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Abstract

Graft-versus-host disease (GVHD) is a principal cause of morbidity following allogeneic hematopoietic cell transplan-
tation (HCT). Multiple pre-clinical studies have shown that tumor necrosis factor-o. (TNFa) is an important effector of
experimental GVHD. Patients treated with etanercept and steroids were more likely to achieve complete response than
were patients treated with steroids alone. This difference was observed in HCT recipients of both related donors and
unrelated donors. Cytokine blockade may become an important element of treatment for GVHD in the future.
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Introduction

Allogeneic HCTisacurative treatment for anumber of hematologic
malignancies and genetic disorders. Despite the routine use of
immunosuppressive agents that target T cells, such as calcineurin
inhibitors, up to 50% of HCT recipients still experience significant
graft-versus-host disease (GVHD) that requires treatment with
high dose systemic steroids. The risk of mortality in patients
who do not respond completely to initial therapy is very high,
but complete response (CR) rates have remained at approximately
35%.

Animal models have established that the pathophysiology of
GVHD can be conceived as a process with three phases, involving
complex immunologic interactions between cellular effectors and
soluble effectors, such as inflammatory cytokines (See Figure 1).

Figure 1: Phases of GVHD Pathophysiology. The development
of acute GVHD can be conceptualized in three sequential steps or
phases: (1) activation of the antigen presenting cells (APCs); (2)
donor T cell activation, proliferation, differentiation and migration;
and (3) target tissue destruction. During phase 1, the release of
inflammatory cytokines such as IL-1, IL-6, and especially, TNF-
a, lead to increased expression of MHC antigens and adhesion
molecules, which enhance host antigen presenting cells (APCs) to
present allo-antigen to donor T cells. In phase 2, mature T cells from
the donor, infused into an environment primed for immunologic
activation, interact with host APCs, proliferate and differentiate into
activated T cells, which release additional inflammatory cytokines.
In phase 3, target organ damage results from the migration of
cytotoxic T lymphocytes (CTLs) and natural killer cells into the
tissues. In addition, monocytes, stimulated by lipopolysaccharide
(LPS) translocated across damaged intestinal mucosa, secrete
cytopathic amounts of inflammatory cytokines such as TNF-o,
culminating in clinically evident GVHD.
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One of the most important inflammatory cytokines in GVHD
pathophysiology is tumor necrosis factor-alpha (TNFa), which
mediates GVHD both through the amplification of donor immune
response to host tissues as well as direct toxicity to target organs.
These preclinical data served as the rationale to use anti-TNFa
agents. Infliximab, a monoclonal antibody directed at TNFa,
binds to both soluble and membrane-bound TNFa, resulting in
clearance of both circulating TNFa and T cells. Etanercept, a
soluble dimeric TNFa Receptor 2, competes for TNFa binding
and renders it inactive. This mechanism of action combined with
its relative ease of administration by subcutaneous injection and
generally minor side effects, make etanercept attractive as primary
GVHD therapy.
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Results

We have recently published the results of our using etanercept
in addition to high dose steroids as primary therapy for acute
GVHD'.

The primary endpoint of the clinical trial was CR (resolution
of all GVHD manifestations) at four weeks after the initiation
of treatment. Patients treated with etanercept plus steroids were
significantly more likely to achieve CR four weeks later than were
patients treated with steroids alone [69% vs 33%, p<0.0001]. The
benefit of etanercept persisted so that by 12 weeks after initiation
of GVHD treatment, 77% of etanercept plus steroids patients
had achieved CR compared to 50% of steroids alone patients
(p=0.0009). We performed a univariate analysis comparing
CR rates according to conditioning regimen (myeloablative
vs reduced intensity), a factor known to influence GVHD". A
conditioning regimen did not impact CR rates in patients treated
with etanercept plus steroids. In multivariate analyses the only
two variables associated with increased likelihood of CR were
the use of etanercept and a related donor stem cell source. Patient
age, conditioning regimen, degree of HLA-match, and the day of
onset of GVHD all had no statistically significant association with
response.

The higher response rate seen in patients treated with etanercept
plus steroids translated into improved survival at 100 days from
initiation of GVHD treatment [etanercept plus steroids, 82%
vs steroids alone, 66%, p=0.04]. At 6 months from initiation of
treatment a higher proportion of patients treated with etanercept
plus steroids were still alive (69%), compared to 55% of patients
treated with steroids alone, but this difference did not meet the
criteria for statistical significance [p=0.08].

Because of the trend towards an increased proportion of unrelated
donor transplants in the group treated with steroids alone, we
analyzed the results by stem cell source. The superiority of
etanercept was evident in transplant recipients from both related
donors [79% vs 39%, p=0.001] and unrelated donors [53% vs
26%, p=0.0005]. This latter difference is particularly noteworthy,
because studies have shown that acute GVHD in recipients of
unrelated donor transplants is more difficult to treat than GVHD
in recipients of related donor transplants. The time to CR was
significantly faster in recipients of related donor transplants who
were treated with etanercept plus steroids, but by 12 weeks nearly
equivalent proportions of patients in both groups achieved a CR
(etanercept plus steroids, 80%, steroids alone 70%). It is therefore
not surprising that survival six months from initiation of GVHD
treatment was similar in both treatment groups. Recipients of
unrelated donor transplants who failed to achieve a CR by day 28
were likely to never achieve CR, thus translating into a survival
advantage six months later. Importantly, the infection rates in
the first 100 days from initiation of GVHD treatment were not
different between patients treated with etanercept plus steroids or
treated with steroids alone for bacterial, invasive fungal or viral
infections. There were no mycobacterial infections observed in
any patients.

