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abstract

PURPOSE To present primary and final analyses from the randomized, double-blind, placebo-controlled, phase
III iNTEGRATE study, which evaluated the safety and efficacy of ibrutinib with prednisone in previously un-
treated patients with chronic graft-versus-host disease (cGVHD).

METHODS Patients (age $ 12 years) with newly diagnosed moderate or severe cGVHD, requiring systemic
corticosteroid therapy, and with no prior systemic treatment for cGVHD were randomly assigned 1:1 to receive
ibrutinib 420 mg once daily plus prednisone, starting at 1 mg/kg once daily or placebo plus prednisone. The
primary end point was response rate at 48 weeks according to 2014 National Institutes of Health Consensus
Development Project Criteria. Other end points included event-free survival, duration of response, time to
withdrawal of immunosuppressants, improvement in Lee cGVHD Symptom Scale score, overall survival (OS), and
safety.

RESULTS Ninety-five and 98 patients enrolled in the ibrutinib-prednisone and placebo-prednisone arms,
respectively. At 48 weeks, response rates were 41% (ibrutinib-prednisone) and 37% (placebo-prednisone;
P 5 .54). At 33 months of follow-up, median duration of response was 19 months (ibrutinib-prednisone) and
10 months (placebo-prednisone; P 5 .10). Median event-free survival was 15 months (ibrutinib-prednisone)
and 8 months (placebo-prednisone; hazard ratio, 0.76; 95% CI, 0.54 to 1.1; P 5 .11). Improvement in overall
Lee cGVHD Symptom Scale was 43% (ibrutinib-prednisone) and 31% (placebo-ibrutinib; P5 .07). Median OS
was not reached in either arm. The 24-month Kaplan-Meier OS estimates were 80% for both arms (hazard ratio,
1.06; 95% CI, 0.59 to 1.90). Grade $ 3 serious adverse events occurred in 49% (ibrutinib-prednisone) and
47% (placebo-prednisone) of patients.

CONCLUSION There was no statistical difference observed in the primary and secondary end points with ibrutinib-
prednisone treatment. No new safety signals were observed with ibrutinib treatment in previously untreated
patients with cGVHD. The primary end point of iNTEGRATE was not met.
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INTRODUCTION

Allogeneic hematopoietic cell transplantation (allo-
HCT) is potentially curative for various malignant and
nonmalignant hematologic conditions. However,
chronic graft-versus-host disease (cGVHD) can limit
allo-HCT effectiveness.1 cGVHD, a leading cause of
late nonrelapse mortality in patients receiving allo-
HCT, contributes to patient morbidity and reduced
quality of life.2-4 Up to 70% of patients who undergo
allo-HCT develop cGVHD, and approximately 30%-
40% require systemic treatment for cGVHD.5 Corti-
costeroids have been the standard first-line treatment
for cGVHD but their long-term use contributes to
morbidity,5,6 and there are no approved alternative
therapies for previously untreated cGVHD. A need

remains for non-steroid or steroid-sparing treatment
options to improve cGVHD outcomes.

Clinical manifestations of cGVHD result from complex im-
mune pathology involving both B and T cells.7-11 Ibrutinib is
a once-daily Bruton’s tyrosine kinase (BTK) inhibitor
approved in the United States for adult patients with
cGVHD after failure of $ 1 line of systemic therapy.11,12

The BTK signaling pathway is triggered by B-cell receptor
activation, which regulates B-cell survival.13 Ibrutinib also
inhibits interleukin-2–inducible T-cell kinase (ITK); im-
mune reactivity toward healthy tissues is driven in part by
ITK-mediated activation of T-cell subsets.14,15 By inhib-
iting BTK and ITK, ibrutinib can be beneficial for cGVHD,
with previous studies demonstrating that ibrutinib is tol-
erable and efficacious in patients with relapsed chronic
lymphatic leukemia after allo-HCT.15
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The phase III, randomized, double-blind, placebo-
controlled iNTEGRATE study (PCYC-1140; Clinical-
Trials.gov identifier: NCT02959944) evaluated the safety
and efficacy of ibrutinib in combination with corticosteroids
in previously untreated patients with cGVHD. Here, we
present the primary and final analyses from the randomized
arms of the iNTEGRATE study.

