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EBV-negative monomorphic B-cell

post-transplant lymphoproliferative disorders
are pathologically distinct from EBV-positive
cases and frequently contain TP53 mutations
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Monomorphic post-transplant lymphoproliferative disorder commonly resembles diffuse large B-cell lymphoma
or Burkitt lymphoma, and most are Epstein—Barr virus (EBV) positive. We retrospectively identified 32 cases of
monomorphic post-transplant lymphoproliferative disorder from two institutions and evaluated EBV in situ
hybridization; TP53 mutation status; p53, CD30, myc, and BCL2 expression by immunohistochemistry;
proliferation index by Ki67; and germinal center vs non-germinal center immunophenotype by Hans criteria.
Post-transplant lymphoproliferative disorder arose after hematopoietic stem cell transplant in five and solid
organ transplant in 27 patients, a median of 4 and 96 months after transplant, respectively (overall median
latency 71 months, range 2-295). The most common morphology was diffuse large B-cell lymphoma (28 cases),
with three cases of Burkitt lymphoma, and one case of plasmablastic lymphoma. Ten cases (31%) were EBV
negative. Of those with the morphology of diffuse large B-cell lymphoma, the EBV-negative cases were more
frequently TP53-mutated (P <0.001), p53 positive by immunohistochemistry (P<0.001), CD30 negative
(P<0.01), and of germinal center immunophenotype (P=0.01) compared with EBV-positive cases. No
statistically significant difference in overall survival was identified based on EBV, TP53 mutation status,
germinal center vs non-germinal center immunophenotype, or other immunohistochemical parameters
evaluated. Patients who died of post-transplant lymphoproliferative disorder were older with a longer latency
from time of transplant to diagnosis (P < 0.05). Our study demonstrates that diffuse large B-cell lymphoma-
related immunohistochemical prognostic markers have limited relevance in the post-transplant setting and
underscores differences between EBV-positive and EBV-negative post-transplant lymphoproliferative disorder in
terms of immunophenotype and TP53 mutation frequency, supporting an alternative pathogenesis for EBV-
negative post-transplant lymphoproliferative disorder.
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transplant lymphoproliferative disorders, by defini-
tion, resemble a classifiable lymphoma arising in an
immunocompetent individual and are most often
B-cell neoplasms, commonly diffuse large B-cell

Post-transplant ~ lymphoproliferative disorders
are a heterogeneous group of lymphoid or plasma-
cytic proliferations occurring in patients with
a history of solid organ or hematopoietic stem

cell transplant, with a frequency of ~2% in the
post-transplant population.’ Monomorphic post-
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lymphoma, or Burkitt lymphoma.?

The majority of post-transplant lymphoprolifera-
tive disorders are associated with Epstein—Barr virus
(EBV) infection; however, a substantial minority is
not.*® The reported proportion of EBV-negative
cases varies depending on the method used to detect
EBV and the pathologic category of post-transplant
lymphoproliferative disorder. EBV-negative B-cell
monomorphic post-transplant lymphoproliferative
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Table 1 Details of immunohistochemical stains
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Cutoff for positive
Antibody  Clone; dilution; source (MGH) Clone; dilution; source (U of M) (reference)
CD30 BerH2; 1:50; Dako, Carpinteria, CA, USA BerHz2; prediluted; Ventana, Tucson, AZ, USA >20%10
myc Y69; 1:50; Epitomics, Burlingame, CA, USA Y69; 1:229; Abcam, Cambridge, MA, USA >40%1213
P53 DO-7; Prediluted; Leica Biosystems, Buffalo Bp53-11; prediluted; Ventana >30%9%15
Grove, IL, USA
BCL2 bcl2/100/D5; prediluted; Leica bcl2/100/D5; prediluted; Leica >50%1314
BCL6 LN22; prediluted; Leica GI191E/A8; prediluted; Ventana >30%°837
CD10 56C6; prediluted; Leica 56C6; prediluted; Cell Marque, Rocklin, CA, >30%837
USA

MUM1 EAU32; prediluted; Leica MUM1p; 1:25, Dako >30%837
Ki67 MIB-1; 1:200; Dako 30-9; prediluted; Ventana Reported as percentage

Abbreviations: MGH, Massachusetts General Hospital; U of M, University of Minnesota.

disorder may represent a distinct clinicopathologic
entity with a different underlying pathogenesis from
EBV-positive cases. In support of this hypothesis,
gene expression profiling studies have identified
segregation of EBV-positive post-transplant diffuse
large B-cell lymphoma from EBV-negative post-
transplant diffuse large B-cell lymphoma.” However,
there is little published data regarding differences in
molecular features or immunohistochemical staining
patterns, beyond germinal center vs non-germinal
center immunophenotype, between EBV-positive
and EBV-negative cases.

Research is ongoing regarding subclassification of
de novo diffuse large B-cell lymphoma arising in
immunocompetent individuals into various prognos-
tic subgroups. A common prognostic division of
diffuse large B-cell lymphoma is based on the cell of
origin of the tumor (germinal center B cell vs
activated B cell), with the Hans immunohistochem-
ical algorithm (germinal center vs non-germinal
center immunophenotype) frequently used in clin-
ical practice.® Inmunohistochemical expression pat-
terns of p53, CD30, myc, and BCL2 are also
potentially useful predictors of survival in de novo
diffuse large B-cell lymphoma.®~'* TP53 mutation
status has been reported to have predictive value for
patients with de novo diffuse large B-cell lymphoma
treated with R-CHOP (rituximab, cyclophosphamide,
hydroxydaunorubicin, vincristine, and prednisone)
therapy.’> The potential impact of immunohisto-
chemical prognostic markers in the context of post-
transplant lymphoproliferative disorders has been
reported in only a few articles.'6-18

In this retrospective study from two institutions,
we sought to characterize clinicopathological differ-
ences between EBV-positive and EBV-negative cases
of B-cell monomorphic post-transplant lymphopro-
liferative disorder, including staining patterns using
immunohistochemical markers often performed as
part of the work-up of de novo diffuse large B-cell
lymphoma, and to clarify the potential prognostic
role of these markers in the post-transplant setting.

