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Simple Summary: Anaplastic large cell lymphoma (ALCL) is a systemic peripheral T-cell neoplasm
characterized by strong and uniform CD30 expression and, usually, the aberrant loss of one or more
T-cell antigens. ALCL is further classified into anaplastic lymphoma kinase (ALK)-positive and
ALK-negative types. ALCL rarely involves the peripheral blood. The reported leukemic phase ALCL
cases are almost all pediatric patients with ALK-positive ALCL, which are frequently associated with
the small cell morphology, t(2;5)(p23;q35), and a poorer prognosis. Leukemic phase ALK-negative
ALCL is extremely rare, with approximately ten cases reported in the literature to date, mostly
as single case reports. Here we report on nine patients with leukemic ALK-negative ALCL—the
largest case series to date—and we compare these cases with 39 non-leukemic cases of ALK-negative
ALCL. We show that the patients with leukemic ALK-negative ALCL have a greater frequency of
absolute lymphocytosis, thrombocytopenia, bone marrow involvement, CD7 positivity, complex
karyotype, TP53 deletion, and a dismal outcome. These data suggest that leukemic phase ALK-
negative ALCL is associated with a number of poor prognostic factors and affected patients may
need more aggressive treatment.

Abstract: Patients with anaplastic large cell lymphoma (ALCL) rarely develop a leukemic phase of
the disease. The reported leukemic ALCL cases are almost all ALK-positive, which are frequently
associated with small cell morphology, t(2;5)(p23;q35), and a poorer prognosis. Rare leukemic ALK-
negative ALCL cases have been reported. In the present study, we investigated the clinical and
pathologic features and outcomes of nine patients with leukemic ALK-negative ALCL and com-
pared these features with 39 patients without leukemic disease. Compared with the non-leukemic
ALK-negative ALCL group, patients with leukemic disease more often had absolute lymphocy-
tosis (50% vs. 0%, p = 0.008), thrombocytopenia (60% vs. 11%, p = 0.03), bone marrow involvement
(50% vs. 14%, p = 0.04), and CD7 positivity (71% vs. 19%, p = 0.02). Four of five (80%) patients with
leukemic ALK-negative ALCL had a complex karyotype, which was significantly higher than that of
the patients in the non-leukemic group. A fluorescence in situ hybridization for TP53 was performed
on six leukemic ALK-negative ALCL cases and all (100%) had TP53 deletion. There were no sig-
nificant differences in the other clinicopathologic features, treatment, and complete remission rates
between patients in the leukemic versus non-leukemic group (all p > 0.05). The median follow-up
of this cohort was 18 months with a range of 0.3–140 months. Eight of nine (90%) patients with
leukemic ALK-negative ALCL died, and their overall survival was significantly shorter than that
of the patients with non-leukemic disease (median 15.5 vs. 60 months, p = 0.001). In conclusion,
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we show that the leukemic phase of ALK-negative ALCL is associated with high-risk biologic fea-
tures and, in particular, a complex karyotype and TP53 deletion. Compared with the non-leukemic
ALK-negative ALCL patients, the patients with a leukemic phase of disease have poorer survival
and may require more aggressive treatment.

Keywords: leukemic phase; ALK-negative anaplastic large cell lymphoma

1. Introduction

Anaplastic large cell lymphoma (ALCL) is a systemic peripheral T-cell neoplasm with
strong and uniform CD30 expression, which is usually associated with aberrant loss of one
or more T-cell antigens. Morphologically, ALCL is characterized by large and pleomorphic
cells with horseshoe-shaped nuclei and abundant cytoplasm (so-called “hallmark” cells).
The lymphoma cells usually grow in a cohesive pattern, and when nodal architecture is
preserved, they can infiltrate sinuses or selectively involve paracortical areas. ALCL is
further classified into anaplastic lymphoma kinase (ALK)-positive (+) and ALK-negative
types [1]. ALK+ ALCL is characterized by translocations involving ALK at 2p23, most
commonly t(2;5)(p23;q35)/NPM1::ALK, which leads to strong and uniform ALK expression.
In the current World Health Organization (WHO) classification, ALK+ ALCL cases are
further divided into five variants based on their morphologic features: common, small
cell, lymphohistiocytic, Hodgkin-like, and a composite pattern. ALK-negative ALCL is
morphologically indistinguishable from the common variant of ALK+ ALCL but lacks the
genetic abnormalities involving ALK [2]. Patients with ALK-negative ALCL are usually
older than those with ALK+ ALCL and have less extra-nodal involvement and a poorer
outcome. The long-term overall survival rates of patients with ALK+ and ALK-negative
ALCL are 70–90% and < 50%, respectively [3–8].

