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SYNOPSIS

Acute graft-versus-host disease (aGVHD) remains a major cause of morbidity and mortality after
allogeneic hematopoietic stem cell transplantation (HSCT) in children. Although 30-50% of
children respond to corticosteroids as initial therapy, the optimal initial or second-line therapies
have not yet been determined. Newer approaches with combination therapy, novel agents,
monoclonal antibodies and/or cellular therapies show some promise but require prospective well-
designed trials to establish their efficacy, and should include children. This chapter reviews the
clinical presentation and treatment of aGVHD, as well as practical management guidelines for
children with aGVHD.
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1. INTRODUCTION

The most significant immunological barrier to successful HSCT is aGVHD, which can result
in life-threatening inflammation and tissue destruction. The current model of aGVHD
continues to invoke three collaborative phases: (1) preparative regimen induced tissue
damage; (I1) priming and activation of donor T cells, with CD8 T cells being stimulated by
residual host antigen presenting cells (APCs) and CD4 T cells being stimulated by donor
APCs presenting host-derived antigens; and (I11) target tissue damage induced directly by
cytotoxic T cells and indirectly by inflammatory cytokines. In addition to afp T cells, other
cell populations that include natural killer (NK) cells, NK T cells and y6 T cells,
conventional and plasmacytoid dendritic cells, and regulatory T cells (Tregs) appear to have
important modulatory functions in aGVHD (reviewed in [1]) and further understanding may
offer future novel approaches to management. Meanwhile, donor T cells that recognize
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disparate recipient alloantigens are central mediators of GVHD and remain the focus of
current therapies.

The focus of this chapter is to guide the clinician in the various clinical presentations of
aGVHD and initial (primary) therapy. Additionally, secondary therapeutic options are
reviewed for children who have failed primary therapy and suggestions are offered
recognizing that there is no standard approach. Most of what is known about aGVHD
therapy has arisen from trials conducted in adults with or without children. Whenever
specifics pertain to children, they are highlighted in this paper. The prevention of aGVHD
includes the avoidance of known risk factors (predominantly HLA-disparity),
immunosuppressive pharmacotherapies and cellular approaches that have been reviewed
elsewhere in this book [2-9].

2. DIAGNOSIS AND CLASSIFICATION OF ACUTE GVHD

Historically, GVHD was categorized as 'acute' or “‘chronic’ based on time of presentation;
GVHD before day 100 was known as 'acute,’ and after day 100 it was known as ‘chronic’.
This classification was based upon patients transplanted with HLA-identical sibling bone
marrow (BM) after receiving myeloablative conditioning. Over the last couple of decades,
HCT has become more complex, particularly with the use of different stem cell sources
(reviewed elsewnhere in this edition), and the development of nonmyeloablative conditioning
that is associated with delayed onset aGVVHD. These advancements have made the
distinction between acute and chronic GVHD based on time of onset no longer accurate.
Therefore, it is preferable to recognize aGVHD by the clinicopathological constellation of
combinations of inflammatory dermatitis, enteritis, and hepatitis, which reflects T-cell
activation with generation of cytotoxic lymphocytes and inflammatory cytokines that cause
tissue damage. Chronic GVHD (cGVHD) is now similarly recognized without reference to
time after HCT by the presence of diagnostic or distinct cGVHD manifestations which
resemble autoimmune diseases and is reviewed in this edition and elsewhere [10]. Thus, for
example, secretory diarrhea or erythematous maculopapular dermatitis that follows a
relapsing or indolent course is classified as late persistent aGVHD or, alternatively, cGVHD
(with overlap syndrome) if classical manifestations of cGVHD are also present. It remains to
be determined whether the type or duration of immunosuppressive therapy should differ
based on these clinical distinctions.

GVHD Classification

The severity of aGVHD is determined by the degree (or stage) of involvement in each of the
main target organs (skin, liver, and upper and lower gastrointestinal (GI) tract) based on
accepted criteria that primarily include the extent of rash, magnitude of hyperbilirubinemia,
volume of diarrhea, and presence of nausea (Table 1). Various combinations of skin, liver,
and Gl involvement are then used to assign an overall GVHD severity or grade, as per the
modified Glucksberg criteria (Grade 1-1V) most commonly or by the International Bone
Marrow Transplant Registry Index (Grade A-D) less commonly (Table 2) [11-14].

