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Abstract

We started a single-arm, phase II, open-label, prospective clinical trial using steroids-ruxolitinib as the first-line therapy for
intermediate- to high-risk aGVHD (NCT04397367). Here, we report the association of a biomarker panel (sST2, REG3a,
STNFR1, IL-6 and IL-8) with responses to GVHD therapy. The novel first-line therapy for 39 patients with newly diagnosed
aGVHD consisted of 1 mg/kg methylprednisolone and 5 mg/day ruxolitinib. The serum concentrations of the biomarkers
were prospectively detected at planned time points. Of the 39 patients, the complete response rate at day 28 was 82.05%.
In patients who achieved CR, the concentrations of REG3a (P,,=0.01; P,4=0.10) and sTNFR1 (P,,=0.42; P,;=0.04)
declined at day 14 and day 28 compared with the pre-enrolment levels. In refractory patients, the levels of REG3a at day 14
were higher than those pre-enrolment (P =0.04). REG3a (P=0.02) was elevated in the refractory patients compared with
the patients achieving CR at day 14 after enrolment, while there was no significant difference in the levels of sST2, sSTNFR1

or IL-6. Elevated REG3a levels may predict refractory aGVHD after novel first-line therapy with steroids-ruxolitinib.
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Introduction

Acute graft-versus-host disease (aGVHD) is a main reason
for treatment failure and delayed immune reconstitution after
allogeneic haematopoietic stem cell transplantation [1-6].
The response rate to first-line corticosteroid therapy for
aGVHD patients is approximately 50%. The overall survival
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of steroid-refractory aGVHD patients is only approximately
30% [7]. A new first-line therapy to improve the efficacy of
treatment for aGVHD is of great significance.

MAGIC (The Mount Sinai Acute GVHD International
Consortium) biomarkers, detected at the onset of acute
GVHD, are based on the levels of sST2 and REG3a and can
be used to categorize patients into three risk groups, 1, 2 and
3, representing a low, intermediate and high risk of aGVHD,
respectively [8]. According to the MAGIC biomarker risk,
the response rate of systemic corticosteroids in patients with
newly diagnosed acute GVHD is low in the intermediate-
and high-risk acute GVHD groups [9-11]. Recently, an asso-
ciation between the levels of IL-6, sSTNFR1 and IL-8 and the
severity of GVHD or the response to corticosteroid therapy
has been published [12—14].

Ruxolitinib, a JAK1/JAK?2 inhibitor, has been shown to
be a promising agent for steroids-resistant aGVHD [15-18].
Delgado MC et al. [16] showed that ruxolitinib is capable
of sensitizing cells to dexamethasone-induced apoptosis
in vitro, suggesting that ruxolitinib may reverse resistance
to corticosteroids. Ruxolitinib is mainly metabolized by
the cytochrome P450 (CYP450) enzymes CYP2C9 and
CYP3A4 [19]. In our centre, azoles are used to prevent
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fungal infection during GVHD treatment. Azoles are potent
CYP3A4 inhibitors. When strong CYP3A4 inhibitors are
concomitantly used, the efficacy of halving the dose of rux-
olitinib has been established [19-23]. The half-life of ruxoli-
tinib was extended from 3.7 to 6 h when given in combina-
tion with ketoconazole [23].

A safety study of ruxolitinib [23] for an episode of grade
4 neutropenia established 25 mg q12h as the maximum toler-
ated dose, whereas for qd dosing, the highest dose (100 mg
q24h) was well tolerated. In this study, steroids-ruxolitinib
was used as the first-line therapy for aGVHD patients. Treat-
ment was initiated in most of these patients within 30 days
after transplantation. The patients’ haematopoietic recon-
stitutions were fragile at that time. In our previous dose-
finding study [24], we demonstrated that the combined use
of 1 mg/kg methylprednisolone and 5 mg/day ruxolitinib
yielded an optimal response and tolerance as first-line ther-
apy. For these reasons, we chose a once-daily administra-
tion of ruxolitinib for our patients in our study. Hence, we
started a single-arm, phase II, open-label, prospective clini-
cal trial using steroids-ruxolitinib as the first-line therapy
for aGVHD (NCT04397367). Here, we investigate the asso-
ciation of biomarker panels (sST2, REG3a, sTNFRI1, IL-6,
and IL-8) with responses to the steroids-ruxolitinib first-line
therapy, along with the clinical outcomes in this trial.