Although B- and T-cell lymphomas can present with or evolve into a leukemic phase
of disease, ALCL rarely involves the peripheral blood. The reported leukemic phase
ALCL cases are almost all pediatric patients with ALK+ ALCL, which are most often
associated with the morphologic features of small cell variant, t(2;5)(p23;q35), and a poorer
prognosis [9–14]. Leukemic ALK-negative ALCL is extremely rare, with approximately
ten cases reported in the literature to date, mostly as single case reports, and the patients
had a poor outcome [15–21]. The clinicopathological features and molecular/genetic
abnormalities underlying the leukemic phase of ALK-negative ALCL are largely unknown.

In this study, we identified 48 patients with systemic ALK-negative ALCL whose
peripheral blood specimens were examined. Nine patients had a leukemic phase of the
disease, either at diagnosis or during the disease course. The clinicopathological features
and outcome of these leukemic ALK-negative ALCL patients were examined and compared
with their non-leukemic counterparts.

2. Materials and methods
2.1. Case Selection

One hundred and fifty-six patients with systemic ALK-negative ALCL were identified
(1 January 2007–31 December 2020) in the database of The University of Texas MD Anderson
Cancer Center. The ALCL cases were diagnosed and subclassified based on the 2016
WHO classification [1]. Among them, the peripheral blood specimens of 48 patients
were examined by morphologic evaluation and/or flow cytometric immunophenotyping,
9 of whom were found to have lymphoma cells (leukemic phase disease). The clinical
information was collected by reviewing medical records. This study was performed under
a protocol (PA16-0897) approved by the Institutional Review Board at the MD Anderson
Cancer Center (Houston, TX, USA).
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2.2. Immunophenotypic Analysis

Immunohistochemistry was performed on formalin-fixed paraffin-embedded (FFPE)
tissue sections as described previously [22]. The antibodies used were specific for the
following: CD2 (Leica Biosystems, Newcastle, UK); CD7 (Leica Biosystems, Newcastle,
UK); EMA (Leica Biosystems, Newcastle, UK); CD3 (Dako, Carpinteria, CA, USA); CD4
(Cell Marque, Rocklin, CA, USA); CD5 (SP4; Labvision/Neomarkers, Fremont, CA, USA);
CD8 (Thermo Fisher, Waltham, MA, USA); CD20 (Dako, Carpinteria, CA, USA); CD43
(Dako, Carpinteria, CA, USA); CD45 (Dako, Carpinteria, CA, USA); CD138 (Dako, Carpin-
teria, CA, USA); ALK (Cell Signaling, Danvers, MA, USA); granzyme B (Thermo Fisher,
Waltham, MA, USA); PAX5 (Transduction Labs, San Diego, CA, USA); and p53 (monoclonal,
clone DO-7, Dako, Carpinteria, CA, USA).

A flow cytometric analysis was performed on the peripheral blood, bone marrow
aspirates, or cell suspensions of the tissue, as described previously [23], using the specific
monoclonal antibodies (Becton-Dickinson Biosciences, San Jose, CA, USA) for the following:
CD2, CD3, CD4, CD5, CD7, CD8, CD10, CD19, CD20, CD25, CD30, CD45, T-cell receptor
(TCR) alpha/beta, and TCR gamma/delta.

2.3. Conventional Cytogenetic Analysis

A conventional cytogenetic analysis was performed on the peripheral blood, bone
marrow aspirates, or cell suspensions of the tissue, as described previously [24]. The 2020
International System for Human Cytogenetic Nomenclature (ISCN 2020) was used to report
the results. Twenty metaphases were analyzed. A complex karyotype was defined as 3 or
more abnormalities.

2.4. Fluorescence in Situ Hybridization

The fluorescence in situ hybridization (FISH) was performed on the bone marrow,
peripheral blood smears, cultured cells, or FFPE tissue sections. The FISH probes used
included the ALK dual color break-apart probe (Abbott Molecular, Des Plaines, IL, USA),
TP53/CEP17 dual color probe (Abbott Molecular, Des Plaines, IL, USA), and IRF4/DUSP22
dual color break-apart probe (Cytotest, Rockville, MD, USA). Two hundred interphase
nuclei were analyzed [25].

