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Favorable safety and efficacy profiles of αα-1-antitrypsin in 
steroid- and ruxolitinib-refractory acute graft-versus-host 
disease of the gastrointestinal tract: a retrospective, single 
center study

Allogeneic hematopoietic stem cell transplantation (HSCT) 
is a potentially curative therapy for multiple malignant 
and non-malignant hematologic diseases. Acute graft-
versus-host disease (aGvHD) remains a major compli-
cation, occurring at grades 2-4 in 30-40% of patients, 
with only about 50% of patients responding to standard 
treatment with high-dose corticosteroids. In steroid-re-
fractory aGvHD (SR-aGvHD), the JAK1/2 inhibitor ruxolitinib 
demonstrated superiority over other second-line thera-
pies in the REACH2 trial, with initial responses exceeding 
60%, although only ~40% maintained their response at 2 
months.1 To date, no standard therapy exists for patients 
refractory to ruxolitinib.
a1-antitrypsin (AAT) is a liver-derived serine protease in-
hibitor that primarily inhibits neutrophil elastase released 
during inflammation. Beyond this, AAT exerts anti-in-
flammatory and immunomodulatory effects, including 
suppression of pro-inflammatory cytokines, inhibition 
of apoptosis, and modulation of immune cell function, 
contributing to tissue protection.2 
Both preclinical and clinical studies demonstrated the 
efficacy of AAT in aGvHD. In murine models, AAT reduced 
pro-inflammatory cytokines, enhanced regulatory T-cell 
recovery, and decreased mortality.3 In a phase I/II study 
of 12 patients with severe SR-aGVHD, AAT was well-tol-
erated without relevant toxicities and induced responses 
in eight patients (4 complete responses [CR]), with 50% 
long-term survival.4 A multicenter prospective phase II 
trial, evaluating AAT in 40 patients with SR-aGvHD, report-
ed the day-28 overall response rate (ORR) of 65% (35% 
CR), with 47% maintaining response at day 60 without 
additional immunosuppression. No drug-related adverse 
events were observed, and 6-month infection-related 
mortality was 10%.5 These findings led to the inclusion of 
AAT in SR-aGvHD treatment guidelines.6

Since 2018, AAT has been used at the bone marrow trans-
plant unit of Rambam Health Care Campus (Haifa, Israel). 
The regimen comprised AAT (Glassia provided by Kamada 
Ltd. on a compassionate basis) 90 mg/kg on day 1, followed 
by maintenance doses of 30 mg/kg on days 2, 4, 6, 8, 10, 
12 and 14.4 All patients had aGvHD of the gastrointestinal 
tract refractory to both steroids and second-line thera-
pies such as ruxolitinib or extracorporeal photopheresis 
+ ruxolitinib. Refractoriness was defined as previously 
described.7 AAT was initiated in addition to ongoing lines 

of therapy, primarily ruxolitinib and extracorporeal pho-
topheresis.
The present single-center retrospective study evaluated 
the safety and efficacy of AAT applied as a third-line ther-
apy or beyond for the treatment of ruxolitinib-refractory 
aGvHD of the lower gastrointestinal tract (Institutional 
Review Board approval RMB-D-0043-25).
Eighteen consecutive patients were treated with AAT 
between 2018 and 2025. Seventeen patients (7 females; 
median age 45 years [range, 19-74]) were included in this 
analysis, as one patient received only a single AAT dose 
and died the following day due to an infectious compli-
cation, precluding evaluation of the aGvHD response. All 
patients received peripheral blood stem cell grafts. Eleven 
underwent transplantation from a matched related donor, 
and ten received a myeloablative conditioning regimen. 
The maximal lower gastrointestinal aGvHD was stage 4 in 
11 patients and stage 3 in six patients (Table 1).
Patients received a median of three prior lines of therapy 
(range, 2-5) for their gastrointestinal aGvHD before initi-
ation of AAT, which was administered as third-, fourth-, 
fifth-, and sixth-line therapy in three, eight, four, and two 
patients, respectively. Twelve patients were refractory to 
previous lines of treatment, and five achieved only a partial 
response (PR), defined as a decrease of at least one stage 
in the gastrointestinal aGVHD score (Online Supplementary 
Figure S1). Fourteen patients were treated with steroids, 
ruxolitinib, and extracorporeal photopheresis prior to AAT, 
with six of them also receiving fecal microbiota trans-
plantation before AAT initiation. In the remaining three 
patients, AAT was administered as the third-line therapy 
after steroids and ruxolitinib (Tables 1 and 2).
The best overall response to AAT included CR and PR at 
any timepoint following AAT initiation. The best ORR was 
64.7% (11/17), including 41.2% (7/17) achieving a CR and 
23.5% (4/17) achieving a PR (Table 2, Online Supplemen-
tary Figure S1).
In responding patients, the median time to best response 
was 25 days (range, 10-71). One patient progressed after an 
initial response to AAT and was treated with fecal micro-
biota transplantation, resulting in a PR. Notably, the best 
ORR was 83.3% (5/6 patients) versus 54.5% (6/11 patients) 
among those who did or did not receive fecal microbiota 
transplantation prior to AAT, respectively. Among 13 pa-
tients who met criteria for ruxolitinib-refractory disease,7 
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the best ORR was 61.5% (8/13).
At day 28 from the start of AAT, ten patients achieved at 
least a one-stage reduction in gastrointestinal GvHD severity 
and maintained response, one more patient improved but 
lost response, one patient experienced worsening, and five 
showed no change. Overall, the AAT treatment failure rate 
at day 28 was 41.2% (7/17) (Table 2).
During the GvHD course, 11 patients (65%) experienced in-
fectious events prior to AAT initiation, whereas 12 patients 
(70%) had infectious events during this treatment. In total, 
27 infectious episodes occurred before and 17 during AAT 
treatment (Online Supplementary Table S1).
These findings underscore the substantial infectious bur-
den observed in this profoundly immunocompromised 
population and are consistent with prior reports of median 
bloodstream infections rates reaching up to 75% among 
patients with grade 4 aGvHD.8 Notably, no higher rate of 
infections, including bloodstream infections, was observed 
among patients treated with fecal microbiota transplanta-

