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Introduction

Granulocytic sarcoma, a localized extramedullary tumor
composed of myeloid blasts, develops in 2-6% of patients
at the time of newly diagnosed acute myeloid leukemia
(AML)."? Granulocytic sarcoma relapse following an
allogeneic stem-cell transplant (SCT) is associated with
marrow relapse in 20% of patients.” Isolated granulocytic
sarcoma following an allogeneic transplant is rare, seen
in only 0.7% of patients and generally observed between
4 and 56 months after transplant, with 56 months being
the longest reported duration from transplant to relapse.®
Unfortunately, the majority of patients previously treated
with an allogeneic SCT who relapse with an isolated granu-
locytic sarcoma do poorly, with a median survival of only
10 months.® Death is often related to progressive AML.
Isolated granulocytic sarcoma relapse after an allogeneic
SCT generally precedes marrow relapse in 95% of patients,
with systemic relapse occurring within 12 months.*

Case Report

Thirteen years following treatment with phlebotomy and
P32 for the treatment of polycythemia vera, a 48-year-old
white woman was diagnosed with secondary AML. Cyto-
genetics were normal except for 1 cell with a 5q abnormal-
ity. Following a splenectomy for massive splenomegaly,
the patient proceeded to a myeloablative allogeneic bone
marrow transplant using her human leukocyte antigen
(HLA)-matched brother’s cells. Graft-versus-host-disease

Address correspondence to:
Brea Lipe, MD, University of Kansas Cancer Center, 2330 Shawnee Mission Parkway,
Mailstop 5003, Westwood, KS 66205; Phone: 913-588-6029; Fax: 913-588-4085;

E-mail: blipe@kumc.edu.

Dartmouth Hitchcock Medical Center
Lebanon, New Hampshire

(GVHD) prophylaxis consisted of methotrexate and
cyclosporine. The patient developed acute GVHD of the
skin (grade I/II) and liver (grade I), which responded well
to steroids. Immunosuppression was tapered over 1 year,
without further signs or symptoms of GVHD.

Twelve years following transplant, the patient devel-
oped an asymptomatic 3 x 2 cm subcutaneous mass in her
left thigh (Figure 1). An excisional biopsy demonstrated
a granulocytic sarcoma (Figure 2) with flow cytometry
indicating immature myeloid cells expressing CD117,
CD34, CD13, CD33, and HLA-DR. Molecular analysis
of the blasts demonstrated XX chromosomes of recipi-
ent origin. A complete blood count was normal, and a
bone marrow biopsy showed no evidence of AML with
complete donor chimerism (XY chromosomes). Spinal
fluid examination; computed tomography scans of the
chest, abdomen, and pelvis; and bilateral mammograms
were normal. The patient was diagnosed with an isolated
granulocytic sarcoma. Following 1 course of cytarabine
chemotherapy (3 g/m? twice per day on days 1, 3, and 5),
a reduced intensity conditioning SCT (RIC-SCT) was
performed using HLA-matched cells from the same
brother. GVHD prophylaxis consisted of cyclosporine and
mycophenolate mofetil. The patient engrafted well and
experienced no complications. Marrow assessments on
days 30, 60, and 100 following transplant demonstrated
no evidence of disease, with complete donor chimerism.

Seven months after transplant and 2 months after
discontinuation of immunosuppressants, the patient
developed a skin rash, diarrhea, and an increase in aspar-
tate aminotransferase (435 units/L; normal <30 units/L)
and alanine transaminase (322 units/L). A skin biopsy
was consistent with GVHD. Full-dose cyclosporine was
initiated with pulse steroids. The serum cytomegalovirus
(CMYV) polymerase chain reaction was also positive. With
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Figure 1. Magnetic resonance imaging showing left thigh mass.

the initiation of ganciclovir, the CMV titers normalized,
but the rash, diarrhea, and liver function tests continued
to worsen. Denileukin therapy was initiated for the skin
biopsy, showing GVHD and the clinical scenario most
consistent with GVHD. After 8 days of aggressive immu-
nosuppressive therapy, a liver biopsy showed findings
suspicious for veno-occlusive disease and iron overload
with mild cirrhosis, but no evidence of GVHD or CMV
infection. Due to persistent voluminous diarrhea, an
esophagogastroduodenoscopy and a colonoscopy were
performed. More than 3 weeks after starting aggressive
immunosuppression, colonic and duodenal biopsies were
obtained. Although the endoscopist believed the duode-
num showed gross abnormalities consistent with GVHD,
tissue biopsies were not pathologically consistent with
acute GVHD. The patient’s medical condition continued
to deteriorate and she died of multiorgan failure 43 days
after the onset. An autopsy request was declined.

