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Pegylated interferon-2a invokes graft-versus-leukemia effects in patients
relapsing after allogeneic stem cell transplantation
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m Allogeneic stem cell transplantation (SCT) is a curative therapy for patients with
hematological malignancies related largely to an immunological graft-versus-leukemia (GVL)
* Peg-IFNa is tolerated effect mediated by donor T cells and natural killer cells. Relapse of disease after SCT
and induces disease
response in patients

who relapse after
allogeneic SCT.

represents failure of GVL and is now the major cause of treatment failure. We sought to
augment GVL effects in patients (n = 29) relapsing after SCT in a prospective phase I/II
clinical trial of dose-escalated pegylated interferon-2a (peg-IFNa). The administration of
peg-IFNa after reinduction chemotherapy, with or without subsequent donor lymphocyte
* Increased pretreatment infusion (DLI), resulted in a 2-year overall survival (OS) of 31% (95% confidence interval,
MAIT and pDC p.ropor- 17.3%-49.2%), which rejects the null hypothesis of 7% generated by observations in an
o viste phoskig institutional historical cohort. As expected, peg-IFNa was associated with graft-versus-host

with bettfer disease (GVHD) and hematological toxicity, which was manageable with scheduled dose
progression-free and

overall survival after
peg-IFNa treatment.

modifications. Progression-free survival (PFS) was greatest in patients who experienced
GVHD, although the majority of those patients still eventually progressed. Higher PFS and
OS were associated with pretreatment proportions of immune cell populations with
regulatory function, including mucosal invariant T cells, regulatory T cells, and
plasmacytoid dendritic cells, independent of any association with GVHD. Peg-IFN«
administration after relapse thus constitutes a logical strategy to invoke GVL effects and
should be studied in a larger, multicenter cohort. This trial was registered at www.anzctr.
org.au as #ACTRN12612000728831.

Introduction

Allogeneic hematopoietic stem cell transplantation (SCT) offers a cure for patients with high-risk
hematological malignancies; however, relapse of primary disease remains the major cause of treatment
failure and confers a dismal prognosis for survival. Center for International Blood and Marrow Transplant
Research data show that beyond 100 days after transplantation, relapse is the cause of death in 58%
of recipients of HLA-matched sibling transplants and 47% of unrelated donor transplant recipients.’
Aside from novel and targeted therapies, a core principle in treatment of relapse after SCT is to
promote immunological graft-versus-leukemia (GVL) effects. Cessation of posttransplant immune
suppression and donor lymphocyte infusion (DLI) are often employed in patients without graft-versus-
host disease (GVHD) or a second transplant.? Reinduction chemotherapy causes cytoreduction of
malignant cells but is also highly immunosuppressive.>* Despite these strategies, long-term survival
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after relapse remains the exception rather than the rule. At our
institution a historic control cohort treated with a combination of
cytoreduction alone or cytoreduction followed by DLI did not result
in differential survival between groups, and outcomes were
universally poor, with 2-year overall survival of <10%.% Experience
in other institutions® is similar, highlighting the need for alternative
treatments.

Preclinical work carried out by Robb et al” identified type |
interferons (IFNs) as important mediators of both GVL and
GVHD, with protection from GVHD effected through reduction of
Th1- and Th17-mediated effects in the gastrointestinal tract and
augmentation of GVL through CD8™ T cells and natural killer (NK)
cells. Type | IFNs are established therapies for treatment of
myeloproliferative neoplasms® and can reverse senescence in
hematopoietic and leukemic stem cells.® Type | IFNs have been
used in other settings after allogeneic stem cell transplantation,
including in combination with donor lymphocyte infusions for
chronic myeloid leukemia and in minimal residual disease
states.’®"? Other case reports'® and small series’* have provided
clinical grounds for prospective evaluation of IFN in the context of
relapse after transplantation; however, use of standard type | IFN
preparations have resulted in significant toxicity.'® Given this
mechanistic and existing clinical rationale, in addition to availability
of a pegylated product (pegylated IFNa [peg-IFNa]) with favorable
pharmacokinetic and toxicity profiles, we hypothesized that peg-
IFNa would invoke clinically meaningful GVL effects in patients
relapsing after SCT.

