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Purpose

Inhipbitors of the mammalian target of rapamycin (MTOR) kinase have shown clinical activity in
several lymphoma subtypes. Sirolimus, an mTOR inhibitor, also has activity in the treatment and
prophylaxis of graft-versus-host disease (GVHD) after allogeneic hematopoietic stem-cell trans-
plantation (HSCT). We hypothesized that the use of sirolimus for GVHD prophylaxis in patients
with lymphoma might lead to improved survival after transplantation through a decreased
incidence of disease progression.

Patients and Methods

We retrospectively analyzed 190 patients who underwent transplantation for lymphoma. We
compared the outcomes of patients who received sirolimus for GVHD prophylaxis with those of
patients who received transplantation with a combination of a calcineurin inhibitor and methotrex-
ate without sirolimus.

Results
Overall survival (OS) after transplantation was significantly superior in the sirolimus group, which

was confirmed in multivariable analysis. The benefit was restricted to patients undergoing
reduced-intensity conditioning (RIC) HSCT (3-year OS, 66% for sirolimus group v 38% for
no-sirolimus group; P = .007; hazard ratio [HR] for mortality in multivariable analysis = 0.5, P =
.042). Patients who received sirolimus had a similar incidence of nonrelapse mortality but a
decreased incidence of disease progression compared with patients who did not receive sirolimus
(3-year cumulative incidence of progression, 42% v 74%, respectively; P < .001; HR for
progression in multivariable analysis = 0.4, P = .01). The effect of sirolimus persisted after
adjusting for the occurrence of GVHD. No such survival advantage was apparent in a similar
comparison of patients who underwent transplantation for diseases other than lymphoma.

Conclusion
This study suggests that sirolimus can independently decrease the risk of lymphoma progression
after RIC HSCT, paving the way for prospective clinical trials.

J Clin Oncol 26:5767-5774. © 2008 by American Society of Clinical Oncology

in the treatment of both acute* and chronic®” graft-
versus-host disease (GVHD) after hematopoietic
stem-cell transplantation (HSCT). Over the last 7
years, we have explored the role of sirolimus for the

Sirolimus (rapamycin) is a naturally occurring
triene macrolide with antiviral, antifungal, antineo-

plastic, and immunosuppressive properties.' It
binds to FKBP-12 to form an immunosuppressive
complex that inhibits the mammalian target of rapa-
mycin (mTOR), resulting in the downregulation of
T-cell proliferation and activation.” On the basis of
its immunosuppressive activity, sirolimus has been
used in solid organ transplantation to maintain graft
tolerance.” Moreover, sirolimus has shown activity

