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Summary:

There have been many advances in the prevention and
treatment of GVHD, including cyclosporine, FK506,
and combination therapies. This syndrome, however,
continues to account for significant morbidity and mor-
tality after allogeneic transplantation. With the
expanded use of matched unrelated as well as mis-
matched related donors, the increase in incidence and
severity of GVHD poses a new clinical challenge. Many
of the newer agents discussed in this paper may have
a role in the future as therapy for acute GVHD. The
evaluation of these new agents and the approach to be
taken is hampered by the realization that most patients
have received and are relatively refractory to standard
therapies. Clinical trials must be performed earlier in
the course of the syndrome to establish the role of these
compounds. Newer strategies are likely to include the
use of sequential therapy directed at blocking endogen-
ous cytokines followed by blocking alloreactive donor
cells, and immunologic advances such as the induction
of tolerance. What impact, if any, such therapy may
have on amelioration of a graft-versus-leukemia effect
remains unknown.
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In clinical medicine, the GVHD syndrome has tradition-
ally been subdivided into two syndromes: acute GVHD and
chronic GVHD?-*2 Acute GVHD develops in 30-60% of
recipients of histocompatible sibling-matched allografts,
and mortality due directly or indirectly to GVHD may reach
50%21%-15 Younger subjects, or those with younger donors,
develop GVHD less frequently than older recipients of allo-
geneic bone marrow’~2° Even with the use of potent
immune suppression, more than half the patients who
receive unmanipulated marrow grafts from histocompatible
donors develop GVHD; the risk is higher with histocompat-
ible donors who are matched but unrelated, and histoincom-
patible (unmatched) yet related donors and the use of such
alternative donors appears to be increasingf. Chronic
GVHD develops in 35-50% of patients after transplant
either as an extension of acute GVHD (progressive onset),
after resolution of acute GVHD (quiescent onset), or with-
out preceding acute GVHDdé novoonset)31-36

GVHD in the human setting was hardly recognized when
clinical transplantation was first undertaken. Subsequently,
techniques of HLA typing and other advances have
changed the approach to transplant. Over the past 25 years,
the diagnosis, prophylaxis, and treatment of GVHD have
evolved slowly, including the recognition that the GVHD

cyclosporine;syndrome is not entirely attributable to the immunologic
response of major histocompatibility differences between

donor and recipient. This review focuses on new clinical
and experimental developments in the treatment of acute
GVHD, examples of which are shown in Table 1. Although

. itis necessary to provide some discussion regarding therapy

Graft-versus-host disease (GVHD) continues to be a majofoy chronic GVHD and prophylaxis of GVHD, these
complication after allogeneic bone marrow transplantationsubjects will not be examined extensively.

even when the donor is a sibling who is genotypically ident-

ical at the major histocompatibility (HLA) locus and the

recipient is given potent immunosuppressioh.The  pathophysiology of GVHD

GVHD reaction is manifest by erythroderma, generalized

wasting, diarrhea, jaundice, and ultimately, death; the histoacyte GVHD initially was perceived as infiltration by
pathological changes have been well-describéd. immunoreactive donor T cells into target host tissues with
resultant destruction. It has been over 25 years since
Correspondence: Dr HM Lazarus, Department of Medicine, Universi'[yBiIIingham proposed three essential reqUirementS for de\-/el-
Hospitals of Cleveland, 11100 Euclid Avenue, Cleveland, Ohio 44106,_0pmem of .GVHD: (1) the gratft (donor cells) ”.‘“.St contain
USA immunologically competent cells; (2) the recipient (host)
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Table 1 Classes of agents for the treatment of GVHD

Class of agent Examples

Non-specific immunosuppressive agent Corticosteroids

Non-specific T cell immunosuppressives Cyclosporine, FK506, rapamycin

Anti-cellular polyclonal antibodies Antithymocyte globulin

Anti-cellular monoclonal antibodies Anti-CD3; anti-CD12

Anti-cytokine monoclonal antibodies Anti-IL-1 receptor antagonist; anti-Td\nti-IL-2 receptor antagonist
Anti-recognition monoclonal antibodies (anti-adhesion molecules) Anti-LEAahti-MALA-2

Immunoconjugates (immunotoxins) Anti-CD5-ricin; anti-IL-2-diphtheria toxin

Photopheresis PUVA

Other agents Thalidomide, desferrioxamine, penicillamine

Total lymphoid irradiation —

(3) the recipient must be incapable of mounting an immune the ‘cytokine storm’ reaction of GVHD are shown ir
response to destroy the transplanted &&if<Gowang®and Table 2.
McGregoe® demonstrated that the cells responsible for the GVHD can develop in the course of (1) bone marrow ¢
GVHD syndrome were small lymphocytes derived from peripheral blood progenitor (hematopoietic stem cell) trans-
allogeneic donor bone marrow. It has been shown that acute plantation, (2) transfusion of unirradiated blood produ
GVHD is initiated by donor-derived, alloreactive cytotoxic (transfusion-associated GVHD), or (3) solid-organ trans-
T lymphocytes (CTLs, CD8lymphocytes) and lympho- plantation involving organs containing lymphoid tissue.
kine-secreting T helper Ilymphocytes (HTLs, CD4 This review will deal with the first two situations.
lymphocytes)® The extent of histoincompatibility between As understanding of the pathogenesis of GVHD has
donor and recipient, the presence of alloreactive, hostgrown, therapeutic strategies have been modffidil.has
specific donor T cells, and the number of T lymphocytes been proposed that immunosuppression (either via T ¢
present in the inoculum correlate with the incidence anddepletion of the graft and/or administration of immunosup-
severity of GVHD*~#2 Donor lymphocytes traditionally =~ pressive therapy to the host after the transplant, ie post-
were thought to recognize differences in major host histotransplant immunosuppression) with its marked propensity
compatibility antigens leading to a graft-versus-host reac-  for increasing opportunistic infections, be replaced by sy
tion. More recently, disparities in minor histocompatibility cific anti-cytokine therap§*-¢’Clinical trials have begun to
antigens between donor and recipient, inherited indepen- address this question, although the efficacy of anti-cytok
dently of HLA genes, were demonstrated to elicit a GVHD therapy is still uncertain (see below).
reaction?*-4® This reaction is then amplified by elaboration
of cytokines (see below). Billingham’s requirement for an
immunoincompetent host has been revised recently, sincAcute graft-versus-host disease
GVHD has been described experimentally and clinically
after infusion of either syngeneic (identical twin) bone mar- The clinical spectrum of GVHD was described clinically
row or autologous bone marrct@-®® The recipient must more than two decades agc?®"* Acute GVHD usually
either express tissue antigens not present in the donor, or becomes manifest within 20-40 days of marrow infusi
the host must exhibit an inappropriate recognition of self-although potent immunosuppressive agents such as cyclo-
antigens, ie an autoimmune proc&ssn addition, immu-  sporine may delay onset by several mofithsute GVHD
nohistochemical analysis of the effector cells in the GVHDis graded clinically using a standardized system which takes
reaction suggest these cells are natural killer cells rather
than mature T cell8>56

The above data, taken together, lead to the concept ofable2  Cytokines implicated in the pathogenesis of
GVHD as a ‘cytokine storm’, defined as an outpouring of GYHD?237:576.263:271,319.361-368
endogenous cytokines resulting in many tissue effétds.
Inflammatory cytokines such as tumor necrosis faetor- L1
(TNF-a), and interleukin 1 (IL-1) are released during the 'L:Z
preparative regimen and cytopenic phase of transplant;; .4
these agents incite both autoreactive and alloreactivelL-6
inflammatory cells in a positive feedback loop, since 'L-11
inflammatory cytokines increase expression of class | and TN«