METHODS

Study Design

iNTEGRATE was a phase III, double-blind, randomized,
placebo-controlled,multicenter, international study designed
to assess the safety and efficacy of ibrutinib-prednisone
versus placebo-prednisone in patients with new-onset
cGVHD. Patients age $ 12 years with moderate or severe
cGVHD (defined by 2014 National Institutes of Health [NIH]
Consensus Development Project criteria16) and a need for
systemic treatment with corticosteroids were eligible. Pa-
tients with prior systemic treatment for cGVHD were ineli-
gible, but patients who had received other prophylaxis
immunosuppressants or treatment of acute graft-versus-host
disease were eligible. Full inclusion and exclusion criteria are
in the Data Supplement. Patients were randomly assigned
1:1 to receive ibrutinib 420 mg once daily plus prednisone
starting at 1 mg/kg once daily or placebo plus prednisone
starting at 1 mg/kg once daily. Random assignment between
arms was stratified according to age group (12 to , 22 years
v $ 22 years), per NIH Global Severity grade (moderate
v severe), and by ongoing use of systemic immunosuppres-
sants initiated for treatment or prophylaxis of acute graft-versus-
host disease. Ibrutinib or placebo was administered until
cGVHD progression, relapse of underlying malignancy, initia-
tion of another systemic cGVHD treatment, or unacceptable
toxicity. Prednisone was administered until unacceptable

toxicity or tapered as clinically indicated with a suggested
6-month taper schedule (Data Supplement). Primary analysis
was conducted after the last patient enrolled completed
48 weeks of follow-up; final analysis was conducted when all
patients had$ 2 years of follow-up. See the Data Supplement
for additional methods. The Protocol (online only) was ap-
proved by participating institutions’ institutional review boards
or independent ethics committees. The study was conducted
according to the principles of the Declaration of Helsinki and
the Good Clinical Practice guidelines from the International
Conference on Harmonisation. All patients provided written
informed consent before screening.

End Points and Assessments

The primary end point was response rate (complete re-
sponse [CR] or partial response [PR]; improvement in $ 1
organ or site without progression in any other organ or site) at
48 weeks per 2014 NIH Consensus Development Project
Criteria.16 Patients were not considered responders at
48 weeks if, at or before the 48-week response assessment,
they started second-line systemic therapy for cGVHD, had
evidence of underlying malignancy progression (indication
for transplant), or withdrew from the study/response as-
sessments. Other end points included event-free survival
(EFS; survival without cGVHD progression, relapse of un-
derlying disease, or start of subsequent cGVHD therapy);
failure-free survival (FFS; survival without relapse of un-
derlying disease, or start of subsequent cGVHD therapy);
duration of response (DOR; time of initial CR or PR until
progression of cGVHD, relapse of underlying disease or start
of subsequent cGVHD treatment, or death); time to with-
drawal of corticosteroids; time to withdrawal of immuno-
suppressants, excluding and including ibrutinib; and
improvement of Lee cGVHD Symptom Scale (LSS) score ($
7-point decrease on $ 2 consecutive visits), overall survival

CONTEXT

Key Objective
Chronic graft-versus-host disease (cGVHD) is a potentially life-threatening complication of allogeneic hematopoietic cell

transplantation. Corticosteroids have been the standard first-line treatment for cGVHD, but their long-term use con-
tributes to morbidity. An unmet need for non–steroid- or steroid-sparing treatment options to improve cGVHD patient
outcomes remains since there are no approved alternative therapies for previously untreated cGVHD.

Knowledge Generated
To our knowledge, the iNTEGRATE study represents the first prospective, randomized, double-blind, placebo-controlled

phase III therapeutics trial in previously untreated cGVHD using objective response criteria but demonstrated no benefit
of ibrutinib-prednisone therapy in this clinical setting.

Relevance (C.F. Craddock)
This study confirms the feasibility of delivering a randomized trial in untreated cGVHD using objective response criteria but

failed to identify any improvement in outcomes using ibrutinib-prednisone therapy. Novel agents with potential to improve
outcomes in this area of unmet medical need are required.*

*Relevance section written by JCO Associate Editor Charles F. Craddock, MD.

Journal of Clinical Oncology 1877
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(OS), and safety. EFS was analyzed (in addition to FFS) to
address regulatory agency requests for objective measures
of response in evaluation of efficacy. All patients completed
the LSS assessments at screening and at each cGVHD
assessment and response follow-up visit.

Statistical Analysis

The study was powered to detect a 20% difference in re-
sponse rate at 48 weeks between arms at a two-sided alpha
level of 5%, assuming a 30% response rate at 48 weeks for
the placebo-prednisone arm, with a sample size of 186
randomly assigned patients. A chi-square test was used to
compare response rates between the treatment arms. On the
basis of a serial gatekeeping testing strategy, the P values for
all secondary end point analyses were considered nominal
because of a statistically insignificant result from the primary
end point analysis. Efficacy was analyzed in the intent-to-
treat population, defined as all randomly assigned patients.
Safety was assessed in the safety population, which included
patients who received $ 1 dose of study drug (ibrutinib or
placebo). See the Data Supplement for additional methods.