Methods
Study design

This was a single-arm, phase II, open-label, prospective
clinical trial (Clinical Trials.gov Identifier: NCT04397367)
approved by the Ethics Committee of the Chinese PLA
General Hospital. All participating patients provided signed
informed consent. The inclusion criteria were as follows:
(1) systematic aGVHD with biomarker panel detection and
complete information at all time points, including day O
prior to enrolment and day 7, day 14 and day 28 after enrol-
ment; (2) 14 to 65 years of age; (3) newly diagnosed acute
GVHD with moderate to severe risk (high Minnesota acute
GVHD Risk Score or MAGIC biomarker 2/3 risk); and (4)
haematological malignancy. The exclusion criteria were as
follows: (1) incomplete aGVHD biomarker detection infor-
mation due to the COVID-19 pandemic, patients’ desires or
financial issues; (2) chronic GVHD (cGVHD); (3) late acute
GVHD; (4) DLI-related aGVHD; and (5) contraindications
to corticosteroid therapy.

A total of 160 patients underwent allogeneic haematopoi-
etic cell transplantation at our unit from January 2, 2019, to
May 10, 2020. Thirty-nine patients newly diagnosed with
moderate to severe aGVHD received steroids-ruxolitinib as
the first-line therapy and were tested for aGVHD biomarkers
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at designed time points (Figure S1). Their basic clinical data
are shown in Table 1.

Monitoring of aGVHD biomarkers

The levels of aGVHD biomarkers, including sST2, REG3a,
IL-6, IL-8 and sTNFRI1, in serum samples were detected
by Human Magnetic Luminex Screening Assay (SPLEX).
Detection was performed according to a procedure speci-
fied by the manufacturer of the R&D system customized
cytokine detection kit (LXSAHM-05). Detection was per-
formed at aGVHD onset and before steroids-ruxolitinib
therapy and at day 7, day 14 and day 28 after enrolment. All

Table 1 Clinical features of stem-cell transplant recipients and donors

Characteristic

No. of patients 39

Age at transplantation, median, years (range) 33(16~61)
<40 years, n (%) 29 (74.36%)
>40 years, n (%) 10 (25.64%)
Donor’s age, median, year (range) 40 (15-59)
<40 years, n (%) 19 (48.72%)

>40 years, n (%)
Gender, n (%)
Male

Female

20 (51.28%)

26 (66.67%)
13 (33.33%)
Diagnosis, n (%)

Acute myeloid leukaemia 25 (64.10%)

Acute lymphoid leukaemia 9 (23.08%)
Others* 5 (12.82%)
Disease status at PBSCT, n(%)

Complete remission 36 (92.31%)
Non-remission 3 (7.69%)

Donor-recipient gender match, n (%)

Female to male 16 (41.02%)

Female to female 5 (12.82%)
Male to female 6 (15.38%)
Male to male 12 (30.77%)

Graft

Mononuclear cells, median, x 10%/kg (range)
CD34™ cells, median, X 106/kg (range)
aGVHD biomarker risk, n (%)

Intermediate risk

12.25 (4.80-28.31)
5.05 (2.07-11.28)

22 (56.41%)

High risk 17 (43.59%)
Time from stem-cell transplantation to aGVHD onset, days
Median (range) 21 (12-52)

Others*: CML chronic myeloid leukaemia, MDS myelodysplastic
syndrome, AA aplastic anaemia, CR complete remission, NR non-
remission, PBSCT peripheral blood stem cell transplantation, GVHD
graft-versus-host disease, aGVHD biomarker risk according to the
MAGIC biomarker risk
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samples were fresh and analysed within 24 h at the Beijing
Beaufre biolaboratory.

