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Abstract

Current standard of care for patients with Hodgkin’s and non-Hodgkin’s lymphoma is high does
conditioning with autologous stem cell transplantation (ASCT). For some patients (i.e., highest
risk disease, insufficient stem cell number after mobilization, or patients whose bone marrow is
involved with the disease) allogeneic transplantation (alloHCT) offers potential cure. However,
majority of patients undergoing alloHCT, receive reduced intensity conditioning as preparative
regimen and studies assessing outcomes of patients after alloHCT with myeloablative conditioning
(MAC) are limited. In this retrospective study, we reviewed outcomes of 22 patients with recurrent
and refractory lymphoma who underwent alloHCT with myeloablative BEAM conditioning and
received tacrolimus/sirolimus as GVHD prophylaxis at City of Hope from 2005 to 2018. With a
median follow-up of 2.6 years (range: 1.0-11.2), probability of 2 year overall survival and event-
free survival were 58.3% (95% CI: 35.0 — 75.8) and 45.5% (95% CI: 24.4 — 64.3), respectively.
Cumulative incidence of acute graft-versus-host disease (GVHD) grade I1-1V was 45.5 (95% CI:
23.8 — 64.9) with only one patient developing grade 1V acute GvHD. However, chronic GVHD
was seen in 55% of patients (n=12). Of the 22 eligible patients, 2 had prior ASCT and 2 had prior
alloHCT. Both patients with prior ASCT developed severe regimen-related toxicity. Patients who
underwent alloHCT with chemorefractory disease had lower survival rate with 1-year OS and EFS
of 44.4% and 33.0%, respectively. In conclusion, alloHCT with BEAM preparative regimen and
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Tac/Siro-based GVHD should be considered as an alternative option for patients with highest-risk
lymphoma whose outcomes are expectedly poor after ASCT.

INTRODUCTION

Autologous stem cell transplantation (ASCT) with high dose conditioning is the current
standard of care for patients with relapsed non-Hodgkin’s lymphoma (NHL) or Hodgkin’s
lymphoma (HL).12 Outcomes of a large retrospective study done by the Center for Blood
and Marrow Transplant Research (CIBMTR), comparing the impact of several commonly
used high-dose therapy regimens in patients with NHL and HL demonstrated that among
patients with HL, BEAM (BCNU, etoposide, cytarabine and melphalan) regimen was
associated with better survival compared to all other regimens, and indicated that there is
variability in toxicity and disease outcomes among specific ASCT regimens.3 In a more
recent retrospective multicenter study, Herrera et a/, reported that patients with relapsed/
refractory NHL, double-hit lymphoma (chromosomal rearrangements in BCL2 and MYC) or
double-expressor lymphoma (coexpression of BCL2 and MYC by IHC) tend to have inferior
outcomes post ASCT, compared to relapsed/refractory patients lacking these high risk
features.# The low survival rates in these high-risk patients illustrate the need for novel/
investigational therapies beyond high dose chemotherapy and ASCT, including allogeneic
hematopoietic cell transplantation (alloHCT).

For NHL/HL patients with highest risk disease, patients without sufficient number of stem
cells due to inefficient mobilization, or patients whose bone marrow is involved with
lymphoma, alloHCT offers a potential cure. Use of alloHCT with reduced intensity
conditioning (RIC) for relapsed and refractory diffuse large B cell lymphoma (DLBCL)
patients with prior unsuccessful ASCT, multiple salvage therapies, advanced age, and/or
medical comorbidities has been reported by multiple investigators, with favorable overall
survival (OS) of 28-49%.°-8 However, studies assessing outcomes of patients after alloHCT
with myeloablative conditioning (MAC) are limited. In one retrospective study, alloHCT
with MAC was used for NHL with 2 year OS of 45%, but with high risk of toxicities and
treatment related mortality (TRM).? Due to the relatively limited use of (MAC) in alloHCT,
no standard MAC regimen has been established for patients with NHL/HL. Table 1 is the
summary of recent studies reporting alloHCT outcomes in patient with recurrent and
refractory lymphomas.