Discussion

While isolated granulocytic sarcoma is known to occur
after allogeneic bone marrow transplant (BMT), our
patient represents the longest known interval between the
performance of an allogeneic transplant and isolated gran-
ulocytic sarcoma relapse. Treatment in our patient was
undertaken with RIC-SCT, and despite complete donor
chimerism prior to transplant, she developed progressive
GVHD leading to her death. This represents a unique
scenario of terminal GVHD in a patient undergoing a
RIC-SCT after a prior transplant from the same donor,
with intact donor chimerism at the time of RIC-SCT.
The optimal treatment for extramedullary AML
presenting as granulocytic sarcoma following allogeneic
transplantation is uncertain. Primary treatment involves
resection, though optimal therapy remains controversial,
and options range from chemotherapy with radiotherapy
or a second bone marrow transplant to donor lymphocyte
infusion (DLI). Although the literature is sparse on this

- - GRANULOCYTIC SARCOMA AFTER ALLOGENEIC MARROW TRANSPLANT

Figure 2. Pathology slide of excised mass demonstrating

granulocytic sarcoma.

topic, a review of 3 cases of isolated extramedullary relapse
following allogeneic BMT showed an improved median
survival of 26 months in patients who maintained com-
plete donor chimerism.> Of the 3 cases, patients appeared
to respond best to local therapy with radiation, but
augmentation of the graft-versus-leukemia (GVL) effect
using DLI was recommended for consideration. There are
scattered case reports of using azacitadine or interferon
for management of isolated granulocytic sarcoma relapse,
though outcomes have been disappointing.’

Evidence has shown that a second allogeneic BMT
can be used for isolated granulocytic sarcoma relapse.*”
Of 4 patients, survival after second allogeneic transplant
with the same donor was generally quite short, with a
median survival of 17 months, but 1 patient is alive with
disease more than 4 years post second BMT.%>

Since granulocytic sarcoma after allogeneic BMT is pos-
tulated to be a failure of the GVL effect, some reports have
promoted the use of DLI to augment this effect.*” Initial
results of these investigations were disappointing.® Given our
patients age of 60 years and history of an allogeneic BMT,
she was considered at high risk for a second myeloablative
BMT. Thus, an RIC-SCT was undertaken to augment
the potential GVL effect while minimizing toxicity. In
RIC-SCT, the conditioning regimen serves to suppress the
host immune system, allowing for donor cell engraftment,
thereby facilitating a successful graft-versus-tumor (GVT)
effect.” RIC-SCT is effective in relapsed AML and presents a
therapeutic option for patients at high risk for complications
from a full ablative regimen in the absence of high tumor
burden or rapidly progressive disease.’

While the exact etiology of granulocytic sarcoma
presenting as an isolated relapse is not known, several
immunologic mechanisms have been proposed. After
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an allogeneic BMT, the GVL effect is likely related to
immune surveillance involving T lymphocytes and
natural killer cells.® Clinical evidence supporting this
includes a higher relapse risk after allogeneic BMT in
T-cell-depleted BMT recipients, a lower relapse risk
in transplant recipients achieving full donor T-cell chi-
merism, and a lower risk in those who manifest active
GVHD (both acute and chronic).®'

It has been postulated that escape from immune
surveillance occurs in extramedullary sites that may
be protected from cytotoxic T lymphocytes.” Another
hypothesis is that there are sanctuary sites for leukemic
cells where the cytokine milieu required for a GVL effect
and T lymphocyte functions is not able to penetrate.”
For example, a common site of extramedullary relapse is
the central nervous system, where the blood-brain bar-
rier exists. The expression of CD56 on leukemic cells
may contribute to homing of these cells to extramedul-
lary sites where CD56 dimers are observed.’ Likewise,
CD15 has been found to be overexpressed on myeloid
blasts comprising granulocytic sarcoma. This finding is
intriguing since CD15 is an adhesion molecule that may
allow the myeloid blasts to adhere to dermal fibroblasts
and therefore facilitate migration from the bone marrow.*
RIC-SCT, under these circumstances, would theoretically
allow for reconstitution of the immune system and offer a
therapeutic advantage.

