroid-refractory
disease; a comparator in
REACH3

Jagasia et al. 2015
[5]

NIH consensus, response
criteria

Defines the organ-score
endpoints these trials report

Table 1: Principal studies reviewed, with the finding as reported
by the original investigators

Toxicity: The safety profile is the predictable consequence
of inhibiting JAK signalling in patients already cytopenic after

transplantation. Thrombocytopenia and anaemia were more
frequent with ruxolitinib, and grade 3 or worse events of both
were more common than with best available therapy; no new
safety signals emerged [14,15]. Infection and cytomegalovirus
reactivation are the concerns that follow from any intensification
of immunosuppression in this population, and earlier series
reported reactivation rates comparable with other second-line
agents [18,20]. Relapse of the underlying malignancy is the other
theoretical hazard, since graft-versus-leukaemia activity depends
on the same immune system being suppressed; the reported
relapse rates have not suggested an excess [18,21].

What it displaced: Interpreting the size of the effect
requires knowing what ruxolitinib was compared against.
Extracorporeal photopheresis, the commonest comparator, has a
substantial observational literature but limited randomised
support in chronic disease [9,22]. Ibrutinib had shown responses
in a phase 2 study and was subsequently tested against placebo
without confirming benefit in the first-line setting [19,23].
Mycophenolate mofetil has been examined in randomised trials
without demonstrating clear advantage [24]. Guidance on how to
approach refractory disease reflects that uncertainty [33,34]. Best
available therapy was therefore a mixture of agents of varying
and mostly modest evidential standing, which is realistic clinical
practice but makes the comparison one against usual care rather
than against a specific alternative.
Outcome Ruxolitinib vs best

available therapy
Interpretation

Overall response,
week 24

49.7% vs 25.6% (OR
2.99)

Primary endpoint; organ-score
based [14]

Best overall
response

76.4% vs 60.4% (OR
2.17)

Includes transient responses [14]

Median failure-free
survival

18.6 vs 5.7 months (HR
0.37)

Most clinically meaningful
endpoint [14]

Symptom response
(mSGRC)

24.2% vs 11.0% Patient-reported; low in both arms
[14]

Failure-free
survival, 36
months

56.5% vs 18.2% Separation is durable [15]

Thrombocytopenia
and anaemia

More frequent with
ruxolitinib

Expected from JAK inhibition
after transplant [14]

Table 2: Reported outcomes in REACH3 and what each
measures

Discussion
REACH3 changed practice, and it deserved to. It is the first

adequately powered randomised trial in
glucocorticoid-refractory chronic graft-versus-host disease to
show superiority over the alternatives clinicians were actually
using, and the effect is consistent across response, durability and
symptoms [14]. The failure-free survival difference, from a
median of under six months to over eighteen, is the finding that
matters most, because it describes how long a patient goes before
someone has to try something else, which is why this composite
became the standard measure of benefit in chronic
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graft-versus-host disease [30,31].
Three qualifications belong alongside that. The first is

arithmetic: half the patients given ruxolitinib did not respond at
week 24. The trial establishes a better option, not a solution, and
the group who fail it now constitute the population for whom
there is again no standard; belumosudil has since been studied
after two or more prior lines [28].

The second concerns the comparator. Best available therapy
was chosen by the investigator from a list, and its three
commonest components had between them little randomised
evidence of efficacy in this setting [9,19,24]. Beating a
heterogeneous arm of weakly supported treatments is a lower bar
than beating a specific active comparator, and the odds ratio
should be read with that in mind. This is not a criticism of the
design, which reflected real practice, but it does limit what the
number means.

The third concerns what was measured. Overall response is
defined by organ scores and clinician assessment. Symptom
response, the endpoint closest to how the patient experiences the
disease, was achieved by 24.2 per cent on ruxolitinib and 11.0
per cent on best available therapy: better, but low in absolute
terms, and considerably lower than the organ-based response rate
[14]. The gap between those two numbers is the gap between a
sclerotic skin score improving and a patient being able to grip a
fork. Function, fatigue, return to work and the burden carried by
families are not endpoints in any of these trials, and the
rehabilitation literature that addresses them sits almost entirely
apart from the drug literature [25,26,27].

Study limitations
The limitations belong to the underlying literature. The

comparator arm was heterogeneous and its components weakly
evidenced [9,19,24]. Crossover from best available therapy to
ruxolitinib was permitted after week 24, which is appropriate
ethically but confounds any long-term survival comparison [15].
Response criteria are consensus-derived organ scores rather than
validated measures of function, and have been revised over time,
so results across eras are not strictly comparable [4,5,6]; the most
severe manifestations were separately characterised only
recently [35]. Patients enrolled had moderate or severe disease
and were fit enough for a trial, so the frailest are not represented.
Follow-up of three years is short relative to a condition survivors
live with for decades [15]. Toxicity in a population already
cytopenic is difficult to attribute confidently to any single agent
[14]. And patient-reported and caregiver outcomes are sparse
throughout [25,26].

Conclusion
For chronic graft-versus-host disease that does not respond

to glucocorticoids, ruxolitinib now has the best randomised
evidence available: roughly double the response rate of the
alternatives, and a threefold longer interval before treatment

fails. That is a genuine advance in a disease where advances
have been rare. It should be described precisely, though. Half of
patients do not respond; the comparator was a mixture of options
that had never themselves been shown to work well; and the
endpoint that reflects what patients feel improved in only about a
quarter. The next question is not whether ruxolitinib works but
what to offer the half for whom it does not, and whether any of
these treatments returns people to the lives their transplant was
supposed to give back.
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