. . . nterferon-beta

II' MHC-peptide complexes, costimulatory ligands and |yierferon-gamma
adhesion molecule8:52 The cytokines cause proliferation  Lipopolysaccharide (endotoxin)
of effector cells, leading to more host tissue damage, further M-CSF
releasing cytokines. Many of the cytokines implicated in
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into account varying clinico-pathological involvement  ducts and is characterized by a scaly, maculopapular, e?;/?
by different organs. While there is general acceptance athematous rash, high fever, diarrhea, and liver function
this system, there are minor differences among centers abnormalities, as well as pancytopenia. As is the case with
in the criteria used to assess the degree of orgaftlassic’ acute GVHD, any of these features may present
involvementt:7>-77 The traditional method for grading  as the predominant clinical sign.
acute GVHD was developed by Glucksberg and col- TA-GVHD often occurs after the transfusion of blood
league¥’ in 1974, based on 61 patients. Recently, Rowlings products shown by histocompatibility testing to be the same
and co-worker® compared the association of acute GVHD immunophenotype as the bone marrow and peripheral
and transplant outcome in 2881 adult patients receiving blood cell donor. Specifically, the clinical features are con-
HLA-identical sibling transplants for leukemia using a sistent with the host’s inability to eliminate viable donor T
newly developed Severity Index which takes into account  lymphocytes present in the transfused blood product. For
variability in prognosis within Glucksberg grades. They the syndrome to occur, the recipients ordinarily are HLA
demonstrated the utility of this system in an independent  heterozygous for an HLA haplotype that is shared with an
patient population, and are comparing the Glucksberg graddLA homozygous donor. For a long time it was thought
ing system with the Severity Index in a prospective trial  that the observed frequency of TA-GVHD was much lower
conducted by the French Society for Bone Marrow Transthan the estimated probability for this donor/recipient com-
plantation. bination. Elegant mathematical models developed to esti-
mate TA-GVHD risk, however, are in better agreement
with the clinical experienc& Furthermore, it is likely that
Chronic graft-versus-host disease functioning recipient CD8 and NK cells play a central role
in the down-regulation of TA-GVHD development in
Chronic GVHD presents a clinical pattern which usually recipients®® Recent advances in therapeutic modalities,
differs from acute GVHD, ie mesenchymal rather than epi-  such as the potent T cell suppressor, fludarabine, may be
thelial tissues are involved more commonly. Most classi-responsible for the recent reports of TA-GVHD in chronic
fications are based on the extent of disease and performance  lymphocytic leukemia Petients.
score327® Chronic GVHD is a multi-organ disorder in  TA-GVHD has been reported after transfusion of any
which the severity of individual organ involvement does cellular blood product; blood components such as fresh
not correlate well with the overall survival; the patient’s frozen plasma and cyroprecipitate have not been associated
functional performance is a better indicator of survital®*  with the syndromé&* Freezing removes almost all lympho-
Chronic GVHD is categorized as eithiemited (localized cytes from the blood product, thus significantly minimizing
skin involvement and/or hepatic dysfunction) extensive  the risk of initiating TA-GVHD. It must be emphasized that
the latter is associated with a worse prognosis. Such a stathere is an extremely high fatality rate for established TA-
ing system, however, is not of much value since few  GVHD, reaching 90% in some ré&pBesause of the
patients havdimited disease. very high early mortality, chronic GVHD secondary to
Understanding of the pathophysiology of chronic GVHD blood transfusion has only rarely been réported.
has lagged behind that for acute GVHD. While some inves- TA-GVHD usually develops in recipients given at least
tigators believe that chronic GVHD is merely a late 71@mphocytes per kg recipient weigth,although rare
expression of the alloreactivity causing acute GVHD,reports have implicated TA-GVHD with as few ax&0*
others postulate that chronic GVHD represents dysfunc-  lymphocytes &Akhough the condition is almost uni-
tional immune reconstitution through the generation offormly fatal in spite of therapy with high doses of cortico-
autoreactive clone®®¢#° Data from experimental systems  steroids and cyclosporine, there have been occasional
of autologous GVHD support this hypothesis since specifiaeports of spontaneous resoluti&nFurthermore, experi-
class Il donor anti-donor autoreactive T cells can be demon- mental approaches using monoclonal antibodies such as
strated in both mice and humans who have chronic GVHDanti-CD3 (OKT3) and cyclosporine have met with some
This review will not address the therapy of chronic  sucééss.
GVHD. Fortunately, prevention of TA-GVHD is readily and
most effectively accomplished using gamma-irradiation of
cellular blood product® A dose of at least 2500 cGy gen-
Transfusion-associated graft-versus-host disease erally is adequate to inactivate donor lymphocytes and pre-
vent TA-GVHD,; this radiation dose does not significantly
Transfusion-associated GVHD (TA-GVHD) is predomi- impair granulocyte and platelet function, although red cells
nantly associated with infusion of unirradiated blood pro-  do sustain detectable d&mBige.2500 cGy dose of
ducts®! Historically, this syndrome was recognized over 20gamma irradiation is remarkably effecti®ealthough there
years ago and the initial reports described its occurrence in have been rare reports of TA-GVHD in patients given
children who had immunodeficiency disord&$€® Sub- irradiated blood product¥:®® It is estimated that 15% of
sequently, this condition has been described in considerable institutions performing allogeneic or autologous bone mar-
detail, and approximately 150 patients have been reportedw transplantation do not regularly irradiate cellular pro-
in the literaturé®* Patients may be either immunocompro-  ducts for transplant recipients, probably due to unavail-
mised, ie immunodeficiency disorder or hematologic malig-ability of adequate irradiation faciliti€¥.In general, bone
nancy, or immunocompetent, ie newborns. The syndrome marrow transplantation should only be performed at centers
usually occurs 4-30 days after transfusion of blood pro-capable of irradiating all cellular blood components. Leuko-
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cyte filtration devices can remove more than 99% of lym- incidence of GVHD, although cyclophosphamide wa

phocytes and are readily available; however, this methodhever compared directly to methotrexate. It is interesting

may not be as effective as gamma irradiation, since the to note, however, that none of these studies compared

residual lymphocyte ‘load’ can be associated with TA-of these agents to a ‘no prophylaxis’ arm.

GVHD after transfusiof? The next agent used to prevent GVHD was anti-thymo-
cyte globulin (ATG), which in some trials was effective in
treating this condition. Two studies compared methotrexate

Prophylaxis of graft-versus-host disease prophylaxis to methotrexate plus AT 1%These investi-
gations showed no difference in incidence and severity of
Concepts GVHD or overall survival. The University of Minnesota

. , . L reported that ATG combined with methotrexate and predni-
Most preclinical modelling and clinical trials in GVHD  gone reduced the incidence of GVHD from 48% (in patients
have dealt with prophylaxis strategies. Effective preventioqeceiving methotrexate alone) to 2P%Overall survival
includes the use of histocompatible donors and recipientng incidence of chronic GVHD, however, did not differ.
the use of immunosuppressive drugs after the bone marrow |, the |ate 1970s the potentimmunomodulator cyclospor-
infusion, thein vitro manipulation of the donor graft, and e (cyclosporine A), known as ciclosporin in Europe, and
possibly housing the patient in a pathogen-poor, protectegyclosporin in Australia and New Zealand, was introduced.
environment.® The agents in current use are much moreanimal trials demonstrated this compound to be effective
efficacious in preventing the cascade of immunologicin preventing GVHDY® and several uncontrolled clinical
events we recognize as GVHD than in inactivating themrials indicated impressive result$-11¢Other trials, how-

once they are set in motion. ever, prospectively comparing cyclosporine to methotrexate
prophylaxis therapy, showed no differences, although each
No GVHD prophylaxis agent was superior to a ‘no prophylaxis’ stratégy**

The combination of cyclosporine and either methotrexate

There have been only three small trials of transplants peror methylprednisolone appeared to decrease the incidence
formed without GVHD prophylaxis and the results were of GVHD in several phase Il and Il studié%-132Storb
conflicting***-'3All three studies showed no difference in and associaté® at the Fred Hutchinson Cancer Research
survival in treatedrsuntreated patients. One study showedCenter reported that in severe aplastic anemia patients
no difference in incidence of GVHD, although both treatedundergoing matched-sibling allogeneic bone marrow trans-
and untreated patients exhibited very high rates ofplantation, prophylaxis with cyclosporine and methotrexate
GVHD:;** the other two studies found more GVHD in the was associated with a significantly lower rate of grade Il—
untreated patient$>°% Sullivan et al'®® reported ‘hyper- |V acute GVHD than use of single-agent methotrexate,
acute GVHD’, ie severe, explosive GVHD, in patients not 18% vs 53%. Although actuarial survival at 2 years after
receiving prophylaxis. Although there is interest in avoid- transplant approached but did not reach statistical signifi-
ing immunosuppression in low-risk patients using pre-cance (82%vs 60%, P = 0.062), this group noted an
screeningin vitro testing, at present there is no evidenceincrease in infections in the methotrexate group, no differ-
on which to recommend the absence of GVHD prophylaxisences in the occurrence of chronic GVHD, and rec-
in this groupt®* ommended combined therapy. In acute myeloid leukemia

