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Abstract

Leukemic Extramedullary (EM) relapse is now more common than once reported, but 
experiences beyond case studies are limited in the pediatric literature. We conducted 
a retrospective review of 115 transplant procedures in leukemia patients performed at 
our institution over a 16-year period. Our analysis revealed an overall post transplant 
relapse rate of 37% (n=43), with 19% (n=8) of those relapses occurring in isolated 
extramedullary sites.

Patients whose initial post transplant relapse was in an EM site were found 
to survive 14 months longer than patients who relapsed in the bone marrow (BM) 
(p=0.012). EM relapse also proved to be significantly associated with the presence 
of chronic graft-versus-host disease (GVHD) and the presence of both acute and 
chronic GVHD when compared to the BM relapse group (p=0.046 and p=0.037). 
Of the patients with EM relapse, 37.5% of the patients are still surviving with salvage 
therapy compared to 14.3% of patients who have relapsed in the BM. Our results 
indicate that EM relapse represents a significant source of failure for pediatric patients 
with leukemia undergoing allogeneic transplantation, but long term survival can be 
achieved. Further studies characterizing this population and developing new salvage 
treatments for these patients may improve their survival.

INTRODUCTION
Allogeneic Stem Cell Transplant (SCT) has proven to be 

an effective treatment for patients with high risk leukemia. 
However, leukemic relapse continues to be the common cause of 
mortality following transplant [1-2]. Although the Bone Marrow 
(BM) is the most frequent site of recurrence, Extramedullary 
(EM) relapse does occur and has been reported with varying 
frequencies at different institutions. Lee et al reported that up 
to 50% of post transplant relapses contained an extramedullary 
component in their population [3]. Yet most of the literature 
on this topic consists of case reports and there are few studies 
examining the risk factors for EM relapse in the post transplant 
setting. The published experience in the pediatric population 
is even more limited. With allogeneic stem cell transplantation 

the preferred treatment for recurrent leukemia, extramedullary 
relapses will invariably increase in number as the number of 
procedures increases annually. In order to further characterize 
the occurrence of initial EM leukemic relapse post- SCT in a larger 
pediatric population, we conducted a retrospective review of 
115 transplants in pediatric leukemia patients performed at our 
institution.

PATIENTS AND METHODS

Patients

Between September 1991 and May 1, 2007, 111 patients with 
leukemia underwent 115 allogeneic Stem Cell Transplants (SCT) 
at St. Louis Children’s Hospital, and the Washington University 
School of Medicine. 9 of those patients also received Donor 
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Lymphocyte Infusions (DLI). Of these 124 infusions, 7 were 
excluded from evaluation of relapse due to lack of engraftment 
or persistent disease after transplant. The remaining 117 
procedures were evaluated in a retrospective chart review. All 
patients who experienced an initial extramedullary relapse or 
bone marrow relapse following the transplant procedure were 
identified. Extramedullary relapse was defined as a pathologically 
documented recurrence of disease occurring at any time after the 
transplant procedure without recurrence at the same time in the 
bone marrow. Patients with bone marrow recurrence developing 
subsequent to the extramedullary recurrence were included in 

the analysis. Two events were excluded due to simultaneous 
relapse both in the bone marrow and at an extramedullary site, 
leaving a population of 115 procedures in 104 patients (Table 1).

Clinical data

Information on the 115 procedures was collected 
retrospectively from the patients’ medical records and included 
data up to July 5, 2007. The following data was recorded: date 
of birth, diagnosis, date of transplant, type of donor, donor 
compatibility, preparative regimen, presence of acute or 
chronic GVHD, date of relapse, site of relapse, and date of death. 

