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Donor cell neoplasms are rare complications of treat-
ment regimens that involve stem cell transplantation
for hematological malignancies, myelodysplastic pro-
cesses, or certain genetic or metabolic disorders. We
report a case of donor cell leukemia in a pediatric
patient with a history of acute myeloid leukemia that
manifested as recurrent AML FAB type M5 fourteen
months after umbilical cord blood transplantation.
Although there was some immunophenotypic drift
from the patient’s original AML and their posttrans-
plant presentation, the initial pathological impres-
sion was of recurrent disease. Bone marrow engraft-
ment analysis by multiplex PCR of short tandem
repeat markers performed on the patient’s diagnostic
specimen showed complete engraftment by donor
cells, with a loss of heterozygosity in the donor alleles
on chromosome 7. This led to the reinterpretation of
this patient’s disease as donor-derived leukemia. This
interpretation was supported by a routine karyotype
and fluorescence in situ hybridization analysis show-
ing loss of chromosome 7 and a male (donor) chro-
mosome complement in this female patient. Also
noted was a loss of the patient’s presenting chromo-
somal abnormality, t(11;19)(q23;p13). This case high-
lights the need for close coordination between all
aspects of clinical testing for the transplant patient,
including molecular engraftment stadies, when dis-
tinguishing the very common complication of recur-

rent disease from the exceedingly rare complication
of donor cell leukemia. (7 Mol Diagn 2010, 12:000—000;
DOI: 10.2353/jmoldx.2010.090215)

Unrelated donor umbilical cord blood transplantation
(UCBT) is an increasingly used treatment in pediatric
patients with a variety of different diseases, including
neoplastic hematological diseases such as acute my-
eloid leukemia and myelodysplastic syndromes'? and
inherited disorders of metabolism, including lysosomal
and peroxisomal storage diseases.® The growing adop-
tion of UCBT stems both from its efficacy in treating these
diseases and from its two distinct benefits over traditional
bone marrow transplantation (BMT) and peripheral blood
stem cell (progenitor cell) transplantation (PBPC): the
availability of donor umbilical cord blood stem cells and
the decrease in certain complications including acute
and chronic graft versus host disease.*® In the context of
neoplastic indications, an additional devastating compli-
cation that occurs in similar frequency in BMT, PBPC, and
UCBT is recurrence of the patient's original disease. In
pediatric patients receiving UCBT for acute lymphoblas-
tic leukemia, overall three-year leukemia-free survival
ranges from 20 to 35% depending on timing of transplan-
tation (i.e., during the first or second complete remission,
CR1 or CR2, or in patients with advanced disease). Sim-
ilar rates of recurrence have been reported for pediatric
patients with AML receiving UCBT (two-year leukemia-
free survival of 22% in patients with advanced disease,
43% in patients treated during CR1 and 65% for patients
treated during CR2; reviewed in 5).

Although very rare compared with recurrent disease,
secondary neoplastic complications also occur in trans-
plant patients. The best described are posttransplant
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Table 1. Histologic and Immunophenotypic Findings

Study

Results

Original diagnostic findings
Histology
Histochemistry
Flow cytometry
and MPO
Cytogenetics
Diagnostic findings at the time
of “recurrence”
Histology
Flow cytometry
Cytogenetics

90% monoblasts on bone marrow biopsy
Myeloperoxidase positive
Positive for CD4, CD14, CD864, CD36; partial positivity for CD13, CD15, CD33, HLA-DR,

t(11;19)(q23;p13) detected; negative for t(9;22), 1(4;11), and inv16
Blasts with large nuclei with 1-3 nucleoli; occasional cytoplasmic granules; no Auer rods

Positive for CD13, CD33, CD117, CD34, HLA-DR, CD4, CD7, CD38, and CD71
Monosomy 7; negative for 11923 translocation

lymphoproliferative disorders (PTLD). PTLD is an Ep-
stein-Barr virus—driven neoplastic proliferation, usually of
B-cells, in transplant patients that can progress from
polymorphic PTLD, which has a good prognosis, to the
more frankly malignant monomorphic PTLD, which in-
cludes diffuse large B-cell lymphoma, Burkitt lymphoma,
plasmacytoma, and myeloma. PTLD is a rare complica-
tion in the setting of UCBT, occurring in fewer than 2% of
patients.®” Although PTLD in solid organ transplants is
usually of recipient origin, in patients who have had suc-
cessful UCBT, PTLD is usually of donor origin.®—°