Discussion

Current standards for the treatment of acute GVHD rely primarily
on steroids alone as initial therapy and reserve additional agents
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for steroid refractory disease. Previous studies in steroid refractory
GVHD have shown that anti-TNFa agents have significant
efficacy but the majority of patients still die from GVHD or its
complications. Our results show that the combination of etanercept
plus steroids as initial treatment for GVHD results in significantly
better CR rates four weeks later compared to steroids alone. These
CRs were durable and could not be explained by differences in
the steroid dose at four weeks. Of note, etanercept plus steroids
improved the outcome for recipients of both related donor and
unrelated donor transplants which translated into significantly
improved survival at six months for unrelated donor transplant
recipients. The improvements in outcome were realized without
an increased incidence of serious infections, chronic GVHD or
relapse.

Animal studies have demonstrated that TNFa plays a critical role
in both the gastrointestinal tract'®!'?and the skin, but its role in the
liver is more controversial. Our data confirm mechanistic studies
of GVHD pathophysiology in animal models that have delineated
both TNFa dependent and TNFa independent pathways of disease
because TNFa inhibition increases response rates but does not
completely eliminate GVHD. All patients who received etanercept
also received steroids, and therefore the relative importance of
these pathways in clinical GVHD remains to be determined in
future studies.

One potential concern regarding the use of TNF-inhibitors to treat
GVHD s an increased risk of infections, particularly mycobacterial
and fungal infections. Invasive Aspergillus infections have been
associated with use of the anti-TNFo monoclonal antibody
infliximab for treatment of GVHD in two retrospective studies
involving a total of 32 patients. Although the overall incidence
of infection was significant—as would be expected in patients
with GVHD receiving high dose steroids—we did not observe
any significant difference in infection rates, including fungal
infections, in patients also treated with etanercept. The discrepancy
between the two studies may be due to potential differences
in the mechanism of action of the two drugs: infliximab can
induce systemic elimination and clearance of monocytes and
macrophages that express membrane-bound TNFa, whereas
etanercept does not. In addition, the recent availability of more
effective prophylactic agents against a broad range of fungal
species may have contained the overall infectious risk. We also
did not observe increased morbidity and mortality from etanercept
in patients who developed gram-positive infections, which differs
from prior reports in other disease settings.

If these data are confirmed in other multi-center trials, we may
well be able to use inhibition of TNF-a as an important adjunct
to therapy for GVHD that one day may be able to reduce or even
eliminate the need for prolonged high-dose steroids in some
patients.
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Cchuika: Kierounas tepanus u TpaHCILIaHTanus, ToM 1, Homep 1, 26 Maii 2008, c. 27, doi: 10.3205/ctt2008-05-26-002-ru-a

HoBplil noaxox k Tepanuu ocTpoii 60J1e3HU «TPAHCILIAHTAT NPOTHB X035IMHA)

®eppapa Ax., JleBun I:x.9.
Pe3iome

Bonesns «rpancmiantar npotus xo3suHay (PTIIX) sBisieTcss o0CHOBHOW MPUYHHO 3a001€BaEMOCTH TIOCIHIE aJIJIOTeHHON
TpaHCIUIAHTALUU TEMOTIO3THYECKIX CTBOJIOBBIX KJIeTOK (ayi10-TT'CK). MHorounciaeHHbie JOKINHUYECKHE UCCIIEIOBAHHUS
nokasanu, 4to ¢akrop Hekposza onyxosed (TNFo) mpencraBnser coGoii BaxHbIN 3¢dexktop PTIIX B ycioBusax
skcnepruMenTa. CranaaptHas Tepanus octpoit PTIIX ¢ mpuMeHeHneM BBHICOKMX 103 CTEPOHAHBIX TOPMOHOB MPUBOJUT
K TIOJTHOMY KJIMHUYECKOMY OTBeTy y 35% OonbHBIX. B TO ke BpeMs y OONBHBIX, JIEUCHHBIX MPENapaToM «3TaHEPCEIIT»
U CTepOMJIaMHU, Yallle AOCTHUrajCs MOJHBIA KINHUYECKHH 3((eKT, HeXenn y OONBHBIX, JICUEHHBIX JIMLIb CTEPOUTAMHU
(cooTtBeTcTBeHHO, 69% 1 33%, P=0,0001). D10 paznuuue Habmoxanock y peuunueHToB npu TI'CK kak oT poacTBEHHBIX,
TaK ¥ HepoAcTBeHHBIX 1oHOpoB. YpoBHU TNF R1 (bnomapkepa aktuHocTH PTIIX) B mia3me ObIITM MOBBIILICHHBIMU B
Haugajie PTIIX u 3HaUWTENBHO CHUYKAIHUCH TOJIBKO y OONBHBIX C MOJHBIM KJIMHHYECKUM OTBETOM Ha JieueHue. JlemaeTcs
BBIBOJI O TOM, YTO 3TaHEPCENT B KOMOWHAIIMHK CO CTEPOUIAHBIMH FOPMOHAMH B Ka4eCTBE HMCXOAHON Tepamuu OCTpOu
PTIIX mpwBOAWT K 3HAYUTEIHFHOMY BO3PACTAHHWIO YACTOTHI TOJHOTO KIMHUYECKOTO 3(dexTa oT sedeHus. Takum
o0pa3zoMm, MeAnKaMeHTO3Hasi OJoKana ITMTOKWHOB MOXET B OyayIIeM CTaTh Ba)XKHBIM aneMeHToM sedenust PTIIX.

KuroueBble cj10Ba: TpaHCIIIIAHTALIMSI KOCTHOT'O MO3Ta, 00JIe3Hb ,,TpaHCIIaHTaT npoTuB xo3stuHa, PTIIX, BocanuTenbHble
LUTOKUHBI, PaKTOP HEKPO3a OMyXoJiei-anbda, CTePOUIbI
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