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Case Presentation

7/8-year-old Caucasian male with h/o chronic thrombocytopenia, prostate cancer s/p prostatectomy,

melanoma in situ,
Presenting Complaint (August 2025)
« Diffuse lymphadenopathy (bilateral axillary, cervical, inguinal; largest 3.6 cm) without B symptoms.

« Pancytopenia (WBC 1.4 x 1079/L, Hb 11.6 g/dL, platelets 32 x 10"9/L)



Imaging

Multi-station diffuse

lymphadenopathy

Bilateral Cervical and axillary Lymphadenopathy

« Raxillary: 3.6 x 1.6 cm

Retroperitoneal, mesenteric, pelvic, L inguinal nodes
* Hepatomegaly: 20.7 cm
* Splenomegaly: 17.2 cm

PET-CT:
* Mild-moderate FDG avidity (SUV max 5.2), no bulky

disease



Excisional: Right axillary Lymph node (Sept 2025)

Partial effacement of the architecture by paracortical and interfollicular

expansion






Flow cytometry: Right axillary Lymph node
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CD4+ population (60% of lymphocytes) with

a small subset (6% of lymphocytes) showing aberrant loss

of CD3 expression.

Expanded panel:

Low events = Suboptimal further characterization of aberrant
CD3- CD4+ T-cell subsets
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Diagnosis 7?7

Peripheral T-cell ymphoma (PTCL) NOS ?



Chromosomal Microarray Analysis: Right Axillary LN

~22 Mb, 40-
Loss 60% cells
2q 7.3

3593

LRP1B (2937.1),
PDCD1 (2937.3; PD1),
NFE2L3 (~2g37.2)

Gain
6q22.23q927

42 Mb region;
40 — 60% cells

MYB (6q23),
PLAG1(6q24.3),
HACE1(6G24),
ARID1B (6925.3)

Encompassing
tumor

suppressor
PTEN and
FGFR2




Right Axillary Lymph
Node

Cytogenomics

40-60%

40-60%

40-60%

10q cnLOH (PTEN)

(69,635,024-
135,424,645)x2 hmz

2q Loss (partial
monosomy)

(220,698,125-
243,052,331)x1

6q Gain (partial trisomy)

(128,998,864-
170,976,062)x3

~66 Mb region (10921.3—q26.3);
encompasses PTEN (10923.31) tumor
suppressor as well as FGFR2 (10926.13)

~22 Mb region (2935—q37.3);

LRP1B (2937.1) .
PDCD1 (2937.3; PD1),
NFE2L3 (~2937.2)

~42 Mb region (6922.33—q27)

MYB (6q23),
PLAG1(6q24.3),
HACE1(6q24),
ARID1B (6q25.3)



Right axillary LN - NGS (275-gene panel)

Protein Change cDNA Change VAF (%) Exon Clinical

Tier

Tier 2
TET2 p.Asn275fs c.822delC 35.7 3 frameshift
p-N275fs*18

Tier 2
TET2 p.-Gly1370Glu c.4109G>A 31.8 9 missense
p-G1370E

Tier 2
frameshift
p-G413Afs*23
8

DNMT3A p.Gly413fs c.1238delG 321 10

Tier 2
DNMT3A splice_donor c.1667+1_1667+2insA 33.6 14 (splice donor
ins

VUS/ likely

CEBPA p.Gly242Ser C.724G>A 54.5 3 .
pathogenic

vus
SOCS1 p.-Arg20Leu c.59G>T 53.4 2 Missense
p-R20L

Tier 2 Hotspot
NRAS p.Gly13Arg c.37G>C 9.3 2 mutation
(G13R)




Right axillary LN: T Cell Clonality

T-cell Receptor Beta gene rearrangement :
Positive

Right axillary LN: RNA Fusion Panel

No fusions detected



Staging Bone marrow

Hypercellular (70-80%), maturing trilineage hematopoiesis<1% blasts,
Flow:
Low-level aberrant T-cells (~1.5% total, CD3-/CD4-)



summary

Multi-station lymphadenopathy
Morphology
Aberrant maturing T-cells (flow)
Partial T-antigen loss (by IHC)
«  Tier2 TET2 LoF variants
«  Tier 2 DNMT3A mutations (x2)
PTEN loss

T-cell receptor beta gene rearrangement : Positive



Diagnosis

Peripheral T-cell lymphoma (PTCL) NOS



Follow up after 8 weeks (s/p C2 CHOP
Full dose

Re-demonstration of

« Bilateral axillary lymphadenopathy, with interval mild
enlargement in some nodes, including left supraclavicular lymph

node (Level 1V). Other nodes: Stable or partially regressed.