Total Population Relapses

Rate Bone Marrow Rate Extramedullary Rate

Total Events 115 35 30.4% 8 7.0%
Male 74 64.3% 20 57.1% 6 75.0%

Female 41 15 2
Diagnosis

ALL 64 55.7% 22 62.9% 6 75.0%
AML 41 35.7% 10 28.6% 1 12.5%
CML 6 5.2% 1 0

JMML 4 3.5% 2 1
Type of Event

Stem Cell Transplant 109 34 6
DLI 6 1 2

Age at Transplant
Average 9.9 9.8 6.7
Range

Median 9.2 8.5 6.0
Stem Cell Source

MUD 56 48.7% 16 45.7% 4 50.0%
Sibling 53 46.1% 16 45.7% 4 50.0%

Cord 3 1 0
Preparative Regimen

SDTBI/Cytoxan 58 21 3
Busulfan/Cytoxan 11 5 1

Ara-C/Cytoxan/TBI 8 0 0
Cytoxan/TBI/VP-16 8 0 0

Cytoxan/TBI 7 3 0
TBI/VP-16 6 2 0

DLI 7 1 2
Thiotepa/ATG/TBI/Cytoxan 3 1 0

Busulfan/Cytoxan/VP-16 3 0 1
ATG/Cytoxan 2 1 1

Busulfan/Melphalan/ATG 2 0 0
Cytoxan/ATG/TBI 2 1 0

GVHD 50 43.5% 11 31.4% 5 62.5%
acute 31 27.0% 5 14.3% 4 50.0%

chronic 16 13.9% 2 5.7% 3 37.5%
acute and chronic

Status
Dead 60 52.2% 30 85.7% 5 62.5%
Alive 55 47.8% 5 14.3% 3 37.5%

Table 1: Patient Characteristics.
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Preparative regimens varied with diagnosis, the prevailing 
protocol that was available, and physical status of the patient, 
as did the treatment for the recurrent disease. The following 
preparative regimens were utilized during the 16 year period in 
review: Ara-C/Cytoxan/TBI [4], ATGAM/Cytoxan [5], Busulfan/
Cytoxan [6], Busulfan/Cytoxan/VP-16 [7], Busulfan/Melphalan/
ATGAM [8],

Cytoxan/ATGAM/TBI [9], Cytoxan/TBI [10], Cytoxan/TBI/
VP-16 [11], SDTBI/ Cytoxan [12], TBI/VP-16 [13], Thiotepa/
ATGAM/TBI/ Cytoxan [14] (Table 1). The presence of clinical 
GVHD was diagnosed according to previously established criteria, 
and when needed, tissue biopsies were obtained to confirm the 
diagnosis [15,16]. Disease relapse was also confirmed by biopsy. 
Bone Marrow (BM) relapse was defined as greater than 5% blasts 
upon bone marrow examination at any time after the transplant 
procedure. Extramedullary relapse (EM) was defined by the 
presence of leukemic cells in any body compartment outside of the 
bone marrow. EM relapse in the bone was defined as a focal site of 
bone, pathologically proven to be involved with leukemia in the 
absence of bone marrow involvement assessed by standard bone 
marrow aspirations and biopsies. Post-transplant relapses were 
treated and included cytotoxic chemotherapy, Donor Leukocyte 
Infusions (DLI), radiation, surgery, and subsequent transplant 
following myeloablative or reduced intensity conditioning.

Statistical methods

Differences in time to relapse, time to death, and time from 
relapse to death between the EM relapse group and the BM 
relapse group were detected using the Wilcoxon Rank Sum test. 
The Chi-square test and Fisher’s exact test were used to detect 
the association of presence of acute and chronic GVHD, the type 
of disease, and the two relapse groups. P value of 0.05 was set as 
the significance level.

RESULTS AND DISCUSSION

Results

Table 1 provides a summary of the demographic data. The 
average age at transplant was 9.9 years and the ratio of males 
to females was 1.8:1. Acute lymphoblastic leukemia (ALL) was 
the diagnosis in 64 (56%) of the patients with 41 (36%), 6 (5%), 
and 4 (4%) patients with the diagnosis of Acute Myelogenous 
Leukemia (AML), chronic myelogenous leukemia (CML), and 
Juvenile Myelomonocytic Leukemia (JMML), respectively. Of the 
115 total procedures, 43 (37%) resulted in relapse. 81% (n=35) 
of the 43 initial, isolated post-transplant relapses occurred in 
the bone marrow and 19% (n=8) occurred in extramedullary 
sites. 75% (n=6) of the patients who relapsed at EM sites 
were diagnosed with ALL, however this was not statistically 
significant (p=0.65) when compared to the 63% (n=22) of BM 
relapse patients diagnosed with ALL. Sex, stem cell source, and 
preparative regimen were not associated with relapse.

Individual characteristics for patients who relapsed in EM 
sites can be found in Table 2. Testicular disease was the most 
common site of EM relapse, accounting for 4 of the 8 relapses. 
Subsequent relapse in the BM occurred in 3 of the 8 initial EM 
relapse patients (Patients 28, 105, 109, 153) and 2 of the 8 
patients (225, 273) relapsed at EM sites different from their initial 

relapse. 1 patient (153) relapsed in both the BM and another EM 
site after an initial isolated testicular relapse.

The average time from transplant to relapse was 184 days for 
patients who relapsed in the BM, and 244 days for patients who 
relapsed in EM sites (Table 3). This difference in time to relapse 
was not found to be statistically significant (p=0.26). However, 
the time intervals from transplant to death and from relapse to 
death were found to be significantly longer for the EM relapse 
group compared to the BM relapse group (p=0.012, p=0.010). On 
average, the time from relapse to death was 206 days for the BM 
relapse group and 637 days for the EM relapse group. Time from 
transplant to death for patients who relapsed in the BM was 379 
days compared to 936 days for patients who relapsed in EM sites. 
The presence of acute GVHD did not prove to be significantly 
different (p=0.1) between the two groups. However, patients who 
experienced EM relapses were more likely to have had chronic 
GVHD (p=0.046) or both acute and chronic GVHD (p=0.037).

