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Case Report

Role of Circulating DNA in the Precocious Diagnosis of Lymphoma: an example in
a Transplant-Related Aggressive Lymphoma
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ARTICLEINFO ABSTRACT

Article history: We report the case of an aggressive non-Hodgkin lymphoma transmission from a live renal donor to her

Received: 9 March, 2019 recipient. Soon after donation, the donor developed a high-grade B cell lymphoma, and the disease became

Accepted: 25 March, 2019 evident also in the recipient three months thereafter, showing the same biological characteristics as

Published: 12 April, 2019 confirmed by IgH rearrangement, karyotype and chimerism analyses. In the recipient, the IgH clone

Keywords: appeared in circulating cell free DNA (cfDNA), but not in peripheral blood nor in bone marrow, one month

Circulating DNA, earlier than the imaging evidence of disease.

high grade B-cell lymphoma, This case supports the fundamental predictive role of molecular analysis of the plasma compartment in the

transplant-related lymphoma, diagnosis and putatively follow up of lymphomas

donor cancer transmission,

precocious biomarker © 2019 Federico Rossari. Hosting by Science Repository.
Introduction specific rearrangement of the immunoglobulin heavy chain gene (IgH),

making its clonality assessment a reliable marker of minimal residual

Solid-organ transplantation inherently carries the risk of disease disease (MRD) during treatment and follow-up. Usually, IgH
transmission, as infections or malignancies, although donor cancer rearrangements are assessed on bone marrow (BM) samples; indeed, BM
transmission (DCT) is a rare phenomenon (0.01%-0.05%) [1]. In kidney represents the standard compartment for follow up because of its better
transplantation, transmission of lymphoma accounts for approximately demonstrated sensitivity (about one logarithm higher) [4]. However,
14% of all cases of DCTs, requiring drastic treatment modalities, i.e. ongoing frials (such as the FIL FOLL12 trial - trial.gov identifier
graft nephrectomy, withdrawal of the immunosuppressive therapy, and number: NCT02063685) are aimed at demonstrating the less-invasive
systemic chemotherapy, necessary in about half of cases [2, 3]. Non- peripheral blood (PB) samples to be comparably sensitive. Additionally,
Hodgkin’s lymphomas (NHLS) represent 3% of all neoplasms in adults, MRD may be assessed from plasma fraction, thus representing a further
and diffuse large B-cell lymphomas (DLBCL) account for promising option. Intriguingly, higher plasmatic tumor cell-free DNA
approximately one third of NHLs. Each DLBCL is characterized by a (cfDNA) levels at diagnosis have also been correlated with more
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advanced stage of disease, higher lactate dehydrogenase levels, and
shorter progression-free survival [5]. This confers a prognostic, other
than diagnostic, potential to this marker, as recently reported in an
authoritative review [6]. Moreover, specific clonal IgH rearrangements
are detected in 80% of patients at diagnosis by cfDNA analysis and
predict clinical relapse earlier than 18F- fluorodeoxyglucose PET/CT
(Positron  Emission  Tomography/Computed Tomography) scan
positivization in most of cases [7]. Furthermore, circulating tumor DNA
levels significantly predicted clinical response to treatment and disease
progression [8]. More recently, digital droplet PCR was shown to be
sensitive enough in detecting some lymphoma-associated mutations (e.g.
XPO1, EZH2, and MYD88) on cfDNA, thus representing a good tool to
monitor new emerging clones or subclones [9].

Case Report

In May 2015, a 30-year-old male with end-stage renal disease secondary
to vesico-ureteral reflux underwent live donor renal transplantation from
his mother. Extensive pre-transplant screening for donor malignancies,
including CT scan, resulted negative. Then, right kidney was collected
through hand-assisted laparoscopy. In retrospect, no abnormality was
noticed during the surgery at the pancreas head/duodenum level, despite
it later represented the first evidenced localization of lymphoma.
Although the prompt recovery, the donor complained of mild dyspepsia
at a scheduled follow-up visit, two weeks after donation. Laboratory tests
showed increased lactate dehydrogenase, while amylase and lipase
levels were 274 IU/L and 1100 IU/L, respectively. Subsequent contrast-
enhanced CT imaging of the abdomen revealed an uncharacterized,
poorly vascularized 6-cm mass adherent to head and uncinated process
of the pancreas that dislocated and compressed adjacent structures. She
was then admitted to our hospital to perform further diagnostic
procedures. Magnetic resonance imaging confirmed previous findings
and revealed thickening of the gastric wall associated with multiple
retroperitoneal and mesenteric lymphadenopathies. PET scan found
them increased in fluorodeoxyglucose uptake; mild peri-splenic and
peri-hepatic effusions were present, too.