« Extensive bulky abdominopelvic lymphadenopathy, with some

lymph nodes slightly interval increased in size compared to prior.



Left Cervical core biopsy

Diffuse infiltrate of atypical medium to large sized atypical

cells
Necrosis is absent.

Mitotic activity is low.



Left Cervical core biopsy

Immature neoplastic cells positive for T-cell lineage markers:

CD3 (weak, small subset), CD4, CD2 (weak, small subset), CD5 (weak,
subset), CD7, CD34, and TdT. These cells are negative for CD8, CD10,

CD56, CD123, BCLG6, and TCL1.

In the background, there is also an abnormal maturing T-cell population
positive for CD4, CD2 (weak, small subset), CD5 (weak, subset), CD7,
and negative for CD8, CD34, TdT, and TCL1.



Peripheral blood (Late Nov 2025)

An abnormal lymphocyte population
is detected (23% of lymphocytes):
CD5+, CD7+, CD33 dim/partial+, CD56

partial+, CD2-/+, CD3-, CD4+, CDS8-,
CD10-,

O O



Right axillary LN (Re-review: Original)









CD4 CD5 CD7

CD4 Predominance with aberrant CD5 and CD7







CD4

CD4 (weak)













TdT-CD7

TdT-CD7 coexpression:
CD7 : Earliest marker of T-cell development

CD99: Immature marker supporting CD34/TdT




CD123+/CD303+/CD4+/CD7+

Plasmacytoid dendric cells aggregates; Both CD56 and TCL-1 negativity is rare TCL-1 highlights follicular B-cells
can be seen in TFH-derived lymphoma




Cell Type Category Positive Markers Negative Markers

Blasts '
. : CD3 (weak; small subset), CD4 (weak; partial), CD5 i i
(R | el (weak), CD2 (small subset), CD7+ ik, Eible
ilineal)
TdT+, CD33 (diffuse)+, CD34 (partial), CD99+, MPO
Myeloid/Stem (partial)+, Lysozyme+, Dual TdT and CD7 CD117(mostly negative); rare cells-
coexpression
B-cell None CD20-, PAX5-
Other None CD15-, CD30-, CD123-, CD56-, ALK-, CD21-, CD23-, CXCL13-, ICOS-,
PD1-, EBER-ISH-
Abnor.mal T-cell CD3{CD2 (partial), CD7+, CD5 (partial), CD4 TdT-, MPO-, CD34-, CXCL13-, ICOS-, PD1-,
maturing T-cells (partial)
Myeloid CD33 (co-expression) MPO-, Lysozyme-
Other None CD117-, CD56-, CD1a-, TCL1-
Plasmacytoid Plasmacytoid DC | CD123+, CD303+, CD4+, CD7+, CD68+ TCL1-, CD56-

dendritic cells

B-cells (mantle) B-cell CD20, PAX5 background follicles



Right Axillary Lymph
Node

Bone Marrow

Cytogenomics

40-60%

40-60%

40-60%

Normal

10q cnLOH (PTEN)

(69,635,024-
135,424,645)x2 hmz

2q Loss (partial
monosomy)

(220,698,125-
243,052,331)x1

6q Gain (partial trisomy)

(128,998,864-
170,976,062)x3

No alterations (Diploid)

~66 Mb region (10921.3—q26.3);
encompasses PTEN (10923.31) tumor
suppressor as well as FGFR2 (10926.13)

~22 Mb region (2935—q37.3);

LRP1B (2937.1) .
PDCD1 (2937.3; PD1),
NFE2L3 (~2937.2)

~42 Mb region (6922.33—q27)

MYB (6q23),
PLAG1(6q24.3),
HACE1(6q24),
ARID1B (6q25.3)



ARIMA Hi-C Assay
(High-throughput genome wide chromosome conformation capture )

FEV gene also
known as
PET1 or ETS
transcription

factor

Unbalanced 2g-/6g+ translocation (breakpoint within 1.0 Mb near FEV gene)

Genome-wide

2q loss and 6q gain
CNAs arise from a single
structural event rather

than independent
@gmental alterations
detected by CMA.