prophylaxis of GVHD and have performed trans-
plantations in patients on successive clinical trials or
treatment plans with a GVHD prophylaxis regimen
based on the combination of sirolimus and tacroli-
mus, with or without low-dose methotrexate.®°
Independent of the use of sirolimus in trans-
plantation, there has been recent interest in using
mTOR inhibitors for the treatment of lymphoma."’
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Table 1. Baseline Characteristics of the Patients
Conventional-Intensity Conditioning Reduced-Intensity Conditioning
No Sirolimus Sirolimus No Sirolimus Sirolimus
(n = 25) (n = 39) (n=23) (n = 103)
Variable No. %™ No. %" P No. %" No. %" P
GVHD prophylaxis
Tac/Siro/Mtx 19 49 83 81
Tac/Siro 20 51 20 19
Cnl/Mtx 25 100 23 100
Age, years NS NS
Median 40 43 47 51
Range 21-566 22-58 20-67 18-67
Disease
CLL/SLL 2 8 8 21 NS 8 35 37 36 NS
Low-grade B-cell NHLT 5 20 9 23 NS 2 9 15 15 NS
Aggressive B-cell NHL+ 13 52 11 28 NS 3 13 13 13 NS
Mantle-cell lymphoma 2 8 4 10 NS 1 4 9 9 NS
T-cell lymphoma$s 2 8 8 8 NS 0 0 8 3 NS
Hodgkin’s lymphoma 1 4 2 5 NS 9 39 26 25 NS
Disease status at HSCT
Sensitive 22 88 28 72 NS 18 78 78 76 NS
CR 6 24 4 10 NS 2 9 25 24 NS
PR 16 64 24 62 NS 16 70 53 51 NS
Refractory 3 12 11 28 NS 4 17 25 24 NS
SD 1 4 2 5 NS 2 9 9 9 NS
PD 2 8 9 23 NS 2 9 16 16 NS
Untreated relapse 0 0 0 0 1 4 0 0 NS
No. of prior therapies NS NS
Median 3 3 4 4
Range 1-5 1-5 2-7 19
Prior ASCT 6 24 0 0 .002 10 43 53 51 NS
Months from ASCT to HSCT NA NS
Median 20 NA 21 20
Range 9-35 NA 12-67 2-170
Donor HLA
Matched
MRD 15 60 17 44 NS 9 39 35 34 NS
MUD 9 36 21 54 NS 14 61 53 51 NS
Mismatched 1 4 1 3 NS 0 0 15 15 NS
MMRD 1 4 0 0 NS 0 0 1 1 NS
MMUD 0 0 1 3 NS 0 0 14 14 NS
Graft source
Bone marrow|| 6 24 4 10 NS 1 4 4 4 NS
Peripheral blood 19 76 35! 90 NS 22 96 92 89 NS
Umbilical cord blood 0 0 7 7 NS
CMV seropositivity
Recipient 4 16 16 41 NS 12 52 41 40 NS
Donorfl 8 31 17 44 NS 21 34 38 37 NS
Sex match: female to male 5 20 9 23 NS 5 22 31 30 NS
Year of HSCT NS <.001
Median 2003 2003 2003 2004
Range 2000-2005 2000-2006 2002-2005 2002-2006
Abbreviations: GVHD, graft-versus-host disease; Tac, tacrolimus; Siro, sirolimus; Mtx, methotrexate; Cnl, calcineurin inhibitor (cyclosporine or tacrolimus); NS, not
significant; CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma; NHL, non-Hodgkin's lymphoma; HSCT, hematopoietic stem-cell transplantation;
CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; ASCT, autologous stem-cell transplantation; MRD, matched related
donor; MUD, matched unrelated donor; MMRD, mismatched related donor; MMUD, mismatched unrelated donor; CMV, cytomegalovirus.
“Percentages may not add to 100 because of rounding.
TIncluding follicular lymphoma, marginal zone lymphoma, and lymphoplasmacytic lymphoma.
FIncluding diffuse large B-cell lymphoma, mediastinal large-cell lymphoma, transformed low-grade lymphoma, Burkitt's lymphoma, and lymphoblastic lymphoma.
8Excluding cutaneous T-cell lymphoma.
||lOne patient received combined marrow and peripheral blood.
fiData were not available for two patients.
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Inhibition of mTOR has shown preclinical activity against chronic
lymphocytic leukemia,'* Hodgkin’s lymphoma (HL)," anaplastic
large-cell lymphoma," diffuse large B-cell lymphoma (DLBCL),"
primary effusion lymphoma,'® post-transplantation lymphoprolif-
erative disease,'® and acute lymphoblastic leukemia,'”'® among others.
Furthermore, two mTOR inhibitors, temsirolimus and everolimus,
have demonstrated promising clinical activity against relapsed or re-
fractory mantle-cell lymphoma.'>*® Preliminary studies have also
suggested that everolimus may be useful in the treatment of DLBCL,?"
HL,*? and Waldenstrém macroglobulinemia.23

On the basis of the accumulating evidence of antilymphoma
activity for mTOR inhibitors, we hypothesized that sirolimus might
improve HSCT outcomes for patients with lymphoma. To test this
hypothesis, we retrospectively studied 190 lymphoma patients who
underwent transplantation at our institution and compared the out-
comes of patients who received sirolimus as part of their GVHD
prophylaxis regimen with the outcomes of patients who did not.

Patients

We studied 190 consecutive adult patients with lymphoma who under-
went allogeneic stem-cell transplantation at the Dana-Farber/Brigham and
Women’s Hospital transplantation program between October 2000 (the date
at which the first lymphoma patient underwent transplantation with siroli-
mus) and July 2006. We only considered for analysis patients who received one
of the following GVHD prophylaxis regimens: a calcineurin inhibitor (cyclo-
sporine or tacrolimus) plus methotrexate; tacrolimus plus sirolimus; or ta-
crolimus plus sirolimus plus methotrexate. Institutional review board
approval was obtained from the Office for the Protection of Research Subjects
at Dana-Farber/Harvard Cancer Center in accordance with the principles of
the Declaration of Helsinki.