GVHD prophylaxis

All patients received modified BU/CY + ATG myeloabla-
tive conditioning regimens as previously described [25,
26]. Cyclosporin A (CsA), mycophenolate mofetil (MMF)
and short-term methotrexate (MTX) were used for GVHD
prophylaxis. CsA at a dose of 2 mg/kg was given intrave-
nously from day — 10, with a trough concentration of 200
to 250 ng/ml. Three to six months after transplantation, in
patients without a relapse of the underlying disease and
without cGVHD, the dose of CsA was reduced by 25%
every 2 weeks until discontinuation. MMF at a dose of
500 mg was orally administered twice daily from day — 10
to day +30. MTX at a dose of 15 mg/m? was administered
intravenously on day + 1, followed by 10 mg/m? on day + 3,
day + 6 and day + 11. Rabbit anti-thymocyte globulin (rATG,
thymoglobulin, rabbit; Genzyme Pharmaceutical Company,
USA) was infused from day — 5 to day — 2 at a total dose of
10 mg/kg.

Acute GVHD therapy

Patients newly diagnosed with moderate- to severe-risk
aGVHD were administered ruxolitinib (5 mg/day)-methyl-
prednisolone (1 mg/kg/day) as the first-line therapy. Detailed
information on the regimen was described in our previous
study [24]. Blood samples were collected before corticoster-
oid therapy to assess biomarker status, with expected results
within 48 h after corticosteroid therapy. Ruxolitinib therapy
was administered within 48 h after corticosteroid therapy
based on MAGIC biomarker risk eligibility (ruxolitinib ther-
apy was not administered until biomarker results were avail-
able). In our study, methylprednisolone was first tapered,
followed by cyclosporin, and then by ruxolitinib after acute
GVHD CR. The initial dose of methylprednisolone (or
prednisone dose equivalent) was 1 mg/kg/day for 5 days. A
suggested dose-tapering plan was conducted as follows: the
dose was decreased to 0.6 mg/kg/day after 5 days, 0.4 mg/
kg/day after 5 days, 0.3 mg/kg/day after 5 days, 0.25 mg/kg/
day after 5 days, 0.18 mg/kg/day after 5 days, 0.1 mg/kg/day
at week 4 and 0.1 mg/kg/day every other day after 5 days,
and methylprednisolone was stopped at week 6. The sug-
gested cumulative methylprednisolone dose was 15.4 mg/kg,
and the suggested time of discontinuation was 39 days. In
the absence of recurrent acute GVHD and after methylpred-
nisolone discontinuation, cyclosporin was tapered and with-
drawn in the following 60 days. After cyclosporin discontin-
uation, ruxolitinib was tapered (approximately 95 days after
ruxolitinib administration) in the absence of acute GVHD.
Ruxolitinib was discontinued within 90 days after tapering,

and the total duration of administration was approximately
6 months. Reasons for drug withdrawal included thrombo-
cytopenia, leukaemia relapse, aGVHD recurrence, posttrans-
plant lymphoproliferative disease (PTLD), cytomegalovirus
encephalitis and pneumonia. In addition, clinicians might
decide whether to reduce the dose of or completely withdraw
the drug based on a comprehensive evaluation of the disease.
Patients without response to the regimen were administered
an anti-interleukin-2 receptor antibody (basiliximab) at a
dose of 20 mg at day 1, day 4 and day 8 and then once a
week for 4-6 doses.

CMV and EBV monitoring and supportive therapy

All patients received ganciclovir (day — 10 ~day —2) and
acyclovir (day + 1 ~day + 180) to prevent viral infection.
Quantitative real-time PCR detection was performed once
every week for EBV and CMV DNA contents from day + 14
to day + 90 and then twice every month from day + 100 to
day + 180. Patients with a CMV DNA copy number above
1x10? copies/ml twice or above 1x 10* copies/ml once were
diagnosed as having CMV reactivation, which was an indi-
cation for anti-CMV pre-emptive therapy. Ganciclovir was
given for at least 2 weeks until the CMV DNA copy number
decreased. An EBV DNA copy number above 1x 10* copies/
ml twice was the indication for pre-emptive rituximab treat-
ment. Supportive therapy, including intestinal sterilization,
pneumocystis carinii pneumonia (PCP) preventive therapy
and herpes simplex/shingles preventive therapy, was admin-
istered as previously described [27, 28].

Definitions

The last follow-up date was December 28, 2020, with dates
before transplantation recorded as day —and those after
transplantation as day +.