Feasibility and tolerance of BEAM as a preparative regimen for alloHCT with tacrolimus
and methotrexate (Tac/MTX) as graft-versus-host disease (GVHD) prophylaxis in patients
with primary refractory or recurrent low grade lymphomas was reported for the first time in
1999 by Przepiorka et a/,.10 Results of Przepiorka’s study were later confirmed by other
groups administering BEAM with Campath as GVHD prophylaxis.11:12

Aberrant cell signaling through the mammalian target of rapamycin (mTOR),
phosphatidylinositol-3-kinase/Akt (PI3K/Akt) pathways is shown to be associated with
increased metastatic potential and cell proliferation and resistance to chemotherapy in both
NHL and HL. mTOR inhibitors (i.e., sirolimus) have demonstrated promising results in
treatment of lymphoid malignancies.13-1> We and others have evaluated a combination of
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tacrolimus/sirolimus (Tac/Sir) as GVHD prophylactic regimen after alloHCT, and
demonstrated that this combination is associated with reduced incidence/severity of acute
GVHD and NRM.16-22 |n [ymphoma patients, administration sirolimus has been shown to
be associated with improved OS after alloHCT in the RIC setting.23 Results of this
retrospective study led to a randomized trial comparing the outcomes between Tac/MTX and
Tac/Sir/MTX in RIC HCT. In this trial, addition of sirolimus for GVHD prophylaxis was
found to be associated with no increased overall toxicity and a lower risk of acute GVHD,
albeit without improving patients’ survival.24

Based on this background, we performed a retrospective study, aiming to assess the efficacy
of combining alloHCT with BEAM preparative regimen and Tac/Siro-based GVHD
prophylaxis in patients with recurrent and refractory lymphoma.

METHODS

Study Population

IRB approval was obtained to review medical records of lymphoma patients who underwent
alloHCT and were conditioned with BEAM from 2005 to 2018 at City of Hope. A total of
28 patients were identified. Patients who received transplant from a syngeneic donor (n=5)
or received Tac/MTX as GVHD prophylaxis (n=1) were excluded. The remaining 22
patients were included for the final analysis. Majority of patients were selected for alloHCT
due to the high risk of relapse and best clinical judgment by the treating physician. The
disease risk index (DRI) assignment tool 2> was used to retrospectively analyze predicted
survival outcome post alloHCT.

Transplant procedure:

All patients received high dose conditioning with BEAM regimen as follows: BCNU 300
mg/m? on day —6; etoposide 200 mg/m? on days -5 to -2 (total dose 800 mg/m?2) cytarabine
400 mg/m? on days -5 to -2 (total dose of 1600 mg/m?) and melphalan 140 mg/m? on day
-1. Allogeneic stem cells were infused on day 0. GVHD prophylaxis comprised of
intravenous (IV) tacrolimus infusion starting at 0.02mg/kg started on day —3 and sirolimus
12 mg loading dose on day-3 followed by 4 mg oral daily. Sirolimus and tacrolimus levels
were subsequently adjusted based on trough levels checked twice weekly. Patients were
monitored for lab features of thrombotic microangiopathy. All patients received standard
antimicrobial prophylaxis with Bactrim loading till day -3, micafungin 50 mg (1V) daily
starting day +1 and acyclovir for zoster prophylaxis on day —1.

Outcome Definitions and Statistical Analyses

Descriptive statistics were used to summarize baseline patient demographic, treatment, and
disease characteristics. Survival estimates were calculated using the Kaplan-Meier method.
OS was defined as time from transplant to death of any kind, while event free survival (EFS)
was defined as time from transplant to relapse/progression or death of any kind. Cumulative
incidence of relapse/progression, non-relapse mortality (NRM), acute GVHD and chronic
GVHD were estimated using competing risks. Relapse/progression was defined as time from
transplant to relapse or progression with NRM as a competing risk. NRM was defined as
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time from transplant to death from any cause other than relapse/progression with relapse or
progression as a competing risk. Acute GVHD was defined as time to grade I1-1V aGVHD
onset with relapse and death as competing events. Chronic GVHD was defined as time to
any cGVHD onset with relapse and death as competing events.