Methods

A single-arm phase I/ll trial was performed at the Royal Brisbane
and Women's Hospital after institutional ethics approval. The study
protocol is available in the supplemental Material. Adult patients
with relapse of any disease after allogeneic SCT were eligible; 29
patients were needed and recruited, such that the study was
powered at 80% to detect an improvement in 2-year overall survival
(OS) from a historical institutional level of 7%° (null hypothesis) with
a 2-sided a value of 5%, where the alternate hypothesis was
a 2-year OS of 40%. Patients received cytoreduction, typically with
fludarabine, cytosine arabinoside, and G-CSF (FLAG),'® followed
by addition of a weekly escalating dose of peg-IFNa (Pegasys;
Roche) from day 21 or at white blood cell and platelet recovery, in
the absence of grades Il to IV acute GVHD or progressive/extensive
stage chronic GHVD. The initial dose of peg-IFNa was 45 g,
escalating weekly as tolerated, up to 180 pg for 6 months, with
dose adjustment in the setting of expected side effects and adverse
effects, including cytopenias and GVHD. Systemic steroid (1 mg/kg)
was permitted for treatment of GVHD. In the absence of GVHD at 6
weeks, patients were permitted concurrent, monthly DLI in a dose-
escalating fashion. Standard institutional, antimicrobial prophylaxis
was provided. Details are available in the trial protocol in the
supplemental Material.

Secondary end points included progression-free survival (PFS),
adverse event (AE), and safety profile and incidence of GVHD.'”
PFS was defined as first dose of peg-IFNa to relapse, and OS
was defined as first dose to death. Correlative studies included
enumeration and functional characterization of immune cell
populations, including T, B, dendritic, NK, and mucosal-
associated invariant T (MAIT)—cell populations. Kaplan-Meier
survival analysis was performed with Prism 7 for Windows
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Table 1. Patient characteristics

Characteristic (n = 29) Data
Sex, n (%)
Female 10 (34.5)
Male 19 (65.5)
Age (mean), y 20-66 (46.3)
Primary disease, n (%)
AML 13 (44.9)
ALL 5(17.3)
CML 1(34)
MDS 6 (20.8)
HL 1(3.4)
MF 1(3.4)
NHL 1(3.4)
PMF 1(3.4)
Time to trial entry post HPCT (mean), y 0.35-11.6 (1.89)
<6 mo, n (%) 6 (20.7)
6-12 mo, n (%) 6 (20.7)
>12 mo, n (%) 17 (58.6)
Source, n (%)
SIB 13 (45.0)
VuD 16 (55.0)
Conditioning, n (%)
Cy TBI 12 (42.0)
Flu Mel 17 (58.0)

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid
leukemia; Cy TBI, cyclophosphamide plus total body irradiation; Flu Mel, fludarabine plus
melphalan; HL, Hodgkin lymphoma; MDS, myelodysplastic syndrome; MF, mycosis
fungoides; NHL, non-Hodgkin lymphoma; PMF, primary myelofibrosis; SIB, sibling; VUD,
volunteer unrelated donor.

(version 7.02; 13 September 2016). Generalized logistic regres-
sion and Cox proportional hazard analysis were performed with JMP
Pro 14.0.0 (SAS Institute).

Results

Patient characteristics are described in Table 1. Mean age was
46 years, and 66% were male. Primary diseases included acute
myeloid leukemia (45%), myelodysplastic syndrome (21%), and
acute lymphoblastic leukemia (17%), with myeloproliferative neo-
plasm and Hodgkin and non-Hodgkin lymphomas, comprising the
most of the remainder. Forty-five percent of patients had received
a sibling donor transplant, and the remainder volunteer unrelated-
donor transplants, including 6 receiving a graft with some degree of
mismatch. Some of the patients (58%) were conditioned with
fludarabine and melphalan and the remainder with cyclophospha-
mide and total body irradiation. The average time from SCT to study
entry was 1.89 years (range, 0.35-11.6).