RESULTS

Onehundred ninety-three patients were enrolled, with 95 and
98 patients in the ibrutinib-prednisone and placebo-
prednisone arms, respectively. Baseline demographics and
disease characteristics were generally well balanced between
the arms and are shown in Table 1 (Data Supplement).

Disposition

At final analysis, median follow-up was 33 months (range,
0.03-47.20 months). All patients had discontinued ibrutinib
or placebo per protocol. The most common reasons for
discontinuing ibrutinib or placebo were progressive cGVHD
(n5 22 [23%] and n5 30 [31%]), adverse events (AEs) not
related to progressive cGVHD (n 5 19 [20%] and n 5 16
[16%]), and investigator decision (which included unblinding
at primary analysis; n 5 22 [23%] and n 5 26 [27%]; Data
Supplement, Fig 1). Fifteen patients (8%) discontinued
ibrutinib (n 5 13) or placebo (n 5 2) because of study
closure. Six patients (3%) discontinued study ibrutinib and
continued ibrutinib treatment on a long-term access study.
Patients in the ibrutinib-prednisone arm received 4.9 g
(mean; median, 4.2 g; range, 0-18 g) of prednisone on study;
patients in the placebo-prednisone arm received 5.4 g
(mean; median, 4.1 g; range, 0-22 g) on study.

Response

Response rate after 48 weeks (primary end point) was 41%
for ibrutinib-prednisone and 37% for placebo-prednisone
(P 5 .54; Table 2). Among responders, nine (9%) and six
(6%) patients achieved a CR in the ibrutinib-prednisone
and placebo-prednisone arms, respectively. Additional
follow-up at 96 weeks demonstrated response rates of 27%
(ibrutinib-prednisone) and 22% (placebo-prednisone;
P 5 .43); 13 patients (14%) and nine patients (9%),

TABLE 1. Demographics and Clinical Characteristics of Patients at Baseline

Characteristic

Ibrutinib-
Prednisone
(n 5 95)

Placebo-
Prednisone
(n 5 98)

Age, years, median (range) 51 (13-72) 56 (18-76)

Male, No. (%) 61 (64) 65 (66)

Race, No. (%)a

American Indian/Alaska Native 1 (1) 0

Asian 27 (28) 19 (19)

Black or African American 6 (6) 4 (4)

Multiple 1 (1) 1 (1)

Native Hawaiian/Pacific Islander 1 (1) 0

Unknown 12 (13) 16 (16)

White 47 (49) 58 (59)

Type of transplant, No. (%)

Myeloablative 53 (56) 48 (49)

Nonmyeloablative 43 (45) 50 (51)

HLA matching of cell graft and type of donor,
No. (%)b

Matched, related 32 (34) 38 (39)

Matched, unrelated 40 (42) 38 (39)

Partially matched, related 13 (14) 14 (14)

Partially matched, unrelated 11 (12) 9 (9)

Stem cell source, No. (%)

Cord blood 4 (4) 1 (1)

Bone marrow 8 (8) 8 (8)

Peripheral stem cells 84 (88) 90 (92)

Time from transplant to cGVHD diagnosis,
months, median (range)

8 (1-73) 8 (3-88)

Time from cGVHD diagnosis to random
assignment, months, median (range)

0.4 (0-40) 0.4 (0-26)

NIH global cGVHD severity grade, No. (%)

Moderate 55 (58) 56 (57)

Severe 40 (42) 42 (43)

History of prophylactic GVHD treatment,
No. (%)

Yes 85 (89) 88 (90)

No 10 (11) 10 (10)

History of acute GVHD treatment, No. (%)

Yes 50 (53) 55 (56)

No 45 (47) 43 (44)

Ongoing use of systemic immunosuppressants,
No. (%)

Yes 50 (53) 56 (57)

No 45 (47) 42 (43)

Karnofsky performance status score (range),
No. (%)

$ 80 83 (87) 87 (89)

, 80 12 (13) 11 (11)

(continued on following page)
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respectively, reported a CR at 96 weeks (Data Supple-
ment). The Data Supplement shows responses by organ
involvement. Although organ-specific responses were not
prespecified end points and this study was not designed to
assess them comprehensively, a reduced best overall re-
sponse was observed in liver and lower gastrointestinal tract
in patients treated with ibrutinib-prednisone.