VIap physical contacts
between chromatin
regions via “Off-
diagonal” interaction
pattern






Shared variants

Protein cDNA Marrow VAF |Axillary Node |Cervical Node Clinical

Change Change (%) VAF (%) VAF (%) Significance
TET2 p.Asn275fs c.822delC 6.6 35.7 40.8 Tier 2 Prognostic
TET2 p.Gly1370Glu c.4109G>A 5.8 31.8 4.7 Tier 2 Prognostic
DNMT3A p.Gly413fs c.1238delG <5 32.1 39.5 Tier 2

€.1667+1_1667+2ins

A 30.6 33.6 421 Tier 2

DNMT3A splice_donor

Germline/CH (~50-
60%); VUS (C-
terminal bZIP; non-
polar to polar)

CEBPA p.Gly242Ser C.724G>A 55.4 54.5 58.4

Germline-like

SOCS1 p.Arg20Leu c.59G>T 46.6 53.4 48.6 JAK/STAT




Right axillary LN : TCR beta gene rearrangement

Panel V/J Region Size (bp) Run 1 Run 2
Beta BC VB2.x/JB 189.5 24,841 19,234
Beta BC Db2/JB ALL 254.7 7,752 711
Why "Borderline Positive"? Diagnostic Confidence Hierarchy
Limited V Usage (Incomplete DJ-Dominant): Sl TEE el ekl
VDJ polyclonal = 95% NPV for lymphoma
X No complementary VB-JB panel showing mature VDJ rearrangement | gye| 2 (Likely Monoclonal)
X DJ-only = 13 JB combinations (vs 52 V[ for diversity) VDJ clonal = 85-90% PPV for lymphoma
« X Polyclonal mimicry possible (reactive oligoclonal expansion Level 3 — this case
Reproducible across runs (true clone vs artifact) DJ-only clonal = 60% PPV for lymphoma < Borderline
High peak height (20k+ fluorescence units) Level 4 (Definite Clonal)

VDJ + TCRy concordant clonal = >95% PPV



Site-specific unique variants

Protein cDNA Marrow VAF | Axillary Cervical Site Clinical
Change Change (%) Node VAF | Node VAF Distribution Significance
(%) (%)
Tier 2
DNMT3A p.Phe751Leu c.2253C>G 9.3 Absent Absent Marrow-only missense p.F751L
NRAS p.Gly13Arg c.37G>C Absent 9.3 Absent Axillary-only Tier 2

p.Gly13_Val14ins Not curated; but it

KRAS Gl c.38_40dupGCG Absent Absent 36.7 Cervical-only is in the hotspot
y domain
VUS (likely
p.Glu242_Phe243i C2 domain
nsGlyGlyGlu . insertion (near
PTEN 22%%227 INSGGT | Apsent (6.0 trace) | Absent 80.8 Cervical-only F241S hotspot)
(Exon 7, near likely pathogenic
F241S hotspot) LoF — PISK/AKT

hyperactivation

SETBP1 p-His1158Arg c.3473A>G Absent Absent 5.1 Cervical-only VUS




Differentials

PTCL — NOS
T-ALL/LBL
ETP-ALL
BPDCN

Myeloid/Lymphoid Neoplasms with eosinophilia and tyrosine kinase gene

fusions

AML with aberrant T-cell markers/ALAL/MPAL



PTCL-NOS

X Lack of follicular expansion/TFH phenotype

X CD34, MPO positive T-cells

loss of pan-T(flow) « X No complementary VB-JB panel showing mature
v GATA3 and mature pDC (TFH-lymphoma) VDJ rearrangement

v/ Co-occurrence of Multiple TET2 and DNMT3A X DJ-only =13 JB combinations (vs 52 V[ for
mutations (x2) diversity)

(TBX21 group)

v Arm-level CNAs with PTEN cnLOH

(GATAS-like subgroup)

v T-cell receptor beta gene rearrangement

v/ Multi-station lymphadenopathy
v Morphology+ Flow and IHC: CD4+ with partial



v CD34v Multi-station lymphadenopathy
v Morphology

, TdT-CD7 coexpression

v Partial T-antigen loss (by IHC)

v/ Upregulation of myeloid genes (MPO)

v/ DJ-dominant TCRB

X Age > 65

ETP-ALL

Blasts: cCD3+, CD1a-, CD8-, absent or dim CD5
expression (< 75% positive blasts) and
expression of one or more myeloid (CD11b, CD13,
CD33, CD65, KIT [CD117]) and/or stem cell (CD34,
HLA-DR) markers (= 25% positive blasts), and negative
myeloperoxidase (< 3%).