The 2-year OS was 31%, with a median survival of 330 days at
a median follow-up of 1119 days (Figure 1A). This result success-
fully3 rejects the null hypothesis (P < .0001; 95% CI 17.3%-
48.2%). The 2-year PFS was 24% (median, 184 days) at a median
follow-up of 1502 days (Figure 1B). Eighteen patients developed
GVHD, and OS at 2 years for those patients was 38% (Figure 1C),
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Figure 1. Survival. (A) Median OS, 330 days, and 2-year 31% OS at median follow-up of 1119 days. (B) Median PFS, 184 days, and 2-year 24% PFS at median follow-up of
1502 days. (C) OS stratified by occurrence of GVHD after treatment with peg-IFNa. P = .166. Median survival 460 days for GVHD and 235 for no GVHD. (D) PFS stratified
by occurrence of GVHD after treatment with peg-IFNa.. P = .024. Median PFS 283 days for GVHD and 43 for no GVHD. (E) OS stratified by myeloid or nonmyeloid
malignancies. P = .6226. Median survival 341 days for myeloid disease and 303 for nonmyeloid. (F) PFS stratified by disease as for panel E. P = .56999. Median survival

301 days for myeloid and 134 for nonmyeloid disease. Kaplan-Meier survival curves, with P values calculated using the log-rank (Mantel-Cox) test. *P < .05.

with PFS of 33%, which is significantly better relative to those
patients who did not develop GVHD (P = .024; median survival
GVHD 284 days vs no GVHD 48 days; Figure 1D). The median time
to relapse for patients with GVHD was 187 days and for those
without GVHD was 43 days. Thus, patients who relapsed, did
so with aggressive disease that was unlikely to be permissive of
adequate time in which to generate a meaningful GVHD-associated
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GVL effect (Figure 2). Figure 2 depicts the chronology of GVHD
and relapse after peg-IFNo treatment.

Adverse events (AEs) of only grade 3 or greater'® were reported
that were related to predictable complications in this heavily
pretreated population. Hematological toxicity after FLAG was
similarly not reported, and hematological toxicity secondary to
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Figure 2. GVHD. Swimmer plot demonstrating the
development of GVHD during the trial. Onset, duration,
and classification of GVHD are depicted in addition to
episodes of DLI for each patient on trial. The 6-month
period of treatment with peg-IFN is indicated by the
dotted line. Relapse and death are indicated if they

occurred during the 2-year period depicted.

peg-IFNa was managed by dose adjustment as per protocol. The
average duration of therapy was 13 weeks (range, 2-27 weeks;
median, 12.5). Only 4 patients tolerated peg-IFNa at maximum dose
intensity for the study duration; the remainder required dose
reduction or interruption. Cytopenias were the most common
indication for dose adjustment, followed by GVHD. Eleven patients
(38%) experienced AEs; 2 were fatal: 1 death secondary to sepsis
and 1 to GVHD. Seven AEs (63%) were graded as severe (SAEs).
Only 4 of the AEs and SAEs were considered to be directly linked
to peg-IFNa. GVHD was the most common SAE directly linked to
peg-IFNa. Other AEs and SAEs with possible links included fever
(n = 4), infection (n = 7), pancreatitis (h = 1), and hemolysis (n = 1).
The 7 infectious complications included 3 episodes of lower
respiratory tract infection, 1 episode of fatal septicemia, 1 soft
tissue infection, and 1 combined Clostridium difficile and Crypto-
sporidium infection. One patient had reactivation of CMV requiring
therapy. AEs thought to be unrelated to peg-IFNa included fever
(n = 4), headache (n = 1), and pain (n = 2). Viral infection including
parainfluenza 3, norovirus, respiratory syncytial virus, and adeno-
virus occurred in patients while on peg-IFN, but those infections
were not judged to be directly related to therapy. Proven invasive
fungal infection was not seen, but 1 patient was treated empirically
for such an infection; however, Aspergillus galactomannan (Ag)
was not detected on bronchoalveolar lavage. A dose-adjustment
schedule was provided for psychiatric AEs related to peg-IFN
administration; however, dose adjustment or interruption for this
class of AE was not required during the trial.