Materials and methods

Following approval by the institutional review
boards of the University of Minnesota and Massa-
chusetts General Hospital, we identified 32 cases of
B-cell monomorphic post-transplant lymphoproli-
ferative disorder (20 from the University of Minne-
sota by search of the electronic pathology database
from 2004 through mid-2013 and 12 from Massachu-
setts General Hospital by search of electronic
databases from 1996 through 2013). Consultation
cases, cases lacking slides or blocks available for
review, and cases primary to the central nervous
system were excluded. Clinical information was
obtained from the electronic medical records of our
institutions.

Full section hematoxylin-and-eosin-stained slides
and results of immunohistochemical stains per-
formed at diagnosis were reviewed in all cases. All
cases were evaluated using EBV-encoded RNA
(EBER) in situ hybridization. Interpretation was
obtained from the diagnostic pathology report in
most cases or by interpretation of EBER in situ
hybridization in a subset of cases diagnosed before
routine clinical availability of EBER in situ hybridi-
zation; in the latter instance, an in situ hybridization
probe from Leica Biosystems (Buffalo Grove,
IL, USA) was used. A tissue microarray of the post-
transplant lymphoproliferative disorder cases at
Massachusetts General Hospital was manually con-
structed from 2mm cores of representative areas
from formalin- or B-Plus-fixed, paraffin-embedded
tissue. Immunohistochemical stains for p53, myec,
CD30, BCL2, CD10, BCL6, MUM1, and Ki67 were
performed on the tissue microarray and on repre-
sentative whole sections using techniques for routine
clinical practice by the Massachusetts General
Hospital and University of Minnesota immunohis-
tochemistry laboratories, respectively (Table 1).
In four cases, stains were limited to the Hans
classifier (CD10, BCL6, and MUM1). In one case,
the immunohistochemical interpretation was per-
formed only on a relapse specimen, due to inade-
quacy of material in the initial diagnostic specimen.
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Interpretation of immunohistochemical stains was
independently performed by at least two authors
(ELC and SY or ELC and DC), with a consensus
interpretation reached when needed. Detailed immu-
nohistochemical and molecular analysis of relapse
specimens was not performed.

Flow cytometry and cytogenetic analysis (karyo-
type and/or fluorescence in situ hybridization
(FISH)) was performed using the clinical methods
of the performing institution at the time, with reports
reviewed. In addition, interphase FISH analysis was
performed for detection of MYC gene rearrangements
retrospectively on a subset of the cases with the
Vysis LSI MYC Dual Color, Break Apart Rearrange-
ment Probe (Abbott Molecular) on 4 ym sections of
formalin-fixed, paraffin-embedded tissue. The assay
was considered positive if the orange and green
paired signals were split apart by more than two
probe lengths in >15% of observed lymphoma cells
(50 cell count).

TP53 sequencing was performed on formalin-fixed
paraffin-embedded tissue from 27 cases with diffuse
large B-cell lymphoma morphology and one case
with plasmablastic morphology via amplicon-based
enrichment followed by next-generation sequencing.
Analysis was performed on a relapse specimen in
one case as the diagnostic specimen lacked sufficient
tissue. TP53 mutational analysis failed in three
cases, with low-quality data precluding meaningful
analysis.

Details of TP53 mutation analysis: 10 pm sections
of formalin-fixed, paraffin-embedded tissue were
obtained and macrodissected for tumor enrichment
when necessary. DNA was extracted using the
QIAamp DNA formalin-fixed, paraffin-embedded
tissue kit and deparaffinization solution (Qiagen,
Germantown, MD, USA) and was quantified using a
Qubit 2.0 fluorometer (ThermoFisher Scientific,
Waltham, MA, USA). Sequencing of TP53 was per-
formed with amplicon-based target enrichment fol-
lowed by next-generation sequencing. Amplicon
enrichment was performed on the Biomark Access
Array System (Fluidigm, San Francisco, CA, USA)
using 12 amplicons for TP53 pooled with amplicons
for targeted analysis of 20 other genes. A second step
PCR reaction was performed to append barcodes and
sequencing adaptors to the enriched amplicons,
which were pooled and sequenced on a MiSeq
instrument, version 3 chemistry (Illumina, San
Diego, CA, USA).

Coverage data was analyzed for all genes to assess
overall quality; however, only the variants in TP53
were analyzed. Five had suboptimal coverage but
were interpretable (low coverage in non-analyzed
genes but adequate coverage in TP53). Cases with a
TP53 mutation and a low Qubit value (15 ng/ul or
less) or suboptimal coverage were either run in
duplicate (three cases) or run in duplicate and
confirmed by Sanger sequencing (five cases). Wild-
type TP53 cases with a low Qubit value or sub-
optimal coverage were run in duplicate to confirm
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negative results. The TP53 coding exons and five
base pairs into the intron were analyzed. Known
single-nucleotide polymorphisms and synonymous
mutations were not considered pathogenic and these
results are not shown. FASTQ files were processed
through a custom designed bioinformatics pipeline
for variant calling (ScanIndel version 2.0.1 (ref. 19)).
Variant call files were filtered against a condensed
database of non-synonymous variants of the targeted
genes from the publically available COSMIC data-
base (http://cancer.sanger.ac.uk/cosmic).2%

Statistical analysis was performed using the IBM
SPSS Statistics program version 22. A two-tailed
Fisher’s exact test was used for categorical data and a
Wilcoxon—Mann—Whitney test for equality of means
was used for continuous data. Univariate survival
analysis was performed using the Kaplan—Meier
method with the log-rank test used to compare
survival differences between groups.