An even less common secondary neoplastic compli-
cation seen in BMT and UCBT patients is donor cell
leukemia (DCL). Because of its rarity, the exact percent-
age of stem cell fransplant patients that develop DCL is
difficult to determine (reviewed in 10). In one large survey
study, only 14 cases of donor cell leukemia were identi-
fied among approximately 10,000 transplant patients,
making the incidence around 0.1%."" However, some
studies suggest the incidence may be much higher (2 of
40 patients in one institutional experience).'? Given that
UCBT is a relatively new approach for stem cell trans-
plantation, donor cell leukemia in UCBT patients is a very
rarely reported event. A little more than 50 cases of donor
cell leukemia have been reported in the literature in BMT,
PBPC, and UCBT patients (reviewed in 10,13-18). Only
ten cases of DCL have been previously described in
UCBT patients. 8161921

Here we report a new case of DCL after umbilical cord
blood transplantation that manifested as a phenotypic
recurrence of acute myeloid leukemia. This case was
detected because of two incidental unusual findings on a
PCR-based short tandem repeat (STR) analysis for bone
marrow engraftment: maintained engraftment in the face
of recurrent disease, and a loss of heterozygosity on
chromosome 7 in cells of donor origin. The correct diag-
nosis of DCL in this patient by engraftment analysis was
essentially an incidental finding and not the primary ob-
jective of the test. This case demonstrates how easily this
could have been diagnosed as a simple recurrence and
lends further weight to the assertion that donor cell leu-
kemias are likely under-diagnosed. It also highlights the
need for close coordination between all aspects of clini-
cal testing for the transplant patient and the need for
close attention to unusual or unexpected bone marrow
engraftment patterns.

Materials and Methods
Case Reports

The patient is a 3-year-old female who was first diag-
nosed with acute myeloid leukemia with CNS involvement
at the age of 7 months. By flow cytometry, the leukemic
cells were positive for CD4, CD14, CD64, and CD36, with
partial expression of CD15, CD13, CD33, HLA-DR, and
MPO. This is a typical cell surface antigen expression
pattern for acute monoblastic leukemia (previously des-
ignated as AML FAB Mb5a). Cytogenetics showed t(11;
19)(q23;p13). This translocation most likely represents
the t(11;19)(q23;p13.3) MLL-ENL translocation associ-
ated with AML M4/M5 in children less than 1-year-old and
not the t(11;19)(g23;013.3) MLL-ELL translocation that is
very difficult to detect with traditional G-banding. Histo-
logical and clinical laboratory features of this patient's
leukemia are summarized in Table 1.

The patient was treated according to the Pediatric
Oncology Group protocol 9421 with cytarabine (including
an intrathecal dose), daunorubicin, and thioguanine.??
She achieved a complete remission after the first cycle of
therapy and remained disease-free for approximately
nine months, at which time she presented to her physician
with leg pain. Peripheral blood analysis and cerebrospinal
fluid cytology showed monoblasts (25% circulating blasts
by flow cytometry). Cytogenetic analysis showed persis-
tence of the t(11;19)(g23;p13) translocation consistent with
recurrence of this patient’s original neoplastic clone.

The patient was treated with 2-CDA, intrathecal meth-
otrexate, hydrocortisone, and cytarabine. Although this
course of chemotherapy was associated with a number
of severe complications, including pancytopenia, Clos-
tridium difficile colitis, neutropenic enterocolitis, and respi-
ratory distress, the therapy was successful and the pa-
tient was free of CNS and bone marrow disease at the
end of treatment. The original and relapse diagnosis and
treatment occurred elsewhere, and she was referred to
our facility for UCBT. At the time of transplantation (ap-
proximately 1.5 months after the completion of therapy),
she remained free of disease. _

The patient was conditioned for transplant using busul-
fan (14 mg IV every & hours for 16 doses) followed by
melphalan (3 does of 26 mg) and anti-thymocyte globulin
(411 mg IV daily for 3 doses). She then received an
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unrelated umbilical cord blood transplant that was from
an ABO type O-positive male donor. Maternal granulo-
cytes were also infused on days 1-29. The patient re-
ceived low-dose heparin drip for veno-occlusive disease
prophylaxis, IV hydration, and total parenteral nutrition
starting at day O for anorexia. She also received CellCept,
cyclosporine, and weekly IVIG for graft versus host dis-
ease prophylaxis. Prophylactic antimicrobials included
voriconazole, acyclovir, and Bactrim pretransplant then
pentamidine posttransplant for PCP prophylaxis. The
success of the patient's UCBT was monitored by an STR
based chimerism assay as described in the results sec-
tion below.