MPO is positive

T-ALL/LBL

Polycomb (EZH2, SUZ12)

X Absence of mediastinal mass NOTCH1/FBXW7/IL7TR/JAK3/
; ; ; STAT5B mutations
X Lack of high circulating blasts

X TET2/DNMT3A mutations (rare)
X Arm-level CNAs with PTEN cnLOH

Usually lower genomic complexity-
CDKN2A/2B deletion,

TCR translocations -TAL1/TLX/HOXA
rearrangements,




BPDCN

v Multi-station lymphadenopathy

v Morphology+ Flow and IHC: CD4+ with
partial loss of pan-T(flow)

v CD123 and CD303 positive

v TET2 mutations (x2)

v NRAS mutations

X Lack of existing or prior myeloid
neoplasms

X PTCL + BPDCN — Not reported

X Negative CD56 and TCL1

X DNMT3A mutations

X Arm-level CNAs with PTEN cnLOH
X CD34, MPO positive T-cells

X No complementary VB-Jf3 panel
showing mature VDJ rearrangement

X DJ-only =13 JB combinations (vs 52
V3 for diversity)

DNMT3A rare

DNMT3A rare or uncommon

BPDCN shows a distinctive genomic
landscape compared to AML and related
neoplasms, with a predominance of
mutations in TET2, ASXL1, NRAS, and
splicing factor genes (SRSF2, ZRSR2)

PTEN loss via cnLOH at
10q is not reported as a
recurrent event

BPDCN frequently shows widespread
CNAs, but they are usually focal




MPAL T/myeloid

v Blasts: myeloid/T markers

v Bialleilic TET2 mutations

v Bialleilic DNMT3A mutations (x2)

v Germline CEBPA mutations (VUS)

v/ DJ-dominant TCRB (immature pre-thymic)
X Multi-level lymphadenopathy

X Flow: Lack of distinct blasts

X Lack of bone marrow or peripheral blood

involvement

AML with aberrant T-cell markers




Final Diagnosis

De Novo T/myeloid MPAL,

Presenting as Isolated Extramedullary (LN-based) Non-
Leukemic Myeloid sarcoma in a background of maturing
abnormal T-cells (mimicking PTCL)



Acute leukemia of
ambiguous lineage with
defining genetic
abnormalities

WHO-
HAEMS 2022

Mixed-phenotype acute leukaemia with BCR::ABL1
fusion

Mixed-phenotype acute leukaemia with KMT2A
rearrangement

Mixed-phenotype acute leukemia with ZNF384
rearrangement (B/

Acute leukaemia of ambiguous lineage with BCL11B
rearrangement

Acute leukemia of
ambiguous lineage
defined

immunophenotypically

Mixed-phenotype acute leukemia, B/myeloid

Mixed-phenotype acute leukemia, T/myeloid

Mixed-phenotype acute leukemia, rare types

Acute leukemia of ambiguous lineage NOS

Acute undifferentiated leukemia



* Recurrent Drivers (~30-50%): (KMT2A-r (t(v;11923), 20-40% pediatric B/M), Ph+ 1(9;22)
BCR::ABL1 (15-30% adults), ZNF384-r (40% pediatric B/M).

« MPAL-T/M: BCL11B, Biallelic WT1 alterations, FLT3 alterations, PHF6 mutation, RUNX1
mutation, PICALM::MLLT10 rearrangement

« Epigenetic dominance:

Epigenetic (DNMT3A 20-33%, TET2/IDH2/EZH2/ASXL1), signaling (FLT3/NRAS/KRAS 10-20%),
TFs (RUNX1/WT1/CEBPA 10-20%), T-ALL (NOTCH1/FBXW7/IL7TR/JAK3/PHF6 ~10-20% T/M

« RAS/STAT pathway:
10—40% of cases; patient has NRAS, KRAS, with PTEN loss (tumor suppressor inactivation)
 Absent typical T-ALL drivers:

No NOTCH1/FBXWY7 (>75% T-ALL), EZH2, PHF6—argues against pure T-ALL diagnosis



> Am J Hematol. 2023 Jan;98(1):66-78. doi: 10.1002/ajh.26758. Epub 2022 Oct 31.