Results
Clinical Features

Thirty-two cases met our inclusion criteria arising in
13 females and 19 males. The median age at
diagnosis was 44 years (range 3—72). Nine patients
(28%) were <18 years old and 12 patients (38%)
were >50 years old at the time of diagnosis.
The median length of time from the patient’s
transplant (first transplant if multiple) to diagnosis of
post-transplant lymphoproliferative disorder was
71 months (range 2—295). Ten cases occurred within
12 months of transplant (commonly defined as early
post transplant) and five occurred greater than
12 months but <60 months after transplant.
Twenty-seven of the cases occurred following solid
organ transplant and five occurred following allo-
geneic hematopoietic stem cell transplant. The
former included liver (n=9), lung (unilateral or
bilateral, n=5), kidney (n=5), and heart (n=5)
transplants; three had combined organ transplants
(bilateral lung followed by renal transplant 10 years
later, combined heart—lung, combined kidney—pan-
creas). Seven patients received sequential trans-
plants of the same organ, with a range of
3—240 months between the first and last transplants;
in all seven patients, the monomorphic post-
transplant lymphoproliferative disorder arose after
the last transplant. The indication for solid organ
transplant or hematopoietic stem cell transplant
varied depending on the organ transplanted
and included congenital disorders, chronic diseases,
and acute illness.

Diagnostic post-transplant lymphoproliferative
disorder sites included lymph node (n=14), small
bowel/mesentery (n=9), nasopharynx (n=2), liver
(n=2), colon (n=1), anus (n=1), adrenal gland
(n=1), lung (n=1), and tonsil (n=1). Post-
transplant lymphoproliferative disorder diagnosed
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in the small bowel/mesentery were statistically more
likely to be EBV negative by EBER in situ hybridiza-
tion (P=0.013) and to contain a pathogenic TP53
mutation (P=0.017) than post-transplant lympho-
proliferative disorder diagnosed at any other loca-
tion. There was no statistically significant difference
in EBV positivity or TP53 mutation status when the
post-transplant lymphoproliferative disorder diag-
nostic site was lymph node compared with any
extranodal site. Of the 30 patients with staging data,
five (17%) had localized (stage 1) disease. One
patient had a history of a previously diagnosed
polymorphic post-transplant lymphoproliferative
disorder present at a different anatomic location.

Twenty-five of the patients had peripheral blood
EBV viral load obtained within 1 month of the biopsy
and, of these, 10 had no increase in viral load and 15
had EBV DNA detected. On average, the EBV viral
titer was drawn 0.1 months before the biopsy, with a
range from 0.6 months before to 0.9 months after.
Peripheral blood EBV DNA was detected in two of
seven patients whose lymphoma was negative for
EBV by EBER in situ hybridization. In 5 of 18
patients, peripheral blood EBV DNA was not
detected; however, the lymphoma was positive for
EBV by EBER in situ hybridization.

Treatment details of initial monomorphic post-
transplant lymphoproliferative disorder were available
for 31 patients. One received localized palliative
radiation, one had a localized resection, three had a
reduction in immunosuppression alone, nine received
rituximab but not chemotherapy, and 17 received
chemotherapy (most of the patients who received
chemotherapy also received rituximab). Chemotherapy
regimens included R-CHOP; bortezomib and rituxi-
mab; and rituximab, cyclophosphamide and predni-
sone. Two of three patients diagnosed with Burkitt
lymphoma were treated with Burkitt lymphoma-
directed treatment protocols; one was treated with
rituximab and methylprednisolone only (the patient
died before more aggressive therapy could be initiated).

Five cases, all with diffuse large B-cell lymphoma
morphology and EBV positive, arose after hemato-
poietic stem cell transplant. In contrast to solid organ
transplant patients, most patients with a history of
hematopoietic stem cell transplant were < 18 years
old (4/5, P=0.015), none received chemotherapy
(P=0.012), all occurred within 12 months of trans-
plant (P=0.001), and none were p53 positive
(P=0.041). One patient had a TP53 mutation. All
patients received rituximab. At last follow-up (med-
ian follow-up of 22 months, range 6-108), four
hematopoietic stem cell transplant patients were
alive and one was deceased from a cause other than
post-transplant lymphoproliferative disorder.

Morphology and Immunchistochemistry

Morphology of the monomorphic post-transplant
lymphoproliferative disorder included 27 cases with
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the morphology of diffuse large B-cell lymphoma,
three with the morphology of Burkitt lymphoma, one
case of B-cell lymphoma, unclassifiable, with fea-
tures intermediate between diffuse large B-cell
lymphoma and Burkitt lymphoma, and one with
the morphology of plasmablastic lymphoma. For the
purpose of our analysis, the case of B-cell lym-
phoma, unclassifiable, with features intermediate
between diffuse large B-cell lymphoma and Burkitt
lymphoma was included with the diffuse large B-cell
lymphoma cases. Three were reclassified from an
original diagnosis of polymorphic post-transplant
lymphoproliferative disorder to monomorphic post-
transplant lymphoproliferative disorder based on
2008 WHO criteria? and consensus review by study
authors. B-cell lineage was confirmed in all cases by
immunohistochemical staining and/or flow cyto-
metric immunophenotyping. On the basis of immu-
nohistochemical stains performed at the time of
diagnosis, the plasmablastic lymphoma was positive
for CD79a (weak), CD138 and MUM1, and negative
for CD20, Pax5, T-cell markers and human herpes
virus-8; the case was EBV-positive by EBER.