Transplantation

Patients received transplantation under several treatment and investiga-
tional protocols over the 6-year period covered by this study. All patients
receiving reduced-intensity conditioning (RIC) were evaluated for myeloab-
lative transplantation and considered to have contraindications to that ap-
proach. Relative contraindications to myeloablative transplantation included
prior myeloablative transplantation, age more than 50 to 55 years, significant
organ dysfunction or infection, prior chest radiotherapy, prior myeloablative
regimen (including autologous transplantation), and disease status. However,
the choice of conditioning regimen intensity always ultimately rested with the
treating clinician.

Seventy patients were enrolled onto one of six protocols, whereas 120
patients received transplantation off-protocol. All protocols were designed to
examine the role of sirolimus as GVHD prophylaxis in various settings. The
three conventional-intensity protocols used cyclophosphamide (3,600 mg/
m?) and total-body irradiation (14 Gy in seven fractions). Patients who re-
ceived transplantation off-protocol with conventional-intensity conditioning
received the same regimen, except for six patients who received a combi-
nation of busulfan and cyclophosphamide. The two RIC protocols used
fludarabine (120 mg/m?) plus intravenous low-dose busulfan (3.2 mg/kg);
patients who received transplantation off-protocol with RIC received the
same regimen. Finally, one protocol for umbilical cord blood transplanta-
tion used antithymocyte globulin, fludarabine, and melphalan for condi-
tioning. There was no other difference in treatment between on-protocol
and off-protocol treatments.

For all patients who received sirolimus for prophylaxis, the drug was
administered orally at the same dose (12 mgloading dose on day —3, followed
by 4 mg daily) to a target trough level of 3 to 12 ng/mL. Tacrolimus was
dosed intravenously or orally to achieve a target trough level of 5 to 10
ng/mL. For patients on-protocol, the recommendation was to taper off

WWW.jco.org

immunosuppressive medications by 6 months (or 6 to 9 months for cord
blood recipients), although the actual taper was left to the discretion of the
treating clinician.

Patients received bone marrow, peripheral-blood stem cells, or umbilical
cord blood from matched or mismatched, related or unrelated donors. Acute
GVHD was graded according to the modified consensus scale.** Supportive
care for all patients consisted of Pneumocystis jiroveci prophylaxis and
varicella zoster virus/herpes simplex virus prophylaxis. Viral load moni-
toring was performed for cytomegalovirus, with pre-emptive treatment in
cases of reactivation.

Statistics

Patient baseline characteristics were reported descriptively and com-
pared using Fisher’s exact test or the Wilcoxon rank sum test. Overall survival
(OS) and progression-free survival (PFS) were calculated using the Kaplan-
Meier method. OS was defined as the time from stem-cell infusion to death
from any cause. Patients who were alive or lost to follow-up were censored at
the time last seen alive. PFS was defined as the time from stem-cell infusion to
lymphoma relapse, progression, or death from any cause, whichever occurred
first. Patients who were alive without lymphoma relapse or progression were
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Fig 1. Overall survival (A) stratified by sirolimus use and (B) stratified by
graft-versus-host disease prophylaxis group. Tac, tacrolimus; Siro, sirolimus; Cnl,
calcineurin inhibitor; Mtx, methotrexate.
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censored at the time last seen alive and progression free. The log-rank test
was used for comparisons of Kaplan-Meier curves. Cumulative incidence
curves for nonrelapse death and progression or relapse with or without
death were constructed reflecting time to progression and time to nonre-
lapse death as competing risks. Time to progression and time to nonrelapse
death were measured from the date of stem-cell infusion. Competing risks
analysis was also used to determine the cumulative incidence of GVHD,
considering death without GVHD as a competing risk. The difference
between cumulative incidence curves in the presence of a competing risk
was tested using the Gray method.?® Potential prognostic factors for OS,
PES, progression, and nonrelapse mortality (NRM) were examined in the
proportional hazards model as well as in the competing risks regression
model.”® The impact of GVHD on outcome was examined using the
proportional hazards model with GVHD as a time-dependent variable.
Interaction terms including interaction with time were examined in the
proportional hazards regression model. Proportional hazards assumption
for each variable of interest was tested. All calculations were performed
using SAS 9.1 (SAS Institute, Cary, NC) and R Project (version 2.4.1; http://
www.r-project.org/).