Mild aGVHD (grade | or A) is essentially cutaneous GVHD (an erythematous
maculopapular rash) involving <50% body surface area (BSA) and usually requires no
change to systemic GVHD prophylaxis. A rash involving >50% BSA requires additional
therapy as discussed below. When cellular injury is severe, skin aGVHD may manifest with
bulla formation and skin ulceration. Regardless of surface area involved, this is a severe and
often life-threatening form of GVHD (stage 4, overall grade 1V).

aGVHD of the GI system may involve the upper GI tract causing anorexia, nausea and
vomiting, and/or the lower Gl tract causing profuse watery diarrhea with tenesmus, urgency
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and frequency. If severe (stage 4), lower GI GVHD may cause life-threatening, bloody
diarrhea with cramping abdominal pain. Liver involvement is staged according to the degree
of hyperbilirubinemia but is often preceded or accompanied by elevations of serum
transaminases (especially alanine aminotransferase or ALT) and, slightly later, by elevations
of serum alkaline phosphatase. aGVVHD of the liver rarely occurs without other organ
involvement. aGVHD of the gut and/or liver requires additional systemic therapy regardless
of stage.

Diagnosis of GVHD

The clinical signs of aGVHD are not sufficiently pathognomonic to establish the diagnosis,
especially when there is isolated organ involvement and a broad differential diagnosis
always needs to be considered (Table 3). However, the combination of rash, nausea, and
voluminous diarrhea, occurring at the time of, or early after, neutrophil engraftment makes
the diagnosis very likely. Tissue biopsy is recommended to confirm a histological diagnosis
of aGVHD and, most importantly, to exclude opportunistic infection or drug reaction. Skin
biopsies, and/or upper and/or lower GI endoscopy and biopsies should be performed
depending on the clinical signs and symptoms. Care should be taken performing duodenal
biopsies because there is a greater risk for non-healing ulcerations and intramural hematoma.
To avoid bleeding complications, platelet counts should be maintained above 50 x 10%/L for
at least 3 days after Gl biopsies. It is important to note that the interpretation of biopsies
performed within 3 weeks of myeloablative therapy may be problematic because it is
difficult to separate cellular injury induced by chemoradiotherapy from GVHD. The
histological hallmark of GVHD-induced cellular injury is apoptosis, observed in epidermal
basal keratinocytes, bile duct or intestinal crypt epithelial cells, and often associated with
infiltration by lymphocytes [15,16].

3. PRIMARY (INITIAL) TREATMENT OF aGVHD

Patients with aGVHD have traditionally continued on GVHD prophylaxis, most commonly
a calcineurin inhibitor (CNI), and in some cases the CNI is combined with mycophenolate
mofetil (MMF) or sirolimus. Additional therapy depends upon the initial grade of aGVHD,
the particular organs involved, and is discussed below.

Mild aGVHD (skin only)

Grade 1 aGVHD (see Table 2) does usually not require systemic steroid therapy and close
observation constitutes acceptable management. A symptomatic rash may be treated with
topical therapy using creams or ointments (e.g. 0.1% triamcinolone or 0.1% tacrolimus to
the body; 1% hydrocortisone cream to the face) applied 3—4 times daily. Ultraviolet A and
psoralen (PUVA) may also be administered up to 3 times per week [17]. If the rash
progresses after 3—4 days of topical therapy, or no improvement occurs after 7 days,
systemic steroid therapy is needed as outlined below for moderate aGVHD (Figure 1).

Moderate to severe aGVHD

Moderate aGVHD is grade 1I-111 aGVHD occurs in 35% — 80% of HCT recipients and is
comprised of skin stage 1-3 and/or liver stage 1-3 and/or lower Gl stage 1-4, with or
without upper Gl involvement by the modified Glucksberg criteria [13]. Severe aGVHD is
grade IV GVHD at onset, or after progression or no response to moderate GVHD therapy.
The conventional first line therapy for grade 11-1vV aGVHD is systemic glucocorticoids,
which are lympholytic and decrease the inflammatory cytokine cascade of aGVHD. The
conventional starting dose is 2mg/kg methylprednisolone (or prednisone equivalent) [18—
20]. Patients with skin involvement may also receive topical therapy as discussed above.
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4. OPTIONAL APPROACHES FOR AGVHD THERAPY

Modification of the methylprednisolone starting dose for patients with grade Il aGVHD

An important goal of therapy is to minimize complications associated with high-dose
glucocorticoid therapy. Therefore, some centers have attempted to begin treatment with
methylprednisolone-equivalent doses < 2 mg/kg for milder GVHD within the spectrum of
aGVHD manifestations that warrant systemic therapy as demonstrated by a large
retrospective study of 733 patients [21]. This approach requires further validation,
particularly for patients with grades I111-1V aGVHD who were not well represented in this
study. However, the study findings that overall mortality, relapse and non-relapse mortality
were similar irrespective of whether patients began therapy with 1 mg/kg or 2 mg/kg
methylprednisolone-equivalent doses, certainly seems generalizable for grade 11 aGVHD.
Mean cumulative methylprednisolone-equivalent doses at day 100 remained approximately
50% lower for patients who began therapy at 1 mg/kg versus 2 mg/kg. In the multivariate
analysis, the risks of invasive fungal infections (HR, 0.59; 95% Cl, 0.3-1.0) and the duration
of hospitalization (OR, 0.62; 95% Cl, 0.4-0.9) were also reduced in the low dose
methylprednisolone group. An important caveat to adopting the approach of intermediate
dose glucocorticoid therapy for mild aGVHD is that methylprednisolone-equivalent dosing
should be escalated to 2 mg/kg/day if aGVHD manifestations are progressing after 3 days of
1 mg/kg.