Despite the potential for therapeutic efficacy with
RIC-SCT, there are associated risks. Acute GVHD in
RIC-SCT has been noted at a rate of 20-60%."" A phe-
nomenon of late-onset acute GVHD can occur in RIC-
SCT, with peak skin and gastrointestinal toxicity occur-
ring between 6-12 months post-transplant, as opposed
to the typical 3-month window seen with a myeloablative
allogeneic BMT." Our patient first developed biopsy-
proven skin GVHD in association with LFT elevations
7 months following transplant, consistent with this late
GVHD phenomenon. While the LFT elevations were
never proven by biopsy to be related to GVHD, this may
have been because the biopsies were done several weeks
after initiation of aggressive immunosuppression. Our
patient did have gross endoscopic evidence of GVHD,
and prior studies have shown that endoscopic grading can
sometimes detect GVHD when histology is negative.'?

While our patient ultimately died of progressive liver
failure in the setting of presumed GVHD, other factors
likely played a role in her liver failure. CMV can lead to
hepatocellular injury, but is also known to be reactivated
by GVHD in RIC-SCT patients.”? Conversely, CMV
itself can act as a superantigen and lead to activation of
T lymphocytes and acute GVHD. Furthermore, our
patient was found to have iron overload based on ferritin
level and liver biopsy. The impact of severe iron overload on

transplant patients is not fully realized, but has been linked
to increased rates of GVHD, mortality, and chronic liver
disease." In the setting of systemic signs and symptoms
consistent with GVHD, it seems reasonable to conclude
that the combination of GVHD, CMV, and iron overload
may have contributed to the progressive liver failure.

In summation, the exact underlying pathophysiol-
ogy for isolated granulocytic sarcoma relapse in a patient
presenting long after initial diagnosis and the subsequent
progressive and refractory GVHD in the setting of full
donor chimerism prior to transplant remains unknown.
However, it seems plausible that both relapse and ulti-
mate GVHD may be related to T-cell function. While
the patient maintained donor chimerism in the marrow,
she may have lost full T-cell chimerism, allowing for the
development of the isolated granulocytic sarcoma in
the periphery. Likewise, the impact of the RIC-SCT on
the reconstitution of donor T-cell chimerism may have
allowed for the GVHD that ultimately led to the patients
demise. This is supported by the timing of the GVHD
and the occurrence of CMV around the same time, both
of which are predicted with T-cell reconstitution. To our
evaluation, there have been no reports of donor T-cell
chimerism in isolated granulocytic sarcoma relapse. With
the increasing use of BMT and the growing availability
of transplants to a wider range of patients, further under-
standing of the immune mechanisms surrounding both

GVHD and the GVT effect remains a priority.
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Review
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Transplantation
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Graft-Versus-Leukemia and Graft-Versus-
Host Responses in Acute Myeloid Leukemia

Lipe and colleagues' describe a case of a patient with
secondary acute myeloid leukemia (AML) treated with
allogeneic hematopoietic stem cell transplantation
(HSCT) who had an isolated extramedullary relapse 12
years after HSCT. Isolated extramedullary relapse is a
very rare event following HSCT and is associated with a
very poor prognosis. Allogeneic hematopoietic stem cell
transplantation (HSCT) is an effective treatment for
patients with high-risk acute myeloid leukemia (AML),
but the main cause of death post-transplant remains
disease relapse.? A recent meta-analysis comparing allo-
geneic HSCT to non-allogeneic treatments for AML
has shown a significant relapse-free survival and overall
survival (OS) benefit for high- and intermediate-risk
AML patients treated in first complete remission with
allogeneic HSCT.? The number of allogeneic HSCTs
being performed for the treatment of AML is increas-
ing with the more widespread use of reduced intensity
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conditioned (RIC) HSCT, which extends this treat-
ment to older patients or those with comorbidities. RIC
regimens use immunosuppressive conditioning that
promotes engraftment but relies more heavily on graft-
versus-leukemia (GVL) effects for leukemia eradication.
RIC regimens are associated with lower treatment-
related mortality (TRM) than traditional myeloablative
regimens, but this is offset by an increased relapse risk.
Although there has been no randomized controlled
trial comparing myeloablative and RIC HSCT for
the treatment of AML, analysis suggests that OS and
progression-free survival (PFS) are similar for patients
that are transplanted in first complete remission.* Dose
intensity of the conditioning regimen, however, may be
more important for patients in second complete remis-
sion or those with refractory disease.