tion prior to AAT (Online Supplementary Table S1).
Six patients (6/17, 35.3%) died from infections, three (17.6%) 
from GvHD progression, and one (5.9%) from relapse of 
the underlying hematologic disease while remaining in 
complete GvHD response (Table 2). Infections and other 
events (Online Supplementary Table S2) were attributed to 
patients’ severe underlying clinical condition rather than 
to AAT. No specific AAT-related toxicities were observed, 
consistent with the well-established favorable safety pro-
file of this treatment.
At a median follow-up of 250 days from the day of trans-
plantation (range, 68-1,718), seven patients (41%) remained 
alive. Among the 11 patients who responded to AAT, the 
overall survival reached 63.6% (7/11). Notably, none of the 
six AAT-refractory patients survived (Table 2, Online Sup-
plementary Figure S1).
To the best of our knowledge, this is the first report on 
the use of AAT for ruxolitinib-refractory aGvHD.  Efficient 
treatment of ruxolitinib-refractory aGvHD of the lower 

Table 1. Patients’ characteristics.

Characteristics Values

N of patients 17

Age, years, median (range) 45 (19-74)

Female, N (%) 7 (41.2)

Diagnosis, N (%)
Acute myeloid leukemia
Myelodysplastic syndrome
Myeloproliferative neoplasm
Acute lymphoblastic leukemia
Non-Hodgkin lymphoma
Multiple myeloma

5 (29.4)
5 (29.4)
3 (17.6)
2 (11.8)
1 (5.9)
1 (5.9)

Conditioning intensity, N (%)
Myeloablative 
Reduced-toxicity 
Reduced-intensity 
Non-myeloablative

10 (58)
1 (5.9)

5 (29.4)
1 (5.9)

Donor, N (%)
Matched related
Matched unrelated
Mismatched unrelated (9/10)
Haploidentical

11 (64.7)
3 (17.6)
1 (5.9)
2 (11.8)

GvHD prophylaxis, N (%)
Cyclosporine + methotrexate
Cyclosporine + MMF

12 (70.6)
5 (29.4)

Antithymocyte globulin use, N (%)
Yes
No

5 (29.4)
12 (70.6)

Post-transplant cyclophosphamide use, N (%)
Yes
No

3 (17.6)
14 (82.4)

Characteristics Values

Overall aGvHD grade at onset, median (range) 3 (1-4)

GI aGvHD stage at onset, N (%)
Stage 1
Stage 2
Stage 3
Stage 4

2 (11.8)
6 (35.3)
8 (47)
1 (5.9)

Maximal overall aGvHD grade, N (%)
Grade 3
Grade 4

12 (70.6)
5 (29.4)

Maximal GI aGvHD stage, N (%)
Stage 3
Stage 4

6 (35.3)
11 (64.7)

Previous lines of therapy for aGvHD, median (range) 3 (2-5)

Treatment received, N (%)
Methylprednisolone 2 mg/kg
Ruxolitinib
Extracorporeal photopheresis
Fecal microbiota transplantation
Mycophenolate mofetil