Nonabsorbable glucocorticoids for Gl tract GVHD

Another strategy that attempts to reduce systemic glucocorticoid exposure has been to
incorporate potent topically acting, nonabsorbable, glucocorticoids (beclomethasone
dipropionate [BDP] or budesonide [BDE]) into the therapy of GI GVHD (see footnote to
Figure 1 for details). McDonald and colleagues have shown that orally administered BDP is
effective at controlling milder forms of grade 11 aGVHD which these studies defined as rash
< 50% of the total body surface area (i.e., < stage 2), anorexia, nausea, emesis or diarrhea <
20 mL/kg/day (i.e., < stage 1) and without liver involvement (stage 0) [22—24]. This clinical
phenotype has been named “Grade 11a” to delineate it from conventional Grade Il disease
which also includes more extensive rash and allows mild liver involvement. The latter two
of these three BDP trials are the first and only randomized clinical trials to suggest a
survival advantage for a new treatment of aGVHD (Table 4). Unfortunately these landmark
BDP trials were conducted with a unique BDP formulation, orBec® (DOR BioPharma,
Princetown, NJ), which is not currently commercially available. A redesigned Phase 111
study in adults with the intent of again seeking FDA approval is ongoing. Further trials in
children are also warranted to understand the role of nonabsorbable glucocorticoids in the
treatment of GI GVHD and to explore appropriate dose regimens for children.

Upfront addition of a second-line agent

Recognizing that the overall response of aGVHD to glucocorticoid therapy is roughly 50%
(discussed below), and the durability of those responses is relatively unsatisfactory, several
clinical trials have explored ways to improve outcomes; these are summarized in Table 4.
These studies have included two randomized trials that showed no benefit to beginning
therapy with methylprednisolone doses above 2 mg/kg per day [25,26]. Other studies have
shown the potential benefit of adding several second-line agents to methylprednisolone as
initial therapy for aGVHD but none has been shown definitively to be more efficacious and
safe than methylprednisolone alone. For example, the results of controlled studies that
explored the addition of polyclonal or monoclonal anti-T cell antibodies to 2 mg/kg
methylprednisolone showed either no benefit [12,27] or resulted in inferior survival [28]. In
one historically controlled phase Il study, the addition of the anti-TNF fusion protein,
etanercept, appeared to induce more complete responses [29]. However, among the 4-arms
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(etanercept, mycophenolate mofetil (MMF), denileukin diftitox, or pentostatin) of the
recently reported prospective BMT Clinical Trials Network, randomized phase 1l study it
was the combination of methylprednisolone plus MMF, rather than methylprednisolone plus
etanercept, that showed most promise based on early study endpoints (Table 4) [30]. A
follow-up phase 111 study by the Network to more definitively evaluate MMF in this context
is imminent.

5. MONITORING OF RESPONSE AND TAPERING GLUCOCORTICOIDS

All patients with aGVHD should be monitored closely. If aGVHD progresses within 3—4
days or no improvement is observed after 5-7 days of methylprednisolone treatment then the
GVHD is considered to be steroid refractory (SR-GVHD) and second line therapy is
required as discussed further below. Progression is defined as worsening GVHD in =1 organ
with or without amelioration in any organ.

If on the other hand, GVHD symptoms have resolved after 5-7 days of methylprednisolone
therapy it is reasonable to attempt a taper of prednisone by 10% (of the starting dose) at 4
day intervals (depending on the tempo of the response) beginning 6-14 days after starting
methylprednisolone. The goal of glucocorticoid therapy is to treat the acute inflammatory
manifestations of GVHD and then to gradually taper the doses of prednisone (or
methylprednisolone) as soon as possible, over the course of 5-6 weeks. The literature
demonstrates that prolonged use of high-dose glucocorticoids for the treatment of aGVHD is
associated with an increased risk for infection, relapse and death [26,31-37].