Patient characteristics

Median age of patients and donors at the time of transplant were 46 (range: 18-61) and 52
years (range: 29-63), respectively. Of the 22 eligible patients, 16 (72.7%) had NHL, 5 had
HL (22.7%), and 1 (4%) had histiocytic sarcoma evolved from prior follicular lymphoma. In
the NHL subgroup, 10 patients (62.5%) had DLBCL. Majority of patients were selected for
alloHCT due to high risk of relapse and 45% of patients (n=10) had primary refractory
disease requiring more than one line of salvage chemotherapy to enter remission. Disease
status at the time of HCT was i) Complete Remission (CR)-1 in one patient (n=4%) and
CR-2 or greater in 9 patients (40.9%); ii) Refractory disease in 9 patients (40.9%) and iii)
Partial Response (chemosensitive) in 3 (13.6%) patients (Table 2). Patients were heavily
pretreated with a mean of 3.6 (range: 2-7) lines of prior therapy. The DRI score was high
risk in n=8 patients and very high risk in n=13 predicting 2 year overall survival of 34%
(95% CI 17-31%) respectively —one patient had intermediate risk score. Donors were
matched siblings in 11 patients (50.0%) or matched unrelated donors (MUDs). Of the 11
MUD HCT recipients, four (18.2%) received HCT from 9/10 matched donors and their
GVHD prophylaxis consisted of Tac/Sir and mini MTX. The remainder of MUD recipients
with 10/10 HLA matched donors received Tac/Sir only as GVHD prophylaxis.

Transplant outcomes

All patients engrafted successfully with a median time to neutrophil engraftment of 13 days
(range 10-24 days). The median duration of follow up for living patients was 2.6 years
(range: 1.0-11.2), with a 2-year probability of OS and EFS of 58.3% (95% CI: 35.0-75.8)
and 45.5% (95% CI: 24.4-64.3), respectively. (Table 4 and Fig. 1 A and B) The cumulative
incidence of relapse and NRM at 2 years were 31.8% (95% Cl: 13.6-51.8) and 22.7% (95%
Cl: 8.0-42.0), respectively.(Table 4) Acute GVHD was noted in 11 patients (50%), from
which 10 patients developed grade 11-1VV GVHD with the cumulative incidence of 45.5%
(95% ClI: 23.8-64.9). Only one patient developed Grade 1V acute GVHD. The cumulative
incidence of chronic GVHD was 45.5% at 1 year (95% CI: 23.4-65.2) with majority of them
having extensive/severe GVHD (n=10). (Table 3)

Sinusoidal obstruction syndrome (SOS) was noted in 4 patients (18%). All 4 patients were
successfully treated with defibrotide with complete resolution of clinical symptoms and
radiologic features. Two of these 4 patients who developed SOS had had prior alloHCT. One
of the four patients who developed SOS, had multiple rounds of chemotherapy (CR-3) and
the fourth patient had intestinal T cell lymphoma with hepatic involvement at diagnosis.
Post-transplant thrombotic microangiopathy (TMA) was diagnosed in 2 patients (9%) in our
cohort.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Salhotra et al.

Page 5

Causes of death (n=11) were: disease progression (n=4), infection (n=1), diffuse alveolar
hemorrhage (n=1), acute GVHD (n=1), chronic GVHD (n=1), sepsis and multi-organ failure
(n=1), and unknown in two cases. (Table 3). Although the incidence of acute and chronic
GVHD was high in our cohort, GVHD related mortality rates were low, with only two
patients dying from complications due to either acute or chronic GVHD. The incidence of
acute and chronic GVHD in this report is consistent with the prevailing rates at our
institution.

Impact of prior transplant

Four patients in this study had prior transplant — 2 allogeneic and 2 autologous HCT. Both
patients who received ASCT using BEAM conditioning developed severe regimen-related
toxicity and passed away from pulmonary complications, presumably related to cumulative
pulmonary toxicity from repeat BCNU exposure. One patient with prior alloHCT developed
gastrointestinal (GI) GVHD and fungal pneumonia and died. Among 18 patients excluding
four with prior HCT, the 2-year OS and EFS were 65.7% (95% CI: 38.7-83.0) and 50.0%
(95% CI: 25.9-70.1), respectively.

Adverse outcomes were noted in chemorefractory (n=9) patients when compared to
chemosensitive (n=13) patients prior to allogeneic transplant. The 2-year OS and EFS
estimates were 33.3% (95% Cl: 7.8-62.3) and 33.3% (95% CI: 7.8-62.3), respectively, in
chemorefractory patients compared to 76.9% (95% CI 44.2-91.9) and 53.8% (95% CI
24.8-76.0) in patients with chemosensitive lymphoma pre alloHCT. No difference was noted
for any of the clinical endpoints when patients with Hodgkin’s and non-Hodgkin’s
lymphoma were compared.