MPAL cases (n=176)
were categorized into

eight distinct Subgroups
(G1-G8)

Integrative genomic and transcriptomic profiling
reveals distinct molecular subsets in adult mixed
phenotype acute leukemia

Bl Qian Wang ! 2, Wen-Zhi Cai ! 2, Qin-Rong Wang ! 2, Ming-Qing Zhu 1 2,
Ling-Zhi Yan ' 2, Yan Yu ! 2, Xie-Bing Bao ! 2, Hong-Jie Shen ' 2, Hong Yao ' 2,

i 'un-Dan Xie 12 Tong-Tang Zhang ' 2, Ling Zhang ' 2, Xiao-Yu Xu ! 2, Zhe Shan ! 2,
34

Hong Liu T2, Jian-Nong Cen 12 pan-Dan Liu ' 2, Jin-Lan Pan ! 2, Da-Ru Lu
JiaChen ' 2, YangXu ' 2, RiZhang 1, Ying Wang ' 2, Sheng-Li Xue ' 2, Miao Miao ' 2,

Stem'ce” diseaSE'“ke and common mye|0|d prOgenitOF Yue Han ' 2, Xiao-Wen Tang ! 2, Hui-Ying Qiu ! 2, Ai-Ning Sun ' 2, Jin-Yan Huang ° ©,
. . . ai-Pin ai ' 2, De-Peiwu ' 2, Su-Nin enl2
disease-like signatures FerEng bRl T e S s ng £

Affiliations — collapse
Affiliations

G1 was associated with CEBPA mutations, 1 National Clinical Research Center for Hematologic Diseases, Jiangsu Institute of Hematology,

G2 and G3 with NOTCH1 mutations, U:iSer:;;tr;zt;c;:giq;:;;:f;qebpous;)sﬁjr:; Esir:;stasis, The First Affiliated Hospital of Soochow

G4 with BCL11B rearra ngement a nd FLT3 mutations, 2 Institute of Blood and Marrow Transplantation, Collaborative Innovation Center of Hematology,

Soochow University, Suzhou, People's Republic of China.
3 Key Laboratory of Birth Defects and Reproductive Health of National Health Commission,
Chongging Population and Family Planning, Science and Technology Research Institute,

Granulocyte-monocyte progenitor/monocyte disease-like Chongaing, People’s Republic of China.
signatures:

G5 with BCR::ABL1 fusion

G6 with KMT2A rearrangement/KMT2A rearrangement-like

T/Myeloid MPAL-
NOS

features

Common-lymphoid progenitor disease-like signatures: More mutations in NOTCH1, JAK3, and transcriptional
G7 with ZNF384 rearrangement/ZNF384 rearrangement-like regulation genes, including CEBPA, GATA2, PHF6, and
characteristics. WT1.

G8 with BCR::ABL1 fusion









Site of MPAL Sarcoma /
Extramedullary Disease

Author(s)

Type (B/Myeloid vs T/Myeloid) Prior Diagnosis / Context

1 HossainDetal. 1999 Cervical lymph node T/Myeloid (mixed myeloid/T-cell) CML progressing to blast crisis (not de novo)

B/Myeloid (biphenotypic

2 \Vegaetal 2008 Pleura leukemia)

Relapse after allogeneic stem cell transplantation for biphenotypic leukemia

B/Myeloid (acute biphenotypic

3 AlrumaihRetal. 2013 Lateral pharyngeal wall 31 yo; Relapse after autologous stem cell transplantation

leukemia)
4 KhannaGetal. 2017 Thyroid gland B/Myeloid (mixed myeloid/B-cell) 58 years; Underlying MPAL (marrow involvement present)
5 TakakuwaTetal. 2018 Pleura and lymph nodes B/Myeloid, NOS Without concurrent/antecedent blood or bone marrow involvement)