Response types for aGVHD treatment are defined as com-
plete remission (CR), partial remission (PR), no remission
(NR) or progressive disease (PD). CR refers to the com-
plete disappearance of aGVHD manifestations in all GVHD-
affected organs. PR was reflected by the improvement (at
least one grade lower but not to the extent of CR) of aGVHD
in all initially affected organs without aGVHD deterioration
in any other target organ. NR refers to no improvement or the
deterioration of aGVHD in all organs. PD refers to the dete-
rioration of aGVHD (at least one grade worse) in at least one
target organ, with or without improvement in other organs.
PD and NR indicate no response to the therapy. Refractory
acute GVHD was defined as (i) the progression of GVHD
at least 3 days after enrolment; (ii) a lack of improvement
in GVHD (PR or better) at least 7 days after enrolment;
(iii) no CR at least 14 days after enrolment; or (iv) a loss of
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response, defined as a worsening or recurrence of GVHD at
any time after initial CR.

Acute GVHD was graded by the “1994 Consensus” [29].
Overall survival (OS) was defined as the time from enrol-
ment to death from any cause. Disease-free survival (DFS)
was defined as the time from enrolment to relapse of the
underlying malignancy. Relapse of the underlying malig-
nancy was defined as blasts detected by morphological evi-
dence in the peripheral blood, bone marrow or extramed-
ullary sites. Nonrelapse mortality (NRM) was defined as
death from causes other than a relapse of the underlying
malignancy. Failure-free survival (FFS) was defined as sur-
vival without relapse, nonrelapse mortality or the addition
of systemic therapy for acute GVHD.

Statistical analysis

IBM SPSS Statistics 24.0 software was used for statistical
analysis. Biomarker levels were stratified by response (CR,
refractory) for each enrolment arm; those that differed by
response were analysed by logistic regression to assess the
association (CR versus refractory). Changes in biomarker
levels over time (pre-enrolment to day 7, day 14, day 28)
were assessed via geometric mean values at each visit, along
with the fold change from the pre-enrolment value. The
chi-squared test and Fisher’s exact test were performed to
analyse qualitative data (median, range) as appropriate. The
area under the curve (AUC) values for the receiver operating
characteristic (ROC) curve, calculated by GraphPad Prism
8.0 software, were compared among biomarkers at all time
points, including day O prior to enrolment and day 7, day
14 and day 28 after enrolment. Kaplan—Meier curves were
generated to assess OS, DFS and FFS. The cumulative inci-
dences of relapse and NRM were analysed by competing
risks. Relapse was considered a competing event for NRM.
Transplant-related death was considered a competing event
for relapse. Kaplan—Meier analysis and the competing risks
were conducted by R 3.6 statistical software (“survival”,
“survminer” and “cmprsk’). Two-sided P <0.05 indicated
statistical significance.

Results

Patient characteristics and the efficacy
of steroids-ruxolitinib therapy

aGVHD
Steroids-ruxolitinib as the first-line therapy was adminis-
tered to 39 patients with moderate to severe aGVHD. Eleven

patients developed grade I aGVHD (28.21%), 25 devel-
oped grade IT aGVHD (64.10%) and 3 developed grade III

@ Springer

aGVHD (7.69%). The involved organs were the gastrointes-
tinal tract only (n= 14, 35.89%) and the skin only (n= 14,
35.89%). Eleven patients had both gastrointestinal tract and
skin involvement (28.21%). The median time for the onset of
aGVHD was 21 (range, 11 to 43) days after transplantation.

First-line therapy

Novel first-line therapy was administered for a median of
126 (34 to 302) days. The planned duration of ruxolitinib is
usually 180 days. Fourteen patients stopped ruxolitinib as
planned. Ruxolitinib was discontinued earlier in 19 patients
(48.7%) due to relapse (n=9), PTLD/CMV encephalitis
(n=2), thrombocytopenia (n=2), therapeutic DLI (n=4)
and at the doctor’s discretion (n=2). In 6 patients, ruxoli-
tinib was maintained for more than 180 days due to aGVHD
recurrence. The mean cumulative dose of corticosteroids
used was 15.97 +5.30 mg/kg, and the mean duration of cor-
ticosteroids use was 40.19 + 15.66 days.