The literature has provided little direction in terms of how best to taper glucocorticoids in
aGVHD. In fact, a European survey indicated that only 36% of 87 centers surveyed used a
standard taper schedule [31]. Minnesota and Seattle use standardized glucocorticoid tapers
and although certain details do vary the principles are similar. If prednisone can be
successfully tapered as above then once the total daily dose reaches 0.2-0.3 mg/kg (or <20
mg) a transition is made to alternating day prednisone for the remaining 2—3 weeks of the
taper in order to facilitate recovery of the adrenal axis.

After aGVHD manifestations have resolved and the prednisone taper proceeds, a recurrence
(“flare”) of GVHD activity may emerge. It is important to delineate whether a patient
continues to have aGVHD alone, or whether classic cGVHD signs begin to emerge. In the
latter scenario of cGVHD with overlap syndrome it is often preferable to incorporate a less
aggressive and more protracted course of immunosuppressive therapy into the plan
(reviewed in [38]). If cGVHD is not present then it is reasonable to manage the first flare of
aGVHD by boosting the dose of prednisone to 20 mg/m? (0.67 mg/kg) for 7 days
(Minnesota), or 2 mg/kg for 2—4 days (Seattle) and then, once the GVHD is under control,
the taper resumes promptly towards the methylprednisolone-equivalent dose before the flare
plus 0.2-0.4 mg/kg (Figure 1). Once steroids have been tapered off for at least a month,
consideration can be made to start tapering other immunosuppressive agents, depending on
how far out the patient is from HCT.

6. TREATMENT OF STEROID-RESISTANT ACUTE GVHD AND OUTCOMES

Approximately half of patients with aGVHD will respond to treatment with steroids as
initial therapy, with approximately one third of patients having a durable response [18-
20,39]. Factors most commonly associated with a favorable response include HLA matching
for the GVHD vector, use of related donor grafts, and early onset of GVHD. Failure of
primary therapy (steroid resistant [SR-aGVHD]) has been defined operationally as the
progression of aGVHD symptoms beyond 3-4 days after starting methylprednisolone.
Persistence of grade I1-1V GVHD after one week of initial therapy also should be considered
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failure of response. The prognosis of aGVHD can be related to its overall severity (grade)
and response to glucocorticoids [18,40]. It is of no surprise that grade 111 and IV SR-
aGVHD, especially with visceral involvement, generally requires urgent initiation of
effective second-line therapy.

Unfortunately, there is no generally accepted therapy for SR-aGVHD but agents that either
have been considered, or continue to be explored are listed in Table 5. Published data for
each therapy is summarized in Table 6 and includes key study design points, the era of
therapy and whether or not the series included children. Polyclonal antithymocyte globulins
(ATG), and more recently novel humanized or chimeric monoclonal antibodies, are
generally used to treat life-threatening visceral manifestations where urgent control of
GVHD is necessary. Unfortunately, longer term survival has been unusual when visceral
manifestations are severe [41-46]. However, early administration of ATG within 14 days of
primary therapy was reported in one study to be associated with improved survival [47]. It
has remained difficult to improve the survival after SR-aGVHD because progressive organ
dysfunction is often irreversible, and because second-line therapies constitute a “second hit”
to an immune system that has already been impaired by cumulative exposure to high-dose
prednisone. While more definitive evidenced based practices are needed, the current
approach to second-line therapy in Minnesota for SR-aGVHD is equine ATG. In contrast,
Seattle has opted for a customized approach based on the severity of involvement in the
most involved organ(s). For the skin, PUVA is considered first for mild to moderate SR-
aGVHD, while MMF or sirolimus are considered next for a rash that is moderately severe
and/or PUVA resistant/intolerant. Extracorporeal photopheresis (ECP) is reserved for
moderate to severe skin manifestations. For the intestinal tract, topical beclomethasone and
budesonide are considered first for mild to moderate SR-aGVHD recognizing that topical
gut steroids are often incorporated into primary therapy for children in Seattle as detailed in
Figure 1 (footnote). The next consideration for moderate to severe intestinal manifestations
is infliximab, with or without weekly ECP. Of note, infliximab 5mg/kg is used cautiously
and generally for no more than 4 doses spaced weekly or every-other-week depending on
the initial response. Since adopting routinely the approach of Ruutu et al [9] using
ursodeoxycholic acid prophylaxis in all allogeneic HCT recipients, liver GVHD has
occurred infrequently in Seattle. However, MMF and ECP are considered in resistant cases
of liver GVHD that is mild to moderate, or moderate to severe respectively.