Additional immunohistochemical staining results
evaluated for this study are shown in Table 2.
Twenty-two cases (69%) were EBV positive and 10
(31%) were EBV negative. In the EBV-positive cases,
EBV was positive in the majority of neoplastic cells
with one exception (a single case with the morphol-
ogy of Burkitt lymphoma that had scattered
EBV-positive cells). Table 3 compares the clinico-
pathologic features of EBV-positive and EBV-
negative monomorphic post-transplant lymphopro-
liferative disorder cases. In terms of immunohisto-
chemical features, EBV-negative cases were more
frequently CD30-negative (P=0.003), p53-positive
(P=0.004), and of germinal center immunopheno-
type (P=0.01) compared with EBV-positive cases
(Figure 1). These statistically significant differences
in immunohistochemical pattern persisted after
exclusion of the five cases occurring following
hematopoietic stem cell transplant.

The three cases with Burkitt lymphoma morphol-
ogy occurred after solid organ transplant, had
disease at multiple other sites, and had detectable
EBV DNA in the peripheral blood. Two patients were
adults (ages 25 and 46 years) and one was a child
(9 years old) at the time of diagnosis. The post-
transplant lymphoproliferative disorder occurred
~132 months after transplant in the two adults, and
48 months after transplant in the child. At last
follow-up, one patient was alive, one had died of
post-transplant lymphoproliferative disorder, and
one was deceased from a cause other than post-
transplant lymphoproliferative disorder. None of the
cases were positive for BCL2 or CD30 by immuno-
histochemistry and all were positive for EBV by
in situ hybridization.

1203
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All M-PTLD

cases (n=28)

DLBCL M-PTLD
cases (n=24)

DLBCL M-PTLD cases
after HSCT (n=5)

DLBCL M-PTLD cases
after SOT (m=19)

Stain, # positive (%)

myc 18 (64%) 15 (63% 3 ( 12 (63%)
p53 14 (50%) 10 (42% 0 (0%) 10 (53%)
BCL2 18 (64%) 18 (75% 5 (100%) 13 (68%)
CD302 10 (37%) 10 (43% 3 (75%) 7 (37%)
EBV and CD302 10 (37%) 10 (43% 3 (75%) 7 (37%)
myc and BCL2 13 (46%) 13 (54% 3 (60%) 10 (53%)
p53 and myc 10 (36%) 7 (29% 0 (0%) 7 (37%)
GCB by Hans criteria NA 4 (14%)P 0 (0%) 4 (17%)°
Ki67, %, average (range) 72 (10-100) 67 (10-100) 76 (50-95) 65 (10-100)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; EBV, Epstein—Barr virus; GCB, germinal center immunophenotype; HSCT, hematopoietic
stem cell transplant; M-PTLD, monomorphic post-transplant lymphoproliferative disorder; NA, not applicable; SOT, solid organ transplant.
4n =27 cases (all M-PTLD cases); 23 cases (DLBCL M-PTLD cases); 4 cases (DLBCL M-PTLD cases after HSCT).

n=28 cases.
Cn=23 cases.

Table 3 Comparison of EBV-positive and EBV-negative monomorphic post-transplant lymphoproliferative disorder

EBYV positive after EBV negative

EBYV positive (n=22) SOT (n=17) (mn=10) P-value?
Age >18 years old 13/22 12/17 10/10 0.030/0.124
Age, average (range), years 34 (3-72) 37 (3-72) 49 (32-71) NS/NS
Latency, median (range), months 30 (2—-266) 52 (4—266) 161 (58-295) 0.002/0.013
Early M-PTLD (arising < 1 year from transplant) 10/22 5/17 0/10 0.013/0.124
Patient had hematopoietic stem cell transplant 5/22 0/17 0/10 0.155/NA
Diagnostic PTLD site in the small bowel/abdomen 3/22 3/17 6/10 0.013/0.039
Detectable circulating EBV DNA 13/18 8/13 217 0.075/0.350
Patient received chemotherapy 8/22 8/17 9/9 0.001/0.009
p53 IHC positive 5/18 5/13 9/10 0.004/0.030
CD30 positive 10/17 7/13 0/10 0.003/0.007
myc positive 12/18 9/13 6/10 NS/NS
BCL2 positive 12/18 7/13 6/10 NS/NS
Ki67 >90% 7/17 5/12 3/10 NS/NS
Monomorphic diffuse large B-cell lymphoma EBV positive (n=18) EBV positive after EBYV negative
subset only SOT (n=13) (n=10)
GCB by Hans criteria 0/18 0/13 4/10 0.010/0.024
CD30 positive 10/13 7/9 0/10 < 0.001/0.001
p53 IHC positive 1/14 1/9 9/10 < 0.001/0.001
TP53 mutation present 2/15 1/10 9/9 <0.001/ < 0.001

Abbreviations: EBV, Epstein—Barr virus; GCB, germinal center immunophenotype; IHC, immunohistochemistry; M-PTLD, monomorphic post-
transplant lymphoproliferative disorder; NA, not applicable; NS, not significant; SOT, solid organ transplant.
@Bold denotes statistical significance. The P-value before the backslash is a comparison of EBV-positive and EBV-negative cases whereas the