Intestinal (epitheliotropic T/Myelomonocytic with t(9;22)

sarcoma) BCR-ABL1 Without concurrent/antecedent blood or bone marrow involvement

6 WangCetal 2018

Anterior mediastinum,

7 Means Jetal. 2022 : : B/Myeloid De novo (no marrow or peripheral blood leukemia)
pericardium, pleura

8 gin(;utaaglo-Negron 2025 Occipital Lymph node  T/Myeloid with BCR::ABL1 Occipital LN; Concurrent bone marrow involvement

9 ZhouY etal. 2025 Notepeeiize Eypieel At willy elyjples) BORAELL Concurrent marrow involvement

presentation) e13ag3 fusion






In addition to CD4 and CD7 expression, the atypical cells were also positive for CD34
(subset), CD68, muramidase/lysozyme, and CD117

Myelomonocytic differentiation was confirmed based on blast expression of CD11c
and CD64, with concurrent CD11c, dim CD13, bright CD33, dim CD71, partial CD117,
and partial CD34 positivity. The blast population was myeloperoxidase negative (ETP-

ALL ?7?).






Follow up : Sequential therapy rationale

4 N

Initial CHOP (T-cell directed)  partial response, then progression

Duvelisib (PI3K inhibitor; 75mg BD for one month) — clinical LAD reduction

Mini-CVD + venetoclax  T-ALL-like regimen targeting epigenetic mutations
(TET2/DNMT3A) preferred for epigenetic-dysregulated MPAL

\_ /

Response Ongoing

« Partial metabolic response
(PET SUVmax | from 5.2 — 4.4)

 Allo-SCT consideration

« Reduced LAD (cervical resolution,
residual inguinal <1 cm)

« Platelet count improved — 90k/cmm




summary

Rare presentation of extramedullary-only T/myeloid MPAL

Higher expression of myeloid markers - TdT+/sCD3 weak subset +
MPOQO/lysozyme/CD33/CD117/CD34 subsets

limited TCR[3 usage (DB-JB only, immature)
Significant overlap in genomic profile with PTCL-NOS, BPDCN

Correlates with G1 cluster described by Wang et al. 2022 (Biphenotypic,

Higher myeloid expression, Germline Tier 3 CEBPA variant) background



summary

* Notably, duvelisib responsiveness harnessed PI3BK/mTOR hyperactivation
(PTEN loss synergizing TET2/DNMT3A hypermethylation, shared across
PTCL/BPDCN), while CH substrate and AML-like/ETP-overlap genomics
(lacking classic MPAL focal deletions IKZF1/ETV6/RB1) highlight genotype-

tailored therapeutic convergence bridging diagnostic boundaries.

« Epigenetic mutations (TET2/DNMT3A) guide transition to T-ALL-like +

venetoclax-based regimens



Take Away

« Comprehensive work up including extensive IHC/flow + NGS/CMA essential

for accurate lineage assignment and classification of MPAL.

* Integration of CD34/TdT in the IHC panel in the lymphoma work up should

be considered



Thank you



Right axillary LN : TCR beta gene rearrangement

Normal T-Cell Development (Thymus):

Pre-thymic: DB-JB rearrangement (incomplete DJ)

| Selection/maturation Post-thymic: VB-DJ rearrangement (complete VDJ)

Critical Distinction: VDJ vs DJ-Only

Feature Clonal VDJ DJ-Only Clone

Diversity 52 V segments 2 D segments only

FP Rate <5% 15-25%

Maturity Post-thymic (mature) Pre/pro-thymic (immature)

Lymphoma PPV

85-90%

<60%

BIOMED-2.
PCR
Strategy

TCR-Beta A Panel

VB 1.1-1.6 consensus primers
JB consensus primers
Detects: Complete VDJ
Mature rearrangements

TCR-Beta BC Panel

VB 2.1-2.7 consensus primers
Db1/Db2-JB primers

Detects: Incomplete DJ
Immature rearrangements



Cytogenomics

ARIMA Hi-C: Unbalanced 2g-/6g+ translocation (breakpoint within 1.0 Mb near FEV)

Genome-wide
chromosome
conformation capture
assay

2q loss and 6q gain
CNAs arise from a single
structural event rather
than independent
segmental alterations
detected by CMA.

Map physical contacts
between chromatin
regions via “Off-
diagonal” interaction
pattern







Bone marrow: TCR gamma gene rearrangement

Oligoclonal



Left cervical LN: TCR gamma gene rearrangement