7. ANTIMICROBIAL PROPHYLAXIS AND SUPPORTIVE CARE

aGVHD is by itself profoundly immunosuppressive as are the therapies used to treat it,
leading to an extraordinarily high risk for opportunistic infections, and sepsis. Breakdown of
skin and intestinal epithelia that occurs in more severe aGVHD forms adds to this risk. High
dose prednisone increases the risk for cytomegalovirus (CMV) reactivation [34]. Similarly,
invasive aspergillosis occurs more frequently in patients who develop CMV disease and in
patients receiving higher doses of prednisone [36]. After nonmyeloablative HCT, high dose
prednisone therapy for GVHD at the time of diagnosis of mold infection has been associated
with an increased risk for mold infection-related death [37]. Therefore, antimicrobial
prophylaxis is standard for these patients and always includes an agent to prevent
Pneumocytis jirovecii pneumonia. Prophylactic and/or preemptive antiviral therapy based on
serial monitoring of the blood for early viral reactivation are the main approaches used to
avoid life-threatening disease caused by CMV and varicella-zoster. In the setting of
profound T-cell lymphopenia which is often associated with SR-aGVHD or its treatment,
monitoring for Epstein Barr Virus, Human Herpes Virus 6 and adenovirus is prudent to
enable pre-emptive therapy, at least until there is some measure of T cell recovery.
Fluconazole is used to prevent yeast (but not mold) infections within the first 75-100 days
after HCT but mold-active azoles (e.g. voriconazole or posoconazole) or echinocandins are
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generally substituted when patients have SR-aGVVHD or are otherwise receiving high dose
glucocorticoids. Some centers use penicillin or extended spectrum quinolones to provide
antibacterial prophylaxis for patients with aGVHD. Immunizations are not indicated for
patients with SR-aGVHD as they are unlikely to respond immunologically. The exception is
that the injectable form of the influenza vaccination is recommended but not the inhaled live
attenuated form (i.e. no FluMist) if patients are at least 4 months from HCT [48]. Patients
and their family household contacts should also be vaccinated with the injectable vaccine
annually as there is the theoretical risk for shedding of live attenuated virus after receipt of
the inhaled vaccine.

Adjunctive therapy with ursodeoxycholic acid may improve liver function and a randomized
placebo-controlled multicenter study demonstrated that prophylaxis with ursodeoxycholic
acid reduced hepatic problems, severe aGVHD, and improved survival after allogeneic HCT
[9]. In patients with severe GI GVHD, a period of bowel rest and hyperalimentation are
usually necessary. The somatostatin analogue, octreotide, may ameliorate large volume
diarrhea to some extent [49]. latrogenic glucocorticoid induced myopathy and
hyperglycemia needs to be kept in mind during the course of aGVHD management as both
these complications require appropriate interventions.

SUMMARY

aGVHD remains a major cause of morbidity and mortality after allogeneic HCT in children.
Currently, first-line aGVHD therapy relies on glucocorticoid-induced inhibition of
inflammation and donor T cell alloreactivity, usually in combination with one or more of the
agents chosen for aGVHD prophylaxis. Newer approaches are needed to improve upon the
overall £50% durable response rates that have been achieved with systemic glucocorticoids.
Because promising agents in small single center studies alone have not generally led to new
standards for primary therapy of aGVHD it is essential to encourage (inter)national
participation in well designed Phase I1, and hopefully definitive Phase Il studies so that
answers to these important therapy questions can be obtained. Moreover, in the absence of
any standard options for the therapy of SR-aGVHD it will be important that the roles of
novel cell populations in the pathogenesis of aGVVHD be further elucidated, so that follow-
on clinical studies can test new approaches with strong rationales in SR-aGVHD. Ideally,
the goal of new GVHD therapies should be to minimize the reliance upon glucocorticoid
based therapy. Early inclusion of children in GVHD studies is essential so that approaches
tested for the most part in adults can have a greater basis when generalized to children.
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Acute GVHD Treatment Algorithm

Grade | Acute GVHD Grade II-IV Acute GVHD
Skin Only Any combination of rash = 50% B.S.A (or rapidly progressing
Rash <50% B.S.A within 6-24 hrs), and/or diarrhea = 10 ml/kg/day, and/or
¥ persistent nausea/vomiting, and/or bilirubin 2 2 mg/dl
Rapidly
progressing rash?
Trea.t v Treatment Options
systemically Methylprednisolone | 1. Steroid cream or Tacrolimus ointment

No Yes as per grade > 2 mg/kg/day* 7| 2. Psoralen + UVA (2-3 x wkly)

II-IV Acute 3. Oral Beclomethasone / budesonide**
GVHD
Monitor 4 days
\ 4
Treatment Options iti

Initiate Secondary

1. Steroid cream or Improved or o Therapy
Tacrolimus ointment Yes Unchanged? No "|  Seetables 5 and 6 for

2. Psoralen + UVA (2-3 x weekly) { therapy options
Monitor 3 days
Resolved or
improved?

\ 4

Yes
Taper MP Pulse MP-equivalent at
by 0.2 mg/kg every 4 days 0.5-2 mg/kg
(for flare, may taper faster) for 4-7 days

Monitor Iteratively m

Continue MP taper by 0.2 mg/kg

i Treat for
until 0.5mg/kg/day then taper to Chronic GVHD
every other day until finished GVHD Flare? -> present? —> Overlap Syndrome
(see text) (ref 38)
Figure 1.