P-value after the backslash is a comparison of EBV-positive after SOT case

TP53 Mutational Analysis

Eleven of 25 evaluable cases (44%) had a pathogenic
TP53 mutation (Table 4). All 11 positive cases had
the morphology of diffuse large B-cell lymphoma.
The single case of plasmablastic lymphoma had
wild-type TP53. TP53 sequencing was not performed
for the monomorphic post-transplant lymphoproli-
ferative disorder cases with Burkitt lymphoma
morphology. Of the 11 cases with a pathogenic
TP53 mutation, four cases had two mutations and
one had three mutations. A total of 17 mutations
were identified, all missense mutations except one

MODERN PATHOLOGY (2016) 29, 1200-1211

s and EBV-negative cases (all after SOT).

nonsense mutation. Mutations occurred most com-
monly in exons 7 and 8, with seven and six
mutations, respectively. Codons 231, 248 and 273
were mutated in more than one patient. Mutations
were more commonly G>A (6 mutations), C>T (3
mutations), or A>G (3 mutations). Comparison of
next-generation sequencing replicates and Sanger
confirmation was used to ensure low level
C>T/G> A mutations were not due to deamination
(fixation) artifact.

Eight of the 11 cases with a TP53 mutation
(73%) were positive for p53 by immunohistochem-
istry, with staining of greater than 30% of neoplastic
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Figure 1 (a—c) Representative images from Case 20, Epstein—Barr virus (EBV)-positive monomorphic post-transplant lymphoproliferative
disorder (diffuse large B-cell lymphoma): (a) hematoxylin and eosin, 40 x objective; (b) MUM1 immunohistochemical stain, 10 x
objective; (c) EBV RNA in situ hybridization (EBER), 10 x objective. (d—f) Representative images from Case 12, EBV-negative monomorphic
post-transplant lymphoproliferative disorder (diffuse large B-cell lymphoma): (d) hematoxylin and eosin, 40 x objective; (e) CD10
immunohistochemical stain, 10 x objective; (f) p53 immunohistochemical stain, 10 x objective.

Table 4 Results of TP53 mutation analysis

Case® Mutation Exon Codon Mutation impact Allelic frequency Results of p53 [HCP

3 c.743G>A 7 Arg248Gln Missense 0.52 Positive
c.524G>A 5 Arg175His Missense 0.50
c.217G>A 4 Val73Met Missense 0.95

4 c.743G>A 7 Arg248GIn Missense 0.18 Negative

6 c.313G>A 4 Gly105Ser Missense 0.48°¢ Negative

12 c.691A>G 7 Thr231Ala Missense 0.20 Positive

13 c.691A>G 7 Thr231Ala Missense 0.24 Positive
c.817C>T 8 Arg273Cys Missense 0.13

144 ¢.710T>C 7 Met237Thr Missense 0.12 Negative

16 c.586C>T 6 Arg196° Nonsense 0.40¢ Positive

23° c.817C>T 8 Arg273Cys Missense 0.23 Positive
c.743G>A 7 Arg248Gln Missense 0.33

271 c.858A>T 8 Glu286Asp Missense 0.55 Positive
c.842A>G 8 Asp281Gly Missense 0.56

30 c.737T>C 7 Met246Thr Missense 0.28 Positive

31 c.832C>G 8 Pro278Ala Missense 0.75 Positive
c.803A>T 8 Asn268lle Missense 0.66

Abbreviation: IHC, immunohistochemistry.
NCBI reference sequence: NM_000546.5.

8Cases 2, 5, 7, 10, 11, 17, 18, 19, 20, 22, 26, 29, and 32 had wild-type TP53.

Cutoff for positivity was >30% tumor cell staining.%1°
CAllelic frequency is average from samples run in duplicate.
Case 14 was following hematopoietic stem cell transplant.
°Mutation analysis performed on relapse specimen.

Two mutations present on the same allele.

cells (Table 4). Two of the 14 cases with wild-type
TP53 (14%) were positive for p53 by immuno-
histochemistry, with staining of 40-50% of
neoplastic cells. As shown in Table 3, the majority
of TP53-mutated monomorphic post-transplant

lymphoproliferative disorder diffuse large B-cell
lymphoma cases (9/11, 82%) were EBV negative,
with all nine EBV-negative cases harboring a TP53
mutation vs only 2/15 EBV-positive cases (13%,
P <0.001).
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Table 5 Cytogenetic data

Case® Karyotype FISH analysis (% interphase cells)
1 46,XY,t(8;14)(q24.1;q32)[171/46,idem,dup(13)(q14q32)[2]/46, Positive for MYC rearrangement (83.5%)/break-apart probe
XY[1]

7b 47, XX,4+9[11]/48,idem,+9[7]/49,idem,+9,+9[1] Not obtained

8 Not obtained Positive for MYC rearrangement (96%)/break-apart probe
Negative for IGH-MYC gene fusion, IGH-BCL2 gene fusion or BCL6
gene rearrangement

11 46,XX,add(7)(p13)[2]/46,idem,psu dic(8;9)(p23;p11)[10]/46, Negative for MYC, BCL2, BCL6, or IGH gene rearrangements

idem,der(15)t(9;15)(q13;p11.2)[3]

16 Not obtained Negative for MYC gene rearrangement

17b 46,XY[20] Negative for IGH/MYC gene fusion or BCL6 or BCL2 gene
rearrangement