Two basic approaches to the prevention of GVHD havepatients in first remission or chronic myeloid leukemia
been utilized: post-transplant immunosuppressive drugs tpatients in chronic phase receiving cyclosporine plus
modify immune responses in the host, and lymphocytemethotrexate, the same group noted that the incidence of
depletion of donor marrow. These two approaches will begrade 11-IV GVHD was 33% as compared to those given
considered separately. cyclosporine alone where the incidence was 3494 sur-
vival advantage was observed at 2 years in patients receiv-
ing combined cyclosporine and methotrexate. With
additional follow-up, however, more relapses have occurred
Corticosteroids and other lympholytic chemotherapeutidn the acute myeloid leukemia patients who received com-
drugs were among the first agents examined in animal mod- bined therapy, resulting in similar disease-free survival
els and subsequently in clinical trials. The choice of agentboth armgt?7.128
and timing of administration was modified by the particular At the Johns Hopkins Oncology Center patients wer
animal model used. Methotrexate was found to be the mostandomly assigned in double-blind fashion to receive either
potent agent in preventing and ameliorating GVHD in the cyclophosphamide and methylprednisolone, or cyclospc
canine model used by the group at the Fred Hutchinsoine and methylprednisolorié® The probability of
Cancer Research Center, and hence they selected this agent developing acute GVHD was 68% in the cyclophospt
for clinical use'®® Cyclophosphamide, which had the most ide arm and 32% in the cyclosporine arm; correspondingly,
potent effects in the rat model of GVHD used at the Johns  survival in the cyclosporine arm was double that in tf
Hopkins Oncology Center was chosen for clinical use atyclophosphamide group. Similar results have been
that centet®® Until the introduction of cyclosporine, reported in a phase Il and a phase IIM¥#i&t! Shepherd
methotrexate or cyclophosphamide given in low-dose pulet al*° observed a 28.5% rate of grade II-IV acute GVHD
ses after the bone marrow infusion were the mainstays of after 28 matched-related allografts with combined cyc
GVHD prophylaxis. Both were associated with a 25-50%sporine and methylprednisolone; they indicated that renal

Pharmacologic agents as GVHD prophylaxis
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toxicity was avoided by the use of this phase Il combi- One of the current controversies is whether addir?%1
nation. The transplant team at the City of Hope reported @orticosteroids provides added benefit to the combination
phase Il study, in which patients were randomized to of cyclosporine and methotrexate; the results of these trials
receive methotrexate plus prednisone or cyclosporine pludiffer.*46-148 |n one study, despite showing a benefit in
prednisoné3! Forty-seven percent of methotrexate-treated  reduction of the incidence and severity of GVHD, infec-
patients developed GVHD compared to 28% in the cyclotious complications in the corticosteroid-treated group were
sporine group. Correcting for crossover of patients who  significantly higher, further emphasizing the delicate bal-
developed GVHD, a survival advantage was seen for cycloance between immunomodulation and immunosuppres-
sporine-treated patients. In the three studies above, the inci- &€idn-going clinical trials may clarify the relative
dence of chronic GVHD did not decrease despite improveefficacy of the three-drugvs two-drug prophylactic
ments in the prevention of acute GVHER125-131Fjnally,  regimens?®
in thalassemia patients undergoing allogeneic bone marrow Another agent to enjoy a brief period of interest was
transplantation, Galimberti and colleagti@geported that  intravenous immunoglobulin (IVIG). IVIG has potential
the combination of cyclosporine, cyclophosphamide, andmmunomodulatory and anti-infective effects. One trial
methotrexate was significantly more effective in preventing suggested that patients at high-risk for GVHD, such as
acute GVHD than cyclosporine used as single agent (41%lder patients sero-positive for cytomegalovirus, would
vs15%); event-free survival, however, did not differ in the benefit from IVIG therapy given prophylactieallhe
two groups. high cost of this drug when given long-term and the nega-
Table 3 illustrates the occurrence of acute and chronic  tive results using survival as an endpoint in subsequent
GVHD after prophylaxis using single and multiple trials'> may have dampened enthusiasm for better defining
immunosuppressive agents. These pooled data reflect only  its role and mechanism of action.
randomized studies, and although the drugs are identical Phillips et al*2 added the immunotoxin H65-RTA (anti-
there were variations in dose and duration of therapy. CD5-ricin A chain, see below) to a cyclosporine and
Additionally, the type and stage of diseases for which thanethotrexate prophylaxis regimen in 31 patients receiving
transplant was conducted varied. The pooled data may be  unrelated donor transplants, a group at extremely high risk
useful to indicate the lower incidence of grade II-1V acutefor acute GVHD. All but two patients engrafted, and no late
GVHD with the use of combined immunosuppressants, graft failures were observed. Grade IlI-IV acute GVHD
although the risk of relapse correspondingly is increased.developed in only seven patients. This prophylaxis strategy
Thus, there is considerable evidence that cyclosporine, appears to reduce the severity of acute GVHD but requires
especially when given in combination with other agents,confirmation in larger studies.
decreases the incidence and severity of acute GVHD after Limited data are available for another potent, specific
allogeneic bone marrow transplantation from histocompatimmunomodulator, FK506 (tacrolimu®?-15* From a
ible related donors. Although cyclosporine may have con-  mechanistic viewpoint, there is no reason to anticipate that
siderable side-effects, especially renal injury, and require§&K506 will have an advantage over cyclosporifie!>eDif-
close monitoring of blood concentration, most bone marrow  ferences exist, including the fact that hepatic metabolism of
transplant teams currently use cyclosporine plus a brieFK506 leads to higher concentrations in the liver, possibly
course of methotrexate as their standard GVHD prophylaxis explaining its advantage in allogeneic liver transplantation.
regiment*3-14° The use of cyclosporine as a continuousOne retrospective, single-center study, utilizing allogeneic
infusion has been reported by one group to facilitate dose hematopoietic stem cells collected from the peripheral
monitoring and possibly improve efficacy, and reduction ofblood rather than bone marrow, suggested that FK506 may
the dose of methotrexate may improve compliance and  be more effective than cyclosporine in preventing GVHD,
reduce toxicity*41-1420n the other hand, combined cyclo- but additional data are need&d.
sporine and methotrexate appears to be less effective in New agents that appear promising in animal models are
unrelated donor transplants, and in situations in which theuccinyl acetone, 15-deoxyspergualin, leflunomide, and
toxicities of the cytotoxic preparative regimen may pre- interleuki®I2%* Clinical usefulness of these agents
clude administration of full doses of cyclosporine andmay be limited by irreversible cerebellar toxicity with suc-
methotrexat&®143-145 cinyl acetone and gastrointestinal toxicity with 15-deoxys-

Table 3 The occurrence of acute and chronic GVHD after prophylaxis using single and combination immunosuppressive agents

Agent(s) No. patients Grade II-1V Chronic GVHD Refs
acute GVHD % (%)

MTX 143 45 27 31, 130, 122

CSA 50 54 24 128

MTX + CSA 128 27 38 122, 128, 146

MTX + CSA + Pred 122 26 45 146, 147

CSA + Pred or Methylpred 95 31 29 129, 131, 147

MTX = methotrexate; CSA: cyclosporine; Pred prednisone; Methylpre¢ methylprednisolone.
These pooled data are taken from only randomized studies, and it must be appreciated that although the drugs are identical there may be variations in
the precise doses and duration of therapy.
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pergualint®>-1%°|_eflunomide was effective as prophylaxis Cryopreservation of allogeneic bone marrow
and treatment of GVHD in transplantation of immunocom-
petent allogeneic cells into MHC-discordant F1 hybrid rats;
clinical trials have not yet been report&d Another agent,

IL-12, appears to have promise in the prophylaxis of
GVHD, although the only studies available to date are in

micel6! This cytokine, a potent immunostimulatory cyto- . .

ne and inducer of eytotoxic T lymphocyte function. (SRR AVIRCEREEG B TECH SRR TRAIEL

inhibited the development of GVHD with a single injection. . 9 00 : P e
infused frest¥°® They noted no differences in time to

Further studies of this paradoxical observation are war- naraftment or blood product requirements. but the arou
ranted and will be noted with great interest. The reader i€nY P 9 ' group

) ; . ven cryopreserved donor marrow had less acute GVHD.
referred to other reviews addressing pharmacologic age”%}ese re)z/sl?lts have been updated to include 49 patients who
in the prevention of GVHD%2-164

were given cryopreservech € 31) or fresh ( = 16) bone
marrow donations; grade II-IV acute GVHD rates were
37% and 50%, respective)* The reasons for this differ-
ence are unclear, but offer an interesting research opport-
unity in this field.