GVHD occurred in 18 patients (62%). Onset, duration, and
classification of GVHD are depicted in Figure 2. Fifteen patients
had experienced GVHD before study entry, and 8 of those (53%)
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experienced GVHD on trial. Of the 14 patients who had not had any
GVHD before study entry, 10 (71%) developed GVHD during the
trial. GVHD occurred at a median of 43.5 days (range, 15-168) after
the first dose of peg-IFN. Only 2 patients (7%) developed acute
GVHD, and 1 succumbed to this SAE in the context of disease
relapse. Of the 16 patients who developed chronic GVHD, the
majority had extensive-stage disease (n = 11; 69%), with the
remainder having only limited stage (n = 5; 31%). The skin was the
most commonly involved organ (n = 16; 55%), and the liver was
also seen to be frequently involved, (n = 13; 45%), with infrequent
involvement of the gut (n = 2; 7%) and lung (n = 1; 3%). Two thirds
of patients who developed extensive chronic GVHD responded to
dose adjustment of peg-IFNa and steroid therapy, with resolution
to limited-stage disease in 8 patients (72%). Comparable rates
of GVHD were seen in patients treated with peg-IFN who had
not experienced GVHD after their primary transplant (10 of 14;
71%) compared with patients who had experienced GVHD after
their primary transplant (8 of 15; 53%). Eleven patients were eligible
for and received DLI; of those, 5 (45%) subsequently developed
grade Il or more severe GVHD. Twenty-three of 29 patients had
disease identifiable by a minimal residual disease (MRD) target by
flow cytometry, cytogenesis, fluorescence in situ hybridization, or
polymerase chain reaction. Of these patients, 12 (41%) had residual
disease after reinduction chemotherapy, and disease responses
to peg-IFNa were noted in 6 patients (50%), including 3 (25%)
who became MRD negative. These observations are consistent
with the induction of a GVL effect by peg-IFN. There was no
significant difference in OS or PFS for the 23 patients with an
MRD marker if outcomes were stratified by MRD positivity or
MRD negativity after FLAG chemotherapy (OS: MRD" median
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Figure 3. Logistic regression for biomarkers. (A) Range
hazard ratios and confidence intervals for OS and baseline

proportions of immune biomarkers before therapy with peg-IFNa.

Those with P < .05 are marked in red. (B) Range hazard ratios
for PFS as for panel A. (C) Summary table including significant
range hazard ratios for biomarkers associated with OS and in-
teraction with GVHD. Biomarkers with a nonsignificant P value
for GVHD are predictive of outcome independent of GVHD, and
those with a significant P value for GVHD display significant in-
teraction with this clinical outcome. (D) Summary table for PFS
as for panel C. Generalized logistic regression and Cox pro-
portional hazard analysis were performed with JMP Pro 14.0.0
(SAS Institute).

survival 235 days, MRD ™~ median survival 315.5 days, P = .5072;
PFS: MRD™ median survival 134 days, MRD™ median survival

156 days, P = .6731).
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We sought to determine predictors for response through enumer-
ation and functional characterization of immune cell populations.

Peripheral blood was collected before treatment and at 30-day
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Overall Survival

Hazard ratio, (95% Cl), p value GVHD likelihood ratio effect, p value
MAIT 0.0377 (0.0003 — 0.65982) p=0.0788 GVHD 0.2679, MAIT 0.0048
wcc 0.0615 (0.0026 — 0.8157) p = 0.0326 GVHD 0.2710, WCC 0.0212
pDC 0.1108 (0.0148 — 0.5752) p = 0.0072 GVHD 0.9283, pDC 0.0163
CD4+25+ 0.1587 (0.0212 - 0.8798) p = 0.0343 GVHD 0.2095, 4+25+ 0.0122