Pathologic Evaluation and Bone Marrow
Engraftment Studies

Bone marrow aspirates were prepared and stained with a
Wright stain using standard protocols. Flow cytometric
analysis was performed on bone marrow samples using a
BD FACSCalibur flow cytometer (BD BioSciences, San
Jose, CA) with antibodies from BD BioSciences, San
Jose, CA. Computer software used for gating was Paint-
A-Gate (BD BioSciences, San Jose, CA) and CellQuest
(BD BioSciences, San Jose, CA). Karyotyping was per-
formed on bone marrow aspirates using standard proto-
cols; approximate band resolution was 350. Interphase
fluorescence in situ hybridization (FISH) analysis on bone
marrow aspirates was performed using the dual color
Vysis (Abbott Molecular, Abbott Park, IL) probes CEP7
and LS D78486, which identify the chromosome 7 cen-
tromere and a locus on 7q, respectively.

Bone marrow engraftment analysis was performed using
PCR-mediated amplification and subsequent size analysis
of STRs to determine the recipient or donor cell composition
of the patient's peripheral blood and bone marrow. For
fractionated samples, lymphocytes or granulocytes were
first isolated from posttransplant samples using magneti-
cally labeled anti-human CDS3 or CD15 antibodies (iso-
type: mouse IgG1 and IgM kappa, respectively) and the
RoboSep automated cell separator (StemCell Technolo-
gies, Vancouver, BC, Canada). Genomic DNA was then
extracted from the purified fractionated cells and/or the
whole unfractionated sample. This DNA was used in a
multiplexed PCR-mediated amplification reaction target-
ing a total of eight autosomal STRs (D55818, D13S317,
D7520, D16S539, vWA, THO1, TPOX, and CSF1P0) and
one STR marker on the pseudo-autosomal region of the X
and 'Y chromosomes, amelogenin (Promega Corporation,
Madison, WI). After PCR amplification, fluorescentiy la-
beled PCR products were resolved by capillary electro-
phoresis on the ABI 3130x| Genetic Analyzer (Applied
Biosystems, Carlsbad, California). GeneMapper software
(Applied Biosystems, Carlsbad, California) was used to
calculate the number of repeats and relative abundance
of each repeat for each STR locus. These data were then
used to calculate the percentage of donor and recipient
cells in the original sample using donor and pretransplant
recipient STR profiles. As little as a 2% population of
donor or recipient cells can be detected with this assay.
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Figure 1. Post-UCBT Bone marrow engrafiment analysis. Shown are capil-
lary electropherograms of PCR amplification products for a single chromo-
some 7 short tandem repeat marker (D75820). Pretransplant samples are
shown on the left. A 9-month posttransplant peripheral blood sample is
shown on the right. Whole, CD3+, and CD15+ denote an unfractionated
sample, a CD3 selected whole blood fraction (T-cells), and a CD15 selected
whole blood fraction (myeloid cells), respectively. Below each peak, the
number of repeats and integrated fluorescence intensity are provided,