2.5. Statistical Analysis

The Graph-Pad Prism 8 was used for statistical analyses. The clinical and pathologic
features between leukemic and non-leukemic groups in patients with ALK-negative ALCL
were compared using a Fisher’s exact test. The date of the initial diagnosis to the date of
death (or last follow-up if patients were alive) was used to calculate the overall survival
(OS). The Kaplan–Meier method was used to analyze survival and the log rank test was
used to compare survival. A statistical significance was considered if the p value was <0.05.

3. Results
3.1. Clinical Findings

The clinical features of nine patients with leukemic ALK-negative ALCL at time
of initial diagnosis are summarized in Tables 1 and 2. There were seven men and two
women with a median age of 61 years (range, 21–74 years). Five of six (83%) patients
had B symptoms. Lymphadenopathy was identified in five (56%) patients, and four (44%)
patients had extra-nodal involvement. Bone marrow was involved in four of eight (50%)
patients assessed (Tables 1 and 2). Eight patients were fully staged, and all had stage III or
IV of the disease. Two of five (40%) patients had leukocytosis and two of four (50%) had
absolute lymphocytosis. Four of five (80%) patients had anemia and three of five (60%)
had thrombocytopenia. The serum lactate dehydrogenase (LDH) levels were elevated in
all three patients tested. Five patients had a known Eastern Cooperative Oncology Group-
Performance Status (ECOG-PS) and none of them had a high ECOG-PS. The International
Prognostic Index (IPI) score was available for six patients: five had a high IPI score (≥3),
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and one had a low or intermediate IPI score (<3). The onset of the leukemic phase of the
disease was variable. Five (56%) patients were found to have circulating lymphoma cells at
initial diagnosis, whereas four (44%) patients developed the leukemic phase at a median
interval of 11 months after initial diagnosis. In six patients, the percentage of lymphoma
cells in the peripheral blood was available. The median percentage of lymphoma cells was
6.5% (range, 2–75%).

Table 1. Clinicopathological Features of 9 Patients with Leukemic ALK-negative Anaplastic Large Cell Lymphoma.

Case
ID Age Gender WBC

(×109/L) a
Hb

(g/dL) a
Platelet

(×109/L) a
LDH

(U/L) a LN a BM a
Leukemic

Onset
(Months) b

Circulating
Lymphoma

Cell (%)

Overall
Survival
(Months)

Outcome

1 61 F n/a n/a n/a n/a N n/a +4 7 5.1 Alive
2 55 M 3.4 10.7 155 627 P P 0 6 3.1 Dead
3 67 M 6.4 13.4 312 n/a N N +19.4 n/a 23.4 Dead
4 74 M 106.5 11.5 34 7262 P P 0 75 14.6 Dead
5 62 M n/a n/a n/a n/a P N +5.8 2 29.5 Dead
6 58 F n/a n/a n/a n/a P N 0 n/a 9.1 Dead
7 21 M n/a n/a n/a n/a N N +15.2 4 15.5 Dead
8 39 M 9.31 10.4 73 n/a N P 0 n/a 5.6 Dead
9 70 M 15.6 15.4 85 5057 P P 0 37 40.6 Dead

BM, bone marrow involvement; Hb, hemoglobin; LDH, lactate dehydrogenase; LN, lymph node involvement; WBC, white blood cells;
P, positive; N, negative; n/a, not available; a at the time of initial diagnosis; b time after the initial diagnosis of ALK-negative ALCL,
which was set as “0”.

Table 2. Clinical Features of Patients with ALK-negative Anaplastic Large Cell Lymphoma (Leukemic
vs. non-Leukemic Group).

Clinical Features Leukemic (n = 9) Non-Leukemic (n = 39) p Value

Male: Female 3.5:1 (7/2) 3.3:1 (30/9) 1
Median age, years (range) 61 (21–74) 60 (36–79) 0.8
B symptoms 83% (5/6) 62% (23/37) 0.4
Nodal presentation 56% (5/9) 64% (25/39) 0.71
Extra-nodal involvement 44% (4/9) 69% (27/39) 0.25

Bone marrow involvement 50% (4/8) 14% (5/37) 0.04
Stage III or IV 100% (8/8) 72% (28/39) 0.17
Leukocytosis 40% (2/5) 36% (13/36) 1

