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Dear Editor,

We treated a 68-year-old woman with malignant lymphoma. She

was diagnosed with chronic myeloid leukemia (CML) at the age of 49

years and had undergone stem cell transplantation (SCT). The donor

was the patient’s 50-year-old brother who was healthy at the time of

his donation. Human leukocyte antigen loci 8/8 matching confirmed

that he was a compatible donor. Before SCT, the patient received a

reduced-intensity regimen of 30 mg/m2 fludarabine for 5 days and

3.2 mg/kg IV busulfan for 4 days. The patient did not experience nei-

ther acute nor chronic graft-versus-host-disease after transplantation.

There was neutrophil recovery on day 23, ascertaining engraftment.

Epstein–Barr virus (EBV) antibody status was EB-VCA IgG × 160, EB-

VCA IgM×10, and EBNA×10, before SCT (70 days prior to SCT). After

SCT (day 31), there was recovery of EBV antibody status: EB-VCA IgG

× 320, EB-VCA IgM × 10, and EBNA × 20. She has been on remission

fromCML for 19 years.

Nineteen years post-SCT, she visited our institution for persistent

abdominal discomfort. An intestinal tumorwas identified on computed

tomography. She underwent partial resection of the intestine; patho-

logical findings of the resected tumor revealed diffuse large B-cell lym-

phoma. The primary lesion formed a mass in the jejunumwith invasion

of themesenteric lymphnodes, and the clinical stagewas Lugano II. The

tumor strongly expressed Epstein–Barr encoding region (EBER), and

Abbreviations: CML, chronic myeloid leukemia; CMML, chronic myelomonocytic leukemia;

FISH, fluorescence in situ hybridization; SCT, stem cell transplantation
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Ki-67 was 90% positive pathologically. Fluorescence in situ hybridiza-

tion (FISH) analysis revealed at least 60% positivity for IgH-MYC. Both

IgH-BCL2 fusion signal and BCL6 division signal were 0.0%. No infil-

tration of lymphoma cells was found on bonemarrow examination, and

chromosomal analysis showed 45,X,-Y (20/20 cells). Subsequently, the

results of a FISH examination of biopsy tissue specimens revealed two

types of sex chromosomes: XY, and X (Figure 1A).

Retrospectively, we reviewed the recipient’s sex chromosome

chimerism analysis after SCT (Figure 1B). Karyotype analysis revealed

that the recipient’s pretransplant bone marrow cells were 46,XX

(20/20), and in the sex chromosome FISH analysis (500 cells), >90%

wereXXsignals. Conversely, thedonor’s pre-transplant stemcells com-

prised 50% 46,XY and 50% 45,X,-Y. After achieving engraftment, the

recipient’s hematopoietic stem cells had mixed chimerism comprising

recipient-derivedXX in 1.5%, donor-derivedXY in 40%, andY in 58%of

cells. During a 2-year observation period following SCT, the recipient’s

stem cells had become a complete chimerism of the donor’s mosaic

pattern of 46,XY and 45,X,-Y. After 19 years, the recipient’s stem cells

achieved complete chimerism of 45,X,-Y [20/20]. The donor was diag-

nosed with chronic myelomonocytic leukemia at the age of 69 years,

19 years after his stem cell donation. The present sex chromosomes of

the donor are 45,X,-Y [20/20] (Figure 1B).

Donor-derived lymphoma is a rare but already known neoplasm

that originates from the donor lymphocyte and occurs after SCT [1,2].

Posttransplant lymphoproliferative disease (PTLD) after SCT is usually
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F IGURE 1 Chromosomal analysis of lymphoma tissue and recipient’s and donor’s hematopoietic cells. (A) Chromosomal analysis of the
recipient’s malignant lymphoma 19 years after stem cell transplantation. Fluorescence in situ hybridization (FISH) analysis of the recipient’s sex
chromosomes in the lymphoma revealed two types of sex chromosomes. Both XY and X signals weremorphologically in the large lymphocytes and
thought to be donor-derived. (B) Chromosomal kinetics of the recipient and donor after stem cell transplantation to the present. Retrospectively,
we reviewed the recipient’s sex chromosome chimerism analysis after stem cell transplantation (SCT). The recipient’s sex chromosomes were all
46,XX before transplant, while the donor’s sex chromosomes were amosaic of 46,XY and 45,X,-Y. The recipient’s chromosome pattern shifted to
the donor’s pattern at the engraftment, and it comprised XY in 40% and Y in 58% of cells. Two years after SCT, the donor’s sex chromosomes
switched to the donor chimerism of≥90% 45,X,-Y. Finally, both the recipient’s and the donor’s stem cells achieved a complete homozygous donor
pattern of 100% 45,X-Y

donor-derived, associatedwith EBV, and of B-cell origin. This case illus-

trates the oncogenic time scale of EBV-associated donor-derived cells

after SCT [3]. The XY chromosome in the recipient existed for only 2

years post-SCT; therefore, the XY chromosomedonor-derived cells are

considered to have been involved in EBV infection within 2 years post-

SCT and progressed to lymphoma after 19 years [4]. There are two

types of PTLD: early and late onset. Each PTLD type is characterized

according to its EBV status and cytometric phenotype [5]. Treatment

outcomes help distinguish one type from the other; however, if EBV

infection is associatedwith its oncogenicity, EBV infectionwould occur

as an early event in the natural history even in late onset-type EBV-

positive PTLD [5]. Constitutive EBV infections induce T-cell exhaustion

and lead toPTLD [6]. EBVexpression is the leading causeof early-onset

PTLD [7]; moreover, PD-1 expression by continuous stimulation from

EBV results in EBER-positive PTLD [8]. Thus, a typical chronic EBV

infection induces T-cell exhaustion resulting in EBER-positive early-

onset PTLD; however, this case was EBER-positive late-onset PTLD.

A recent study identified four major factors influencing the tumor

microenvironment in PTLD: EBV infection, chronic antigen stimula-

tion, iatrogenic immunosuppression and donor-derived immune cells

[9]. Any factor canmodulate the immunocompetence in the recipient’s

milieu. Thismulti-factorial conditionwould be associatedwith the lym-

phomagenesis of PTLD. Additionally, EBV status is a marker affecting

the onset for PTLD. Chronic infection and cancer show a closer rela-

tionship [8]; hence, immune-modulated intervention is warranted to

inhibit T-cell exhaustion, such as anti-PD-1/PD-L1 antibody.
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