*Some centers choose to begin steroid dosing at < 2 mg/kg/day for grade 11 aGVHD (see
text, Section 4)

**Seattle uses nonabsorbable gut steroids for children with Grade Ila aGVHD defined by
anorexia, nausea, emesis or diarrhea < 20 mL/kg/day, no liver involvement, and rash
covering < 50% of the body surface area and not progressing rapidly within the first 6-24
hours. Grade Ila aGVHD may be treated with a 10-day induction course of MP 1 mg/kg plus
a 50-day course of nonabsorbable glucocorticoids delivered to the Gl tract. If Gl
manifestations are progressing after 3 days of 1 mg/kg and nonabsorbable glucocorticoids
then prednisone should be escalated to 2 mg/kg/day. In this latter scenario, the continuation
of nonabsorbable glucocorticoids is optional but often invoked as prednisone-sparing
therapy. If GI symptoms of anorexia, nausea and diarrhea <10 mL/kg/day without cramping
have completely resolved after 10 days, then prednisone is usually successfully tapered
rapidly over 1 week to 0.0625 mg/kg/day (or hydrocortisone 7.5 mg/m? divided into 2-3
daily doses) and continued until 30 days after nonabsorbable glucocorticoids have stopped.
This temporary physiological replacement therapy is arguably more relevant in small
children compared to adults because adrenal suppression can be clinically relevant due to
some amount of systemic absorption of the “nonabsorbable” glucocorticoids. A serum
cortisol level < 19 mg/dL after cosyntropin-stimulation, or an early morning baseline
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cortisol < 3.6 mg/dL are often helpful to confirm a diagnosis of suspected adrenal
insufficiency. Children with grade 11la GVHD whose diarrheal volumes are between 10-20
ml/kg/day, especially with abdominal cramping, may require a slower, more standard
taper of prednisone.

Obstacles that have likely prevented the widespread adoption of this approach, particularly
in children, as a standard practice include the fact that landmark beclomethasone (BDP)
trials were conducted with a unique BDP formulation, orBec® (Soligenix, Princeton, NJ),
which is an equipotent mix of plain and enteric-coated tablets designed to deliver 1 mg of
BDP to the upper and lower Gl tracts respectively four times daily in adults. Because the
FDA’s Oncology Drugs Advisory Committee voted 7 to 2 that the phase 111 study results
were insufficient for orBec® to garner approval in 2007 (reviewed further in [75]) this
therapy remains commercially unavailable. Seattle currently mimics the approach by
prescribing one capsule twice daily of EntocortEC® (Prometheus Lab, San Diego, CA)
which contains 3 mg of micronized, enterically coated BDE, with 1 mg four times daily of
oral BDP (U.S.P. material, Gallipot, St. Paul, MN, www.gallipot.com) emulsion that is
compounded typically in corn or olive oil. Only 11 children (5 to 17 years of age) received
BPD therapy among 231 patients who were treated during the three orBec® GVHD studies.
Therefore, the efficacy of short course prednisone induction and oral BDP therapy for this
indication in children has not been validated. Lastly, it is unclear whether children should
receive similar dosing of topical Gl glucocorticoids as adults. At least two other aGVHD
studies of BDP [76] or budesonide (BED) [50] have included children and used adult dosing
of BDE and BDP. By analogy in mild to moderate pediatric Crohn’s disease, an
international survey found that Europeans favored the use of BDE over conventional
glucocorticoid therapy [77]. Randomized controlled studies in pediatric Crohn’s disease
have indicated that remission rates were similar in children (mostly teenagers) treated with
BDE 3 mg three times daily versus prednisone 40 mg daily but side effects were
significantly lower in the BDE treated group (32% vs 71%, p>0.05). Induction dosing of
BDE 3 mg four times daily for 1 month followed by a taper resulted in a trend to higher
remission rates without an increase in steroid-associated side effects [78].
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Table 2
Acute GVHD Grading Systems

Grade™ skint Liver Gl UGI

Consensus
| 1-2 0 0 0
1] 3 1 1 1
11 - 2-3 24 -
v 4 4 - -
IBMTRS
A 1 0 0 0
B 2 1-2 1-2 1
Cc 3 3 3 -
D 4 4 4 -

*
Each grade is based on maximum stage for each involved organ
TEach column identifies minimum stage for organ grade.