Absolute lymphocytosis 50% (2/4) 0% (0/35) 0.008
Anemia 80% (4/5) 72% (26/36) 1
Thrombocytopenia 60% (3/5) 11% (4/36) 0.03
Elevated LDH 100% (3/3) 52% (15/29) 0.24
High ECOG-PS (≥2) 0% (0/5) 6% (2/34) 1.0
High IPI (≥3) 83% (5/6) 51% (18/35) 0.21
Initial treatment 0.13

CHOP or modified CHOP 78% (7/9) 57% (21/37) 0.45
Others 22% (2/9) 43% (16/37)

Initial CR 33% (3/9) 64% (23/36) 0.14
SCT+ 38% (3/8) 28% (9/32) 0.68

Abbreviations: LDH, lactate dehydrogenase; ECOG-PS, Eastern Cooperative Oncology Group-Performance
Status; IPI, International Prognostic Index; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone;
R, rituximab; CR, complete response; SCT, stem cell transplantation.

The non-leukemic group included 30 men and 9 women with a median age of 60 years
(range, 36–79 years). Twenty-three of thirty-seven (62%) had B symptoms, twenty-five (66%)
had lymphadenopathy, and twenty-seven (69%) had extra-nodal disease. Bone marrow
involvement was found in 5 of 37 (14%) patients assessed and 28 (72%) patients had stage
III or IV of the disease. Thirteen of thirty-six (36%) patients had leukocytosis, and none
of these patients had lymphocytosis. Twenty-six of thirty-six (72%) patients had anemia,
four of thirty-six (11%) showed thrombocytopenia, and fifteen of twenty-nine (52%) had an
elevated serum LDH level.

Comparison of the leukemic versus non-leukemic ALK-negative groups revealed that
the former group had an increased frequency of bone marrow involvement (50% vs. 14%,
p = 0.04), absolute lymphocytosis (50% vs. 0%, p = 0.008), and thrombocytopenia (60% vs. 11%,
p = 0.03). No significant differences were observed in other clinical features between these
two groups (all p > 0.05).
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3.2. Morphologic and Immunophenotypic Findings

Morphologically, all ALK-negative ALCL cases in tissue biopsy or excision specimens
had morphologic features of the so-called “common pattern” regardless of the presence
or absence of blood involvement. A leukemic ALK-negative ALCL case is shown in
Figure 1. The circulating lymphoma cells were intermediate to large in size, with irregular
nuclear contours, partially dense chromatin, and a small to moderate amount of cytoplasm.
The bone marrow biopsy specimens showed large lymphoma cells forming into cohesive
sheets or in an interstitial pattern. The lymphoma cells with horseshoe-shaped nuclei (“hall-
mark” cells) were easily identified. Intravascular tumor cells were observed occasionally.
The bone marrow aspirate smears showed lymphoma cells with a morphology similar to
the lymphoma cells in the blood smear.
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Wright-Giemsa stain, ×1000. (B), hematoxylin-eosin stain, ×100. (C), hematoxylin-eosin stain, ×400. (E–H), immunohisto-
chemistry, ×400. 

Figure 1. A representative case of leukemic ALK-negative ALCL (case 9). (A), The peripheral blood smear showed circu-
lating lymphoma cells with large, pleomorphic nuclei, condensed chromatin, and small to moderate amounts of cytoplasm.
(B,C), The bone marrow core biopsy specimen revealed hypercellular bone marrow involved by lymphoma cells in an interstitial
pattern (indicated by arrows). Some of the lymphoma cells had kidney-shaped nuclei (hallmark cells). (D), Bone marrow aspirate
smears showed lymphoma cells, similar to those in the peripheral blood smear. (E–H), The lymphoma cells were positive
for CD3 (E), CD30 (F), EMA ((G), small subset), and were negative for ALK (H). (A,D), Wright-Giemsa stain, ×1000.
(B), hematoxylin-eosin stain, ×100. (C), hematoxylin-eosin stain, ×400. (E–H), immunohistochemistry, ×400.

Immunophenotypically, the most frequently expressed T-cell antigens in leukemic
cases were CD43 (4/4; 100%), TCR alpha/beta (5/6; 83%), CD3 (7/9; 78%), CD2 (6/8;
75%), CD4 (6/8; 75%), and CD7 (5/7; 71%) (Table 3; Figure 2). Other markers assessed
included CD45 (2/2; 100%), EMA (3/5; 60%), CD25 (3/6; 50%), TIA1 (2/4; 50%), granzyme
B (1/3; 33%), CD8 (2/8; 25%), and CD5 (1/8; 13%). All the cases tested were negative
for TCR gamma/delta (0/4) and CD56 (0/6). The leukemic group showed a significantly
higher frequency of CD7 than the non-leukemic group (71% vs. 19%, p = 0.02). There were
no significant differences in the other markers between these two groups (all p > 0.05).
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Table 3. Pathologic Features of ALK-negative Anaplastic Large Cell Lymphoma Cases (Leukemic vs.
non-Leukemic Group).