EFS and FFS

Median EFS was 15 months (95% CI, 6 to 27) for ibrutinib-
prednisone and 8 months (95% CI, 6 to 13) for placebo-
prednisone (hazard ratio [HR], 0.76; 95% CI, 0.54 to 1.07;
P 5 .11; Fig 2A). For EFS analysis, the earliest event for
each patient was captured and included cGVHD pro-
gression (n 5 26 [27%] v 43 [44%]), initiation of subse-
quent cGVHD treatment (n 5 18 [19%] v n 5 21 [21%]),
death (n 5 10 [11%] v n 5 1 [1%]), and relapse of un-
derlying malignancy (n5 5 [5%] v n5 8 [8%]) for ibrutinib-
prednisone and placebo-prednisone, respectively. The 24-
month EFS estimates for ibrutinib-prednisone and placebo-

prednisone were 43% (95% CI, 32 to 53) and 28% (95%
CI, 19 to 37), respectively (Figs 2B and 2C).

Median FFS was 16 months (95% CI, 8 to 29) for ibrutinib-
prednisone and 9 months (95% CI, 7 to 18) for placebo-
prednisone. The 12-month FFS estimates were 56%
(95%CI, 45 to 66) and 47% (95%CI, 37 to 57), respectively.
The 24-month FFS estimate was 45% (95% CI, 35 to 55) for
ibrutinib-prednisone and 33% (95% CI, 23 to 42) for
placebo-prednisone (Fig 2D).

Duration of Response

In patients with a CR or PR at any time during the study,
median DOR was 19 months (95% CI, 7 to not evaluable)
for ibrutinib-prednisone and 10 months (95% CI, 6.5 to 17)
for placebo-prednisone (P 5 .10). The 24-month DOR
estimate was 45% (95% CI, 33 to 56) and 32% (95% CI,
22 to 42), respectively (Fig 2E).

Overall Survival

The estimated 24-month OS rates were similar between
treatments (80% in each arm; Fig 2F); median OS was not
reached in either arm (HR, 1.06; 95%CI, 0.59 to 1.90). At final
analysis, 23patients (24%) in the ibrutinib-prednisone armand
22 patients (22%) in the placebo-prednisone arm had died.

Improvement of LSS Scores

Over time, LSS scores improved from baseline in both
arms. The proportion of patients with $ 7-point score
improvement on $ 2 consecutive visits was 43% (n 5 41)
in the ibrutinib-prednisone arm and 31% (n 5 30) in the
placebo-prednisone arm (P 5 .07). Although unblinding
(after final patient reached 48-week response evaluation)
is a potential study limitation, assessment of the LSS end
point, which is most potentially subject to this limitation
(rates of LSS score improvement), showed similarity before
unblinding (39% ibrutinib-prednisone; 27% placebo-
prednisone) with rates after unblinding.

Time to Withdrawal of Immunosuppressants

and Corticosteroids

Among patients receiving ibrutinib-prednisone, with-
drawal of corticosteroids was observed in 47% compared
with 39% of patients receiving placebo-prednisone
(P 5 .28). In the ibrutinib-prednisone and placebo-
prednisone arms, 41% and 46% of patients, respec-
tively, had a reduction in prednisone to, 0.15 mg/kg/d at
24 weeks that was sustained for $ 30 days. Withdrawal of
all immunosuppressants, excluding ibrutinib or placebo,
was observed in 39% and 31% of patients receiving
ibrutinib-prednisone and placebo-prednisone, respec-
tively (P 5 .22). Withdrawal of all immunosuppressants,
including ibrutinib or placebo, was observed in 17 (18%)
and eight (8%) patients in the ibrutinib-prednisone and
placebo-prednisone arms, respectively (P 5 .03). At
24 months, cumulative incidence of withdrawal of all
immunosuppressants, including ibrutinib, was 0.17%
(95% CI, 0.10 to 0.26) in the ibrutinib-prednisone arm

TABLE 1. Demographics and Clinical Characteristics of Patients at Baseline
(continued)

Characteristic

Ibrutinib-
Prednisone
(n 5 95)

Placebo-
Prednisone
(n 5 98)

Organs involved, No. (%)

1 6 (6) 3 (3)

2 20 (21) 15 (15)

3 25 (26) 38 (39)

4 19 (20) 18 (18)

5 14 (15) 10 (10)

6 7 (7) 10 (10)

7 4 (4) 2 (2)

8 0 2 (2)

Baseline cGVHD involvement by organ,
No. (%)

Skin 71 (75) 77 (79)

Mouth 79 (83) 74 (76)

Eye 61 (64) 61 (62)

Liver 28 (29) 26 (27)

Upper GI 26 (27) 22 (22)

Esophagus 24 (25) 18 (18)

Joints/fascia 21 (22) 31 (32)

Lung 18 (19) 30 (31)

Lower GI 9 (9) 20 (20)

Abbreviations: cGVHD, chronic graft-versus-host disease; GVHD, graft-versus-
host disease; NIH, National Institutes of Health.

aRace was self-reported.
bPatient with multiple transplants reported on the same day under different donor

relation and HLA matching status; ibrutinib-prednisone arm (n5 96) and placebo-
prednisone arm (n 5 99).