Patient Characteristics

The baseline characteristics of the 190 patients included in this
study are listed in Table 1. One hundred forty-two patients received
sirolimus as part of their GVHD prophylaxis regimen; of those, 102
(72%) received tacrolimus, sirolimus, and methotrexate, whereas 40
(28%) received tacrolimus and sirolimus without methotrexate.
Forty-eight patients underwent transplantation using a combination
of a calcineurin inhibitor (mostly tacrolimus) and methotrexate with-
out sirolimus. On average, patients in the sirolimus group received
transplantation later than patients in the no-sirolimus group (median
year of HSCT, 2004 v 2003, respectively; P < .001). The groups were
otherwise well matched with respect to baseline characteristics, even
when considering conventional-intensity and reduced-intensity
transplantations separately (Table 1). Of note, 36% of patients had
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Fig 2. Overall and progression-free survival by sirolimus use, stratified by conditioning regimen intensity. (A) Overall survival with conventional conditioning.
(B) Overall survival with reduced-intensity conditioning. (C) Progression-free survival with conventional conditioning. (D) Progression-free survival with

reduced-intensity conditioning.
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received a prior autologous stem-cell transplantation. Most patients
(88%) received peripheral-blood stem cells, and 40% of patients re-
ceived their graft from a matched related donor. Sixty-six percent of
patients were conditioned with an RIC regimen.

OS and PFS

Median follow-up time for survivors was 31 months (range, 12 to
82 months) in the sirolimus group and 42 months (range, 22 to 66
months) in the no-sirolimus group. OS by sirolimus use is shown in
Figure 1A. Three-year OS rate was 63% (95% CI, 54% to 72%) in the
sirolimus group compared with 41% (95% CI, 26% to 55%) in the no-
sirolimus group (P = .007). As shown in Figure 1B, patients receiving
tacrolimus and sirolimus alone had a similar survival to patients re-
ceiving tacrolimus, sirolimus, and methotrexate, whereas patients re-
ceiving a calcineurin inhibitor and methotrexate had a lower survival;
this suggests that the benefit of sirolimus is independent of the use
of methotrexate.

In the multivariable proportional hazards model for OS, includ-
ing all patients in the cohort, the hazard ratio (HR) for mortality
associated with sirolimus was 0.6 (P = .048). However, when patients
were stratified by conditioning regimen intensity, the survival ben-
efit of sirolimus was only apparent in patients receiving RIC HSCT
(Fig 2). Therefore, we restricted further analyses to the 126 patients
who underwent RIC HSCT (Table 1). OS for those patients is
shown in Figure 2B, and PFS is shown in Figure 2D. Three-year OS
rate was 66% (95% CI, 55% to 76%) in the sirolimus group
compared with 38% (95% CI, 18% to 58%) in the no-sirolimus
group (P = .007); the corresponding figures for 3-year PFS rate
were 44% (95% CI, 34% to 55%) and 17% (95% CI, 2% to 33%),
respectively (P = .001). Table 2 lists the results of multivariable OS
and PFS analyses for patients who received RIC HSCT. The HR for
mortality associated with sirolimus use was 0.5 (P = .042); for
progression or death, the HR was 0.5 (P = .01). Of note, even
though, on average, patients in the sirolimus group received trans-
plantation later, the date of transplantation was not statistically
significant when included in the proportional hazards models.

