
Allogeneic stem cell transplant is a potentially cura-
tive treatment for patients with acute myeloblastic
leukemia and myelodysplastic syndrome. In this

issue of the journal, Craddock et al.1 report the largest
reported series of T-cell depleted reduced intensity stem
cell transplant for acute myeloblastic leukemia, with
encouraging long-term survival. Although prevalence of
extramedullary relapse was not reported separately,
relapse accounted for 49% of mortality. Extramedullary
relapse after stem cell transplant for acute myeloblastic
leukemia is an under-reported long-term complication of
this procedure. The pathogenesis of extramedullary
relapse is not well described, but may be due to a less
potent graft-versus-leukemia response than in the bone
marrow.
In a European group for Blood and Marrow Trans -

plantation (EBMT) study, the incidence of extramedullary
relapse after stem cell transplant was reported as 0.65% for
acute myeloblastic leukemia, but the incidence in this
cohort might have been underreported.2 Among long-term
survivors the incidence has been reported to be over
20%.2–7 Recently, Shimoni et al. reported on 356 consecu-
tive patients with acute myeloblastic leukemia/myelodys-
plastic syndrome (n=277) and acute lymphoblastic
leukemia (n=79).8 Incidence of extramedullary relapse
among the acute myeloblastic leukemia/myelodysplastic
syndrome cohort was 8% with a median follow-up of 30
months. Another study of 365 consecutive patients with
acute myeloblastic leukemia (n=257) or acute lymphoblas-
tic leukemia (n=108) after stem cell transplant reported a
9% cumulative incidence of extramedullary relapse
among acute myeloblastic leukemia patients with a fol-
low-up of five years.9 The median time to diagnosis of
extramedullary relapse is longer than to bone marrow
only relapse; about 12-17 months versus 3-6 months,
respectively (Table 1).2,3,7-9 Extramedullary relapse has been
reported even 5-10 years after stem cell transplant.3 As
supportive care improves and patients live longer after
stem cell transplant, the cumulative incidence of
extramedullary relapse may continue to increase over
time.

Clinical presentation and prognosis
The risk factors for the development of extramedullary

relapse after stem cell transplant are not well established
but may include: age under 18 years at diagnosis, acute
myeloblastic leukemia subtypes (FAB) M4/M5, extra -
medullary disease prior to stem cell transplant, adverse
cytogenetics, and relapse/refractory disease at time of
transplant (Table 1).3,9,11 In a retrospective analysis, Wilms’
tumor 1 (WT1) gene expression levels were monitored
from peripheral blood and bone marrow in patients with

extramedullary relapse and bone marrow only relapse.
Patients with extramedullary relapse had abnormally high
WT1 expression levels in peripheral blood as compared to
WT1 expression levels in the bone marrow 11-46 days
prior to diagnosis.12 Although prognosis of extramedullary
relapse after stem cell transplant is poor and early detec-
tion of these tumors might improve treatment options,
there are no established strategies for surveillance of
extramedullary relapse and regular CT, MRI or PET/CT
are not part of the routine long-term follow-up for these
patients. As a result, extramedullary relapse is typically
diagnosed only once the patient becomes symptomatic.
Extramedullary relapse may be localized to a single site, or
manifest more diffusely with multi-organ involve-
ment.2,3,7,11,13,14,19,20 Extramedullary relapse is predisposed to
develop within certain tissues including the known sanc-
tuary sites of the testis, ovary and central nervous system.
Other sites include bone, paranasal sinuses, breast tissue,
skin, retroperitoneum, gastrointestinal tract and kid-
ney.2,3,7,11,13,14,19,20 Once a single focus of disease becomes
clinically evident, progression at other extramedullary
sites and bone marrow typically follows within a year.11

Are extramedullary tissues sanctuary sites 
for graft-versus-leukemia effect?
It has long been thought that the graft-versus-leukemia

effect associated with allogeneic marrow transplantation
would protect patients from extramedullary relapse and
bone marrow relapse.3,11,14 The increased incidence of
graft-versus-host disease in patients with extramedullary
relapse implies the graft-versus-leukemia surveillance
preferentially maintains remission in the bone marrow
while allowing leukemic cells in peripheral tissues to
evade immune surveillance. In our experience at the
National Institutes of Health (personal communication Barrett
AJ, 2010, NHLBI 05-H-0130; ClinicalTrials.gov identifier
NCT00106925), 5 patients developed extramedullary
relapse beyond four years post allogeneic stem cell trans-
plantation. All patients had a history of chronic graft-ver-
sus-host disease and 3 of 5 had concomitant chronic graft-
versus-host disease at the time of extramedullary relapse.
Among the larger cohort reported by Shimoni et al., 79%
of patients with extramedullary relapse more than three
months following stem cell transplantation had chronic
graft-versus-host disease compared to 49% of those with
systemic relapse, (P=0.01).8