Achieving durable remissions following allogeneic
HSCT is therefore partly reliant on the ability of trans-
ferred donor lymphocytes to direct alloreactive responses
against recipient leukemia cells inducing a GVL response.
In a human leukocyte antigen (HLA) mismatched set-
ting, alloreactive donor T cells recognize recipient major
histocompatibility complex (MHC) molecules. In fully
HLA-matched transplants, the alloresponse is directed
against minor histocompatibility antigens (mHags) pre-
sented by host antigen presenting cells (APC). MHags
are polymorphic peptides that are derived from cellular
proteins that differ between a donor and recipient and
may be ubiquitously expressed on self-tissues or restricted
to hematopoietic tissues. In addition, GVL responses are
directed against leukemia-associated antigens, which are
normal self-antigens that are overexpressed or aberrantly
expressed by leukemia cells. In addition to alloreactive
T cells, natural killer (NK) cells are key effectors in the
GVL response directed against AML. NK cell function
is mediated by both activating and inhibitory killer
cell immunoglobulin receptors (KIR). Inhibitory KIRs
recognize selt-MHC molecules and, following HSCT,
donor NK cells lyse targets that do not express cognate
MHC molecules. KIR ligand mismatch has been shown
to be important in maintaining durable remission fol-
lowing haploidentical transplant for AML, where
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KIR ligand mismatched donors were associated with
improved engraftment, decreased relapse, and decreased
GVHD. In unrelated HSCT, use of donors with KIR
B haplotypes has been shown to be associated with an
improvement in OS and PFS.¢

In addition to targeting leukemia cells, alloreactive
donor cells also target antigens expressed on normal tis-
sues leading to harmful GVHD responses. Acute GVHD
occurs after activation of host APCs by the conditioning
regimen, resulting in presentation of alloantigens to donor
T cells. These cells attack ubiquitously expressed mHags
on non-hematopoietic tissues. Activated donor CD4-
positive T cells generate inflammatory cytokines, result-
ing in non-specific tissue damage and further activation
of alloreactive T cells, which leads to a self-perpetuating
cycle of tissue damage and cytokine release. In T-cell-
replete myeloablative HSCT, the development of GVHD
is associated with a reduction of relapse risk, but this
does result in a higher TRM.”# Although the use of RIC
reduces TRM, T-cell-replete RIC HSCT is still associated
with high levels of acute and chronic GVHD >

After allogeneic HSCT, the majority of relapses
occur within the first 12 months. The ability to monitor
patients post-transplant to detect early molecular relapse
may allow more effective preemptive treatment than at
time of full hematologic relapse and may improve long-
term disease-free survival.

Chimerism Monitoring Post-Allogeneic HSCT

Immediately following HSCT, both donor and host
hematopoiesis will coexist. With time, there is gradual
evolution to full donor hematopoiesis resulting in full
donor chimerism. Eradication of host hematopoiesis can
be achieved with more intensive conditioning regimens
or can be a function of the transferred donor T cells,
which eradicate both normal host hematopoiesis and
leukemic cells leading to stable engraftment. The persis-
tence or reappearance of host hematopoiesis following
HSCT is termed mixed chimerism. This may be a result
of reappearance or survival of the leukemic clone or of
normal host hematopoiesis. Mixed chimerism suggests
that donor T cells are tolerant to the host and vice versa,
and this may lead to attenuation of GVL responses or
to graft rejection. Alternatively, the persistence of host
APCs may actually promote GVL effects.