Response

The total response rate at day 28 after enrolment was
82.05% (95% CI, 67.33-91.02%). All patients with response
achieved CR. Seven (17.95%) patients experienced refrac-
tory aGVHD with the involvement of the skin (n=6) and
gastrointestinal tract (n=1). Three (7.69%) patients had
aGVHD recurrence after initial complete remission within
100 days after transplantation (at day + 35, day + 58 and
day + 67). Four patients (10.25%) developed late aGVHD
involving the skin (at day 108, range: day+ 103 ~day + 111)
due to decreased doses of cyclosporin or ruxolitinib. Two
patients developed late aGVHD involving the skin (n=1)
and gastrointestinal tract (n=1) after therapeutic DLI. Two
of the six late aGVHD patients received second-line ther-
apy, and four responded again after the dose of steroids was
elevated by one or two steps in the tapering schedule. Five
patients (12.82%) required second-line therapy with basilixi-
mab because they were refractory to the steroids-ruxolitinib
regimen as first-line therapy (n=3) and developed therapeu-
tic DLI-related late aGVHD (n=2). All patients survived
more than 100 days after transplantation and were evalu-
ated for cGVHD. Two patients developed mild and moderate
cGVHD after multiple late aGVHD recurrences. The patient
with moderate cGVHD received additional immunosuppres-
sive therapy and achieved complete remission (Table 2).

Survival

During follow-up, six patients died at a median of 223
(118 ~295) days from transplant-related reasons (n=2,
viral gastroenteritis and CMV encephalitis) and leukaemia
relapse (n=4). One patient developed viral enteritis with
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Table 2 Response rates of acute

Response rate on Response rate on Response rate on
3 days* (n (%))

Response rate on

7 days* (n (%)) 14 days* (n (%)) 28 days* (n (%))

. . Acute GVHD Patients (n)
gra.ft—versus—host disease in onset organ
patients stages
Grade of acute GVHD
I 11
II 25
111 3
Involved organ
Skin 14
Gut 14
Multiorgans 11

5(45.45%) 10(90.91%) 10(90.91%) 9(81.82%)
15(60.00%) 22(88.00%) 23(92.00%) 21(92.00%)
1(33.33%) 2(666.7%) 2(66.67%) 2(66.67%)
5(35.71%) 12(85.71%) 12(85.71%) 11(78.57%)
10(71.43%) 14(100.00%) 14(100.00%) 12(85.71%)
5(45.45%) 11(100.00%) 9(81.82%) 9(81.82%)

"Days from first ruxolitinib dose; GVHD graft-versus-host disease; response refers to the complete disap-
pearance of acute GVHD manifestations of all affected organs

gastrointestinal haemorrhage after 76 days of ruxolitinib
treatment with complete remission of aGVHD for 73 days.
The patient died from viral enteritis 16 days after ruxolitinib
withdrawal. The other patient developed CMV encephalitis
155 days after the withdrawal of ruxolitinib due to multiple
aGVHD recurrences. He developed cGVHD with a poor
response to treatment and died from CMV encephalitis
(225 days after transplantation). Among the 39 aGVHD
patients, a relapse of the malignant haematological dis-
ease was documented in 7 patients at a median of 126 days
(range: 47-169 days) after transplantation. Four patients
died of relapsed disease, and three achieved leukaemia-free
survival after salvage therapy. The median survival time for
relapsed patients was 221 days (range: 113-508 days) after
transplantation.

The 180-day OS, DFS, cumulative relapse and FFS
rates were 93.00% (95% CI 84.04-100.00%), 75.50% (95%
CI 61.93-92.05%), 18.60% (95% CI 17.62-19.58%) and
57.53% (95% CI 42.03-76.89%), respectively. The 365-
day OS, DFS, FFS, NRM and cumulative relapse rates
were 75.82% (95% CI 60.44-95.09%), 66.94% (95% CI
51.61-86.83%), 57.53% (95% CI 43.04-76.89%), 7.17%
(95% C1 6.67-7.67%), and 23.56% (95% CI 22.21-24.90%),
respectively.

There were no significant differences in the day 28 CR
rate, relapse rate of the underlying malignancy or NRM
between the MAGIC high-risk (n=22) and moderate-risk
(n=17) aGVHD patients (Table 3).