The mechanism by which leukemic cells evade immune
surveillance and recur as extramedullary relapse is not
well understood. In vitro granulocytic sarcoma cell lines
can bind to dermal fibroblasts.15 CD56 (NCAM) is a mem-
ber of the immunoglobulin superfamily that is expressed
on natural killer cells. About 20% of myeloid leukemia
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expresses CD56. CD56 expression has been associated
with cutaneous involvement compared to CD56 negative
myeloid leukemia.16 Cytotoxic CD8 positive T cells
(CTLs), the main effector cell of graft-versus-leukemia are
highly concentrated in the marrow compared to peripher-
al tissues. This may lead to a less potent response in soft
tissue.11 T-cell homing is determined by a range of selectin
molecules, “addressins”, which direct the T cell to specific
tissues and such relapse may occur because of sanctuary
sites not patrolled by antileukemic T cells.17 Clearly thera-
pies aimed at routing the graft-versus-leukemia effect to
extramedullary tissues might be the key to improving the
outcome for patients with extramedullary relapse.

Management of extramedullary relapse
Due to the lack of sufficient data, there are no estab-

lished guidelines for clinical decision making in the treat-
ment of extramedullary relapse after allogeneic stem cell
transplantation. The standard practice is a combination of
localized radiation, systemic chemotherapy, immunother-
apy with donor lymphocyte infusions and repeated trans-

plant (Table 1). Although the prognosis is poor for
extramedullary relapse, it is better than for systemic
relapse, with a 2-year overall survival of 11-38%.2,8,9,18

Therefore, the goal of therapy should be to prevent sys-
temic relapse. Many patients are already heavily pre-treat-
ed and may be unable to tolerate chemotherapy at poten-
tially curative doses. In a recent case report, a 38-year old
woman with chronic graft-versus-host disease after stem
cell transplantation from a matched unrelated donor
developed gastric extramedullary relapse. Her immuno-
suppression was stopped. She received high-dose cytara-
bine and amsacrine. Three months after her diagnosis of
extramedullary relapse, she died of sepsis.19

Donor lymphocyte infusion
Donor lymphocyte infusion has been found to be suc-

cessful for relapse involving the bone marrow; however, it
has little effect at extramedullary sites.5 This may relate to
the problem of lymphocyte homing described above.17

Although some patients have an initial, favorable response
to this therapy, it is typically unsustained. In one example,
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Table 1. Extramedullary relapse after allogeneic stem cell transplant.
References Year N. Follow- Relapse EMR(%) EMR OS Time to cGVHD Treatment Risks for EMR

up(range) response relapse months
(range)

Harris et al.9 2010 365 5 yr AML 39% AML 9% nd 1 yr 30% EMR 10 nd DLI FAB M4/M5 (P=0.02)
AML(n=257) ALL 40% ALL 15% 2 yr 11% systemic 3.5 chemotherapy Age<18(P=0.006)
ALL (n=108) radiation EM dz at tx (P<0.001)*

adverse cytogenetics
(P=0.006)

CR3+/refractory disease 
at tx (P=0.02)

Shimoni et al.8 2009 356 30 months 47% n=17 CR 71% 2 yr survival  EMR 14 EMR 79% nd Median age for EMR
AML/MDS(n=277) (1-103) (95CI, 42-54) AML/MDS=8% EMR=38% (1-38) systemic 41% 38 years vs 46 for

ALL(n=79) ALL=23% systemic=7% (P=0.01) systemic relapse (P-0.02)
systemic 
3(1-59)

Jabbour 2009 17 11 EMR(n=3) 33% CR=1 CR 17 months EMR 6 (5-10) EMR 66% Azacitadine
et al.10++ relapse (n=9) months systemic(n=6) PR=1 PR > 7 months systemic 50%

maintenance(n=8) NR=1 NR 8 months

Cunningham 2006 AML=112 EMR nd nd nd EMR 17 various nd
et al.3§ CML/ALL=95 (n=97) (1-121)