Lasky and associate¥8 previously reported successful allo-

geneic bone marrow transplantation in which the cellular
product had been cryopreserved at the time of harvest. In
a retrospective study one group compared the use of 10
matched, related allogeneic donor bone marrows which had

Lymphocyte depletion of the donor graft as GVHD
prophylaxis

The second major approach to prevent GVHD is lympho-
cyte depletion to remove effector cells from the donor graft.
The removal of lymphocytes as well as other' accessor')srimary therapy of established GVHD
cells, however, can be associated with an increase in
engraftment failure, or engraftment delay. On the other Despite prophylaxis, most patients develop acute and
hand, as our understanding of GVHD has evolved, so hashronic GVHD. In the past, therapy for GVHD involved

the appreciation that lymphocyte depletion may also  the same agents as used for propt#iEbd%-2"The
remove many of the cells responsible for cytokines thatuse of these agents, including glucocorticoids, antithymo-
mediate GVHD leading to disruption of the cytokine cas-  cyte globulin, and cyclosporine, has been reviewed exte
cade and prevention/attenuation of the graft-versus-hostively’2%¢-21Early after transplant, before hematopoietic
reaction. This view is supported by the current interest in recovery, alloreactive T cells have not yet become ful
delayed infusion of donor lymphocytes, ie adoptive immun-expanded and differentiated. For this and other reasons,
otherapy; this approach is associated with a potent graft-  such cells can be eliminated or inactivated more easily
versus-leukemia effect and a lower likelihood and severitimmunosuppressives. This finding may explain why these

Conventional treatment of acute GVHD

of GVHD.165-175 agents are more effective in preventing rather than treating
A variety of techniques have been used to deplete lymestablished GVHDI?
phocytes from the donor graft, including monoclonal anti- Despite a number of significant complications such &

body, chemical, and physical separation metHd&s$®4An  avascular necrosis of bone (relative risk @357 0.0002),
overview is extremely difficult, since there is no standard corticosteroids form the backbone of most regimens fi
approach. Relatively minor technical differences may makdreatment of acute GVHEP.21821°\Weisdorf and co-work-
significant differences in clinical outcomes. Certain general **eeported the long-term outcome of 197 patients treated
principles, however, can be stated. All techniques are assder grade IlI-IV acute GVHD among 469 patients who
ciated with a higher risk of engraftment failure, a compli- underwent allogeneic marrow transplant. Corticosteroi
cated problem which may involve hematopoietic stem celltherapy alone was offered to 160 patients, while another 37
loss during marrow processing, lack of immunologic  received other immunosuppressive agents. Comple
potency to overcome residual host defenses, or a combresponse was attained in 72 patients (41%); another 61
nation. This is an on-going area of investigation, including required subsequent therapy with high-dose corticosteroi
the use of a novel, bone marrow-derived, engraftment ‘faciand/or antithymocyte globulin; 64 patients died from vari-
litator cell’ to compensate for increased risk of the lympho- ous causes. In a more recent study, this group reported tl
cyte depletion technigu®®°7 This donor bone marrow of 510 patients treated, the response to primary therapy
cell expresses a unique immunophenotype (positive for  was one of the most important predictors for long-ter
CD8/CD3/CD45R/Thy 1/class d[vintermediate yat T cell  survival?®

receptor negative) and can facilitate engraftment in MHC- Some transplant centers begin with relatively lov
disparate allogeneic recipients without causing GVHD. Incorticosteroid doses (ie 1 mg/kg/day prednisone
preclinical systems larger numbers of hematopoietic stem equivalence) for patients presenting with limited cutanec
cells in the graft overcome this problem. In clinical situ- disease. High-dose glucocorticoid therapy usually is
ations, more intensive conditioning may be necessary. reserved for patients with systemic or severe skin dises
Finally, lymphocyte-depleted grafts are associated withAlthough the dose is variable and ranges up to 3 g/day
higher relapse rates, particularly in chronic myeloid leuke- prednisone equivalence, many centers employ methylpre
mial®® Weighing all of these factors makes comparisonsnisolone in doses of 2.0-2.5 mg/kg/day. Although

of trials of lymphocyte depletion extremely difficult. This responses are obtained at very high doses, it is usually :
review will not deal with this technique in detail. the cost of severe catabolic damage, fluid retention, and
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hyperglycemia. Furthermore, the use of high-dose cortico-  included glucocorticoi249), cyclosporiner( = 80), >3

steroids will increase the risk of infection, but it is unclear antithymocyte globulinr{ = 114), various monoclonal anti-
to what extent. In one study in which corticosteroids were bodies 19), either singly If = 390) or in combination
used as GVHD prophylaxis in the early post-transplant per{n = 37). Improvement or resolution was observed in 45%
iod, the risk of infection was increased by 5398 patients  of patients with skin disease, 25% of patients with evalu-
who have advanced GVHD are already at considerable riskble liver disease, and 35% of patients with evaluable gas-
for infection, and the benefit of controlling GVHD with  trointestinal disease. Overall, complete or partial responses
corticosteroids may outweigh the drawbacks. After observwere noted in 40% of patients. The highest response rate
ing responses, corticosteroids generally are tapered every  was observed when GVHD recurred during the taper phase
4-7 days. Hings and co-workétsrandomized 30 patients of glucocorticoid therapy. When this group was excluded,
who had moderate or severe GVHD responding within 14 responses to secondary treatment were considerably fewer.
days to primary corticosteroid therapy to a slaw fast These data led the authors to recommend evaluating new
taper. Short-course prednisone consisted of 2275 fg/mimmunosuppressive agents in this setting with careful
administered over 86 days and the long taper regimen utilmonitoring of the extent and severity of skin, intestinal, and
ized 6300 mg/rh over 147 days. Patients given the brief  liver organ dysfunction.
course responded by 30 days (median), compared with 42
days in the other groug?(= 0.01). Since the complications
of corticosteroids, the incidence of chronic GVHD, and Newer approved agents
overall survival at 6 months were similar in both patient
groups, these investigators favored a rapid taper. FK506

Trials showing benefit of cyclosporine in treating acute
GVHD have been limited to patients receiving non-cyclo- FK506 (tacrolimus) is a new drug that blocks T cell acti-
sporine containing regimens as prophylaxis. Patients whwation, similar to cyclosporine. In contrast to cyclosporine,
have not received cyclosporine as part of their GVHDFK506 does not affect natural killer cell functiéff FK506
prophylaxis may fare as well with cyclosporine treatmentwas shown to have superior efficacy in preventing and tre-
as with corticosteroid treatmefft ating rejection of transplanted livers in clinical trigf§:-228

Combinations of various immunosuppressives have beeSimilarly, in animal models FK506 is effective in pre-
used as GVHD treatment. ‘Triple therapy’ with prednisone,venting and treating GVHE?°-234 Published experiences
cyclosporine and anti-thymocyte globulin was found to beusing FK506 to treat GVHD were limited, until recently,
equally efficacious, but more toxic due to increased infecto two reports:3523¢ Koehler et aP*® treated six children
tions, than therapy with antithymocyte globulin plus cyclo- with acute GVHD resistant to corticosteroids. Improvement
sporine aloné!® Earlier, antithymocyte globulin and in acute GVHD was observed in skin and gastrointestinal
corticosteroids were found to be equivalent in methotrex-GVHD in all six patients, and liver GVHD in three of four
ate-treated patienfd® The combination of prednisone and affected patients. Toxicity, however, was significant and
antithymocyte globulin was similarly ineffective in the similar to that described for solid-organ transplant patients
treatment of acute GVHD occurring in the setting of unre-treated with FK506“ Five patients had renal toxicity, and
lated bone marrow transplantation. Reyal*** reported a two developed significant central nervous system injury.
high failure rate in unrelated marrow transplant patientsKanamaru and associatés studied 49 patients; 18 (13
since only nine of 42 patients responded to prednisone anevaluable) had acute and 31 (26 evaluable) had chronic
antithymocyte globulin by 100 days after transplant. MoreGVHD. A ‘good’ to marked response was noted in seven
recently, however, data for 267 HLA-A,B,D/DRB1-ident- of 13 patients in the acute GVHD group. In the chronic
ical and minor mismatched unrelated transplants from thé&sVHD group, 10 had a ‘good’ and two a marked response.
Fred Hutchinson Cancer Research Center showed no diffeAs expected, renal injury (53%) and nausea and vomiting
ences in non-relapse mortality or survival compared tq30%) were significant side-effects. These authors noted a
matched, related transplants when adjusted for age armbrrelation of toxicity with whole blood FK506 concen-
diagnosig??? tration, and recommended close monitoring for safety pur-
poses. Further studies of this agent in the treatment of acute
Secondary therapy of established GVHD GVHD are warranted.