Journal of Clinical Oncology 1879
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and 0.08% (95% CI, 0.03 to 0.14) in the placebo-
prednisone arm. Kaplan-Meier curves show a trend to-
ward faster withdrawal of immunosuppressants and
corticosteroids (Figs 3A-3C).

Safety

At the time of data cutoff, median treatment duration for
ibrutinib-prednisone was 5 months (range, 0-44 months) for

ibrutinib and 5 months (range, 0-34 months) for prednisone.
For placebo-prednisone, median treatment duration was
6 months (range, 0-36 months) for placebo and 6 months
(range, 0-44 months) for prednisone. The median relative
ibrutinib dose intensity was 100%, defined as total cumulative
dose administered divided by total dose expected. Over the
prednisone treatment duration, 4 g of prednisone (median total
dose) was received in both arms (range in ibrutinib-prednisone
arm, 0-18 g; range in placebo-prednisone arm, 0-22 g).

In the safety population, 99% of patients in each arm ex-
perienced treatment-emergent AEs (TEAEs) of any grade
(ibrutinib-prednisone, n 5 93/94; placebo-prednisone,
n 5 95/96). Grade $ 3 TEAEs occurred in 64 patients in
each arm (68% ibrutinib-prednisone; 67% placebo-
prednisone). The most common any-grade TEAEs in each
arm included insomnia (28% and 19%), peripheral edema
(27% and 15%), and cough (21% and 30%). TEAE data are
summarized in Figure 4 and Table 3. TEAEs of clinical in-
terest (grade $ 3) that occurred in each arm included op-
portunistic infections (6% and 2%), hyperglycemia (4% and
7%), hypertension (5% and 5%), major hemorrhage (3%
and 4%), atrial fibrillation (2% and 2%), and cardiac arrest
(1% and 1%; Data Supplement).

Serious AEs occurred in 49 patients (52%) in the ibrutinib-
prednisone arm and 47 patients (49%) in the placebo-
prednisone arm. Twenty-six patients in each arm experienced
serious AEs that were considered by the investigator to be
corticosteroid-related (28% ibrutinib-prednisone; 27%
placebo-prednisone).

In the ibrutinib-prednisone arm, nine (10%) patients ex-
perienced an AE leading to ibrutinib dose reduction. In the
placebo-prednisone arm, 11 patients (11%) experienced

(n = 22)
(n = 22)
(n = 19)
(n = 13)
(n = 8)
(n = 2)
(n = 3)
(n = 4)
(n = 1)

NIH-defined cGVHD progression (PD)
Investigator decision
AE not related to PD
Study terminated by sponsor
Withdrawal by patient
Initiation of another cGVHD 
Progression/relapse of underlying disease
Deathb

Loss to follow-up

Discontinued ibrutinib (n = 94)

Patients randomly assigned (N = 193; intent-to-treat population)

Randomly assigned to placebo-prednisone (n = 98)Randomly assigned to ibrutinib-prednisone (n = 95)

Did not receive ibrutinib

(n = 1)

Received ibrutinib

(n = 94)
Did not receive placeboa

(n = 2)

Received placebo

(n = 96)

NIH-defined cGVHD progression (PD)
Investigator decision
AE not related to PD
Withdrawal by patient
Initiation of another cGVHD 
Progression/relapse of underlying disease
Study terminated by sponsor
Deathb

(n = 30)
(n = 26)
(n = 16)
(n = 10)
(n = 6)
(n = 5)
(n = 2)
(n = 1)

Discontinued placebo (n = 94)

FIG 1. CONSORT diagram of ibrutinib disposition. aReasons for not receiving the study drug were hyper-
bilirubinemia, relapse of malignant disease, and withdrawal of consent. bDeaths are listed as reasons for dis-
continuation of study drug. AE, adverse event; cGVHD, chronic graft-versus-host disease; ibr, ibrutinib; NIH,
National Institutes of Health; PD, progressive disease.