Results

The success of the patient's UCBT was closely followed
using a laboratory-developed bone marrow engraftment
analysis assay that consists of PCR-mediated amplifica-
tion and subsequent size analysis of eight polymorphic
STRs: D55818, D13S317, D7S20, D16S539, vWA, THOT,
TPOX, and CSF1P0. Bone marrow and/or blood analysis
at 1, 3, 6, and @ months showed identical findings, eight
informative markers with >98% male donor cells and no
definite recipient or maternal cells. Figure 1 shows the
results for one STR marker, D7S820 on chromosome 7, at -
nine months posttransplant for a peripheral blood spec-
imen. For this marker, the patient (recipient) cells, UCBT
donor cells, and maternal granulocyte donor cells are
heterozygous for different repeat lengths. The patient is
heterozygous for 9 repeats and 11 repeats, the UCBT
donor is heterozygous for 11 repeats and 12 repeats, and
the maternal cells are heterozygous for 9 repeats and 14
repeats. Thus, this is a highly informative marker with
unique alleles in all three cell types. As seen in the
posttransplant sample, the 9 repeat allele and 14 repeat -
allele are absent. Only the 11 repeat and 12 repeat alleles
are present, making this a completely engrafted sample
with only donor alleles present. A bone marrow biopsy
performed at the same time showed cellular marrow with
no evidence of recurrent leukemia.

The relationship between the 11 repeat and 12 repeat
alleles is also informative. These alleles are present at
near equal intensity, as is expected because they are
present in a heterozygous state. The longer repeat length
(12) is somewhat less efficiently amplified, showing -
smaller integrated peak heights. For the pretransplant
donor sample and the three posttransplant samples (un-
fractionated, CD3-fraction, and CD15-fraction) shown in
Figure 1, the ratios between the 12 repeat allele and 11
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repeat allele are 0.82, 0.83, 0.89, and 0.85, respectively.
Less efficient amplification of longer repeat lengths is a
common finding in this and other STRs included in this
assay. For repeat lengths separated by a single repeat
unit, the integrated peak height of the smaller amplifica-
tion product may also be increased by ‘downward stutter’
(the very small intensity peaks preceding high intensity
peaks). An analysis of 100 independent PCR reactions
performed in our laboratory for the D75820 STR marker
reveals that when repeat lengths are one repeat unit
apart, the average ratio of the integrated peak height of
the longer allele to the shorter allele is 0.89 (median 0.89;
range 0.76-1.15; SD 0.073). The average ratio for alleles
that differ by two repeat units is 0.91 (median 0.91; range
0.74-1.11; SD 0.066). A similar phenomenon is observed
for the D5S818 allele on chromosome 5 (one repeat:
average 0.91; median 0.91; range 0.74-1.12; SD 0.074;
two repeats: average 0.93; median 0.94; range 0.69-
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Figure 2. Post-UCBT diagnosis of AML. A Wright-stained bone marrow
aspirate smear (X 1000) showing blasts with histological characteristics con-
sistent with acute monoblastic leukemia, including a moderate amount of
finely granular cytoplasm with the absence of Auer rods, lacy chromatin with
one to several prominent nucleoli, and occasional nuclear indentations or
grooves (top). Flow cytometric analysis reveals a blast population with a
CD45 expression level below normal lymphocytes and a low side scatter
(circled/gated cells, top left). Analysis of these cells reveals strong expres-
sion of the early hematopoietic associated antigens CD34 and HLA-DR (top
right), partial dim expression of the monocylic marker CD4 and lack of
expression of the monocytic marker CD14 (bottom left), and dim expres-
sion of the myeloid marker CD33 and moderate expression of CD71, which
is present on proliferating cells (bottom right). This immunophenotypic
profile is consistent with acute monoblastic leukemia.

1.12; SD 0.07). Thesé two alleles are presented in some
detail because of their particular relevance in the evalu-
ation of loss of heterozygosity (LOH) in the context of
myeloid leukemia and myelodysplastic syndromes as
demonstrated below.

Approximately 14.5 months after UCBT, blasts were
noted on a peripheral blood smear, and a bone marrow
biopsy was performed. Numerous blasts were seen in the
bone marrow biopsy and accompanying aspirate smear.
The immunophenotype of these blasts was not identical
to that previously documented, but expression of myeloid
and monocytic markers was evident. This is not an un-
usual finding; cytogenetic evolution and immunopheno-
typic change is not uncommon in the context of recurrent
leukemia, and change in immunophenotype or karyotype
is not a reliable indicator of a de novo process.?24 Thus, .
these histological and immunophenotypic findings were
interpreted as recurrent acute monoblastic leukemia (Fig-
ure 2 and Table 1). These findings, however, are also
consistent with a therapy-related de novo process (t-
AML). As such, additional studies, including a conven-
tional karyotype to evaluate for therapy-related chromo-
somal gains and losses, were initiated as detailed below.