DISCUSSION

Advances in immuno-chemotherapy in the past decade have helped improving clinical
outcomes of patients diagnosed with NHL and HL. The most recent Surveillance,
Epidemiology, and End Results (SEER) database from 2008-2014 shows a 5-year survival of
71.4% and 86.6% for patients diagnosed with NHL and HL, respectively. Unfortunately,
relapse and refractory disease remains a significant challenge in treatment of these patients
with a uniformly poor prognosis.26-28 In a recent retrospective study, patients with
aggressive chemo-resistant B cell lymphomas relapsed within one year post-ASCT with a
reported median OS of six months.2? In a Collaborative Trial in Relapsed Aggressive
Lymphoma (CORAL) study, subgroup of patients failing rituximab-based treatments within
12 months of diagnosis had poor outcomes with 3 year PFS of only 23% with ASCT,30
demonstrating a major limitation in treating high risk patients with ASCT and the need for
developing more effective therapies including alloHCT. However, the most effective
conditioning regimen for alloHCT in the setting of aggressive lymphomas remains unknown.

Feasibility and tolerance of BEAM as a preparative regimen for alloHCT and Tac/MTX-
based GVHD prophylaxis, was first described by Przepiorka et a/1 in 30 patients with
refractory or recurrent low and intermediate grade lymphoma. Twenty-three patients
achieved a complete remission post allograft and two-year relapse rate was 23%, survival
was 48%, and disease-free survival (DFS) was 42%. In aggressive lymphoma setting,
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Truelove et a/12 reported outcomes of 46 patients with relapsed refractory aggressive NHL
who underwent alloHCT with BEAMCAMPATH preparative regimen, with OS of 54% and
42% and PFS of 41% and 36% at 1 and 5 years, respectively.

Recently, promising results have been reported in haploidentical transplant setting using RIC
with 2 year PFS and relapse rates of 54% and 27%, respectively.3! Similar results were
reported by Kanate et al, in RIC setting with 3 year PFS and relapse rates of 47% and 36%
with very low rates of acute and chronic GVHD (8% and 13%, respectively).32 However, in
both studies, the number of patients with chemorefractory disease in haploidentical RIC arm
were low (9% and 5%, respectively) and prospective studies for patients with chemo-
resistant disease are desirable, to see if PFS benefit is seen in these high risk patients. Table
1 is a summary of previous reports of transplant outcomes in patients with refractory and
recurrent leukemia.

Using BEAM conditioning with Tac/Siro as GVHD prophylaxis, our outcomes (2-year OS:
65.7%, EFS: 50% in 18 patients without prior transplant) compares favorably to previous
reports.12 It is important to note that, while the number of patients included in this study
were small, our patient population had higher risk of disease relapse based on disease status
at the time of alloHCT compared to other reports. Improved EFS could be due to a
combination of BEAM conditioning and anti -lymphoma activity conferred by sirolimus
used as part of GVHD prophylaxis. In our cohort, rates of acute and chronic GVHD were
high (50%) for these high risk patients, indicating that better GVHD prophylaxis regimens
are needed to improve GFRS outcome. Given the high risk of post-HCT relapse, it is
possible that treating physicians may have been more aggressive in terms of tapering off
immune suppression. Strategies such as post-transplant high-dose cyclophosphamide have
the potential to reduce rates of GVHD-related morbidity, although this type of post-
transplant treatments should be balanced with relapse risk.

In this high-risk population with aggressive lymphoma undergoing BEAM conditioning and
Tac/Siro based prophylaxis two subgroups had worse outcomes. First group was patients
who underwent alloHCT with chemorefractory disease, associated with 1-year OS and EFS
of 44.4% and 33.0%, respectively- indicating the need to optimize disease control prior to
alloHCT. Effective graft-versus-lymphoma activity develops over a period of 3-6 months
post alloHCT and our results indicates that increasing conditioning intensity by using
BEAM is not sufficient to overcome the high relapse rates associated with chemorefractory
lymphoma. Second subgroup was patients with prior allogeneic or autologous HCT,
associated with unacceptably high risk of NRM due to pulmonary toxicity, SOS, and severe
GVHD/infection in our 4 patients. Based on our data, caution is indicated prior to
recommending the use of BEAM-alloHCT in patients with prior HCT and chemorefractory
lymphomas.