18 Not obtained Positive for three BCL6 signals (12.5%), three MYC signals
(21.5%), and three BCL2 signals (11%), consistent with gains of all
or parts of chromosomes 3, 8, and 18
Negative for MYC, BCL6, or BCL2 gene rearrangement or
amplification

22 Not obtained Negative for MYC gene rearrangement

23¢ Not obtained Negative for MYC gene rearrangement

24 Not obtained Negative for MYC gene rearrangement

27 70-73 < 3n> ,XX,del(2)(p273),+3,7del(4)(q3?71),-7,+9,+10, Negative for IGH-BCL2 gene fusion and BCL6 rearrangement

+12,add(14)(q372),del(17)(p11),-18, add(18) (q2?4), +22,add
(22)(q12)x2,+7—8mar[cp8]

28 46,XY[20] Negative for MYC gene rearrangement

29b Not obtained Negative for MYC gene rearrangement

30 Not obtained Negative for MYC gene rearrangement

31¢ 45,XY,—4,der(8)t(4;8](pl1;p11)t(8;14)(q24;q32), der(14)t(8;14)
(q24;q32)[20]
32 46,XX,7(6;9)(p23;p13),del(8)(p12),add(14)(q24),add(15)(q26)
[10]

Not obtained

Negative for IGH gene rearrangement

Abbreviations: FISH, fluorescence in situ hybridization.
8Two additional cases had a normal karyotype and no FISH performed.
Cases 7, 17, and 29 were following hematopoietic stem cell transplant.

®Case 23 from relapse specimen; case 31 from concurrent marrow with lymphoma involvement.

Flow Cytometry and Cytogenetics

Twenty-three cases had concurrent immunopheno-
typing by flow cytometry. Twelve (52%) had an
identifiable monotypic B-cell population (four
lambda restricted, eight kappa restricted), whereas
five had abnormal B cells lacking surface or cyto-
plasmic light chain expression. One case with
diffuse large B-cell lymphoma morphology had
lambda monotypic plasma cells and polytypic
B cells.

Eighteen cases had cytogenetic evaluation by
karyotype and/or FISH (Table 5). MYC rearrange-
ments were identified by break-apart probe in two of
the twelve evaluated cases, both with the morphol-
ogy of Burkitt lymphoma. No BCL6 or BCL2
rearrangements were detected by FISH (evaluated
in five cases). Karyotype was obtained in ten cases
and was abnormal in six, including one (case 31)
with the morphology of B-cell lymphoma, unclassifi-
able, with features intermediate between diffuse
large B-cell lymphoma and Burkitt lymphoma that
had an unbalanced three-way rearrangement invol-
ving MYC, IGH and an unknown partner on the short
arm of chromosome 4.
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Outcome and Survival Analysis

At last follow-up (median 44 months for surviving
patients, range 4-214), 18 patients were alive
without evidence of post-transplant lymphoprolifera-
tive disorder, one was alive with post-transplant
lymphoproliferative disorder, seven died of post-
transplant lymphoproliferative disorder, and six died
of another cause. Details of patients deceased of post-
transplant lymphoproliferative disorder in compar-
ison to those with other outcomes are shown in
Table 6. Nine patients relapsed with monomorphic
post-transplant lymphoproliferative disorder of a
similar morphology a median of 14 months (range
2-55) after first monomorphic post-transplant lym-
phoproliferative disorder diagnosis. Of the seven
patients who died of post-transplant lymphoprolifera-
tive disorder, five died after disease recurrence, with
date of death ranging from less than a month to almost
12 months after relapse. Two of 11 patients (18%)
with TP53-mutated monomorphic post-transplant
lymphoproliferative disorder died of post-transplant
lymphoproliferative disorder. Similarly, 3 of 14
patients (21%) with TP53 wild-type monomorphic
post-transplant lymphoproliferative disorder died of
post-transplant lymphoproliferative disorder.
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Table 6 Patient details by outcome

Deceased of PTLD (n=7)

Deceased of other cause (n=6)

Alive (n=19)

Gender, male:female 2:5 5:1 12:7

Age at diagnosis, average 54 (32-72)2 38 (18-60) 33 (3-66)

(range), years

Transplant type, SOT: HSCT 7:0 5:1 15:4

Latency, median (range), 175 (123-266)P 107 (3-172) 48 (2—-295)°

months

Circulating EBV DNA, 3:3:1 2:2:2 10:5:4

detected:not detected:

unknown

Diagnosis (# patients) DLBCL (5) DLBCL (5) DLBCL (18)
BL (1) BL (1) BL (1)

Plasmablastic (1)
Small bowel (2)
Liver (1)
Anal mass (1)
Lymph node (3)

Diagnostic sites (# patients)

Localized disease
Highest level of treatment
(# patients)

1/7 (14%)

Reduction in
immunosuppression/ nothing (1)
Rituximab (2)
Chemotherapy (4)
Overall survival, median 11 (0.3-66)

(range), months

TP53 mutation present
EBV positive by in situ
hybridization, number (%)

2/59 (40%)
4 (57%)

Immunohistochemistry, number positive (% )°

CD30 1 (14%)
myc and BCL2 2 (29%)
BCL2 3 (43%)
p53 5 (71%)
myc 5 (71%)
p53 and myc 4 (57%)
GCB (by Hans criteria) 0

Ki67 >90%

immunosuppression/ nothing (2)

Small bowel (2) Small bowel (5)

Adrenal (1) Colon (1)
Lung (1) Liver (1)
Lymph node (2) Tonsil (1)

Nasopharynx (2)
Lymph node (9)