Lee et al.7 2003 118 35.8 28.8%, n=34 AML 9%(n=8) EMR only AML 30months EMR 13.5 AML 25% DLI AML subtype
AML=78 months EMR only 3.3% CR=2 EMR only Systemic 6.1 EMR only 25% chemotherapy Adverse cytogenetics
ALL=36 (6.4-91.0) EMR+systemic 3.3% PR=1 25 months (P=0.046) EMR+systemic radiation

ALL 17% Persistent EMR+ 25%
(n=6) = 2 systemic 35 months

Chong et al.11 2000 183 12.7 months 28% n=15 CR=3 EMR 11 EMR 93% DLI Advanced cGVHD
(2-108) AML/MDS(n=6) months (1-84) Systemic 28% chemotherapy Longer interval

ALL(n=3) Systemic 2 to initial relapse
months (1-66) EM dz at tx
(P=0.004)

Bekassy et al.2 1996 5828 12 years nd EMR in AML nd 5 yr survival 33% nd 53% various none
AML=3071 0.65% (n=20)

CML/MDS=2753 EMR in
CML/MDS 0.22%

(n-6)

EMR=extramedullary relase; AML=acute myelogenous leukemia; MDS=myelodysplastic syndrome; ALL=acute lymphoblastic leukemia; CML=chronic myelogenous leukemia; CR=complete response;
PR=partial response; NR=no response; DLI=donor lymphocyte infusion; cGVHD=chronic graft versus host disease; nd= no data; tx=transplant; dz=disease; *not significant in systemic relapse. ++ clini-
cal trial with azacytadine for maintainence or treatment after relapse for AML after SCT. § review article of EMR included 112 patients with relapse and SCT fro AML. 15 patients had EMR after bone
marrow relapse.



a 24-year old male patient with acute myeloblastic
leukemia relapsed in the left breast after CR3. After
achieving CR4, he underwent stem cell transplantation
from his HLA-matched brother, but relapsed one year
later in the same breast. His extramedullary relapse was
treated with donor lymphocyte infusion, local radiothera-
py, and ICE (ifosfamide, carboplatin, and etoposide)
chemotherapy, but the tumor progressed to involve other
subcutaneous tissues.20 As this case illustrates, most
patients receive concurrent chemotherapy with donor
lymphocyte infusion making it difficult to determine the
efficacy of donor lymphocyte infusion for the treatment
of extramedullary relapse. 

Second allogeneic stem cell transplantation
Second transplantation has also failed to eliminate

extramedullary relapse. Kikushige et al. report a case in
which a 49-year old man with acute myeloblastic
leukemia relapsed in his inguinal lymph nodes 15 months
after allogeneic stem cell transplantation. He underwent a
second transplant from a separate donor. He had an
extramedullary relapse 150 days later in the skin and cen-
tral nervous system. Bone marrow aspirate revealed nor-
mocellular marrow, with all three donor-derived cell line-
ages maturing normally.13 Szomor et al. reviewed 2 cases
of extramedullary relapse in which re-induction
chemotherapy was followed by second transplant; both
patients eventually died of liver toxicity.14

Strategies to prevent extramedullary relapse and late
relapse
Due to the lack of efficacious treatment strategies with

systemic chemotherapy, donor lymphocyte infusion, and
second stem cell transplant (Table 1), there is a need for
novel approaches to manage extramedullary relapse after
stem cell transplantation. A better understanding of the
molecular genetics and risk factors that predispose individ-
uals to developing extramedullary relapse after stem cell
transplantation may result in increased surveillance of
patients at high risk and novel regimens to augment the
graft-versus-leukemia response. After a patient develops
extramedullary relapse after stem cell transplantation, the
aim of treatment is to trigger immune effector cells to kill
antigen-expressing cancer cells in soft tissue. Gemtuzumab
ozogamicin is a humanized anit-CD33 monoclonal anti-
body that selectively targets CD33 expressing tumors. T
cells are potent effectors of graft-versus-leukemia that do
not express CD33 and extramedullary relapse after stem
cell transplantation effect should, therefore, be maintained.
Two patients who received gemtuzumab ozogamicin for
extramedullary relapse after stem cell transplantation have
achieved a complete remission.21,22 One was a 54-year old
male who developed multiple sites of extramedullary
relapse 120 days after stem cell transplantation. He
achieved a complete hematologic and radiographic
response 21 days after gemtuzumab ozogamicin as a single
agent.21 Azacitidine is a hypomethylating agent that may
induce leukemic cell differentiation and increase the
expression of tumor associated antigens. Jabbour et al.
hypothesized that this may increase graft-versus-leukemia
response after stem cell transplantation for salvage therapy
or maintenance. Azacitidine was given to 9 patients who