Lastly, with the advent of immunotherapy outcomes for high-risk patients with recurrent
refractory lymphoma have been revolutionized. Neelapu et a/33 reported results of a phase 2
study in 111 patients with refractory B cell lymphomas who were treated with anti-CD19
CAR T cells (axicabtagene ciloleucel), showing overall response rates of 82% and complete
response rates of 54%. The OS of patients at 18 months was 52%, with primary grade 3
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toxicity of cytokine-release syndrome and neurologic toxicity of 13% and 28%, respectively.
Similarly, exciting outcomes have been reported with checkpoint inhibitors in relapsed
refractory HL with overall response rate of 78% with 17% complete responses.34 However,
long-term follow-up regarding efficacy of CAR T cell therapy is not available yet, and to
date no survival plateau has been achieved for checkpoint inhibition in relapsed and
refractory HL.3%:36 Therefore, alloHCT may have a continued role for disease control in the
subset of NHL and HL34 patients with incomplete remissions post chemotherapy, cellular
therapy or checkpoint inhibitor therapy.

In conclusion, our results demonstrates that alloHCT with BEAM preparative regimen and
Tac/Siro-based GVHD offers an alternative option for patients with highest-risk lymphoma
whose outcomes are expectedly poor after ASCT.
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HIGHLIGHTS
. BEAM with Tac/Siro is an alternative therapy for highest-risk lymphoma
patients.
. Favorable survival outcomes were achieved with 2 year OS of 65.7% and EFS
of 50%.

. High rates of GVHD indicates the need for better GVHD prophylactic
regimen.

. Subgroups of patients who underwent previous HCT had worse outcomes.
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Patient and Disease Characteristics

characteristics

Frequency (percent)
Median/Mean (range)

Median Age
Patient
Donor
Gender
Male
Female
Donor
Male
Female

Diagnosis

Hodgkin’s Lymphoma

NHL
DLBCL
PTCL
BL
FL
Transformed FL
NK/T cell
ALCL
Histiocytic Sarcoma
Disease status
CR-2 or more
CR-1
Refractory
Partial response
Donor type
Sibling
Unrelated
Graft source
BM
PBSCs
HLA match
Matched
Mismatched
GVHD prophylaxis
Tac/siro
Tac/siro/MTX
Prior HCT

Allogeneic

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 February 01.

46 (18-61)
52 (29-63)

16 (72.7)
6(27.3)

14 (63.6)
8 (36.4)

5(22.7)

16 (72.7)

10 (45.5)
1(4.5)
1(4.5)
1(4.5)
1(4.5)
1(4.5)
1(4.5)
1(4.5)

9 (40.9)
1(4.5)
9 (40.9)
3(13.6)

11 (50.0)
11 (50.0)

1(4.5)
21 (95.5)

18 (81.8)
4(18.2)

18 (81.8)
4(18.2)

2(9.1)

Table 2.
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characteristics Frequency (percent)
Median/Mean (range)
Autologous 2(9.1)
Mean lines of prior therapy 3.6 (2-7)
DRI score
Intermediate 1(4.5)
High risk 8(36.4)
Very high risk 13(59.1)

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 February 01.

Page 14



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Salhotra et al.

Transplant outcomes

Outcomes (N=22)

Frequency (%)
Median (range)

Acute GVHD
Yes
Grade |
Grade Il
Grade IlI
Grade IV
NO
Chronic GVHD
Yes
Limited
Extensive

No

Not evaluable ( died <100 days)

Relapse
Yes
No
Vital Status
Alive
Dead
Cause of death
Disease progression
Infection
DAH
aGVHD
cGVHD
ARDS/MODS
UK

11 (50.0)
1
8
1
1
11 (50.0)

12 (54.5)
2
10
5(22.7)
5(22.7)

7 (31.8)
15 (68.2)

11 (50)
11 (50)

4(36.4)
1(9.1)
1(9.1)
1(9.1)
1(9.1)
1(9.1)

2(18.2)
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Table 4.

Point Estimates for Outcomes

100days 1 year 2 years

oS
EFS
NRM
CIR

81.8(58.8-92.8) 63.6(40.3-79.9)  58.3 (35-78.5)
63.6(40.3-79.9) 455 (24.4-64.3) 455 (24.4-64.3)
18.2 (55-36.8)  22.7(8.0-42.0)  22.7 (8.0-42.0)
18.2 (5.4-36.9) 31.8 (13.6-51.8) 31.8 (13.6-51.8)

aGVHD 455 (23.8-64.9)

cGVHD

455 (23.4-65.2)
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