3/17 (18%)
Reduction in
immunosuppression/ nothing (1)
Rituximab (6)
Chemotherapy (10)

1/6 (17%)
Reduction in

Rituximab (2)
Chemotherapy (2)

20 (5-102) 44 (4-214)
3/4 (75%) 6/16 (38%)
5 (83%) 13 (68%)
1(33%) 8 (47%)
1 (25%) 10 (59%)
2 (50%) 13 (76%)
1(25%) 8 (47%)
2 (50%) 11 (65%)
1(25%) 5 (29%)
1 (20%) 4 (21%)
2 (50%) 4 (24%)

Abbreviations: BL, Burkitt lymphoma; DLBCL, diffuse large B-cell lymphoma; EBV, Epstein—Barr virus; GCB, germinal center immunophenotype;
HSCT, hematopoietic stem cell transplant; PTLD, post-transplant lymphoproliferative disorder; SOT, solid organ transplant.

4P=0.04, Wilcoxon—-Mann-Whitney test, deceased of PTLD vs all others (deceased of other cause or alive).

bp o 0.01, Wilcoxon-Mann—-Whitney test, deceased of PTLD vs all others (deceased of other cause or alive).

€P=0.02 by Wilcoxon—-Mann-Whitney test, alive vs deceased.

dTested cases included four DLBCL and one plasmablastic lymphoma.

n Varies based on stain; GCB by Hans criteria only for cases with DLBCL morphology.

The various immunohistochemical/in situ hybridiza-
tion parameters and clinical factors evaluated (as listed
in Tables 2 and 6) showed no significant association
with overall survival, as defined as the time from
diagnosis to death from any cause. There was no
significant association with TP53 mutation status and
overall survival for all cases and when analysis was
restricted to cases with diffuse large B-cell lymphoma
morphology or EBV negativity. When analysis was
restricted to case with diffuse large B-cell lymphoma
morphology, there was a trend toward shorter overall
survival among patients who relapsed (P=0.078).

Discussion

extensive
of B-cell monomorphic

We performed an
analysis

clinicopathologic
post-transplant

lymphoproliferative disorder, most with the morphol-
ogy of diffuse large B-cell lymphoma, and evaluated
for TP53 mutations. We found EBV-negative cases to
be more frequently TP53-mutated and p53-positive,
CD30-negative and of germinal center type by immu-
nohistochemistry compared with EBV-positive cases.

EBV-negative monomorphic post-transplant lym-
phoproliferative disorder may arise through different
pathogenic mechanisms and more closely resemble
lymphomas arising in immunocompetent hosts than
EBV-positive monomorphic post-transplant lympho-
proliferative disorder. In this study, we identified
statistically significant differences in TP53 mutation
frequency (P<0.001) and p53 expression by
immunohistochemistry (P < 0.001) in EBV-negative
vs EBV-positive cases with diffuse large B-cell
lymphoma morphology, supporting the distinctive
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nature of EBV-negative monomorphic post-
transplant lymphoproliferative disorder and point-
ing toward a probable mechanism involving p53 in
its pathogenesis. TP53 mutations have a reported
frequency of 13-22% in de novo diffuse large B-cell
lymphoma, and p53 overexpression has been
reported in 20-60% of cases.’®?172% In a study of
22 cases of post-transplant lymphoproliferative dis-
order that included both polymorphic and mono-
morphic types, 16 had at least some p53 expression
(>1% of cells positive), whereas two had high p53
expression (>75% of cells positive).'® Half of the
cases in our series were positive for p53 with greater
than 30% of cells positive. Few cases of post-
transplant lymphoproliferative disorder have been
evaluated for TP53 mutations.?>2¢ Previously
reported mutations include a frameshift mutation
in codon 301 and a missense mutation in codon 248
leading to an amino-acid change from arginine to
leucine. In our series, exons 5—8 were most often
mutated and the majority of mutations (94%)
occurred in the DNA-binding domain (residues
96—292), similar to findings reported in de novo
diffuse large B-cell lymphoma.'521:22:27 Six muta-
tions in our series (35%) occurred at known ‘hotspot’
locations (codons 175, 248, and 273) for mature
B-cell lymphomas.?8

Other genetic changes reported in post-transplant
lymphoproliferative disorder include alterations of
MYC and BCL6, DNA hypermethylation, aberrant
somatic ~ hypermutation, and  microsatellite
instability.26-29-3% Case 27 in our series had both a
TP53 mutation and an abnormal karyotype showing
loss of the entire short arm of chromosome 17,
resulting in TP53 loss of heterozygosity. In our
series, the only recurrent cytogenetic abnormality
was a MYC rearrangement in three cases (two EBV-
positive Burkitt lymphoma and one EBV-negative
B-cell lymphoma, unclassifiable, with features inter-
mediate between diffuse large B-cell lymphoma and
Burkitt lymphoma). Given the frequency of MYC
translocations in de novo diffuse large B-cell
lymphoma and the implications of a ‘double-hit’
lymphoma  diagnosis in  immunocompetent
individuals,®>:36 we suggest further studies of mono-
morphic post-transplant lymphoproliferative disor-
der include FISH evaluation for MYC, BCL2, and
BCL6 translocations.