Side effects

During steroids-ruxolitinib therapy, 76.92% of patients had
CMV viremia, which lasted 28 (3 ~98) days. Nine patients
(30.00%) had CMV reactivation before steroids-ruxolitinib
administration, and twenty-one patients (70.00%) devel-
oped CMYV viremia after steroids-ruxolitinib therapy. CMV
viremia was controlled with antiviral therapy without
steroids-ruxolitinib therapy discontinuation. Two (5.13%)

patients developed CMV encephalitis. One of them devel-
oped CMV encephalitis 5 months after the withdrawal of
ruxolitinib due to aGVHD recurrence and poor control of
cGVHD and died from CMV encephalitis. The other suf-
fered from disease relapse and stopped ruxolitinib. He devel-
oped CMV encephalitis on the 57th day after ruxolitinib
discontinuation.

During steroids-ruxolitinib therapy, 82.05% of patients
had EBV viremia, which lasted 19 (3 ~66) days. Seven
patients (21.87%) had EBV reactivation before steroids-
ruxolitinib administration, and twenty-five patients (78.13%)
developed EBV viremia after the steroids-ruxolitinib
therapy. EBV reactivation was controlled with rituximab
without steroids-ruxolitinib therapy discontinuation. Two
patients (5.13%) developed PTLD, which was controlled
well. Three patients developed thrombocytopenia during
steroids-ruxolitinib administration. Ruxolitinib was discon-
tinued in 2 patients. The patients experienced thrombocyto-
penia for 9 and 6 days and then recovered without ruxolitinib
discontinuation.

REG3a and sTNFR1 decreased significantly
in aGVHD patients achieving complete remission
after steroids-ruxolitinib first-line therapy

In this study, aGVHD patients who achieved CR at day
7, day 14 and day 28 after first-line therapy with steroids-
ruxolitinib were assessed for the aGVHD biomarker panel
before and after enrolment.

At day 7, the levels of REG3a (P=0.18), IL-6 (P=0.37)
and sTNFR1 (P <0.01) decreased, among which sSTNFR1
levels showed the most significant difference compared
with their pre-enrolment levels. At day 14 and day 28 after
enrolment, the levels of REG3a (P,=0.01; P,3=0.10)
and sTNFR1 (P,,=0.42; P,3=0.04) declined. IL-6 levels
increased but not significantly (P;,=0.82; P, =0.57) com-
pared with the pre-enrolment values. The maximum change
in REG3a from pre-enrolment levels was observed at day
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Table 3 Response rate of patients with intermediate and high aGVHD risk treated by ruxolitinib-combined corticosteroid

Variable Patients (n (%)) Intermediate® (n (%)) High* (n (%))

Total 39 (100.0%) 22 (56.41%) 17 (43.59%)

CR on 3 days* 21 (53.85%) 12 (54.55%) 9 (52.94%)

CR on 7 days* 35 (89.74%) 20 (90.91%) 15 (88.24%)

CR on 14 days* 35 (89.74%) 20 (90.91%) 15 (88.24%)

CR on 28 days* 32 (82.05%) 18 (81.8%) 14 (82.4%)

Relapse 9 (23.08%) 6 (27.27%) 3 (17.65%)

Mortality 6 (15.38%) 3 (13.64%) 3 (17.65%)

OS at 365 days after transplantation, %  75.82% (95% CI 60.44-95.09%) 64.00% (95% CI 37.42-100.00%) 80.67% (95% CI 63.16-100.00%)
(95% CI)

DFS at 365 days after transplantation,% 66.94% (95% CI 51.61-86.83%)

(95% CI)

FFS at 365 days after transplantation,
% (95% CI)

NRM at 365 days after transplantation,
% (95% CI)

Relapse at 365 days after transplanta-
tion, % (95% CI)

7.17% (95% CI1 6.67-7.67%)

57.53% (95% CI 43.04-76.89%)

23.56% (95% CI122.21-24.90%) 39.50% (95% CI 33.35-45.64%)

50.95% (95% C143.43-91.17%)  80.21% (95% CI 62.35-100.00%)

49.70% (95% CI129.98-82.41%)  64.71% (95% CI 45.54-91.92%)
No NRM 7.69% (95% CI 6.53-8.85%)

11.76% (95% CI 10.49-13.04%)

“Days from first ruxolitinib dose; GVHD graft-versus-host disease; response refers to the complete disappearance of acute GVHD manifestations

of all affected organs
#aGVHD risk, according to the MAGIC biomarker risk

14; the change was maintained at day 28 in CR patients
(Fig. 1B-E).