In patients with chronic myeloid leukemia (CML)
who received T-cell-depleted myeloablative HSCT, a
finding of T-cell mixed chimerism was associated with the
presence of residual disease and eventual hematologic or
molecular relapse.!! Administration of donor leukocyte
infusion (DLI) can convert mixed to full donor chime-
rism and lead to disease regression.'”” In AML patients,

particularly following RIC or non-myeloablative HSCT,
the use of chimerism to predict relapse is less clear cut.
Baron and colleagues looked at the kinetics of engraft-
ment post-HSCT conditioned with low-dose total
body irradiation and fludarabine.”® They found that the
majority of patients retained some degree of T-cell mixed
chimerism for up to 6 months post-transplant. Donor
T-cell and NK-cell levels of less than 50% at day 14
post-transplant were associated with graft rejection, and
a high level of donor T cells at day 29 was associated
with the occurrence of grade II-IV acute GVHD. A high
level of donor T-cell and NK-cell chimerism from days
14-42 was associated with a decreased risk of relapse and
high levels of donor NK cell chimerism correlated with
improved PFS. Achievement of full donor chimerism
was associated with a lower risk of disease progression.
Mohty and associates performed a retrospective analysis
of patients with myeloid malignancies conditioned with
fludarabine/busulphan/anti-thymocyte globulin or fluda-
rabine/low-dose TBI and demonstrated that patients
with full donor T-cell chimerism on day 30 had a higher
incidence of grade II-IV GVHD, and patients with
mixed chimerism on day 90 had a higher incidence of
relapse.' Valcarcel and coauthors used a prospective study
to evaluate the effects of early chimerism measurements in
HSCT patients conditioned with fludarabine/melphalan
or fludarabine/busulphan. The probability of achieving
stable full donor chimerism within 6 months was 95%
based on measurements on day 180 post-transplant. This
study did not demonstrate any correlation between the
rate of achieving full donor chimerism and incidence of
acute GVHD or disease progression."

Whilst there is some conflicting evidence, the serial
measurement of chimerism post-HSCT for AML is rec-
ommended. For patients with a progtessive loss of donor
T-cell chimerism, intervention with DLI may convert
back to full donor chimerism and stable disease remission.

Donor Lymphocyte Infusion

DLI can be used to re-induce full donor chimerism in
patients with mixed or falling donor chimerism, to treat
frank hematologic relapse, or it can be given prophy-
lactically to patients considered at high risk of relapse
post-HSCT. DLI for treatment of frank hematologic
relapse of AML is of limited efficacy, with long-term sur-
vival of only 10-15%.'*'8 The European Bone Marrow
Transplantation Group performed a retrospective analy-
sis of patients with AML in first hematologic relapse
post—allogeneic HSCT. The findings showed superior
estimated OS at 2 years for those patients receiving DLI
for treatment of relapse compared to those who did not
receive DLI (21% vs 9%).'® However, if DLI was given
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in the setting of persistent disease, the response rates were
very low. In this study, the factors associated with an
improved outcome following relapse were younger age,
relapse occurring more than 5 months post-transplant,
and the administration of DLI.

DLI can be combined with chemotherapy to reduce
disease burden prior to administration, which may improve
efficacy in relapsed AML. Choi and coworkers performed
a prospective study using cytoreductive chemotherapy
immediately followed by granulocyte colony-stimulating
factor—primed DLI for treatment of relapse of AML
post—allogeneic HSCT.”” The complete remission rate was
63% and the OS rate at 2 years was 31%, with a TRM
rate of 25%. The length of remission post-allograft was sig-
nificantly associated with outcome: in those with remission
duration of more than 6 months, the 1-year OS rate was
55%. This approach may be useful in selected patients with
long duration of remission and may produce a lower TRM
than a second allogeneic transplant procedure.

Preemptive DLI given prior to the detection of
relapse or mixed chimerism has been studied in AML.
Schmid and colleagues used a sequential conditioning
regimen of cytoreductive chemotherapy followed by
T-depleted RIC in 75 patients with high-risk AML.*
They then gave preemptive DLI at day 120 to augment
the GVL effect, once tolerance had been established. DLI
was given on an escalating dose schedule to patients who
had no GVHD and had weaned immunosuppressants by
day 120. Two-year OS and PFS rates were 42% and 40%
in this high-risk group. It is likely that if DLI is going to
be effective in AML patients, it needs to be administered
prior to hematologic relapse detected either by worsening
mixed chimerism or minimum residual disease (MRD).