17 (100)
17 (100)
14 (82.3)
6 (35.3)
2 (11.8)

GI aGvHD stage before AAT, N (%)
Stage 2
Stage 3
Stage 4

3 (17.6)
5 (29.4)
9 (53)

Met criteria for ruxolitinib-refractory aGvHD, N
Progression (GvHD grade increasing), N (%)
Lack of improvement (GvHD grade unchanged), N (%)
Loss of response (GvHD grade increase after initial 
decrease), N (%)
Not achieving CR after >28 days, N (%)

13
2 (15.4)
9 (69.2)
1 (7.7)

1 (7.7)

All percentages presented in parentheses are derived from the total cohort of 17 patients, except for those reported under the “met criteria 
for ruxolitinib-refractory aGvHD” category. In that category, percentages are calculated for the cohort of 13 patients who fulfilled the defini-
tion of ruxolitinib-refractory disease. AAT: a1-antitrypsin; aGvHD: acute graft-versus-host disease; ATG: antithymocyte globulin; CR: complete 
response; GI: gastrointestinal; GvHD: graft-versus-host disease; MMF: mycophenolate mofetil.
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gastrointestinal tract represents an unmet clinical need. 
Recently, a retrospective study by Brehm et al. reported that 
teduglutide, administered as third-line therapy and beyond, 
induced an ORR of 64.7% with 41% CR.9 Furthermore, in 
the randomized prospective STARGAZE trial, a combina-
tion of apraglutide with ruxolitinib, given as second-line 
therapy for gastrointestinal SR-aGVHD, yielded an ORR of 
58% (29% CR), with durable responses observed in 45% of 
patients.10 Likewise, a multicenter analysis from Germany 
assessing the use of an allogeneic mesenchymal stromal 
cell preparation for ruxolitinib-refractory aGvHD demon-
strated an ORR of 46% in adults, with a 6-month survival 
rate of 47%.11 Another study evaluating a subgroup of 20 
patients refractory to both steroids and ruxolitinib who 
were treated with combined cytokine-blockade therapy 
(basiliximab + infliximab) showed an ORR of 25%, including 
15% CR and 10% PR.12 The outcomes observed in our cohort, 
i.e., an ORR of 64.7% with a CR rate of 41.2% following AAT 
treatment, are broadly comparable with reports in which 
other therapeutic agents were used.
This study has several limitations, primarily related to 
its retrospective, single-center design and the small co-
hort size. Nevertheless, the study population consisted 
exclusively of consecutive patients with severe (stage 
3-4) lower gastrointestinal tract aGvHD who had failed 
to benefit from corticosteroids, second-line therapy, or 
successive treatments. While the prevalence of such pa-
tients has decreased markedly over the years because of 
both post-transplantation cyclophosphamide prophylaxis13 

and current therapeutic strategies,1 the resulting paucity 
limits the evaluation of interventions within single-center 
cohorts. Furthermore, the cohort size and heterogeneity 
in the timing and use of AAT precluded analysis of predic-
tive factors for response. Additionally, since AAT treatment 
initiation criteria were not standardized, a selection bias 
may have influenced the results. As not uncommon for 
real-world practice in this setting, AAT was introduced on 
top of ongoing lines of therapy and, in some cases, PR to 
previous interventions had already been attained. There-
fore, it cannot be determined with certainty whether the 
responses observed during AAT treatment were directly 
attributable to this therapy alone, a delayed effect of 
previous therapies, or to a potential synergistic interac-
tion between the two, as might be reflected by the high 
response rate among patients receiving fecal microbiota 
transplantation prior to AAT.
Evaluating the effect of new interventions for refractory 
aGvHD is challenging. Phase II and observational data on 
refractory GvHD are difficult to interpret due to some un-
predictability in the disease course, and quite a number 
of substances have not found confirmation in controlled 
trials.14 Therefore, while the findings of this study might be 
encouraging, they should not be over-interpreted unless 
validated by controlled data.
Within these constraints, the findings of the present study 

suggest that in patients with severe, ruxolitinib-refractory 
aGvHD of the lower gastrointestinal tract, AAT adminis-
tered as third-line or later therapy is safe and potentially 
effective. In the light of encouraging preliminary results 
from the BMT CTN 1705 study demonstrating significant 
efficacy of corticosteroids combined with AAT compared 
with corticosteroids plus placebo as first-line treatment 
for high-risk aGvHD,15 our observations warrant further 
investigation in a prospective setting evaluating AAT ei-
ther as third-line monotherapy or in combination with 
ruxolitinib as second-line therapy for steroid-refractory 
aGvHD.
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