The levels of sST2 increased in CR patients at day 7 and
day 14 compared with their pre-enrolment levels (P, =0.02;
P,,=0.07). When compared with the levels at day 7 after
enrolment, the levels of sST2 decreased in patients achieving
CR at days 14 and 28 after first-line therapy with steroids-
ruxolitinib (day 14 versus day 7, P=0.52; day 28 versus day
7, P<0.01, Fig. 1A).

The MAGIC scores calculated based on sST2 and REG3a
levels were higher at day 7 than the pre-enrolment scores
(P <0.01). The score at day 14, although lower than the score
at day 7 (P <0.05), was still higher than that before enrol-
ment (P=0.03). On day 28, the MAGIC scores decreased
below the pre-enrolment scores (P=0.08, Figure S2 A).

REG3a increased significantly in refractory
aGVHD patients after first-line therapy
with steroids-ruxolitinib

The plasma REG3a levels at day 7, day 14 and day 28 after
enrolment in the refractory patients were higher than the
pre-enrolment levels (P, =0.51, P,,=0.04, P,g=0.59). The
levels of sSTNFR1 at day 7, day 14 and day 28 after enrol-
ment in the refractory patients were lower than those pre-
enrolment, but the difference was not statistically significant
(P,=0.39, P;,=0.47, P,3=0.14). The levels of sST2 and
MAGIC scores in the refractory patients increased on day
7 (P12 =0.07, Pyyagic =0.47) and day 14 (P, =0.37,
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Pyiagic=0.40) and decreased on day 28 (P, =0.04,
Pyragic =0.13) compared with those pre-enrolment. On day
14, the levels of IL-6 and IL-8 were elevated when com-
pared with those pre-enrolment, but the difference was not
statistically significant (P _¢=0.72, P;; ¢=0.42) and at
day 7, IL-6 and IL-8 decreased compared with those pre-
enrolment(Py; _=0.09, P;; ¢=0.37, Fig. 2A).

Elevated REG3a was associated with refractory
aGVHD at day 14 after first-line therapy
with steroids-ruxolitinib

There were no differences in the pre-enrolment levels of
the five biomarkers and MAGIC scores between CR and
refractory patients.

There were no significant differences in the levels of
sST2, sTNFR1, IL-6 or IL-8 or MAGIC scores between
CR and refractory aGVHD at day 7, day 14 and day 28.
REG3a was increased in refractory patients compared with
CR patients, with a statistically significant difference only
at 14 days after enrolment (P =0.02). No statistically sig-
nificant difference in REG3a was found at other time points
(Fig. 2B, Figure S2 B-D).

The area under the ROC curve (AUC) of REG3a at day
0, day 7, day 14 and day 28 after enrolment was 0.535 (95%
CI: 0.336-0.733), 0.593 (95% CI: 0.132-1.000), 1.000 (95%
CI: 1.000-1.000) and 0.583 (95% CI: 0.138-1.000), respec-
tively. The AUC for REG3a at day 14 after enrolment was
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Fig. 1 aGVHD biomarker level changing trend in complete remission
patients at exact time points using ruxolitinib combined with methyl-
prednisolone. Asterisk, days from first treatment dose; sST2, soluble

the largest, at 1.000, among the AUCs of other biomarkers
at day 0, day 7, day 14 and day 28 after enrolment (0.500
to 0.792).

Discussion

This was the first prospective study assessing the kinetics of
aGVHD biomarkers in response to novel first-line therapy
with ruxolitinib (5 mg/day)-methylcorticosteroids (1 mg/
kg/day). The patients were newly diagnosed with moder-
ate- to severe-risk aGVHD. In all aGVHD patients treated
with steroids-ruxolitinib therapy, the day 28 CR rate was
82.05%. In patients who achieved CR after therapy, the lev-
els of REG3a and sTNFRI1 declined at day 14 and day 28
compared with the pre-enrolment values. In patients who
were refractory to therapy, the levels of REG3a at day 7,
day 14 and day 28 after enrolment were higher than the pre-
enrolment levels. There were no significant differences in the
concentrations of sST2, sSTNFR1 or IL-6 between CR and

