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ABSTRACT
Acute myeloid leukemia (AML) is a rare malignancy with increased incidence in the kidney
transplantation (KT) population for which immunosuppression has been implicated as a putative
cause. The average time interval from KT to AML development is 5 years. We present the case
of a 61-year-old man who was found to have peripheral blood blasts on a postoperative day 20
routine blood draw after an uneventful unrelated living donor kidney transplant. He subsequently
had a bone marrow biopsy and next-generation sequencing (NGS)-based molecular testing,
which demonstrated AML characterized by SMC1A and TET2 mutations. He received induction
chemotherapy followed by hematopoietic cell transplantation (HCT) from the kidney donor,
who happened to be matched at one haplotype. At 12 months after his HCT and 15 months after
his KT, his AML remained in remission, normal renal function was preserved, no active graft-
versus-host disease was present, and immunosuppression was tapering. With full donor-derived
hematopoietic chimerism, we expect to be able to discontinue immunosuppression shortly,
thereby achieving tolerance. The short time interval between KT and development of AML sug-
gests the malignancy was likely present before KT. Modern NGS-based analysis offers a promis-
ing method of identifying transplant candidates with unexplained hematologic abnormalities on
pre-KT testing who may benefit from formal hematologic evaluation.
*Address correspondence to Oscar K. Serrano, MD, MBA, Hart-
ford Hospital Transplant and Comprehensive Liver Center, 85 Sey-
mour St, Suite 320, Hartford, CT 06106, USA. Tel: (+1) 860 972
4219; Fax: (+1) 860 549 1476. E-mail: Oscar.Serrano@hhchealth.
ACUTE myeloid leukemia (AML) accounts for approxi-
mately 80% of all acute leukemias in United States adults,

with an average 5-year survival of 27% [1]. The individual
prognosis from AML depends largely on its cytogenetic and
molecular characteristics, with unfavorable features such as a
complex karyotype or high-risk mutations conferring a signifi-
cantly lower 5-year survival of 11% to 15% [2]. In the proposed
pathogenesis of AML, immune evasion plays an important role
in its ability to develop malignancy potential [3]. This is concor-
dant with observations that AML, like other malignancies, has a
higher incidence in the immunosuppressed population and often
improves with immunomodulation [4,5].
The solid organ transplant population presents a uniquely vul-

nerable patient population given their usual need for life-long
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immunosuppression. Although AML is a relatively rare post-
transplant malignancy, its incidence in post−kidney transplant
(KT) patients remains 3- to 5-fold higher than in the general pop-
ulation [6-8]. Interestingly, the overwhelming majority of
reported cases of post-KT AML have occurred years after KT,
with the earliest reported case post-KT at 6 months [9]. Further-
more, to date, no case has been reported of AML occurring after
a living donor KT (LDKT). We present the unique case of newly
org
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Table 1. HLA Type of Kidney Transplant Recipient and Donor
Demonstrating a Single Haplotype Match (at Allele 1)

Recipient Donor
Locus Allele 1 Allele 2 Locus Allele 1 Allele 2

A 01:01:01G 02:01:01G A 01:01:01G 25:01:01G
B 08:01:01G 08:01:01G B 08:01:01G 51:01:01G
C 07:01:01G 07:01:01G C 07:01:01G 12:03:01G
DRB1 03:01:01G 03:01:01G DRB1 03:01:01G 07:01:01G
DRQB1 02:01:01G 02:01:01G DRQB1 02:01:01G 02:01:01G
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diagnosed AML less than 3 weeks after LDKT in which the
patient subsequently received hematopoietic cell transplantation
(HCT) from his kidney donor.
CASE PRESENTATION

A 61-year-old man developed end-stage renal disease (ESRD)
secondary to diabetes mellitus and hypertension, requiring hemo-
dialysis. After completing his KT recipient evaluation, he was
Fig 1. (A) Peripheral blood smear on postoperative day (POD) 22, at h
colored Auer rods. (B) Peripheral blood smear prepared from sample
1 larger mononuclear cell (100 £ ; thick part of smear because of leuk
eral blood smear prepared from sample collected on POD 1 showing le
approved for KT. A 61-year-old man with no medical history,
who was the patient’s high school friend, was found to be a suit-
able kidney match and approved for donation. Interestingly, the
donor and recipient were matched at a single haplotype (Table 1).
The induction immunosuppression included alemtuzumab and a
rapidly tapered course of prednisone; the recipient was main-
tained on mycophenolate and tacrolimus therapy (goal trough: 8-
10 ng/mL). His postoperative course was unremarkable. He was
discharged on postoperative day (POD) 4 with immediate graft
function and a down-trending creatinine value of 2.0 mg/dL.
As an outpatient, he continued to make progress, with an