§Modified as shown to include UGI GVHD.
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Table 3
Differential diagnosis of aGVHD

AGVHD Manifestation  Differential Diagnosis

Rash Drug Reaction
Allergic Reaction
Infection
Regimen-related toxicity
Diarrhea Infection (viral, fungal)
Opiate withdrawal
Abdominal Pain Acute Pancreatitis
Acute cholesystitis (biliary sludge, stones, infection)
Narcotic bowel syndrome
Elevated liver enzymes Sinsusoidal Obstruction Syndrome
Medication toxicities (e.g., azoles)
Cholangitis lenta (sepsis)
Biliary sludge syndrome
Viral infections (CMV, EBV, hepatitis B)

Hemolysis
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Primary Therapy Trials in Acute GVHD

Table 4

Treatment N Design Results and Conclusions Ref
Prednisone* 443 | Retrospective single center. Day 28 CR/PR 35%/20%. 1-yr OS 53% [20]
2mg/kg Era: 1990-1999; 40% cohort (95% Cl, 48%-58%). Lower GI + other
age <20 yrs. organ had worse response. Better OS:
age <20, T-replete, Gd I-Il at onset,
related or matched unrelated donor.
Prednisone* 733 | Retrospective single center. For grades Il, GVHD control or [21]
1 mg/kg v 2 mg/kg Compared different mortality not compromised at 1 mg/kg v
prednisone starting doses. Era: | 2 mg/kg. Lower fungal infection rates
2000-2005. and duration of hospitalization for 1
mg/kg. For grades 111/1V, small numbers
precluded definitive conclusions.
Methylprednisolone 95 Phase I1l, multicenter, T- Compared to 2 mg/kg, 10 mg/kg did not [26]
2 mg/kg v 10 mg/kg replete MSD BMT. Crossover | improve response rates (71% v 68%),
after 5 days to 10 mg/kg for TRM, OS, rates of CMV infection, or
non-responders at 2 mg/kg. evolution to grade I11-1V aGVHD. TRM
46% among the 55% of non-responders
to 5 days of 2 mg/kg who were rescued
with MP10 mg/kg versus 16% among
responders (P=.007).
Methylprednisolone 211 | Phase Il multicenter. Day 5 CR rate 71% and patients tapered [33]
2 mg/kg v 5 mg/kg Eligibility: grade 1-1V. MP from D6. 5 yr TRM cumulative
Day 5 non-responders (N=61) incidence 27% v 49% (P=.009), and OS
randomized to MP 5 mg/kg or | 53% v 35% (P=.007) for responders and
5 mg/kg + rATG nonresponders respectively. No
significant difference in response, TRM,
OS between non-ATG and ATG groups.
Prednisone* 129 | Phase IlI, multicenter. Among patients eligible for prednisone [24]
1 mg/kg + Eligibility: grade Ila taper at study day 10, the risk of GVHD-
orBec® v placebo (anorexia, vomiting, diarrhea treatment failure was lower in BDP arm
< 1L). Randomized (1:1) to 10 | at day 80 (HR 0.38). Day 200
days prednisone + 50 days of posttransplant mortality lower in BDP
oral BDP or placebo. arm (HR 0.33, P =.03); mostly
Prednisone rapidly tapered explained by 91% reduction in D200
from Day 11. mortality for recipients of unrelated and
mismatched grafts (HR 0.09, P = .02).
Survival benefit durable to 1 yr after
randomization.
Prednisone* + 22 Retrospective single center CR 77% in BDE group v 42% in [50]
Budesonide comparison of patients treated | controls. Two of 8 CRs in controls
for GI GVHD with MP+BDE developed recurrent Gl aGVHD during
3 mg TID to 19 MP-only MP taper vs 0 of 17 in BDE group who
historical controls. continued BDE during MP taper. No
severe intestinal infections occurred.
Prednisone* 243 | Phase Ill, single center, Higher Day 28 CR rate (40% vs 25% P [12]
2 mg/kg + double blind trial. =.019) but similar Day 42 CR rate (44%
Anti-CD5 mAb v vs 38%), and 1 yr survival (49% vs
placebo 45%) in anti-CD5 group v placebo; no
long term benefit of anti-CD5
immunotoxin.
Methylprednisolone 96 Phase Ill, single center, open Day 42 CR/PR 76% in both arms. More [27]
60 mg/m? v label. CMV infections and more pneumonitis
40 mg/m? + ATG Eligibility: REL/JURD BMT. in MP/ATG arm. EBV-PTLD
Intent-to-treat analysis. uncommon in either arm. Equivalent OS
at Day 100, 6 months, and 2 yrs. ATG
should be reserved as second-line
therapy.
Methylprednisolone 58 Phase I1, single center, open- CR+PR rates 63% (MP) v 66% [51]
2mg/kg £ label (infliximab + MP) were similar. Similar
Infliximab death rates in both arms; mainly due to
GVHD and relapse.
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2mg/kg +

MMF or
Etanercept or
Pentostatin or
Denileukin diftitox

CTN trial. MMF prophylaxis
recipients (24%) were
randomized to a non-MMF
arm. At randomization:
aGVHD was grade I-11 (68%),
11-1V (32%). Visceral organ
involvement in 53%.