TABLE 2. Response Rates at 48 Weeks (intent-to-treat population)

Response

Ibrutinib-
Prednisone
(n 5 95)

Placebo-
Prednisone
(n 5 98)

Response at 48 weeks, No. (%) 39 (41) 36 (37)

CR 9 (9) 6 (6)

PR 30 (32) 30 (31)

SD 4 (4) 2 (2)

PD 23 (24) 34 (35)

cGVHD flare 1 (1) 3 (3)

Not evaluablea 28 (30) 23 (23)

Difference in response rates
between the two arms at
48 weeks (95% CI)

0.04 (‒0.09 to 0.18)

P .54

Abbreviations: cGVHD, chronic graft-versus-host disease; CR,
complete response; PD, progressive disease; PR, partial response; SD,
stable disease.

aReasons included death, initiation of subsequent therapy, relapse
of underlying disease, or no responses available at or after 48 weeks. Of
the inevaluable patients, seven of 28 (7%) and three of 23 (3%) had no
response available at 48 weeks. Given the small number of patients
missing response data, there is likely little impact on the primary end
point.
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FIG 2. (A) EFS for all patients, (B) EFS and cumulative incidence of competing events in the ibrutinib-prednisone arm, (C) EFS and cumulative incidence of
competing events in the placebo-prednisone arm, and (D) FFS, (E) DOR, and (F) OS in the two treatment arms. End points evaluated with 6 months of
additional follow-up after primary analysis (median follow-up, 33 months [range, 0.03-47.20]). aA total of 18 fatal AE events were reported, and 11 total
deaths (including AEs and non-AEs) were events for the EFS analysis. Nine of the 18 fatal AE events (ibrutinib-prednisone n5 4; placebo-prednisone n5 5)
were not captured as death events in the EFS analysis because they occurred after other preceding events (such as relapse, initiation of subsequent cGVHD
treatment, or cGVHD progression). Conversely, of the 11 total EFS death events, two (in the ibrutinib-prednisone arm) were not considered fatal AE events
because they occurred after the prespecified AE treatment-emergent period but were not preceded by any other EFS event. AE, adverse event; cGVHD,
chronic graft-versus-host disease; DOR, duration of response; EFS, event-free survival; FFS, failure-free survival; HR, hazard ratio; K-M, Kaplan-Meier; NE,
not estimable; OS, overall survival; PD, progressive disease.
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an AE leading to placebo dose reduction. Twenty-two
patients (23%) experienced an AE leading to discontinu-
ation of ibrutinib. In the placebo-prednisone arm, 27 pa-
tients (28%) experienced an AE leading to discontinuation
of placebo. AEs leading to dose reduction or discontinu-
ation are summarized in the Data Supplement. Fatal AE
events were reported for 12 patients (13%) in the ibrutinib-
prednisone arm and six patients (6%) in the placebo-
prednisone arm (Data Supplement).

DISCUSSION

Several phase III studies have evaluated treatment of new-
onset cGVHD17-23; of these, only two were randomized and
double-blinded,17,21 and neither used objective response
criteria. In the randomized controlled trial reported by
Martin et al,21 mycophenolate mofetil plus steroids showed
statistically insignificant benefit (treatment success rate of
23% v 18% in control arm, determined by withdrawal of
systemic immunosuppression and resolution of reversible
cGVHD manifestations) and an estimated HR of death of
1.99. To our knowledge, the iNTEGRATE study represents
the first prospective, randomized, double-blind, placebo-
controlled phase III trial of a therapeutic agent in previously
untreated cGVHD using objective response criteria. The
response rate at 48 weeks was not different in patients
receiving ibrutinib-prednisone compared with placebo-
prednisone. Secondary end points of EFS, DOR, and im-
provement in overall LSS scores in $ 2 consecutive visits
also did not differ. Withdrawal of all immunosuppressants,
including ibrutinib or placebo, was observed in significantly
more patients treated with ibrutinib-prednisone than in
those treated with placebo-prednisone. OS was similar
between the two study arms. Safety was consistent with the

known profiles of ibrutinib, corticosteroids, and the un-
derlying condition of cGVHD; no new safety signals were
identified.