An engraftment analysis was also performed at this
time on both peripheral blood and bone marrow samples.
This analysis showed eight informative markers with .
>98% male donor cells and no definite recipient or ma-
ternal cells, consistent with complete engraftment. Shown
in Figure 3 are the results for the D75820 marker. There is
an absence of 9 repeat (recipient) and 14 repeat D75820
alleles (maternal granulocyte donor) (Figure 3). For the
peripheral blood specimen, the CD3+ (T-cell) fraction

D75820 Peripheral Blood D75820 Bone Marrow
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Figure 3. Bone marrow engrafiment analysis after clinical recurrence. .
Shown are capillary electropherograms of PCR amplification products for a
single chromosome 7 short tandem repeat marker (D758820). A fractionated
peripheral blood sample is shown on the left. A bone marrow sample is
shown on the right. Whole, CD3+, and CD15+ denote an unfractionated
sample, a CD3 selected whole blood fraction (T-cells), and a CD15 selected
whole blood fraction (myeloid cells), respectively. Below each peak, the
number of repeats and integrated fluorescence intensity are provided.
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showed a normal ratio between the 11 repeat and 12
repeat (donor) alleles, with the 12 repeat allele PCR prod-
uct having a slightly smaller integrated fluorescence in-
tensity than the 11 repeat allele PCR product. This is in
contrast to the unfractionated and CD15+ fraction, which
showed a clear allelic imbalance between the 11 and 12
repeat alleles, with significant attenuation of the 11 repeat
allele integrated peak height. This finding is consistent
with @ LOH for this marker on chromosome 7. Taken
together, persistent complete ‘engraftment’ in the context
of a histological recurrence and LOH for D75820 on
chromosome 7 is diagnostic of donor cell leukemia.

A conventional karyotype and FISH analysis confirmed
monosomy 7. The karyotype also showed the presence of
a Y chromosome, further confirming the donor origin of
this patient's leukemia. Finally, FISH for 11g23 showed an
absence of 11923 abnormalities in these blasts, lending
additional support to the hypothesis that this was a de
novo process rather than a recurrence. This case of
donor cell leukemia was refractory to two courses of
clofarabine, etoposide, and cyclophosphamide, and to
one course of fludarabine, idarubicin, Ara-C, and G-CSF.
The patient ultimately succumbed to her disease.

Subsequent testing of the original umbilical cord blood
was performed by FISH for chromosome 7. Two hundred
nuclei were scored, and a normal signal pattern was seen
in 97.5% of cells. This is within the range of normal for this
probe set. The donor is also without evidence of AML.
This suggests that this leukemia occurred de novo after
transplantation. A reanalysis of a bone marrow engraft-
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Figure 4. Bone marrow engraftment analysis 2 months before clinical
recurrence. Shown are capillary electropherograms of PCR amplification
products for a single chromosome 7 short tandem repeat marker (1>75820). A
fractionated peripheral blood sample is shown. Whole, CD3+, and CD15+
denote an unfractionated sample, a CD3 selected whole blood fraction
(T-cells), anct a CD15 selected whole blood fraction (myeloid cells), respec-
tively. Below each peak, the number of repeats and integrated fluorescence
intensity are provided.
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ment assay performed on a peripheral blood specimen
two months before frank recurrence was performed. No
samples were submitted for histological examination at
that time. As shown in Figure 4, a very subtle allelic
imbalance can be seen for the D7S820 marker in the
CD15+ fraction when compared with the CD3+ fraction
or the unfractionated sample, and to the historical sam-
ples from this patient (Figure 1). Although the imbalance
can be appreciated retrospectively, without knowledge of
the ultimate chromosomal abnormalities present in this
patient's donor cell leukemia, and without evidence of
any histological changes, these findings could only be
interpreted as complete engraftment by donor cells. Even
with this knowledge, given the potential range of ‘normal’
allelic ratios for the D7S820 marker, it would be difficult to
call this definitive evidence of a partial loss of chromo-
some 7.