C.I. severe infections were: etanercept
26%, 47%, 48%, MMF 60%, 64%, 44%,
denileukin 53%, 49%, 62%, pentostatin
38%, 47%, 57%. MMF identified as
most promising arm and will be
compared to MP alone in phase I11.

Treatment N Design Results and Conclusions Ref
Methylprednisolone 61 Retrospective single center Etanercept resulted in more CRs (69% v [29]
2mg/kg * Etanercept analysis of Pilot (N=20) plus 33%; P <.001); similar for REL and
Phase Il (N=41) prospective URD donors. Elevated plasma TNFR1
studies compared to levels decreased significantly only in
contemporaneous MP only patients with CR
controls (N=99).
Methylprednisolone 102 | Phase I, multicenter, double- | Inferior 1-yr OS in combination arm [28]
2mg/kg + Daclizumab blinded. (29% v 60%; P = .002) attributed partly
v placebo to increased relapse/GVHD-related
mortality. Study closed early: worse
100-day OS in combination arm (77% v
94%; P=.02). Day 42 CR/PR rates (53%
v 51%)
Methylprednisolone 32 Phase Il multicenter. Adults Day 28 CR/PR 77%/16%. [52]
2mg/kg + Randomization: Both MSC doses similarly effective.
Human MSCs 2 x 10%v 8.0 x 108 MSC/kg. No infusional toxicities.
GVHD grade at onset:
11 (21), 111 (8) and 1V (3).
Methylprednisolone 192 | Phase Il multicenter, double- No difference in proportion of patients Osiris,
2mg/kg + blinded. Third party surviving at least 90 days that achieve a press
Human MSCs v commercially prepared MSCs | CR by day 28 (45% v 46%) release
placebo (1:1 ratio) (Prochymal®, Osiris)
Methylprednisolone 180 | Randomized phase Il BMT Day 28 CR rates, 9-month OS %, and [30]

Abbreviations: ATG; antithymocyte globulin, BDE; budesonide, BDP; beclomethasone dipropionate, Cl; confidence interval, CMV;
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cytomegalovirus, CR; complete response, Gl; gastrointestinal, MSD; matched sibling donor, MP; methylprednisolone, OS; overall survival, PR;
partial response, REL; related, TID; three times daily, TRM; treatment related mortality, URD; unrelated.
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Table 5
Therapy options for steroid-refractory aGVHD
Therapy Comments
SYSTEMIC
Polyclonal

Antithymocyte globulin ATGAM&, Thymoglobulinb

Monoclonal
Anti-CD2 (OKT3C, visilizumabd)
Anti-1L2 (daclizumabd, basilixumab®, inolimomabC)
Anti-TNFa (infliximab€)
Anti-CD52 (alemtuzumabd)

Anti-CD2 (alefaceptf)

Fusion Proteins
Anti-I1L2 (denileukin diftitox)
Anti-TNFa (etanercept)
Macrolides and Antimetabolites
Tacrolimus
Sirolimus

Mycophenolate mofetil
Extracorporeal Photopheresis

Mesenchymal Stem Cells
TOPICAL
Glucocorticoids
Budesonside

Beclomethasone

PUVA

Delayed use appears to be very ineffective. Skin
responds best.

Currently used infrequently.

Also depletes regulatory T cells.

Consider early for refractory lower GI tract.
Depletes T & B cells (lower risk EBV PTLD)

Selectively depletes memory T cells; needs further
study.

Also depletes regulatory T cells.

Inhibits regulatory T cells
Does not inhibit regulatory T cells.

Enteric coated formulation may minimize toxicity
but liquid formulation not available

Particularly effective in skin, infrequently associated
with opportunistic infections.

Large multicenter U.S. trial awaits analysis.

Useful as steroid-sparing agent in Gl tract.

Useful as steroid-sparing agent in Gl tract but not
commercially available.

Useful for skin only involvement.

a .

equine

b .

rabbit

c .

murine

d . . .
humanized (and not commercially available)
e .. .

chimeric murine-human

fhuman 1gG1-fusion protein

Pediatr Clin North Am. Author manuscript; available in PMC 2011 November 30.
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