Gastric biopsy results were indicative of unclassifiable B-cell
lymphoma, with intermediate features between DLBCL and Burkitt’s
lymphoma (Figure 1, g), in regard to the 2008 World Health
Organization (WHO) classification of lymphoid neoplasms. After its
2016 revision, the most proper definition for the disease in point has
become high grade B-cell lymphoma. Immunohistochemistry resulted
negative for CD3, CD5, cyclin-D1, EBV-LMP1, MUM1/IRF4 and TdT,
but positive for BCL6, BCL2, c-MYC (Figure 1, h, i, j respectively),
CD20 and CD10. Ki67 proliferative index was higher than 90% (Figure
1, k), thus a diagnosis of “triple-expressing” aggressive B-cell
lymphoma was made. A CT scan performed for staging purposes
revealed disease spreading to both sides of the diaphragm and evident
liver involvement. Diagnosis was further confirmed by punch biopsy of
a subcutaneous nodule appeared on her right flank nine days after
admission. Fluorescent qualitative PCR for IgH clonality performed on
both gastric biopsy and subcutaneous nodule revealed two different
amplification products: a 103 bp and a 123 bp amplification products,
respectively (Figure 1, o and p), suggesting the existence of two different
clones. However, IgH clonality analysis of BM and cfDNA identified
the 103 bp clone only. Hence, the patient was treated with the R-
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CODOXM/R-IVAC chemotherapy regimen, achieving complete
response [10]. After the donor diagnosis, the recipient underwent
PET/CT scan, which was free from possible neoplastic involvement, and
evaluation of IgH rearrangements resulted polyclonal on both PB and
cfDNA. However, a 103 bp clone, identical to that previously found in
the mother, was evidenced by cfDNA analysis two months later (Figure
1, m). Conversely, PB persisted polyclonal (Figure 1, n) and PET/TC
scan negative.

After one month, a further PET/CT scan revealed confluent
hypermetabolic masses in peri-graft position, extensive abdominal
lymphadenopathies, and several bone lesions (Figure 2), all indicative of
disease localizations. A lymphoma subtype identical to the mother’s one
was then diagnosed through peri-renal core-needle biopsy (Figure 1, a-f
and g-l respectively). Histopathology, flow-cytometry, and molecular
analyses of BM evidenced no disease involvement. IgH clonality test on
lymphoma revealed two different clones, a 103-bp long clone
predominating over a 123-bp long one. Both were identical to those
previously detected in the two different tumor sites of the donor.
Fluorescent in situ-hybridization (FISH) for X and Y chromosomes
proved the tumor to be entirely XX (Figure 1, f and I); additionally, short
tandem repeats (STR) analysis identifies no recipient-specific
sequences, thus strongly suggesting a donor origin. Immunosuppression
therapy was immediately withdrawn, and the patient underwent systemic
treatment according to the R-CODOXM/R-IVAC scheme, achieving
complete response [10]. At the end of the treatment, in January 2016, the
patient achieved complete remission, reaching good performance status
and stable transplanted-kidney function, maintained with daily
prednisone as immunosuppressive therapy to date [11].

At the end of treatment, IgH rearrangements were polyclonal on both PB
and plasma. At the last follow-up visit, performed 18 months after the
end of therapy, both PET/CT scan and BM evaluation excluded any
further disease localization, thus confirming the ongoing complete
remission status.