Discussion

Here we report a case of donor cell leukemia after UCBT
that was detected by a laboratory-developed bone mar-
row engraftment analysis assay that uses PCR of STRs.
This assay is widely used by many diagnostic laborato-
ries and is comparable to identity testing as used in
forensic or paternity testing. It is a highly sensitive tech-
nigue, compared with FISH analysis for the X and Y
chromosomes, with the added benefit of having utility in
sex-matched transplants. In this assay, multiple STR al-
leles from different chromosomes are analyzed to identify
informative alleles with unique repeat lengths in either the
donor or recipient cells. The proportion of donor and
recipient alleles is presumed to reflect the proportion of
donor and recipient cells in the patient. The primary
purpose of engraftment analysis after transplant is to
monitor engraftment status, looking specifically for graft
failure andfor disease relapse.®® However, much more
information can be gained from a simple engraftment
analysis. A new allelic imbalance or loss in the donor celt
population may suggest a donor-derived process like
DCL, as was seen in the case presented here.

This case also highlights some of the subtleties and
confounding issues in bone marrow engraftment analysis
in the context of hematological malignancies and dys-
plastic processes using PCR of STRs (particularly STRs
on chromosome 5 such as D55818 or chromosome 7
such as D75820). A subset of AML and myelodysplastic
syndrome has characteristic chromosomal abnormalities
including recurrent loss of either all or just the long arms
of chromosomes 5 and 7. Of particular relevance to this
case is the loss of chromosome 7 that can be seen in
acute myeloid leukemia and therapy-related acute my-
eloid leukemia.?® While in the context of this case a loss
of heterozygosity aided in the correct diagnosis, LOH can
confound engraftment calculations in other contexts. For
example, in a patient receiving a transplant for a myelo-
dysplastic syndrome with a loss of 7q, using markers on
chromosome 7 for evaluating engraftment status could
lead to an artificially high calculation for percent donor. In
the worst case, if a marker on chromosome 7 was used
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as the sole informative allele in such a patient, this could
lead to an interpretation of complete engraftment in a
patient with no engraftment at all. This is further compli-
cated by therapy-related MDS that can occur de novo in
recipient cells after transplantation and has a high inci-
dence of del(5) and del(7). This can change informative
STR markers on chromosomes 5 and 7 to markers that
should be excluded from further calculations. While less
of an issue in the transplant setting, primer site polymor-
phisms can also lead to lack of ampilification of an allele.
Although this is an infrequent occurrence, it is of critical
importance when using STR-based assays for forensic
identity and paternity testing.2” While it is difficult to an-
ticipate every potential confounding factor in an engraft-
ment analysis, close correlation with concurrent or diag-
nostic histological, other laboratory, and clinical findings,
and careful selection of markers used in the actual cal-
culation of percent engraftment is an integral part of
accurate interpretation.

Donor cell leukemia after any cellular transplant is rare.
This rarity makes DCL an infrequently considered diag-
nosis in patients with recurrent disease after transplant
for leukemia. The estimated incidence of DCL is approx-
imately 0.1% (14/10489 from the EBMT data).”’ Ruiz-
Arguelles et al report a 5% incidence in their experience,
but this number is based on fewer cases (2/40)."? The
first case of DCL was reported in 1971, and the first cases
of DCL after UCBT were reported in 2005.'92° Donor cell
leukemia may be more frequent after cord blood trans-
plantation than after transplantation with peripheral blood
stem cells or bone marrow. Based on the experience of
the Tokyo Cord Blood Bank, the incidence of DCL after
UCBT may be closer to 1% (4/478).* This is higher than
the de novo incidence of AML in the age matched general
population and may have implications for disease etiol-
ogy as discussed below.

This case is one of 11 cases of donor cell leukemia
after UCBT reported in the literature (Table 2).13-17.19-21
Eight of these cases occurred in adults, and three in
children. Six cases occurred in males and five in females,
with ages ranging from 1to 58 years. One of the pediatric
patients developed a transient myelodysplastic syn-
drome with monosomy 7, and the other pediatric case
was transplanted for acute lymphoblastic leukemia, not

AML. Thus, the case presented here is unigue. Seven
cases of DCL manifested as AML.: three as FAB M5, two
as M2, and two not further specified. Of all 11 cases,
three were AML before and after transplant.