GVHD

The inclusion of sirolimus in the GVHD prophylaxis regimen
was associated with a nonsignificant lower risk of acute GVHD. For
patients receiving RIC HSCT, the 100-day cumulative incidence of
grade 2 to 4 acute GVHD was 14% in the sirolimus group compared
with 22% in the no-sirolimus group (P = .6); the corresponding
figures for grade 3 to 4 acute GVHD were 6% and 13%, respectively
(P = .4). To ensure that acute GVHD did not act as a confounder, we
included grade 2 to 4 acute GVHD as a time-dependent covariate in
the proportional hazards model for OS. The HR for mortality associ-
ated with grade 2 to 4 acute GVHD was 2.7 (P = .005), but the survival
benefit of sirolimus remained unchanged (HR = 0.5, P = .045).

The 2-year cumulative incidence of chronic GVHD was 63%
in the sirolimus group compared with 48% in the no-sirolimus
group (P = .2). When chronic GVHD was added as a time-
dependent covariate in the model (with or without acute GVHD),
the HR for mortality associated with sirolimus was similarly un-
changed (HR = 0.4, P = .018). Thus, the survival benefit of

WwWw.jco.org

Table 2. Multivariable Analyses for Patients Receiving Reduced-Intensity
Conditioning

Progression-Free

Overall Survival Survival
Variable HR P HR P
GVHD prophylaxis
Cnl/Mtx 1.0 Reference 1.0 Reference
Tac/Siro = Mtx 0.5 .042 0.5 .01
Age > 50 years 1.5 3 0.8 .6
Disease
Indolent NHL/CLL 0.9 7 0.9 8
All others™ 1.0 Reference 1.0 Reference
Chemotherapy 0.8 5 0.9 .8
refractory
Prior therapy
> 2 lines 1.3 .6 1.3 5
Prior ASCT 1.9 .16 1.6 2
Donor HLA match
MRD 1.0 Reference 1.0 Reference
Non-MRD 1.6 2 0.9 .6
Graft sourcet
PB/BM 1.0 Reference 1.0 Reference
Umbilical cord blood 0.9 9 2.0 2
CMV serostatus
Donor and recipient 1.0 Reference 1.0 Reference
negative
Donor or recipient 1.4 3 1.0 .99
positive
Female to male 1.2 5 1.0 9
Year of HSCT 0.8 2 0.9 2

Abbreviations: HR, hazard ratio; Reference, reference group; GVHD, graft-
versus-host disease; Cnl, calcineurin inhibitor (cyclosporine or tacrolimus);
Mtx, methotrexate; Tac, tacrolimus; Siro, sirolimus; NHL, non-Hodgkin's
lymphoma; CLL, chronic lymphocytic leukemia; ASCT, autologous stem-cell
transplantation; MRD, matched related donor; PB, peripheral-blood stem cells;
BM, bone marrow; CMV, cytomegalovirus.

“Including mantle-cell lymphoma.

tThe PB and BM groups were considered together given the small number
of patients receiving marrow after reduced-intensity conditioning.

sirolimus seemed to be independent of the occurrence of acute or
chronic GVHD in our cohort.

Progression and NRM

Figure 3 shows the cumulative incidences of disease progression
(Figs 3A and 3B) and NRM (Figs 3Cand 3D) for patients who received
conventional-intensity conditioning (Figs 3A and 3C) and RIC
(Figs 3B and 3D). For patients who received RIC HSCT, the 3-year
cumulative incidence of disease progression was 42% (95% CI,
32% to 52%) in the sirolimus group compared with 74% (95% CI,
55% to 93%) in the no-sirolimus group (P < .001). The 3-year
cumulative incidence of NRM was 14% (95% CI, 6% to 22%) in
the sirolimus group compared with 9% (95% CI, 0% to 21%) in the
no-sirolimus group (P = .6). We also performed competing risks
regression analyses for progression and NRM using the same co-
variates as mentioned earlier. The results are listed in Table 3.
Sirolimus (with or without methotrexate) was associated with a
significantly lower risk of relapse compared with a calcineurin
inhibitor plus methotrexate (HR = 0.4, P = .01). In contrast,
sirolimus did not affect the incidence of NRM (HR = 1.2, P = .9).
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Fig 3. Cumulative incidence of progression and nonrelapse mortality by sirolimus use, stratified by conditioning regimen intensity. (A) Progression with conventional
conditioning. (B) Progression with reduced-intensity conditioning. (C) Nonrelapse mortality with conventional conditioning. (D) Nonrelapse mortality with reduced-

intensity conditioning.