Response rate at 48 weeks has been identified as the most
reliable indicator of long-term treatment success.24 Com-
pared with the 1-year FFS reported in Martin et al21 (esti-
mated at approximately 15%), the 12-month FFS in the
current study (ibrutinib-prednisone, 56%; placebo-
prednisone, 47%) was higher in both arms, as was the
response at 48 weeks (ibrutinib-prednisone, 41%; placebo-
prednisone, 37%). Thismay be accounted for by differences
in trial design or consistency of follow-up. The FFS reported
here is consistent with that reported by Inamoto et al25 (54%
at 12 months), and is slightly higher in both arms compared
with that reported in BMT-CTN-0801 (46.2%-48.6% at
2 years).26 By contrast, a recent single-center retrospective
study of ibrutinib in adults with steroid-refractory cGVHD
reported a median FFS of 4.5 months and a 2-year FFS rate
of 9%.27 The disparities in FFS between studies are likely
attributable to various factors, such as differences in patient
population and trial design; the inclusion of a placebo control
is a particular strength of this study that adds context for
interpretation of these results.

OS at 2 years was similar in both arms to the BMT-CTN-
0801 trial, which also included patients with mild cGVHD26;
although not directly comparable; OS was also consistent
with previously reported 5-year rates of 67%-72%.20

Unblinding of the study after the last subject reached
48 weeks is a limitation that prevents late time point analysis
but was necessary as the primary end point was not met. We
note that 24-month landmark estimate for EFS at primary
analysis was 43.3% for ibrutinib-prednisone and 23.8% for
placebo-prednisone (P 5 .08). At final analysis, these
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FIG 4. Most common any-grade treatment-emergent adverse events (occurring in $ 15% of patients in the ibrutinib-prednisone or placebo-prednisone
arm).
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estimates were 42.7% versus 27.6% (P5 .11). The P value
for DOR was 0.10 at both primary analysis and final analysis,
and OS remains a valid end point not subject to bias related
to therapy changes or AE reporting. Perhaps, future cGVHD
studies should test primary end points determined after
longer periods of treatment.

Because individual organ response assessments were
truncated at the time of progression of any evaluated organ
per the NIH definition of overall progressive disease, the
reduced best overall response observed in liver and lower
gastrointestinal tract in patients in the ibrutinib-prednisone

arm likely reflects initial responses to high dose corticoste-
roids. Therefore, the relative contribution of ibrutinib is not
clear.

In relapsed/refractory cGVHD settings, ibrutinib has
demonstrated sustained single-agent efficacy, safety, and
improvements in patient-reported outcomes in long-term
follow-up of 2 years.28 Additional agents being evaluated
in this setting include belumosudil, an inhibitor of Rho-
associated coiled-coil-containing protein kinase-2, which
was recently approved in the United States for adult and
pediatric patients age $ 12 years after failure of $ 2 lines

TABLE 3. Overview of AEs and Summary of Most Common AEs ($ 15% of patients in either arm)
AE Summary Ibrutinib-Prednisone (n 5 94), No. (%) Placebo-Prednisone (n 5 96), No. (%)

Patients with any TEAE 93 (99) 95 (99)

Grade $ 3 64 (68) 64 (67)

Patients with any ibrutinib/placebo-related AE 67 (71) 57 (59)

Grade $ 3 35 (37) 27 (28)

Patients with any corticosteroid-related AE 72 (77) 76 (79)

Grade $ 3 34 (36) 35 (36)

Patients with any AE leading to discontinuation of study treatment 23 (24) 28 (29)

Ibrutinib/placebo 22 (23) 27 (28)

Corticosteroid 10 (11) 9 (9)

Patients with any SAE 49 (52) 47 (49)

Grade $ 3 46 (49) 45 (47)

Treatment-related SAEs 29 (31) 27 (28)

Ibrutinib/placebo 26 (28) 18 (19)

Corticosteroid 26 (28) 26 (27)

AE Summary
Any Grade,
No. (%)

Grade 3/4,
No. (%)

Grade 5,
No. (%)

Any Grade,
No. (%)

Grade 3/4,
No. (%)

Grade 5,
No. (%)