Initial treatment of GVHD remains unsatisfactory. Fewer

than 50% of patients developing acute GVHD show durabl@nyestigational and experimental therapies for GVHD

improvement after initial treatment. Corticosteroid-resistant

acute GVHD is extremely difficult to manage and is asso- ;

ciated with high morbidity and mortalityp.1442182230ne Monoclonal antibody therapy

commonly used salvage drug is antithymocyte globulin, Attempts at treating GVHD by infusion of monoclonal anti-

usually given in doses of 10-15 mg/kg every other day forbodiesin vivo have met with limited succes$% Early trials

7-14 days. This agent provides effective anti-GVHD  utilized antibodies directed against the effector cells, such

therapy in some patients but is quite toxi€:214-216 as anti-T cell antibodies. In recent years, knowledge gained
Martin et aP?® retrospectively analyzed secondary  from understanding of the role of cytokines in GVHD

therapy for acute GVHD in 427 patients without a durablepathophysiology has fostered the use of antibodies against

response after primary treatment. Secondary treatment  cytokines in experimental and clinical situations.
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Anti-lymphocyte monoclonal antibody therapy days after transplant. One of the two patients given OKT3
for extensive chronic GVHD had a partial response, but
Reinherz et aP®” administered a unigue, non-mitogenic both died (one due to aspergillosis and the other due to
anti-CD12 monoclonal antibody to a patient with combined chronic GVHD). BMA therapy was not associated with an
immunodeficiency who developed refractory acute GVHDtoxicities. However, none of the seven patients given BMA
after undergoing a haploidentical mismatched transplant; treatment for grade ll-Ill acute GVHD responded cor
the GVHD resolved after antibody therapy. Other trialspletely, although five had partial responses lasting 51 to
used a mitogenic anti-CD3 agent with mixed reséits?4® 1461+ days. Only one patient developed anti-isotypic or
The cutaneous lesions in some patients responded to theanti-idiotypic antibodies. Fatal infections occurred in sev-
apy, but only as long as the infusions were administered. eral patients. Neither agent appeared to have a sufficie
In a dose-escalation study Martin and co-work&rgeated  good therapeutic index to justify routine use.
24 patients who developed GVHD with an Ig@&nti-CD3 Recently, Heslop and colleagtféseported encouraging
murine monoclonal antibody, 64.1. In two patients the anti-results with CBL-1, the murine IgM monoclonal antibody
body was used as initial therapy of GVHD while in 22 directed against activated T cells and natural killer cells
patients, it was given after failure of previous treatment.which has been effective in reversing graft rejection in renal
The antibody infusions were frequently associated with  allogf&fi¥'® Nine of ten patients with grade llI-IV
fever and chills. While skin GVHD in most patients corticosteroid-resistant GVHD responded within 2 weeks
responded to lower antibody doses, three-fold higher doses of treatment; five subjects had complete resolution,
were required to suppress GVHD affecting liver and intes-marked response was noted in four others. The effect was
tine. No patients attained a complete response, and all durable, since only one partial and one complete respor
needed additional immunosuppressive therapy. Furthehad recurrence of acute GVHD. Although several patients
more, four patients developed Epstein—Barr virus (EBV)- died of relapse or subsequent infection, four subjec
associated lymphoproliferative disorders within 7-18 daysemain alive 8% to 1173+ days after therapy (three with
after initiating monoclonal antibody therapi?:2** These  chronic GVHD).
mitogenic anti-CD3 antibodies, combined with the severe
immunosuppressive agents and the immunodeficiency OA
GVHD, abrogated the T cell-mediated surveillance mech-
anism that normally modulates the proliferation of EBV-  As early as 1971, it was postulated that endogenous cyt
infected lymphocytes. kines played a role in GVHB* Donor T lymphocytes
Several investigators reported the successful use of non- appeared to be essential for GVHD; the developmen
mitogenic anti-T cell antibodies without the developmentsyngeneic and autologous GVHD, however, ultimately led
of lymphoproliferative disorder&?-244 Remlingeret aP*®  to arealization that IL-1, TNFR, IL-2, and other cytokines
used four monoclonal anti-T cell antibodies that reactedvere extensively involved in the pathogenesis of GVHD
with mature T cells (pan T cell antibodies) to treat corticos- reacfieni® As a result, some of the most promising
teroid-resistant acute GVHD. In this phase | study, six ofresults in the treatment of GVHD appear to be with the
10 patients receiving intermediate to high doses of antibody newer monoclonal antibodies directed against the cytokil
appeared to have some improvement in GVHD. (TNF-a and IL-1), or the cytokine receptors involved in
Anasetti and colleagu&$reported the results of a phase  the GVHD reaction (IL-1 soluble receptor, IL-2 soluble
I-Il study with a murine IgG, non-mitogenic anti-CD3 receptor).
monoclonal antibody, termed BC3. Fourteen patients with
GVHD were given BC3 at a dose of 0.1-0.2 mg/kg/day
for 7 or 8 days. Side-effects included mild chills, fever,
hypertension, and chest discomfort. Eight patients IL-1 is a central cytokine in the activation of T cells anc
responded, five completely and three partially. Althoughin the pathogenesis of GVHE# IL-1 production occurs
responses were sustained in most patients and four of the  early in the inflammatory process and leads to incree
complete responders had effects lasting longer than 1 yeagxpression of TNFx and other cytokine¥>256 Abhyankar
most patients died of infection. et aP5” used competitive polymerase chain reaction tech-
Hebart and colleagu&$ reported results of treatment nigue to measure cytokine mRNA transcripts in GVHD tar-
with two murine monoclonal antibodies in 14 patients who get organs. They noted that in the setting of GVHD, IL-:
developed severe corticosteroid-resistant GVHD. ThesenRNA was elevated several hundred-fold in the skin and
antibodies included OKT3, an IgGdirected against one  other target organs, while Td\ffFanscripts increased only
of the CD3 subunit complexes, and BMA031, an }gG four- to six-fold, and IL-2 transcripts were elevated only
directed against an epitope in the constant region of the  transiently and slightly. While these data are interestil
human o/B T cell receptor. Seven patients were giventhey must be interpreted with caution in view of the com-
OKT3 as a single agent, five for acute GVHD and two for petitive assay technique used to provide quantitation. |
chronic GVHD. The first injections were associated withmice, Mcintyre and colleagu&s infused the recombinant
fever, chills, tachycardia, dyspnea, and hypotension. Three human IL-1 receptor antagonist and 35F5, a neutraliz
of five who received therapy for grade 11-1V acute GVHD monoclonal antibody to the type | mouse IL-1 receptor and
responded completely. One of the responders (grade IV  blocked the local accumulation of neutrophils and the ac
GVHD) died of aspergillosis; the two others with grade Il inflammatory responses to intraperitoneal injections of
and lll GVHD remain alive, free of GVHD 628and 726- IL-1 and lipopolysaccharide.

nti-cytokine antibodies in treatment of GVHD

IL-1 and antagonists
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Both Abhyankaret aP*” and McCarthyet aP*® demon- inhibit circulating TNRx and IL-1 although it has not yet %8