We also built proportional hazards models for progression and
NRM using acute grade 2 to 4 and chronic GVHD as time-dependent
covariates. Chronic GVHD was associated with a decreased risk of
progression (HR = 0.3, P < .0001) and a trend towards decreased
NRM (HR = 0.4, P = .14). Grade 2 to 4 acute GVHD did not affect
progression (HR = 1.1, P = .9) but was associated with increased
NRM (HR = 5.2, P = .021). In those analyses, sirolimus use remained
associated with a significantly lower risk of progression (HR = 0.4,
P =.002) and had no significant effect on NRM (HR = 0.8, P = .8).
Thus, the effect of sirolimus on progression seemed to be independent
of the occurrence of acute or chronic GVHD.

We also analyzed progression and NRM in the sirolimus and
calcineurin inhibitor/methotrexate groups using acute GVHD as a
predictor instead of GVHD prophylaxis regimen. As expected, grade 2
to 4 acute GVHD was associated with significantly higher NRM
(HR = 3.9, P = .021) but had no significant effect on disease progres-
sion (HR = 0.9, P = .8). This further argues that the benefit of
sirolimus is independent of its effect on acute GVHD because reduc-

5772  © 2008 by American Society of Clinical Oncology

ing the incidence of acute GVHD should lower the risk of NRM but
not that of progression.

Impact of Histology

We tested the impact of sirolimus within each lymphoma
histology. Again, we only considered patients receiving RIC HSCT
because this group seemed to be the one in which sirolimus im-
pacted survival. The small numbers of patients involved in most
groups precluded the use of multivariable models and demand
caution in interpreting these exploratory results; nonetheless, this
analysis suggested that the survival benefit of sirolimus might be
most marked for low-grade B-cell non-HL (including chronic
lymphocytic leukemia; HR for mortality associated with sirolimus
use = 0.4, P = .044) and HL (HR = 0.3, P = .039). The small
number of patients receiving RIC HSCT for mantle-cell lymphoma
prevented us from reliably assessing the impact of sirolimus in
this subgroup.

JOURNAL OF CLINICAL ONCOLOGY
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Table 3. Multivariable Analyses for Progression and Nonrelapse Mortality for
Patients Receiving Reduced-Intensity Conditioning
Nonrelapse
Progression Mortality
Variable HR P HR P
GVHD prophylaxis
Cnl/Mtx 1.0 Reference 1.0 Reference
Tac/Siro = Mtx 0.4 .01 1.2 9
Age > 50 years 0.6 2 1.5 6
Disease
Indolent NHL/CLL 1.2 7 0.4 .16
All others™ 1.0 Reference 1.0 Reference
Chemorefractory 0.6 13 3.2 .074
Prior therapy
> 2 lines 2.2 .092 0.3 .054
Prior ASCT 1.0 9 4.5 .16
Donor HLA match
MRD 1.0 Reference 1.0 Reference
Non-MRD 0.7 14 4.1 .068
Graft sourcet
PB/BM 1.0 Reference 1.0 Reference
Umbilical cord blood 1.8 2 1.4 7
CMV serostatus
Donor and recipient 1.0 Reference 1.0 Reference
negative
Donor or recipient 1.0 .99 1.0 .99
positive
Female to male 0.7 -3 2.5 14
Year of HSCT 0.9 5 0.8 2
Abbreviations: HR, hazard ratio; Reference, reference group; GVHD, graft-
versus-host disease; Cnl, calcineurin inhibitor (cyclosporine or tacrolimus);
Mtx, methotrexate; Tac, tacrolimus; Siro, sirolimus; NHL, non-Hodgkin's
lymphoma; CLL, chronic lymphocytic leukemia; ASCT, autologous stem-cell
transplantation; MRD, matched related donor; PB, peripheral-blood stem cells;
BM, bone marrow; CMV, cytomegalovirus.
*Including mantle-cell lymphoma.
tThe PB and BM groups were considered together given the small number
of patients receiving marrow after reduced-intensity conditioning.