Insomnia 26 (28) 1 (1) 0 18 (19) 0 0

Peripheral edema 25 (27) 0 0 14 (15) 1 (1) 0

Cough 20 (21) 0 0 29 (30) 0 0

Thrombocytopenia 18 (19) 8 (9) 0 15 (16) 7 (7) 0

Muscle spasms 17 (18) 0 0 16 (17) 0 0

Diarrhea 16 (17) 2 (2) 0 14 (15) 2 (2) 0

Fatigue 16 (17) 0 0 18 (19) 2 (2) 0

Vomiting 16 (17) 1 (1) 0 8 (8) 0 0

Upper respiratory tract infection 15 (16) 0 0 13 (14) 0 0

Dyspnea 9 (10) 2 (2) 0 15 (16) 1 (1) 0

Pyrexia 8 (9) 0 0 19 (20) 2 (2) 0

Alanine aminotransferase increased 7 (7) 0 0 17 (18) 5 (5) 0

Constipation 7 (7) 2 (2) 0 14 (15) 0 0

Hyperglycemia 6 (6) 4 (4) 0 15 (16) 7 (7) 0

Aspartate aminotransferase increased 1 (1) 0 0 14 (15) 3 (3) 0

NOTE. Listed by decreasing frequency in the ibrutinib-prednisone arms.
Abbreviations: AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event.
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of systemic therapy.29 The Janus kinase inhibitor rux-
olitinib was recently approved in the United States for
cGVHD treatment on the basis of the results of an open-label
randomized phase III trial in patients with corticosteroid-
refractory cGVHD.30,31 Ruxolitinib has demonstrated im-
provements in overall response rate compared with best
available therapies in patients with steroid-resistant cGVHD.
Direct comparisons of efficacy across trials are not possible
because of significant differences in study design, as
demonstrated by the large difference in CR rates obtained
with ruxolitinib (6.7% at 24 weeks) compared with ibrutinib
(21% at 1 year).28,30 The disparity between response rates to
ibrutinib reported in REACH3 versus the phase Ib/II PCYC-
1129 study (22% v 67%) highlights the importance of using
appropriate placebo controls when relying on relatively
subjective response criteria such as the 2014 NIH Con-
sensus Development Project Criteria.16,30 To our knowledge,
no therapy has yet been proven to be superior to standard of
care in a placebo-controlled trial, as first- or second-line
treatment for cGVHD. Additional studies are needed to
identify patients who may benefit from specific targeted
therapies and further refine the best use of new steroid-
sparing agents in the course of disease. For example, given
the ability of ibrutinib to inhibit both BTK and ITK (in contrast
to other BTK inhibitors actively under study for cGVHD
[ClinicalTrials.gov identifier: NCT04198922]), earlier use of
ibrutinib may interrupt the adaptive immunity feedback loop
that contributes to cGVHD development. Future studies of
ibrutinib could use alternative study designs aimed at quickly
reducing corticosteroid therapy and/or providing steroid-
sparing therapy. A mandated steroid taper challenge
might elucidate potential clinical benefits.

The safety of combining immunosuppressants in an al-
ready immunocompromised host was of primary interest in
this study. The safety data generated in this randomized
controlled trial may be clinically applicable to the use
of ibrutinib in relapsed/refractory cGVHD. Ibrutinib-
prednisone and placebo-prednisone had similar safety
profiles, with similar proportions of patients experiencing
grade $ 3 AEs. Although the rates of fatal TEAEs were

higher in the ibrutinib-prednisone arm compared with the
placebo-prednisone arm, rates of opportunistic infection,
hypertension, atrial fibrillation, cardiac arrest, and OS were
similar in each arm. Overall, the safety profile of ibrutinib in
cGVHD is consistent with that observed in RESONATE-2, a
long-term study in chronic lymphatic leukemia that
demonstrated a decline in rates of most AEs over long-term
follow-up.32,33

cGVHD remains a challenging disease to study because of
its protean, often subjective manifestations and assess-
ment methods. This placebo-controlled trial, one of the
most rigorous ever conducted in cGVHD, demonstrated no
difference in NIH-graded response at 48 weeks. None-
theless, positive trends in other end points, for example,
withdrawal of immunosuppression and patient-reported
outcomes, support the refinement of the tools used to
assess the efficacy of interventions for cGVHD. Overlap
between nominal score categories using the NIH Con-
sensus Project Criteria16 may have a limited ability to dis-
cern smaller-scale improvements during the first year of
treatment. Similarly, improvements over a prolonged period
require larger subject size and longitudinal comparison of
symptoms compared with baseline, which can be chal-
lenging to perform accurately and objectively in clinical
practice, especially in the setting of corticosteroids. Co-
administration of prednisone may have affected study
outcomes. The 9-month steroid taper schedule could po-
tentially have been shortened to a 6-month challenge to
better assess the effect of ibrutinib versus placebo. Finally,
the end point of EFS, which incorporates NIH-defined
progression into the existing FFS approach, may repre-
sent a useful and clinically relevant end point for evaluation
of efficacy in future cGVHD studies. A head-to-head trial
comparing ibrutinib with prednisone could elucidate
beneficial effects of ibrutinib as a single agent in the
treatment of cGVHD, potentially reducing the toxic effects
of corticosteroids. Additionally, future studiesmay elucidate
the clinical and laboratory markers that predict response to
therapy, and the impacts of timing and/or therapeutic
combinations on efficacy and safety outcomes.
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