Discussion

The most frequent site of relapse following allogeneic stem 
cell transplant is in the Bone Marrow (BM), but several studies 
have shown that up to 50% of all leukemic relapses involve 
Extramedullary (EM) sites [3,17-21] and that 5-27% of all initial 
relapses occur in extramedullary sites without BM involvement 
[3,16-18,20-23]. Single center reviews of the adult leukemia 
population have shown that a longer time interval between 
transplant and relapse is associated with EM leukemic relapse 
post-transplant, and that the effects of Graft-Versus-Host Disease 
(GVHD) are not the same between EM relapses and BM relapses 
[3,16,17,22]. These findings suggest that the Graft-Versus-
Leukemia (GVL) effect may not be as effective in controlling 
disease in extramedullary sites as in the bone marrow. Yet the 
characteristics of EM relapse have not been adequately reported 
in the pediatric population.

Our data revealed that the overall leukemic relapse rate 
of 37% in our population is consistent with the rate of relapse 
following transplant in the pediatric leukemia population. The 
19% EM relapse rate at our institution is also within the reported 
incidence of 5-27% by other centers.

GVHD has been associated with a decreased incidence 
of relapse and longer relapse-free survival post-transplant 
presumably due to the GVL effect [24]. We found that relapses at 
EM sites, compared to BM relapse, were significantly associated 
with the presence of chronic GVHD and the presence of both 
acute and chronic GVHD. Acute GVHD has proven to be effective 
in preventing relapse [24,25], but our review, along with others, 
reveals that GVHD is less effective in preventing EM relapse 
[16,26].

A popular hypothesis is that some EM sites may act as 
sanctuary sites, or immune privileged spaces for the tumor cells, 
protecting them from systemic therapy and potential GVL effects 
[26-33]. With 5 out of 8 of the EM relapses (UPN 28, 109, 153, 200, 
273) at our institution occurring in well known sanctuary sites 
such as the testes and central nervous system, this explanation is 
supported by our data. However, relapses at EM sites other than 
the typical sanctuary sites are frequently reported [34].
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Testicular relapse accounted for 4 out of 5 sanctuary site 
relapses and 50% of all initial post- transplant EM relapses 
experienced at our institution. Of the 4 patients who experienced 
testicular relapse, 3 received conditioning consisting of single 
dose TBI and Cytoxan. Quaranta et al reported on their experience 
with Total Body Irradiation (TBI) and testicular boost prior to 
SCT, which resulted in primary testicular relapse in 4.2% of the 
patients [35]. They suggested the need of adding a testicular boost 
to TBI based regimens in order to prevent testicular relapse. 
However, the 3 patients in our population who relapsed in the 
testicles following the single dose TBI regimen only represent 
7.7% of the males who received the same conditioning regimen 
in our study. This number is not significantly different compared 
to the overall EM relapse rate of 7.0% in our population to make 
any claims about a specific conditioning regimen contributing to 
the risk of relapse. In their review of 207 cases of EM relapse, 
Cunningham et al were unable to define the role of conditioning 
regimens [34].

Our data also revealed that patients who relapsed in EM sites 
survived 14 months longer than patients who relapsed in the 
BM. This finding is consistent with other studies and is especially 
significant in the pediatric population in which the average age 
at transplant at our institution is 10 years old. Some studies have 
suggested that this improved survival time is due to a longer time 
interval from transplant to relapse in EM relapse patients, which 
allows for more intensive treatment [16]. However, our numbers 
revealed that EM relapses did not occur significantly later than 
BM relapses (Table 3). While the overall survival outcome 
between the two groups was similar, the longer survival time of 
EM relapse patients suggests that these patients can potentially 
achieve a better outcome.

Our study is limited in that its retrospective nature. Our 
strict definition of isolated EM relapse as the initial relapse 
post transplant without concurrent BM disease reduced the 
number of patients we reviewed. Although our population size 
of 115 procedures is a considerable number relative to other 
pediatric studies on this subject, a larger cohort of patients 
would be beneficial to further elucidate the factors involved in 
EM relapse. Despite previous reports examining larger numbers 
of EM relapses from several centers [34], the nature of our report 
allows us to define the characteristics of patients experiencing 
EM relapse. Our study involved all of the patients receiving an 
allogeneic SCT for pediatric leukemia at a single institution. 
Unlike previously published literature reviews, we were able 
to obtain detailed clinical information for all subjects and had 
pathological proof of EM relapses. These factors allowed us to 
more accurately define the incidence of post-transplant EM 
relapse, which has previously been underreported or reported 
mainly in the form of case studies. Given that we observed that 
19% of all initial post transplant relapses at our institution 
were EM relapses, this clinical entity is an important issue 
regarding that has implications for post transplant disease 
monitoring and the ultimate outcome of this population. With 
stem cell transplants now a standard treatment for recurrent 
leukemia, more prospective studies are needed in order to better 
understand this condition and potentially improve the outcome 
of this patient population.

CONCLUSION
Extramedullary relapse represents a significant source of 

failure for pediatric patients with leukemia undergoing allogeneic 
transplantation, but long-term survival can be achieved and may 
be at a higher rate than those patients who relapse from the 
bone marrow. Further studies characterizing this population 
and developing new salvage treatments for these patients may 
further improve their survival.
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