improving glomerular filtration rate. He developed a superficial
surgical site infection, which received local packing. On POD
20, he was found to have leukopenia and 1440 circulating blast
cells/mL (61% blasts) on routine laboratory testing. The only
symptom he was experiencing was fatigue, which was attrib-
uted to his KT recovery. He was admitted to the hospital for fur-
ther testing, peripheral blood flow cytometry demonstrated the
blasts to be of myeloid lineage (Fig 1A), and a bone marrow
igh power (1000 £ ), showing a myeloblast with slender, reddish-
obtained on POD 1 showing 2 polymorphonuclear neutrophils and
openia, where vanishingly rare blasts were identified). (C) Periph-
ukopenia with 1 mature neutrophil at low power field (200 £ ).



Fig 2. Schematic of hemopoietic stem cell treatment. G-CSF, granulocyte colony-stimulating factor; MMF, mycophenolate mofetil; TBI,
total body irradiation.
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biopsy was performed confirming the diagnosis of AML. Cyto-
genetic studies revealed trisomy 8, and next-generation
sequencing (NGS) testing identified point mutations in SMC1A
and TET2. He was started on induction treatment with the com-
bination of venetoclax and decitabine on POD 26. His treatment
course was complicated by pancytopenia requiring expected
transfusional support. Mycophenolate was eliminated from his
immunosuppression regimen, and he was started on oral predni-
sone 5 mg/d, in addition to continuing tacrolimus with a target
level of 5 to 10 ng/mL. After hematopoietic recovery, bone
marrow biopsy on POD 49 demonstrated complete remission,
characterized by trilineage hematopoiesis, erythroid hyperplasia
with a rare ringed sideroblast, several dyspoietic megakaryo-
cytes, and 2% to 3% blasts whose phenotype could not be dis-
tinguished from that of normal regenerative elements. He was
discharged on POD 54 with plans for additional cycles of deci-
tabine and venetoclax chemotherapy.
He was subsequently evaluated for HCT given his older age

and intermediate cytogenetic and molecular features. Given that
his kidney donor was matched at a single haplotype, the deci-
sion was made to perform HCT using the same donor in hopes
of not only achieving durable remission for AML but also
immunologic tolerance for his transplanted kidney with a goal
to be able to discontinue systemic immunosuppression without
the risk for rejection. He was subsequently admitted for
reduced-intensity conditioning comprising fludarabine, cyclo-
phosphamide, and 400 cGy of total body irradiation, followed
by mismatched unrelated donor bone marrow transplant con-
sisting of 2.98 £ 108 total nucleated cells/kg from his kidney
donor on POD 127 relative to KT. Tacrolimus was stopped on
day −3 of HCT, and prednisone 5 mg/d was continued. Prophy-
laxis for graft-versus-host disease was employed with high-dose
posttransplant cyclophosphamide, tacrolimus, and mycopheno-
late (Fig 2). By day §20 after HCT, he demonstrated donor
engraftment with 100% full donor chimerism in unsorted
peripheral blood cells. His post-HCT course was rather
uneventful, and he was discharged on day +21 after HCT. At
his most recent follow-up 12 months after HCT, he remained in
complete remission with normal renal function, no evidence of
active acute or chronic graft-versus-host disease, and complete
immunosuppression withdrawal 6 months after the HCT. He
maintained 100% full donor chimerism at 57 and 131 days
post-HCT.
DISCUSSION

Immunosuppression after KT has been shown to cause a myriad
of hematologic abnormalities, which usually can be detected on
routine posttransplantation blood tests. One of the more serious
conditions is therapy-related myelodysplastic syndrome (MDS),
of which roughly one third will progress to AML [10]. Develop-
ment of MDS after KT takes on average 3 to 5 years [11]. Simi-
larly, the reported average time to onset of immunotherapy-
related AML is about 5 years [12]. In this case, we detected
AML on routine bloodwork only 20 days after LDKT, implying
that the patient had indolent MDS or AML before KT, rather
than developing the case de novo.
This case raises the important question of whether AML or

other conditions, such as MDS, can be detected or should be
screened for during evaluation of potential KT candidates. A
detected malignancy in the pre-KT evaluation, such as AML, is
a contraindication to KT and would have precluded this patient
from undergoing routine KT. The majority of AML cases mani-
fest with leukocytosis, neutropenia, and thrombocytopenia and
clinically manifest with an infection or petechial hemorrhage at
the time of diagnosis. However, a small minority of myeloid
leukemias (fewer than 5%) will have a subtle “aleukemic” pre-
sentation, with relative preservation of hematopoiesis and only
very subtle changes [13].
Such cases may evade detection by even the most sophisti-