The main complication of DLI is GVHD, which is
highest in patients with unrelated or mismatched donors.”!
Severity and incidence of GVHD post-DLI correlates with
the dose of DLI given. Using escalation of the DLI dose
to achieve disease control at the minimum required dose
can reduce GVHD." In addition, delaying the timing of
DLI administration post-allogeneic HSCT also reduces
the incidence of GVHD. Delaying the infusion of DLI
allows the inflammation arising post-conditioning to abate
and thus may reduce activation of host APCs. Strategies to
reduce GVHD after DLI also include graft manipulation
to deplete CD8-positive T cells, which are thought to be
one of the main effector cells causing GVHD. In addition,
due to the restricted expression of class I MHC by profes-
sional APCs, the infusion of a purified population of donor
CD4-positive T cells may reduce damage to peripheral
class II negative tissues. The use of CD8-positive depletion
to produce purified populations of CD4 T cells for DLI
has been shown to be feasible on a clinical scale.?*** CD4-
positive T cells used at escalating doses can be used to con-

vert mixed chimerism to full donor chimerism in patients
post-RIC. GVHD did occur following CD4-positive DLI,
but a randomized controlled trial is required to directly
compare its effects with unmanipulated DLI.

Minimal Residual Disease Monitoring
Post-Allogeneic HSCT for AML

MRD monitoring by real-time quantitative polymerase
chain reaction (RQ-PCR) to detect leukemia-specific
targets (eg, mutations or fusion gene transcripts) may be
utilized to predict patients at high risk of relapse post-
transplant. AML is a very genetically heterogeneous
disease with multiple different gene mutations described,
and therefore finding a universal target gene to use for
MRD monitoring is complex.

A total of 50% of patients with AML have a normal
karyotype, and the most frequent mutation within this
subgroup is the nucleophosmin 1 protein (NPM1) muta-
tion.?*? Patients with isolated NPM1 mutations have a
more favorable prognosis with higher rates of complete
remission and longer DFS compared to wild-type patients.
After chemotherapy, monitoring of NPM1 has been used
as an MRD marker. MRD-positive patients post-consoli-
dation chemotherapy had a significantly higher relapse risk
than those who were MRD negative.?® After allograft, a
correlation between the persistence of the NPM1 mutation
and relapse has been demonstrated, with a short interval
seen from an increase in NPM1 and relapse.”

Flt3 is a class III receptor tyrosine kinase expressed
in early bone marrow progenitors. Duplications of the
internal tandem domain are found in 40% of cytogeneti-
cally normal cases of AML. These mutations are localized
to the transmembrane domain, and the insertions are
of variable length and have a varying degree of genomic
instability. Patients with a Flt3 internal tandem duplica-
tion (ITD) have a poor outcome following treatment with
chemotherapy and should be offered allogeneic HSCT in
first complete remission.?®* After allograft, the use of Flt3
as a molecular marker is not straightforward, as the muta-
tion requires a patient-specific primer and the instability
of the mutation can lead to loss of mutation in about 20%
of patients after relapse.

Wilms' tumor 1 (WT1) antigen is overexpressed in
80-100% of AML patients,*®! and acquired mutations
of WT1 are found in about 10% of cytogenetically nor-
mal AML. The WT1 gene encodes a transcription factor
involved in cellular growth and metabolism, with func-
tions of both a tumor suppressor gene and oncogene. Fol-
lowing induction chemotherapy, early reduction in WT1
levels can be detected by RQ-PCR, and this correlates with
alow incidence of relapse and improved PES and OS, sug-
gesting that this could be a useful MRD marker.?>3
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In the allogeneic HSCT setting, WT1 levels pre- and
post-transplant correlate with remission status before and
after allogeneic SCT. Candoni and colleagues measured
WTT1 levels prior to allograft and at defined time points
post—RIC HSCT in 25 patients (all of whom had high
levels of WTT1 at diagnosis).** Of the 25 patients, 18 were
in complete remission (CR) at time of allogeneic HSCT
and 7 were refractory. Pretransplant WT1 levels were
significantly lower in patients with CR compared to those
with refractory disease. In the 18 patients transplanted in
CR, 17 remained in stable CR after transplant, and in all
of these patients, WT1 levels remained low. Three of the
refractory patients achieved CR post-allogeneic HSCT
and had a corresponding fall in WT1 levels. All patients
who relapsed had a high level of WT1 prior to hema-
tologic relapse. In 50% of these patients, an increase in
WTT1 levels was seen prior to loss of full donor chimerism.