suppression of tumorigenicity 2; REG3a, regenerating islet-derived
protein 3-alpha; IL-6, interleukin-6; IL-8, interleukin-8; sTNFRI,
soluble TNF receptor 1

refractory patients at day 7, day 14 and day 28 after enrol-
ment. No difference in MAGIC scores was noted in CR and
refractory patients. REG3a was elevated in the refractory
patients compared with the patients achieving CR at day 14
after enrolment. Increased REG3a levels may predict refrac-
tory aGVHD in patients administered steroids-ruxolitinib as
first-line therapy.

The response rate of the novel first-line therapy, steroids-
ruxolitinib, for aGVHD was promising in patients with
moderate and high “Minnesota and MAGIC” risk. Grading
based on the Minnesota and Glucksberg criteria was primar-
ily developed as an important tool to determine the appro-
priate management of aGVHD and to assess the response
to steroid therapy. The onset grade of 11 patients in this
study was grade I, but the MAGIC biomarker risk status for
those patients was high risk, which is predictive of a poor
response to steroids. Based on these aspects, 11 patients
were treated with novel first-line therapy with ruxolitinib to
reverse potential steroid resistance.
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In all aGVHD patients treated with steroids-ruxolitinib
therapy, the day 28 CR rate was 82.05%. The day 28 CR rate
of aGVHD patients with an affected gastrointestinal tract
was 84.00% (21/25). There were no significant differences
in day 28 CR rate or NRM between the MAGIC high-risk
(n=22) and moderate-risk (n=17) aGVHD patients. There
were no differences in the five biomarkers or MAGIC scores
before treatment in CR and refractory patients. This sug-
gested that first-line therapy with steroids-ruxolitinib results
in a high response rate in patients newly diagnosed with
moderate to severe aGVHD across different aGVHD grades,
biomarker risks and involved organs.

Soluble suppression of tumorigenicity 2 (sST2), a mem-
ber of the IL-1 receptor family, is highly secreted by endothe-
lial cells and epithelial cells and stimulated by inflammation
[30, 31]. The Vander Lugt research team pointed out that
a high sST2 concentration could serve as an independent
biomarker of drug resistance and mortality in aGVHD thera-
pies [31]. Large amounts of regenerating islet-derived pro-
tein 3-alpha (REG3a) enter the systemic circulation when
aGVHD develops in the gastrointestinal tract with mucosal

@ Springer

epithelial barrier damage [32, 33]. REG3a was the best diag-
nostic biomarker for gastrointestinal GVHD. The concen-
tration of REG3a decreased in the posttherapy peripheral
blood of complete remission patients but increased in refrac-
tory patients at day 7, day 14 and day 28, suggesting that
REG3a responds to ruxolitinib earlier than sST2 and may
be associated with the treatment response, which still needs
confirmation. The MAGIC scores at acute GVHD onset are
based on two biomarkers (ST2 and REG3a), with higher
scores reflecting elevated steroid resistance risk [8, 34]. In
this study, we found that the trend of MAGIC scores after
the treatment was similar to that of sST2 in the peripheral
blood of patients, and there was no difference between the
CR patients and the refractory patients. The profile of the
REG3a level, but not the sST2 level, and the MAGIC score
after first-line therapy with steroids-ruxolitinib, was of cer-
tain significance in evaluating treatment efficacy in these
patients and needs to be further studied.

In conclusion, this study suggested that steroids-ruxoli-
tinib first-line therapy could result in a high response rate
in patients newly diagnosed with moderate- to severe-risk
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aGVHD. The kinetics of the aGVHD biomarkers were dif-
ferent after steroids-ruxolitinib therapy, which provides a
basis for selecting the next treatment option. The profile of
REG3a after first-line therapy with steroids-ruxolitinib is of
certain significance in evaluating the treatment efficacy of
the steroids-ruxolitinib regimen. However, the sample size
in this study was small, and the above conclusions need to
be confirmed in studies with larger sample sizes. In addition,
it is essential to further explore the mechanism underlying
the changes in aGVHD biomarkers after steroids-ruxolitinib
treatment.
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