cated automated differential analyzers. Our patient had a routine
complete blood count with differential performed by a
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commercial laboratory 6 days before KT. Aside from a minimal
normocytic anemia (hemoglobin 12.5 g/dL, mean corpuscular
volume 95.6 fL, red cell distribution width 14.3%), which was
attributed to the patient’s ESRD, the only significant abnormal-
ity was a leukopenia of 2000 cells/mL (normal range, 3800 to
10,800 cells/mL). Automated differential revealed a propor-
tional decrease of granulocytes and lymphocytes but failed to
trigger any warnings that would have prompted further investi-
gation. In the population with ESRD, such hematologic abnor-
malities are not uncommon [14]. Indeed, prior studies have
demonstrated leukopenia in 16.7% of patients with ESRD [15].
In our patient, his low white blood cell count was also attributed
to a recent viral illness from which he had recovered.
Interestingly, the first inpatient complete blood count on POD

1, performed on a Sysmex XN analyzer (Lincolnshire, IL,
United States), raised instrument flags for cytopenias and red
blood cell morphology. A blood film was prepared for technolo-
gist review and manual differential, but there were no specific
“blast” warnings triggered. On the patient’s re-presentation
with AML 2 weeks after his discharge, the peripheral smear
from the POD 1 was retrospectively reviewed. Overall, the slide
was remarkable for leukopenia and mild thrombocytopenia with
a preponderance of mature neutrophils (Fig 1B). However,
when intentionally scanning thicker portions of the smear, van-
ishingly rare blast forms with nuclei invaginations and slender
Auer rods (Fig 1C) were identified that obviously had escaped
detection on routine manual differential from the optimal por-
tion of the slide.
Although leukopenia has many benign causes, such as viral

infections, medications, and chronic kidney failure, our case
suggests that such laboratory findings potentially warrant fur-
ther scrutiny because they could represent a primary hemato-
logic disorder. Patients with early MDS may demonstrate
leukopenia without any morphologic or cytogenetic abnormali-
ties on bone marrow examination [16]. However, with the
advent of NGS, tier I mutations of low allelic frequency, similar
to those identified in this patient, may provide an early indica-
tion of evolving neoplasia. Such patients are now designated as
having clonal hematopoiesis of indeterminate potential (CHIP)
[17]. It is hypothesized that such individuals may be at higher
risk for developing MDS or AML and thus warrant closer clini-
cal surveillance than patients whose NGS testing does not
reveal a CHIP mutation. However, in the relatively short period
during which NGS testing has been widely available and clini-
cally deployed, it has also become evident that many of these
patients will not progress to overt myeloid neoplasia. It is cer-
tainly premature to assert whether discovering a CHIP mutation
in pre-KT patients undergoing hematologic evaluation for
cytopenia should preclude transplantation in the absence of
more traditional indicators of myeloid neoplasm (eg, morpho-
logic changes, increased blasts, or cytogenetic abnormalities)
[18,19].
To our knowledge, no study or series has been published

describing the effect of post-KT immunosuppression on
patients who harbor CHIP mutations. In theory, immunosup-
pression would increase the rate of progression to MDS or
AML by decreased immune surveillance, but this is entirely
speculative. There are currently no guidelines regarding screen-
ing for AML or other hematologic malignancies during the KT
evaluation process. In patients found to have asymptomatic
cytopenias of unclear clinical significance, however, NGS anal-
ysis may offer a method of risk stratifying patients who are
more likely to develop MDS or AML, prompting a formal eval-
uation by a hematologist before clearance for KT or increased
surveillance practices afterward. At present, there is a paucity
of data to guide the selection of patients who should receive
NGS testing, and whether the potential benefit of uncovering a
premalignant hematologic disorder outweighs the risks associ-
ated with the delay, and possible exclusion, of KT in patients
who may never progress to develop an overt myeloid neoplasm
even in the immunosuppressed state.
Our case presents a unique clinical scenario in transplanta-

tion. It is important to identify that he has had a favorable out-
come thus far because of the incredible generosity and altruism
of his life-long friend and living donor, who remarkably was a
single haplotype match and agreed to donate both his kidney
and bone marrow. Although small series have described success
in combined bone marrow−kidney transplantation from
matched related donors [20], and more recently haploidentical
donors [21], these approaches remain experimental and difficult
to generalize.
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