Lange and associates® used a combination of CD34-
positive donor chimerism in bone marrow and WT1
expression in peripheral blood to predict hematologic
relapse following non-myeloablative conditioned alloge-
neic HSCT. Patients who relapsed had significantly higher
levels of WT1 expression in the blood at day 28 post-
allograft than those without impending relapse. Using a
cutoff level of WT1 expression that was 10 times higher
than that seen in normal peripheral blood, those with high
WTT1 expression at day 28 had a 79% risk of relapse. Using
a combination of a more than 5% reduction of CD34-
positive donor chimerism and high WT1 transcript level,
100% of patients at risk of relapse could be identified with
a specificity of 84%. If there was a WT1 level below the
cutoff and less than a 5% decrease in CD34 chimerism,
then relapse at this point could be excluded entirely.

Alternatively, MRD
multi-parametric flow cytometry (MFC) to detect a

can be measured using
combination of cell surface antigens that make up a
leukemic-associated immunophenotype expressed by the
AML cells. Walter and associates used 10-color MFC to
measure MRD in bone marrow aspirates before HCT.*
A total of 24 patients were MRD-positive pretransplant.
The estimated 2-year OS rate was 30% for those who
were MRD-positive pretransplant and 77% for those who
were MRD-negative pretransplant. The 2-year estimates
of relapse risk were 65% and 18% for the MRD-positive
group compared to the MRD-negative group. A poten-
tial drawback of this approach is that loss of leukemic-
associated immunophenotype can occur in up to 25% of
patients following allograft.

Second HSCT for Treatment of Relapsed AML

AML relapsing post-HSCT has a very poor long-term
outcome when treated with chemotherapy alone. Second

allogeneic HSCT for treatment of relapsed AML is an
option in selected patients. Retrospective data collected
for patients who received myeloablative HSCT for treat-
ment of relapsed hematologic malignancies showed very
high TRM rates of 40-50%.%7*® Long-term disease sur-
vival was possible in some patients, with improved OS
and leukemia-free survival observed in patients who had
relapsed more than 1 year post-transplant and in patients
with a low disease burden at time of second allograft. A
more recent analysis of 279 patients with acute leukemia
relapsing after HLA-matched sibling allograft reported a
cumulative incidence of relapse of 42% and TRM of 30%
at 5 years. Both myeloablative and RIC second trans-
plants were analyzed, and this study found a higher risk
of relapse in patients who received RIC for their second
transplant. The 5-year OS and LES rates were 28%. Risk
of relapse was lowest in patients who relapsed more than
6 months after initial transplant and in patients who were
in CR prior to second transplant.”’

Given the low TRM correlated with RIC regimens,
it is likely that the TRM associated with the use of
subsequent RIC as a second allograft will also be lower.
An analysis of 71 patients with relapsed hematologic
malignancies who received RIC prior to second allograft
demonstrated a relatively low TRM of 24% at 1 year and
predicted OS at 2 years of 28%.%’ Patients that relapsed
more than 1 year post-transplant had the best outcomes,
with TRM of only 13% at 1 year.

One of the main factors therefore in selecting
patients for eligibility for second transplant is timing of
relapse post first allograft. Benefit is likely to be restricted
to patients who can achieve a CR, have a low disease
burden at time of HSCT, and a longer duration from
time of first allograft. Use of RIC in particular appears to
reduce TRM to acceptable levels, although the majority
of patients will still die of disease progression. There is
no current evidence to suggest the superiority of second
allogeneic HSCT over DLI for treatment of relapsed
AML after HSCT; treatment should be selected on an
individual patient basis.

Conclusion

Outcomes following allogeneic HSCT for treatment of
AML continue to improve, but a significant proportion
of patients will still relapse post-transplant. Serial chime-
rism measurement and development of MRD markers
for use for monitoring of AML patients post-HSCT
may allow detection of molecular relapse. Further adop-
tive transfer of donor lymphocytes, either as DLI or a
second allogeneic HSCT, is likely to be more effective in
achieving prolonged remission if administered prior to
full hemartologic relapse.
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