Discussion

We describe the transmission of a highly aggressive B-cell non-Hodgkin
lymphoma by kidney transplantation. Remarkably, there was no
evidence at the time of organ collection of any donor disease and the lag
time between Kidney transplantation and lymphoma diagnosis in the
recipient was very short. A possible explanation is that tumor cells
circulating in the kidney at the time of renal vascular ligation were
transmitted to the recipient along with the graft. Due to
immunosuppressive therapy, transplanted lymphoma cells escaped
immune surveillance, increased in sufficient numbers to present as a
perirenal mass and spread to the peripheral blood and other sites. This
might explain why cfDNA testing in the recipient was negative at the
time of donor’s diagnosis and became positive two months later. In this
case, cfDNA detection was used with concurrent PET/CT scans at
specified times to monitor disease progression and response to therapy.
A recent study showed that repeated cfDNA analysis in follow up
identifies patients at risk of recurrence before clinical evidence of disease
[12]. Thus, interim cfDNA test is a promising biomarker to identify
patients at risk of treatment failure and disease progression [6]. Although
that study was conducted on untreated DLBCL patients, cfDNA
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determination may have a role as a biomarker in high grade B-cell
lymphomas, too. This could be particularly true for double- and triple-
hit lymphomas, two recently identified subtypes of DLBCL
characterized by MYC overexpression and concurrent BCL2 and/or
BCLS6 translocations. They are associated with poor prognosis and poor
efficacy of R-CHOP regimen with shorter overall survival [13]. The
MYC-driven nature and the propensity for central nervous system
involvement of triple-hit lymphomas has prompted the use of intensified
chemotherapy regimens known to be successful in Burkitt’s lymphoma.
A large multi-center study found that patients treated with intensive
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induction regimen had a better overall survival; in particular, treatment
with dose-adjusted rituximab, etoposide, prednisone, vincristine,
cyclophosphamide and doxorubicin (DA-EPOCH-R) or with
cyclophosphamide, vincristine, doxorubicin, methotrexate, ifosfamide,
etoposide, cytarabine with rituximab (R-CODOXM/R-IVAC) was
found to give better disease control [14, 15]. Since no consensus
guidelines exist, given the high proliferative index (Ki67>90%) and the
patient immune impairment, he was treated with a full course of 2 cycles
of R-CODOXM/R-IVAC with intrathecal prophylaxis and associated
withdrawal of immunosuppression.

Recipient
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Figure 1: Donor and recipient lymphomas characterization and comparation. Figures a-1 show immunohistochemistry and FISH analysis for X and Y
chromosomes on lymphoma biopsies in donor (a-f) and recipient (g-I); figures m-o represent fluorescent PCR analysis for IgH rearrangement on different

samples (DNA ladder for reference length in red, amplified sample DNA in blu).
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hematoxylin & eosin staining of the donor’s gastric biopsy
Bcl6 staining of the donor’s gastric biopsy

Bcl2 staining of the donor’s gastric biopsy

c-Myec staining of the donor’s gastric biopsy

Ki-67 staining of the donor’s gastric biopsy

SPe a0 T

FISH for X and Y chromosomes of the donor’s gastric
biopsy: the sample was female (FISH positive for XX)
hematoxylin & eosin staining of the recipient lymphoma
Bcl6 staining of the recipient lymphoma

i Bcl2 staining of the recipient lymphoma

j c-Myc staining of the recipient lymphoma

k. Ki-67 staining of the recipient lymphoma

| FISH for X and Y chromosomes of the recipient lymphoma:

the sample was entirely female (FISH positive for XX)

m. Recipient — at 2 months after the diagnosis of lymphoma in
his donor: a clone at 103 bp was detected in cfDNA (DNA
isolated from plasma)

n.  Recipient — at 2 months after the diagnosis of lymphoma in
his donor: the IgH rearrangement performed on lymphocytes
from the peripheral blood resulted still polyclonal.;

0.  Donor - at the diagnosis of lymphoma: a clone at 103 bp was
detected in the plasma (cfDNA), as in the bone marrow and
peripheral blood (not shown);

p.  Donor - at the diagnosis of lymphoma: a clone at 123 bp was
detected in the biopsy of the right flank subcutaneous mass

.

Figure 2: PET and PET/CT images of the recipient patient, three months after the donor diagnosis.

a.  PET/CT scan showing a hypermetabolic peri-renal mass
PET scan showing the same peri-renal hypermetabolic activity

PET/CT scan showing bone involvement (femur) by the disease

a0 o

Although most cases of DCT are managed with withdrawal of
immunosuppression, removal of organ if possible and specific
antineoplastic therapy, we avoid transplant nephrectomy preferring a
strict serum creatinine monitoring of renal function. The patient
eventually preserved graft function and achieved long-term complete
remission, thereby confirming what previously shown by Sun et al®®.
Indeed, they reported an 80% overall response rate, a 60% 2-year
progression-free survival, and an 82% overall-survival in patients with
“double-hit” lymphomas treated with R-CODOXM/R-IVAC [16, 17].

In summary, the above-reported case raises several noteworthy issues:
1) plasma cfDNA may be a more informative/predictive and less
invasive test than BM aspiration to evidence disease onset or recurrence;
2) lymphoma may be transmitted through kidney transplantation, a rare
complication that points out challenges in diagnosis and management; 3)
aggressive  MYC-driven B-cell lymphomas and their diverse
mechanisms of immune escape are worth of further clinical and
biological investigations.
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PET/CT scan where hypermetabolic pelvic lymph nodes are appreciable

Maximum intensity projection (MIP) of PET scan shows both peri-renal and pelvic hypermetabolic activity
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