D
Hazard ratio, (95% Cl), p value GVHD likelihood ratio effect, p value

MAIT 0.0397 (0.0003 - 0.7422) p = 0.0258 GVHD 0.0784, MAIT 0.0123
Treg 0.1316 (0.0171 - 0.8316) p = 0.0305 GVHD 0.2727, Treg 0.0430
pDC 0.1985 (0.0345 - 0.8704) p = 0.0310 GVHD 0.4989, pDC 0.0686
CD4+25+ 0.1803 (0.0268 - 0.9468) p = 0.0426 GVHD 0.0441, CD4+25+ 0.0116
CD4+EM GzB 4.8184 (Cl 1.0569 — 19.9166) p = 0.0427 GVHD 0.0235, CD4+EM GzB 0.0049
CD8+Eff GzB 10.0564 (1.3461 — 169.3610) p =0.0215 GVHD 0.0002, CD8+Eff GzB <.001
CD8+EM GzB 18.8482 (1.3888 - 599.3999) p = 0.0238 GVHDO0.0013, CD8+EM GzB 0.0002

Figure 3. (Continued).

WCC = white cell count, CD4+25+ =T regulatory T cells, CD4+EM GzB = CD4+ effector memory granzyme B,
CD8+Eff GzB = CD8+ effector granzyme B, CD8+EM GzB = CD8+ effector memory granzyme B

intervals until the end of therapy. Analysis of hazard ratios
demonstrated that increased pretreatment proportions of MAIT
cells and plasmacytoid dendritic cells (pDCs) conferred improved
PFS and OS (Figure 3A-B). These hazard ratios retained signif-
icance, independent of the development of GVHD. In addition, the
proportions of Treg (CD4*CD257CD127°) and total white cell
count had independent predictive hazard ratios for PFS or OS,
respectively, and the proportion of all CD4" T cells expressing
CD25 had prognostic value for OS that was independent of GVHD.
An interval increase in values of MAITs, pDCs, and CD25"CD4™"
T cells from days 0 to 30 of treatment (data not shown) were also
predictive of improved survival, independent of GVHD. In con-
trast, the negative prognostic impact of increased pretreatment
proportions of conventional T-cell subsets (CD4 ™ effector memory,
CD8" effector, and effector memory granzyme™ populations)
displayed significant interaction with GVHD (Figure 3C-D), consis-
tent with the induction of a mixed GVL/GVHD effect. Although
the biomarkers associated with development of GVHD displayed
significant correlation with each other, the values for pDCs,
MAITs, and Tregs were mutually exclusive of each other in variable
clustering analysis.

Discussion

Our results demonstrate the efficacy of peg-IFNa as an adjunctive
therapy for relapse after SCT. Peg-IFNa was delivered with
predictable and manageable toxicity. The development of GVHD
was associated with improved PFS, although GVL effects were not
clearly separable from GVHD. The GVHD induced was pre-
dominantly chronic. Notably, GVHD was seen in a number of
patients who had not developed it after primary transplant.
The disease responses seen, including MRD negativity after
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administration of peg-IFN, support the clinical activity of peg-IFN in
amplification of GVL effects. Although a clinically meaningful
improvement, the 31% 2-year OS suggests only subsets of patient
benefit. Pretreatment proportions of MAIT cells and pDCs appear
to be novel biomarkers for response to peg-IFNa in this dataset
and should be explored in subsequent studies. pDCs are known to
promote tolerance via Treg expansion,'® whereas MAIT cells
enhance gastrointestinal tract barrier function and microbiome
diversity and inhibit alloantigen presentation after SCT.2>" To our
knowledge, neither population has been linked to GVL effects
previously. It is possible that temporal modulation of these innate
cell populations can modify leukemia and alloantigen presentation
in a way that favors GVL over GVHD. We observed agnostic
responses with respect to myeloid and lymphoid malignancies and
concluded that peg-IFNa may be useful in sequence with other
therapies. Contextually, cellular therapies for patients with lymphoid
malignancies and small-molecule inhibitors, including FLT-3 and
IDH, for myeloid malignancies are not mutually exclusive of
concurrent use of peg-IFNa, such that the effects may be additive.
In summary, we have demonstrated that the use of peg-IFNa in
relapsed disease after SCT is associated with disease responses
and can result in long-term survival in a subset of patients.
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