strated in mice transplanted with bone marrow exhibitingbeen demonstrated to inhibit tissue-derived agéntsvo.
minor histocompatibility differences that IL-1 receptor  HolkdraP’t-272retrospectively described elevated serum
antagonists were effective both as prophylaxis and treatievels of TNF« in patients who developed acute GVHD
ment of GVHD. Hematopoietic reconstitution was not  and other complications such as capillary-leak syndrome
affected and mortality from GVHD was reduced. Recentand hepatic veno-occlusive disease. In a prospective study
data from a preclinical mouse model, however, were disap-  of over 100 patients, increased serumconiélated
pointing, since IL-1 receptor antagonists did not completelywith increased severity of GVHD and other problems such
inhibit GVHD when donor bone marrow was fully MHC  as hepatic veno-occlusive disé&spially important, the
disparaté®® Protection was significant but only partial timing of the elevation in serum TNE- predicted sub-
despite the use of extremely high doses. The authors con-  sequent development of severe complications and overall
cluded that intervention with a single cytokine antagonistsurvival, ie those patients who developed increases before
might be insufficient to render a lasting protective effect =~ marrow infusion as a result of the preparative regimen had
and urged caution in the conduct of clinical trials using aa 90% chance of developing GVHD and fewer than 30%
similar design. of these patients survived. Although a causal relationship
Since IL-1 receptor antagonists were shown to havéetween TNFe and GVHD has not been established
some efficacy in experimental animal systems, various  unequivocally, such high-risk patients theoretically could
clinical trials were initiated. Antin and co-workéfs con-  benefit from anti-TNFa antibody infusions. This approach
ducted a phase /1l trial to evaluate the effectiveness of an is currently being investigated in prospective trials.
IL-1 receptor antagonist in 16 patients who had severe, Several trials address the use of anti-TNFaonoclonal
corticosteroid-resistant GVHD. They infused antibody as a  antibodies in the treatment of GVHD. athehassoci-
24-h continuous infusion over 7 days, and escalated thate$”3*-277 studied the murine IgGmonoclonal antibody
dose from 400 to 3200 mg/day. Improvement was noted in  (B-C7) in 24 patients with resistant grade 1lI-IV GVHD.
the skin (8/14), gastrointestinal tract (9/11), and liverPatients were given 0.1-0.4 mg/kg antibody in six doses
(2/11). Lack of response of hepatic GVHD may reflect dif- over 8 days and no side-effects were observed. Although
ficulties in measuring response in the liver, differentialthere were no complete responses, 17 patients had a partial
responses, or other hepatic toxicities during marrow trans-  response. Gastrointestinal and skin GVHD responded best,
plantation such as veno-occlusive disease and drug toxicitjaput some patients experienced improvement in hepatic
Acute GVHD was improved by at least one grade in 10 of =~ GVHD. GVHD recurred (in all but three patients) a median
16 patients. In addition, the improvement in acute GVHDof 3 days (range: 2—120 days) after discontinuing therapy.
co-incided with a reduction in TNle- mMRNA levels in These three patients with a sustained response remain alive
blood mononuclear cells. The toxicity profile of the IL-1 7, 13 and 15 months after transplant. Four other patients
receptor antagonist was acceptable, the only adverse effect  remain alive, but most patients died from GVHD. Holler
being reversible serum transaminase elevation in twaet aP’>2"®reported preliminary results of infusing either B-
patients. These data corroborate the data generated in n&R22) or MAK 195 F, a murine F(ab)fragment of
experimental animal systems that IL-1 is a mediator ofan anti-TNF-antibodyr( = 8) in resistant GVHD. Therapy
GVHD. Although acute GVHD did not resolve in all was well tolerated, rapid improvement was noted in affec-
patients, the results of this phase I/ll study are importanted organs in two-thirds to three-quarters of patients, but
and may justify a larger trial using the maximal effective =~ symptoms recurred quickly after cessation of therapy.
dose of drug. These studies indicate that TNFis an effector of human
acute GVHD. However, they also demonstrate that modu-
lation of cytokines alone may be insufficient to interrupt
ongoing immunologic activation in advanced GVHD.
TNF-« is @ macrophage-derived cytokine with multistimu- Results might be better if reagents such as anti-t\&re
latory effects on T cells and an important mediator of the  used earlier in the course of GVHD or prophylactically, or
inflammatory process. TNR-has also been implicated in in combination with immune suppressive agetits.
the pathogenesis of GVHE?-256 TNF-« infusion mimics
most manifestations of GVHD in experimental animal sys-
tems?%4 In one preclinical study polyclonal or monoclonal
anti-TNF- antibody prevented GVHBE*but in anothet®®  IL-2 also appears to play a role in the pathogenesis of
TNF-a antagonists, even at high doses, were not effectiveGVHD. Theobaldet aF’® demonstrated that the number of
In two studies Dickinsoret aP%”"?%® used anin vitro skin ~ donor T cells that secrete IL-2 in response to host antigens
explant model to test the role of different cytokines in will accurately predict development of GVHD after a histo-
development of GVHD. They showed that supernatant from  compatible sibling-matched transplant. Alessahdrine
mixed lymphocyte cultures contained factors whichal?®® and Siegeret aP®! found a correlation between inci-
induced features in the skin grafts identical to those seenin  dence of GVHD and raised serum concentrations of soluble
GVHD in vivo. Antibodies to TNFe and interferon (IFN)-  IL-2 receptor complex. The immunosuppressive activity of
gamma reduced these changes. They also demonstrated  such antibodies may reflect both blocking of IL-2 binding
marked synergy between TNkand interferon-gamma, as and IL-2-dependent T cell proliferation as well as destruc-
has been demonstrated in other situatitfid.oetschet’®  tion of IL-2 receptor-positive cell¥? Since soluble cyto-
demonstrated that a recombinant TWFreceptor can kine receptors or antagonists can be cloned, it may be poss-

Tumor necrosis factor and antagonists

IL-2 and antagonists
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ible competitively to inhibit the biological activity of the monoclonal antibody (B-B10) directed against the IL-2
cytokine by preventing IL-2 from reaching its receptor, recepto?’”2°3The patient population included 31 patients
without developing neutralizing antibodies. This strategy  with grade 1l GVHD, 21 with grade Il GVHD, and six
may also be useful for receptors for IL-4 and TFwhich  with grade IV GVHD. In the course of this phase I-I study
also have been cloned recently. patients were given 75—-100 mg antibody over 20 days with
Two clinical studies evaluated the benefits of prophylaxisout any toxic effects reported. Twenty-nine of 58 patients
with an antibody to soluble IL-2 receptor. Belanger (50%) had complete resolution of GVHD; these responses
al?83-284 gdministered the anti-IL-2 receptor monoclonal included 19/31 with grade Il GVHD, 8/21 grade lll GVHD
antibody 33B31 to 64 patients undergoing matched, unre-  and 2/6 grade IV GVHD. An additional 12 patients act
lated allogeneic marrow transplantation, along with methoeved a partial response for a total of 41 responders in 58
trexate and cyclosporine. No toxic effects were noted but  treated patients; 17 of these patients (41%) had recurre
neither were there differences in incidence and time ofof GVHD. Twenty-six of 58 remain alive 240-900 days
onset of severe GVHD, occurrence of chronic GVHD, after antibody therapy, while 16 have died from GVHD-
engraftment, relapse, or survival when compared to a hisrelated causes. The investigators have indicated that a phase
torical control group of 89 patients. Tiley and co-worké&®s Ill trial evaluating this antibody is underway. In addition,
treated 31 allograft patients with GVHD using a murine these investigators reported the use of the B-B10 antibody
monoclonal IgG anti-IL-2 receptor antibody (B-B10, also  in 25 partially matched and matched-unrelated transplan
known as BT 563). Thirty patients received matched-sib-patients who developed GVHE? The patient population
ling marrow, and one received marrow from a matched included 14 patients with grade Il GVHD, nine with grad
unrelated donor. Seventeen patients responded completdly GVHD and two with grade IV GVHD. Complete resol-
and six partially, but GVHD recurred within a median of  ution of GVHD was observed in 15 patientd @ grade
10 days after completion of anti-IL-2 receptor antibody Il; n = 4 grade Ill;n = 2 grade IV GVHD). Another six
therapy in 12 patients. patients exhibited a partial response to therapy, for a total
Cuthbert and colleagu&$ treated 14 corticosteroid- of 21 of 25 responders (88%). GVHD, however, recurred
resistant patients with a murine monoclonal anti-IL-2 recep-  within 2—30 days after cessation of antibody therapy in ni
tor antibody (termed BT 563, also known as B-B10) whichof the 21 responders. Thirteen patients remain alive, while
reacts with the p55 epitope. No toxic effects directly 15 died from GVHD-related causes; the best result
attributable to the antibody were noted. Eight patientsoccurred in those patients given the B-B10 antibody earlier
responded, four attaining a complete and four a partial in the course of their GVHD.
response. One complete responder developed chronic Herveet aR75:276reported in preliminary fashion the use
GVHD and died of infection 4 months after therapy. Three of the B-B10 monoclonal antibody in 99 heterogeneou
complete responders who had grade Il or IV GVHD, how- allogeneic transplant patients who had steroid-resistant
ever, remain alive without GVHD 4, 5 and 7 months after =~ GVHD. Similar data were noted as above, since GVHI
therapy. Cahn and co-workéfé completed a double- recurred in nearly half the cases within 2-30 days after
blinded, placebo-controlled, multicenter trial using the BT discontinuation of monoclonal antibody therapy. Also
563 monoclonal anti-IL-2 receptor antibody to treat 69 GVHD affecting the liver responded poorly to this therapy.
patients who developed grade Il and IIl GVHD. No statisti- This reagent, however, has definite activity in the treatmel
cally significant differences were observed between the twof GVHD, especially if therapy is instituted soon after
groups during or upon completion of therapy in GVHD onset. In addition, monitoring of other parameters such &
grade or probability of survival at 1 year. soluble CD8 and TNFe predict a positive response to anti-
Based on a successful preclinical animal model in which IL-2 thefébyhese studies suggest a role for this
Ferraraet aP®® reduced the severity of GVHD by injections antibody in combination therapy.

of an anti-IL-2 receptor monoclonal antibody, several clini- Anasetti and co-waPRé?ereported the use of several
cal GVHD prophylaxis trials have been done. Blaiste preparations of anti-IL-2 receptor antibodies. They reported
al?8%-2%Yrgported their results using 33B31, arat lgé@nti-  the use of 2A3, a murine Ig@nonoclonal antibody specific