The DCL in this patient had monosomy 7. Of the eight -
cases with reported karyotypes, six had abnormalities
involving chromosome 7, most commonly monosomy 7
(4/6). Monosomy 7 has been identified sporadically after
bone marrow transplant, in association with G-CSF ad-
ministration, is one of the therapy-related chromosomal
abnormalities and is associated with de novo MDS.2%2° |n
therapy-related AML or MDS, cases with chromosome 7
abnormalities are associated with exposure to alkylating
agents or radiation therapy and a latency of 5-10 years.?®
In this case, the time from initial chemotherapy to diag-
nosis of DCL was 2.5 years. However, chemotherapeutic
treatment of this patient had been completed before
transplantation.

There does not appear to be a relationship between
the lineage of the original disease and the lineage of the
DCL in the cohort that includes PBPC, BMT, and UCBT
patients. Of the 41 cases enumerated in the review by
Ruiz-Argulelles et al, only four were AML to AML, and one
was AML to MDS/AML."® The exact phenotypes of the
previously reported cases are not specified, and it is not
known how many may have been thought of as recurrent.
However, immunophenotypic or cytogenetic evolution is
not a reliable indication of a de novo process such as
DCL. In fact, approximately 50% of recurrent AML will
have immunophenotypic differences from presentation,
and two-thirds of cases that present with an abnormal
karyotype will have a change or evolution of their cyto-
genetic abnormality at the time of relapse.?®?* Another
confounding factor in the diagnosis of DCL is therapy-
related leukemia (t-AML). In the context of immunophe- -
notypic drift or novel cytogenetic abnormalities t-AML is
much higher on the differential diagnosis than DCL. In
fact, in the case presented here, in the absence of the
karyotype (presence of the Y chromosome) and en-
graftment studies documenting a donor-derived pro-
cess, the immunophenotypic changes, loss of the t(11;
19)(q23;p13) translocation and the new occurrence of
monosomy 7 may have suggested a therapy-related de
novo process.

Table 2. UCBT Donor-Derived Leukemia
Case Age/sex Year Pre-TX DCL Time (mos) HLA mismatches Reference

1 M 2005 L.CH AML (NOS) 40 2 20
2 58M 2007 AML (NOS) T-LGL u 2 17
3 32F 2005 AML (MO) AML (M2) 11 2 19
4 31M 2007 CHL AML (M5a) 16 2 21
5 32F 2008 AML (M2) AML (NOS) 15 u 14
6 30M 2008 CHL AML (M5) 16 u 14
7 57F 2003 ATCL AML (M2) 8 1 16
8 41M 2005 ALL + NK/T CMPD g u 15
9 5F 2002 t-AML MDS-7 3 1 13

10 34M 2008 ALL MDS 10 1 18

11 3F 2007 AML (M5a) AML (M5a) 14 u Current case

ALL indicates acule lymphoblastic leukemia; AML, acute myeloid leukemia; ATCL, adult T-cell lymphoma; CHL, classical Hodgkin lymphoma;
CMPD, chronic myeloproliferative disease; LCH, Langerhans cell histiocytosis; MDS, myelodysplastic syndrome; NK/T, NK/T-cell lymphoma; NOS, not
otherwise specified; MO, M2, M5, M5a, AML FAB subtypes; t-AML, therapy-related AML; T-LGL, T-cell large granular lymphocytic leukemia; u,

unknown.
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Because of its rarity, the prognosis of DCL has not yet
been established. The heterogeneity of the cases is not
limited to the lineage of the original disease or DCL, but
also includes the nature of the cellular transplant, and
time between transplant and development of DCL. The
fongest reported interval is 13.7 years, while other cases
occurred within 2 months of transplant.’® For prognostic
and treatment purposes, it is not clear whether DCL
should be considered as new leukemia, therapy-related
leukemia, or recurrent leukemia. The prognosis of ther-
apy related (t-AML) is poor (5-year survival <10%) and is
even worse for those with chromosome 7 abnormalities
{median survival <1 year).?® The prognosis of de novo
AML depends on patient age and karyotype; the 5-year
overall survival ranges from 11% for cases with unfavor-
able cytogenetics to 55% for cases with favorable cyto-
genetics.*® The overall 5-year survival for pediatric AML
is 54.1%.2" Of the 11 cases of DCL following UCBT,
outcomes were reported for eight. Two of the patients
were alive at the time of reporting (one was the case of
transient MDS that resolved, and one was disease-free
after a subsequent transplant)."®'® The other six patients
died; the longest reported survival is 13 months. Based
on these few cases, the prognosis appears more similar
to that of recurrent or t-AML than de novo AML.