The frequency of EBV-negative cases in this series
(31%) is similar to that reported previously in
studies focused on B-cell monomorphic post-
transplant lymphoproliferative disorder.'”'8 The
EBV-negative cases in our series had a longer
latency, were more likely to be diagnosed in the
small bowel/mesentery, and were more likely to
have a germinal center immunophenotype compared
with EBV-positive cases. The latter result supports
the association of a non-germinal center immuno-
phenotype with EBV positivity,®37 a finding that
may be related to the reservoir of latent EBV
infection (long-lived memory B cells).?® The
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association of EBV-negative cases with diagnosis in
the small bowel/mesentery may imply a unique
aspect of the immune microenvironment in that
location; further investigation with more cases is
required. The EBV-positive cases occurring in
patients < 18 years of age and within a year of
transplant were disproportionately from patients
with a history of hematopoietic stem cell transplant.
We found no significant survival difference between
EBV-positive and EBV-negative monomorphic post-
transplant lymphoproliferative disorder, similar to
previously reported studies.!”-18

In a subset of the cases in our series, there was a
discrepancy between peripheral blood EBV viral
load and EBV by EBER in situ hybridization of the
monomorphic post-transplant lymphoproliferative
disorder tissue. Technical failure (for example, due
to poor RNA quality) or levels below the limit of
detection of the assay are possible reasons for this
discrepancy. Generalizations regarding technique
are difficult as our cases included two institutions
and spanned more than a decade. We used the
qualitative interpretation of EBV DNA levels, with
variable interpretive cutoffs depending on the insti-
tution and year. We documented EBV viral loads
within 1 month before or after the tissue biopsy. In
some cases, the discrepancy could be due to the
length of time between the peripheral blood viral
load evaluation and procurement of the biopsy
specimen and the effects of any intervening therapy.
In addition, localization of the EBV-driven process to
the neoplastic lymphatic tissue without peripheral
blood circulation is a possibility.

De novo diffuse large B-cell lymphoma is routinely
subclassified for prognostic purposes into germinal
center and non-germinal center types based on
immunohistochemical algorithms, such as the Hans
classifier, with a better overall survival in the
germinal center group.®39 This division serves as a
surrogate for gene expression profiling-based classi-
fication, in which tumor cell of origin from germinal
center B cells is associated with longer overall
survival than origin from activated B cells.2%4! No
significant difference in outcome has been shown for
germinal center vs non-germinal center mono-
morphic post-transplant lymphoproliferative disor-
der by immunophenotyping,'”18 similar to our
findings. The recent availability of RNA-based
expression platforms designed for use on formalin-
fixed paraffin-embedded tissue should allow for
more accurate cell of origin classification in the near
future and enable further confirmation of the
lack of prognostic relevance of cell of origin in
monomorphic post-transplant lymphoproliferative
disorder.*?

Immunohistochemical prognostic markers beyond
cell of origin have not been rigorously studied in
monomorphic post-transplant lymphoproliferative
disorder. Other potentially useful predictors of
survival in de novo diffuse large B-cell lymphoma
include immunohistochemical expression patterns



of p53, CD30, myc, and BCL2 and the presence or
absence of TP53 mutations.%" 1943 We found no
statistically significant difference in outcome for
any of these immunohistochemical parameters or
for TP53 mutation status, even when analysis was
restricted to EBV-negative or diffuse large B-cell
lymphoma cases. However, given the small number
of patients studied and the non-uniform therapy
given, further study is needed to confirm our
findings.

A variety of clinical factors have been identified as
poor prognostic indicators in post-transplant lym-
phoproliferative disorder, including increased age,
elevated serum lactate dehydrogenase, low serum
albumin, presence of B-symptoms, advanced stage
disease and central nervous system involvement.*445
Patients with primary central nervous system disease
were excluded from this study as primary central
nervous system post-transplant lymphoproliferative
disorder may represent a distinct entity from
systemic post-transplant lymphoproliferative disor-
der and is usually treated differently.444¢ Clinical
parameters evaluated in our study included age,
disease stage, and latency (time from transplant to
monomorphic post-transplant lymphoproliferative
disorder diagnosis). No survival advantage was seen
in patients with localized disease. Patients who died
of post-transplant lymphoproliferative disorder were
older at the time of diagnosis and had a longer
latency, suggesting these two factors are indicators of
poorer prognosis in our series.

Five patients in our series developed mono-
morphic post-transplant lymphoproliferative disor-
der following allogeneic hematopoietic stem cell
transplant. These patients shared similar character-
istics to previously reported hematopoietic stem cell
transplant patients with post-transplant lymphopro-
liferative disorder,*”:48 with all but one under the age
of 18, all occurring within 12 months of transplant,
and all with a non-germinal center immunopheno-
type. Risk factors for post-transplant lymphoproli-
ferative disorder following hematopoietic stem cell
transplant differ from those following solid organ
transplant, and include antithymocyte globulin use
and features of the stem cell source including
umbilical cord blood transplantation, unrelated
donor/HLA-mismatched donors, and T-cell deple-
tion of donor marrow.444849 Al] of the hematopoietic
stem cell transplant patients in our series had at least
one, and frequently multiple, of these risk factors
(data not shown).

In summary, our study highlights the distinctive
nature of EBV-negative B-cell monomorphic post-
transplant lymphoproliferative disorder with the
novel finding of TP53 mutations in all EBV-
negative cases with diffuse large B-cell lymphoma
morphology, pointing to a role for TP53 in their
pathogenesis. No difference was seen in overall
survival based on germinal center vs non-germinal
center immunophenotype or the immunohistochem-
ical expression of p53, CD30, myc, or BCL2,
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suggesting that immunohistochemical prognostic
markers important in de novo diffuse large B-cell
lymphoma do not apply to the post-transplant
setting. Survival findings require validation in larger
series of uniformly treated patients with B-cell
monomorphic post-transplant lymphoproliferative
disorder.
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