IL-2 receptor monoclonal antibody in genotypically ident- for the IL-2 binding site (CD25) in 11 corticosteroid-refrac-
ical and one antigen-mismatched sibling bone marrow  tory patif®hmtibody was given as 0.1-1.0 mg/kg/day
transplant patients. All patients received GVHD prophy-for 7 days. Toxic effects included fever, chills, respiratory
laxis with cyclosporine, ‘short course’ methotrexate, and distress, hypertension, hypotension, and four patier
daily intravenous infusions of anti-CD25 monoclonal anti- developed human anti-mouse antibodies. Anti-GVHD
body. No major adverse effects were noted and engraftment  responses were seen in four patients: a complete resp
did not appear to be delayed. No human anti-rat antibodies1 one patient who had skin only disease, and partial
were noted. Grade II-11l GVHD developed in four patients responses in three patients in the skin and intestine. N
32-40 days after marrow infusion. These disappointingresponses were observed in the liver and only one of the
results with prophylactic use of this antibody suggest it to responding patients survived more than 2 months from t|
be of limited value. start of antibody treatment. These modest results may
In 1988 Herveet aP°? reported that a monoclonal anti- reflect either the severity of the disease or the developmer
body against the IL-2 receptor was effective as therapy foof human anti-mouse neutralizing antibodies.
established GVHD in 10 patients. Subsequently, 58 patients Advances in technology allowed the development o
who developed corticosteroid-resistant GVHD after a sib-more fully humanized, less immunogenic monoclonal anti-
ling-matched allograft were treated with an lg@urine body, termed anti-TA&? Humanized anti-TAC is a gen-
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etically engineered human Ig@nonoclonal antibody spe-  treated group (148 days) compared to only 80 days in thé®’
cific for the IL-2 receptorp chain (CD25) which blocks historical control group. Despite these results this agent has
the IL-2-dependent activation of human T lymphocytes. not been approved for use in bone marrow transplantation
Twenty patients who had failed corticosteroids as primanby the US Food and Drug Administration.

therapy for GVHD were treated with single doses of anti-
body in cohorts of 0.5, 1.0 or 1.5 mg/kg antibody;
responding patients could receive additional antibody ther
apy?°6-2%8Therapy was well tolerated since only chills (one
patient) and diaphoresis (one patient) were noted during One group devised a novel strategy in which three mono-
or shortly after antibody infusion. No patients developed aclonal antibodies were used in sequence as therapy for
measurable antibody response to therapy. Improvement in corticosteroid-resistant acute*&VYH®.murine 1gG

GVHD was noted in eight patients (four complete and fouranti-TNF-« monoclonal antibody (B-C7) was given for 4
partial responses), including amelioration in three of 15 days along with the muring 4g9@&-CD2 (B-E2) mono-
patients with GVHD affecting the liver. One complete clonal antibody (derived against human thymocytes) for 10
responder did not develop chronic GVHD and is alive 645 days, followed by the murinentgBoclonal anti-IL-2r

days later off all immunosuppressives; the seven otheantibody B-B10 (renamed BT563). Fifteen patients who
responders later developed chronic GVHD, and one patient  had steroid-resistant acute GVHD underwent therapy,
is alive 529 days later. including six subjects who had grade Il GVHD, two grade

lll, and seven grade IV disease. Five patients had a com-
plete response while four experienced a significant but
incomplete response to therapy. GVHD, however, recurred
Immunoconjugates have been used in a variety of situationis four of these responding patients despite continued treat-

as therapy for GVHD and have been revievi&tafter the  ment. This group demonstrated the tolerance of multiple
report of successful treatment using one agent, H65-RTAmonoclonal antibody therapy and the potential of combin-
(Xomazyme; XOMA Corporation, Berkeley, CA, USA), a ing antibodies that have differing mechanisms of action.
more extensive experience has been repcffedrhis

immqnpcor)jugate was the fi_rst drug of its type ierducedThalidomide (N-phatalidoglutarimide)

for clinical immunosuppression. It was developed to com-
bine an anti-CD5 murine monoclonal antibody, which will ~ Thalidomide was originally developed as a sedative but was
react with an antigen present on 95% of peripheral T cellspbserved to have anti-inflammatory and immunosuppres-
with ricin A chain, a potent toxin. A phase | trial was con- sive properties; in 1961 this agent was withdrawn from
ducted in 34 patients who had corticosteroid-refractoryclinical use because of its teratogenic effé€ts®

acute GVHD3°! Nine patients attained a complete Recently, thalidomide has received attention as a treatment
response, while seven achieved partial responses. Nor GVHD.2°7-31 Thalidomide exerts its action via several
patients died of GVHD within the first 100 days after ther-  mechanisms, including direct immunosuppressive proper-
apy, and the duration of response was for at least 100 dayses and inhibition of TNF« production as well as the

Skin and intestinal GVHD responded most favorably, but  induction of antigen-specific suppressé?” égiig.2-314

some patients experienced improvement in liver GVHD.Thalidomide therapy has been associated with sedation in
Circulating lymphocyte numbers decreased with drug  virtually all patients treated; some patients develop a per-
administration but returned to baseline with cessation of thépheral neuropathy which resolves with cessation of drug.
infusions. A variety of side-effects were reported, including  Thalidomide has been most effective in the treatment of
fever, chills, arthralgias, depression, lethargy, fatigue, tranehronic rather than acute GVH>-318

sient hypoalbuminemia, and weight gain. While renal dys-

function was observed, this toxic effect could not be IinkedInterferons

directly to the immunoconjugate, since most patients were

already receiving nephrotoxic agents. Interestingly, while  IFN-gamma appears to play a role in GVHDeSaftith

six patients developed human anti-mouse antibodies, in nased a mouse model to demonstrate that IFN-gamma is a
instance did these agents interfere with binding of the mediator of the immunosuppressive activity of GVHD of
immunoconjugate to CD5 cells, and no allergic reactionghe spleen. Niederwieser and colleagé&soted that
developed. Subsequent trials comparing this agent to his-  endogenous levels of IFN-gamma preceded the clinical
torical controls have been reported in preliminaryonset of GVHD. Furthermore, in a murine model, anti-
fashion®92-303 Seventy-five corticosteroid-refractory patients  bodies to IFN-gamma provided protection to tffé gut.
were given H65-RTA and 18 (24%) patients attained aThus, based on these initial preclinical results, there may
complete response, while 21 (28%) had a partial response be justification for considering anti-IFN-gamma antibodies
of GVHD. While responses occurred in all affected organsjn expanded animal studies, and possibly in a prospective

the skin responses were twice as frequent as those noted clinical trial.

in the liver, and intestinal GVHD results were midway in

frequency. Overall, 39 of 75 patients (52%) responded Qitric oxide

this approach, whereas only 31% of a matched historical

control population responded to antithymocyte globulin Nitric oxide appears to be a short-lived biological mediator
treatment. Similarly, the median survival was better in thethat plays an important role in host defense and macrophage

Combination anti-lymphocyte and anti-cytokine
monoclonal antibody therapy

Immunotoxins
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function322323Various inhibitors of nitric oxide synthesis,  resistant to standard as well as innovative immunotherapy
such as L-monomethyl arginine have been tested in pre-Three of the four patients who had acute GVHD exhibited
clinical systems to examine the role of this intermediary complete clearing of skin manifestations. Such promisir
agent. Garsideet aF?* showed in a haploidentical allo- results suggest a greater role for this agent in the treatment
geneic transplant animal model that an inhibitor of nitric  of acute GVHD.

oxide synthetase, L-Rmonomethyl arginine, reduces the

gastrointestinal pathology of GVHD in a dose-dependent

manner. Drobysket aPF?® used another murine allogeneic
minor histoincompatibility transplant model to evaluate the
effect of the same nitric oxide synthase inhibitor. Amelior-
ation of GVHD by inhibition of nitric oxide synthase early
after transplant was suggested by their data, but this waSome of the newest and more novel agents which could or
not conclusive. On the other hand, use of Efhbnomethyl  have shown promise in the treatment of GVHD are listed
arginine adversely affected alloengraftment, which wouldin Table 4.

be a great concern were this approach to be used in a clini-

cal situation. Additional animal trials are needed before
considering the use of this agent in clinical trials.