Numerous mechanisms for the genesis of DCL have
been postulated, implicating both the donor and the re-
cipient, including occult leukemia in the donor, malignant
predisposition of the donor cells, transfection and trans-
formation of donor cells by host DNA either genomic or
viral, impaired host immune surveillance, drug toxicity,
and a leukemogenic milieu in the host.'®52 Although
clones with the TEL/AML1 and AML/ETO fusion have
been detected in presumably normal cord blood sam-
ples, providing potential weight for a donor cause, no
cases of leukemia have been reported in any of the
donors that have had clinical follow-up.®® Using the
seeds and soil analogy, the cord blood cells are relatively
young and pristine, while the soil has definitely been
poisoned. Intuitively, recipient factors, like those elabo-
rated above, seem the more likely culprit. However, be-
cause of the rarity and heterogeneity of cases of DCL, the
causal mechanism(s) may prove elusive.

In our case it appears that the leukemia arose after
transplantation because the new genetic abnormality,
monosomy 7, was not present in the umbilical cord blood
sample. The evaluation of monosomy 7 was done using
FISH. Two hundred nuclei were scored, and 97.5% of
cells had a normal signal pattern. This is within the range
of normal for this probe set, and we interpret this finding
as ‘normal.’ However, FISH is not ideal for this analysis
because of the potential for probe overlap in a single cell
appearing as a deletion. For deletion probe sets, the
deletion would have to be present in at least 3% of cells
to be considered abnormal. For clinical testing, we are
even hesitant to call these borderline cases abnormal
because they are so close to the upper limit of what we
have seen in our validation study database. However,
FISH is the most sensitive assay we have at our disposal
for this evaluation. This approach is more sensitive than
our STR-based engraftment assay. Typically for STR-
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based assays for loss of heterozygosity, LOH must be
present in >5 to 10% of cells (at least). The engraftment
assay for this donor sample is presented in Figure 1. No
allelic imbalance is seen in this sample using this
method. We currently do not have a method for detecting
loss of chromosome 7 at the very low levels of 1in 1000
to 10,000. Detecting a loss at this level would be very
difficult (essentially detecting the difference between on
average 2 copies of chromosome 7 and on average
1.999-1.9999 copies of chromosome 7). With these lim-
itations, it remains a possibility that the abnormal clone
was present in the umbilical cord blood sample at a level
below our detection limit, and that this clone flourished in
the transplant recipient but not in the donor. :

A protocol for donor follow-up has not been estab-
lished and will likely depend on the still unknown patho-
genic mechanismes. If it were shown that donor cell leu-
kemia is attributable only to host factors and not to occult
leukemia or other donor pathologies, then there would not
seem to be a rational basis for following the donors. If
there were any implication of the donor cells, then follow-
ing the donor would seem necessary. However, until the
pathogenesis is known, the issue of donor follow-up is left
to the individual clinicians. In this case, there has been .
clinical follow-up of the donor, who is healithy.

Recurrence of AML is far more common than DCL, but
DCL may not be quite so rare as it now seems. Depend-
ing on one's perspective {(molecular or hematopatholo-
gist), DCL can appear as complete engraftment or as
recurrent or t-AML. The allelic changes on engraftment
studies can be subtle, as in this case, which emphasizes
the importance of well-performed and carefully inter-
preted studies correlated with other laboratory and
clinical findings.®#®% Unless DCL is thought of as a .
possibility and specifically locked for, it will likely re-
main under-diagnosed.

At this time, the prognosis appears poor, and the dis-
tinction between DCL and recurrent or t-AML may not
seem relevant clinically. The detection and reporting of
additional cases will provide more information on prog-
nosis and possible treatment outcomes and may provide
further clues regarding leukemogenesis. For optimal de-
tection, the use of sensitive molecular technigues in com-
bination with histology is recommended. The most com- .
pelling feature of this case is the combination of the
histological “recurrence” with the abnormal engraftment
study, which was subsequently confirmed by karyotype
and FISH. Together, the histology and the molecular
studies paint a coherent picture of donor cell leukemia
and emphasize the need for correlation between these
two arenas.
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