Comparison With Nonlymphoma Patients

To ascertain whether the effect of sirolimus on HSCT outcome
was specific to lymphoma, we performed a similar outcome compar-
ison for 562 patients who received transplantation in the same time
frame for diseases other than lymphoma. Among them, 196 patients
received sirolimus for GVHD prophylaxis, and 293 did not. There was
no significant difference in OS (3-year OS, 43% in the sirolimus group
v 41% in the no-sirolimus group; P = .4) or PFS (3-year PFS, 38% in
the sirolimus group v 36% in the no-sirolimus group; P = .7). This
held true even if we only considered the 154 patients receiving RIC
HSCT (3-year OS, 35% for sirolimus v 34% for no sirolimus, P = .06;
and 3-year PFS, 26% for sirolimus v 20% for no sirolimus, P = .3).

Our analysis demonstrates a robust survival benefit in patients with
lymphoma receiving sirolimus as part of their GVHD prophylaxis
after RIC HSCT. This benefit was highly significant both statistically
and clinically, with an HR for mortality of 0.5 in multivariable analysis.
It must be remembered that our study is retrospective and is
subject to the cautions and limitations inherent to any such analy-
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sis. In particular, we cannot entirely exclude the possibility that the
patients receiving sirolimus differed in unmeasured ways from
those not receiving it, despite the apparent similarities of their
baseline characteristics.

We attempted to dissect the basis for the apparent survival benefit
of sirolimus. Although sirolimus led to a (nonsignificant) lower inci-
dence of acute GVHD, this did not account for its effect on survival;
the possible anticytomegalovirus effect of sirolimus* also did not
account for the effect on survival because the effect was similar in
seronegative patient-recipient pairs and in seropositive pairs (data not
shown). Moreover, we found that sirolimus-containing regimens,
compared with the traditional regimen of calcineurin inhibitor plus
methotrexate, resulted in a significant decrease in the rate of progres-
sion or relapse without a significant effect on NRM. This supports the
starting hypothesis that sirolimus may confer a benefit based on its
antilymphoma activity. Finally, sirolimus did not confer a survival
advantage in a comparable cohort of patients who received transplan-
tation for diseases other than lymphoma. This last observation is
particularly important because it argues against baseline confounding
(eg, by time of transplantation, by selection of patients for clinical trial
entry, and so on).

The benefit of sirolimus seemed entirely restricted to patients
receiving an RIC regimen. This may be best understood in the context
of the comparison of conventional-intensity conditioning versus RIC
HSCT for lymphoma. Several retrospective comparisons have sug-
gested that conventional HSCT is associated with a lower relapse rate
than RIC HSCT, but that this benefit may be offset by an increased
NRM.?®% This was also the case in our cohort (data not shown). Thus,
the cytotoxicity of a conventional regimen may be necessary for the
cure of some (although notall) patients, but it exposes all patients to its
increased toxicity. The antilymphoma activity of sirolimus may partly
substitute for the cytotoxicity of a conventional conditioning regimen
in patients receiving RIC HSCT, and because its use does not increase
NRM, the net effect is a survival benefit. In contrast, patients receiving
a full-intensity regimen may not derive any additional antitumor
benefit from sirolimus and thus may not gain from its use.

The clinical role of mTOR inhibitors in lymphoma is still under
active investigation. Thus far, the most robust trial data apply to
mantle-cell lymphoma.'**° Although mTOR inhibitors also show
promise for DLBCL,?! HL,** and Waldenstrom macroglobulinemia,23
those studies are less mature. The small sample size of our study did
not allow definitive conclusions regarding which lymphoma histolo-
gies may particularly benefit from the use of sirolimus as GVHD
prophylaxis. As we learn more about the activity of mTOR inhibitors
against lymphoma, we may be better able to rationally explore their
use in the transplantation setting.

In conclusion, the use of sirolimus for GVHD prophylaxis after
RIC HSCT in patients with lymphoma seems to be associated with a
significantly decreased risk of disease progression, as well as with
increased PFS and OS. We are planning to confirm this finding in a
prospective trial. This could be one of the first examples of the use of
dual-activity agents that may impact both GVHD and disease recur-
rence. Other possible examples of such agents are alemtuzumab and
rituximab, which both may have anti-GVHD activity*>*' and could
turn out to particularly benefit patients who received transplantation
for CD52- and CD20-positive malignancies, respectively.
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