New agents

Rapamycin

Anti-adhesion molecules Rapamycin, originally discovered as an antifungal agent, is

Recent work has suggested that blockade of cell adhesio@! Immunosuppressive drug similar to cyclosporine and
molecules may effectively block cellicell interactions, I-<-206 although its action occurs later in T cell activation.
thereby interfering with recognition, signaling, and otherilad'ﬂgébd'ti Tth‘::l_:_ ig“Va::)oerthb%/aé?;?;f?[[gga:]vétr:LQ’SZIng?gglS
facets of the GVHD reaction at the cellular level. Harning In a recen){ report uegsniaux and colleagt®e howedin

and associaté® studied two antibodies to the cellular port Q S

adhesion molecules LFAel (CD11a) and MALA-2 (the vitro that this agent blocks the proliferative responses of a
murine homologue of ICAM-1). Mice given anti-LFAal numb_er of peII Im_es and bone marrow progenitors to many
antibody (M17/4.2) or anti-MALA-2 (YN1/1.7) experi- CYtokines. '”C'“d'”l?f”-'l’ ”-'f]'.l“-'r?' IL-11, GF}CSF’ GM-
enced significantly reduced GVHD and enhanced survivaIc’SF’ and stem cell factor. While they noted that rapamycin
LeDeist et aP?? transplanted 10 leukocyte adhesion suppregsed hematopoietic recovery in mice given cytotoxic
deficiency patients using T cell depleted HLA-non-identicaldrugs: it had no effect on myelopoiesis in normal mice.
transplants, yet graft rejection did not occur. These resultd! @ murine experimental model, rapamycin prolonged the
suggested that host T cells and natural killer cells, whickourvival of recipients of allogeneic donor grafts when
lack the LFA-1 antigen, poorly interact with donor marrow administered during the GVHD proce’§é..Th|s agent
cells. Van Dijkenet aF2® administered five daily infusions 2PP€ars to be a general inhibitor of cytokine-driven pro-
of anti-LFA-1 antibody early after transplant to mice given liferation and ultimately may be too toxic for use in patients
incompatible T cell-depleted marrow and demonstrated 4’10 have recently undergone high-dose therapy. It may be
low incidence of engraftment failure. These experimental'S€ful. however, in treating GVHD in some subjects in
data indicate that use of anti-adhesion molecules may hay§nom the bone marrow appears to function adequately, or
a role in either facilitating engraftment in high-risk situ- Ih whom regimen-related toxicity is not a problem.

ations for engraftment failures, or in abrogating GVHD.

Photopheresis therapy of GVHD Class Il peptide binding molecules

Several groups have used photopheresis in the treatment of  Antigen-specific T cell activation occurs when the T ¢
GVHD.32°-337 Ex vivo treatment of patient blood after receptor recognizes antigenic peptide fragments bound to
in vivo treatment with 8-methoxypsoralen inactivates  self molecules encoded by the major histocompatibilit
immunocompetent lymphocytes to diminish the manifes-complex (MHC)3**2 CD8" T cells recognize peptides com-
tation of GVHD. This approach has often been employed plexed to class | MHC molecules, ahd CEls recog-

in patients with GVHD limited to skif?°33*” The sample nize peptides in association with class II MHC mol-
sizes have usually been small, but many of patients eétddshas been possible to design molecules which
responded to this intervention. In one of the larger seriesinterfere with the MHC-peptide-T cell-receptor triad,
Deeget aP® reported their experiences in 18 patients who resulting in prevention of distinct T cell-mediated auto
failed to respond to prednisone alone or in combinationmmune disease€¥434¢ Based, in part, on the work cited
with an anti-CD5 immunotoxinn(= 13), or antithymocyte above, Schlegal aP*® showed that the administration of
globulin (h = 5). Patients were given 1-32 treatments withpeptides (myelin basic protein residues) with high binding
8-methoxypsoralen followed by ultraviolet A irradiation affinity for class Il MHC molecules prevented GVHD in
(PUVA). Ten patients responded and did not requiremice undergoing transplantation across minor histocompat-
additional therapy for acute GVHD. In a recent study, ibility barriers. This approach may be potentially useful fol
Aubin and co-worker®” reported 11 patients with acute the prevention and treatment of GVHD in allogeneic bone
and chronic GVHD predominantly of skin, which was marrow transplant patients.
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Table4  Examples of newer immunosuppressive agents and mechanism of'&ttgfe-341.369-374
Agent Proposed mechanism of action
FK-506 Inhibition cytokine synthesis
Rapamycin Inhibition cytokine action

Humanized anti-CD25 monoclonal antibody
Anti-IL-1 receptor antagonist

Anti-IL-2 receptor antagonist

Anti-TNF-«

Mycophenolic acid

Deoxyspergualin

Brequinar

Leflunomide

L-N®monomethyl arginine

Anti-cell adhesion molecules (anti-LFA-1)
Class Il peptide-binding molecules

Cellular cytokine receptor blockade
Cellular cytokine receptor blockade
Cellular cytokine receptor blockade

Serologic cytokine blockade
DNA synthesis inhibition
Inhibition cell maturation
Dihydro-orotate dehydrogenase/DNA synthesis inhibition
Inhibition cytokine action
Inhibitor of nitric oxide synthase
Inhibition cell—cell interactions
Inhibition MHC dual recognition

Other agents

2-Chlorodeoxyadenosine

Anti-interleukin-2/diphtheria toxin conjugate

Kelley and associat&® used diphtheria toxin conjugated

to a rat anti-mouse IgM IL-2 receptor antibody to suppress
Pless and colleagu¥s reported the unsuccessful use of 2- 5 variety of T cell-mediated reactions in mice. They noted
chlorodeoxyadenosine in two patients who had corticosthat this immunotoxin blocked delayed-type hypersensitiv-
ter0|d-refract0ry GVHD. The infusion was well-tolerated |ty and Se|ective|y eliminated the targeted T cells from

but significant myelosuppression occurred in both patientsjraining lymph nodes. Kuzest aPs! reported a phase |
Both patients died of GVHD without response to 2-chlorod-stydy in~ which the diphtheria IL-2 fusion protein

eoxyadenosine. Both deaths were from int.eSti.nal GVHD 1]DABASGIL-2 was used as an anti_tumor agent against
and 49 days after starting therapy. Considering the potenhycosis fungoides and non-Hodgkin’s lymphomas.
and sustained immunosuppressive effects of this agent, Kjthough untested to date, this strategy has the potential to

nificant role in the therapy of established acute GVHD.

Desferrioxamine Mycophenolic acid

The iron chelator desferrioxamine inhibits IL-2 receptor
expression on phytohemagglutinin-stimulated lymphocyte
in vitro. In a preliminary communication Michallet and

él’his agent, which is a potent and specific inhibitor of the
synthesis of guanosine nucleotides and thus a selective sup-

associatéé® reported the results of desferrioxamine used a@ressor of proliferation of both T and B lymphocytes, has
therapy for GVHD in conjunction with methylprednisolone. P€€"N used for the p'ﬁe"%fjg';g” qf rejection in human renal
Seventeen of 18 patients with skin GVHD responded; six@"d liver transplantatioff>~***This agent has not yet been
of nine with intestinal and seven of 10 with liver GVHD USed to any great extent in clinical allogeneic bone marrow
responded. Reversible ototoxicity and ocular toxicity wastransplant trials, but may receive added interest in view of
noted, along with transient thrombocytopenia. This noveltS Unique mechanism of action and extensive experience

approach may merit further consideration in prospectivel" Selid-organ transplantation.

randomized fashion.

Penicillamine IL-10

Summerfield and co-worket$® reported a patient who  This cytokine possesses both anti-inflammatory as well as
received penicillamine for sclerodermatous chronic GVHD.immunosuppressive properties, in part by inhibiting pro-

The syndrome was previously resistant to both corticoster-  duction of IFN-gamma and.¥RF In a parental-to-

oids and azathioprine. After treatment with penicillamine,F, mouse model, IL-10 did not prevent lethal GVHD but

skin ulcers and joint contractures resolved completely. The  reduced clinical manifestations due to cytokine mediators
report of a successful outcome in one patient who receiveduch as IFN-gamma and TN&28 Clinical trials using IL-
penicillamine therapy may be sufficient justification for 10 in allogeneic transplantation have not yet been initiated
further study. but will be watched with great interest.
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15-Deoxyspergualin marrow transplantation. A report from the International Bone

. . . ) o Marrow Transplantation Registryransplant Proc1981;13:
This agent is a potent, immunosuppressive antibiotic = 227-229.

derived fromBacillus laterosporusulture supernatarit? 15 Weisdorf D, Haake R, Blazar Bet al Treatment of

Kasai et aP®° described a case report of a patient with moderate/severe acute graft-versus-host disease after allog-

cyclosporine- and corticosteroid-resistant, endoscopically —eneic bone marrow transplantation: an analysis of clinical

proven intestinal GVHD who responded to 15-deoxysper- _fisk features and outcom8lood 1990; 75 1024-1030.

gualin therapy. Endoscopic examination revealed dramaticlé Report from the International Bone Marrow Transplant

improvement in the mucosal lesions, and he remains with-, - i‘;gﬁ;ﬂy' JBOQi?] g%zrg’v"’jngggt';“};?g;:'fgf&zz_irm “ur.

out recurrence .20 '.“O”ths _after .therapy. Th|§ stnkmg vival in leukemic marrow recipients with special emphasis
response in the intestine merits addltlo_nal evaluation of this age and prophylaxis for graft-versus-host dise@in

agent in the allogeneic transplant setting. Transplant1994; 8: 258-270.

18 Weisdorf D, Hakke R, Blazar Bt al Risk factors for acute
graft-versus-host disease in histocompatible donor bone mar-
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