relapsed after stem cell transplantation. Of the 3 patients
with extramedullary relapse in this group, 2 responded
(Table 1).10 Furthermore, clinical evidence for the effective-
ness of anti-leukemia immune response has been obtained
in a number of pilot clinical studies with immunotherapeu-
tic targeting tumor antigens. One of these tumor antigens
is WT1. The expression of WT1-derived peptides on
malignant cell surfaces and recognition of those peptides
by cellular and humoral immune responses have identified
WT1 as a promising target in immunotherapeutic trials in
the post-transplant setting. Routine vaccination with WT1
peptides at one or two years post-transplant might
decrease late transplant failure in high-risk populations.
In summary, extramedullary relapse is a long-term com-

plication of stem cell transplantation with a poor progno-
sis and lack of efficacious treatment. Prospective studies
are needed to define the true incidence, risk factors, and
appropriate therapeutic strategies for extramedullary
relapse after stem cell transplantation given the lack of
robust data on this subject. Future management of
extramedullary relapse after stem cell transplantation
should focus on creating predictive models for early detec-
tion of extramedullary relapse and novel therapies that
modulate the graft-versus-leukemia response.
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The study of factor V Leiden (FVL) has created many
expectations but also engendered much controver-
sy. Factor V Leiden is widely considered the first

and most common prothrombotic polymorphism, but in
1965, the non-O blood group, present in 50% of the pop-
ulation, was associated with a 2-fold increased risk of
venous thrombosis. Factor V Leiden may have developed
through genetic drift or natural selection in Caucasians,
possibly by conferring a reduced risk of bleeding and an
evolutionary advantage, but no similar prothrombotic
polymorphism has been described in other populations.
The risk of venous thrombosis (OR: 4 for heterozygous)
and the relatively high prevalence in Caucasians (4-10%),
together with its simple genotyping explain why testing
for factor V Leiden has been widely studied and is still
commonly requested. However, the utility of such testing
is under debate, as it might complicate more than facilitate
the clinical management of carriers, particularly the pro-
phylaxis of venous thrombosis in asymptomatic carriers.
Moreover, factor V Leiden has a very mild effect on arteri-
al thrombosis. These controversies may be explained by
the moderate functional consequences of the activated
protein C (APC) resistance caused by this polymorphism
and the requirements of additional genetic and environ-
mental risk factors and triggering factors that are ultimate-
ly responsible for the development of a thrombotic event.
Additionally, there are two apparent paradoxes concern-
ing the clinical consequences of factor V Leiden. 

Pulmonary embolism (PE) is usually considered to be a
complication of deep vein thrombosis (DVT) and there-
fore the genetic risk factors for both DVT and PE are
believed to be the same. However, in 1996, Desmarais and
co-workers first described that activated protein C resist-
ance was associated with lower risk of pulmonary
embolism than deep vein thrombosis.1 The repeated con-
firmation of this finding in different registries from diverse
populations (Table 1),2-16 the thrombophilic family-cohort
study by Mäkelburg and colleagues in this issue that is the
first to report annual incidences of deep vein thrombosis
and pulmonary embolism for carriers of factor V Leiden,17

the low prevalence of factor V Leiden among patients
with fatal pulmonary embolism,18 and the higher inci-
dence of deep vein thrombosis than pulmonary embolism
in patients with factor V Leiden,19 are strong arguments for
this paradox and do not support the hypothesis of a pos-
sible selection bias. A recent analysis of the RIETE registry
also revealed a lower incidence of factor V Leiden among
patients with pulmonary embolism, and interestingly
cases of pulmonary embolism in factor V Leiden carriers
were less severe than in non-carriers (M Monreal, person-
al oral communication, 2010). Despite the consistency
observed in many epidemiological association studies,
there are some limitations that question the reality of this
paradox. The numbers of patients, particularly with pul-
monary embolism, is low and no accurate multivariate
analysis including environmental or genetic factors with
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