Pathologic Features Leukemic (n = 9) Non-Leukemic (n = 39) p Value

Immunophenotype
CD2+ 75% (6/8) 74% (20/27) 1
CD3+ 78% (7/9) 54% (20/37) 0.27
CD4+ 75% (6/8) 75% (24/32) 1
CD5+ 13% (1/8) 47% (14/30) 0.11
CD7+ 71% (5/7) 19% (5/26) 0.02
CD8+ 25% (2/8) 14% (4/28) 0.6
CD25+ 50% (3/6) 75% (3/4) 1
CD43+ 100% (4/4) 79% (11/14) 1
CD45+ 100% (2/2) 77% (20/26) 1
CD56+ 0% (0/6) 6% (1/16) 1
TCR A/B+ 83% (5/6) 60% (3/5) 0.55
TCR G/D+ 0% (0/4) 0% (0/4) 1
Granzyme B+ 33% (1/3) 60% (9/15) 0.56
TIA1+ 50% (2/4) 55% (6/11) 1
EMA+ 60% (3/5) 26% (6/23) 0.29
P53 overexpression 50% (3/6) 17% (3/18) 0.14
Karyotype
Complex+ 80% (4/5) 14% (1/7) 0.03
FISH
DUSP22-R+ 20% (1/5) 35% (7/20) 1.0

Cancers 2021, 13, x FOR PEER REVIEW 7 of 15 
 

 

 

Figure 2. Flow cytometric immunophenotypic analysis of the case shown in Figure 1. The lymphoma cells (pink dots) 
were positive for CD30 (A), CD4 (A), CD3 (B), CD5 (decreased, C), CD7 (partial, D), CD25 (E), T-cell receptor (TCR) al-
pha/beta (partial, F), and were negative for CD8 (B), CD2 (C), CD26 (D), CD10 (E), and TCR gamma/delta (F). The blue 
dots represent background reactive T-cells. 

Six leukemic cases had material available for the evaluation of p53 protein overex-
pression [defined as strong (3+) staining intensity in >5% of cells] by immunohistochem-
istry [26]. The overexpression of p53 was detected in 3 (50%) leukemic cases versus 3 of 
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Figure 2. Flow cytometric immunophenotypic analysis of the case shown in Figure 1. The lymphoma cells (pink dots) were
positive for CD30 (A), CD4 (A), CD3 (B), CD5 (decreased, C), CD7 (partial, D), CD25 (E), T-cell receptor (TCR) alpha/beta
(partial, F), and were negative for CD8 (B), CD2 (C), CD26 (D), CD10 (E), and TCR gamma/delta (F). The blue dots represent
background reactive T-cells.

Six leukemic cases had material available for the evaluation of p53 protein overex-
pression [defined as strong (3+) staining intensity in ≥5% of cells] by immunohistochem-
istry [26]. The overexpression of p53 was detected in 3 (50%) leukemic cases versus 3 of
18 (17%) non-leukemic cases (p = 0.14, Table 3). The mean percentage of lymphoma cells
with p53 overexpression was 18% in leukemic cases and 5% in non-leukemic cases, but this
difference was not significant (18% vs. 5%, p = 0.13; Figure 3).
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Figure 3. Examination of TP53 deletion and overexpression. (A,B), A leukemic ALK-negative ALCL case involving
bone marrow (A, hematoxylin-eosin stain, ×200) showed p53 protein overexpression (B, immunohistochemistry, ×200).
(C,D), A non-leukemic ALK-negative ALCL case involving lymph node (C, hematoxylin-eosin stain, ×200) was negative
for p53 protein overexpression (D, immunohistochemistry, ×200). (E), Comparison of p53 overexpression in leukemic
versus non-leukemic ALK-negative ALCL cases. (F), FISH analysis using TP53/CEP17 dual color probe (red, TP53; green,
CEP17; ×600) in a leukemic ALK-negative ALCL case showed TP53 deletion (one red two green, indicated by arrows) or
monosomy 17 (one red one green, indicated by arrowheads).

3.3. Cytogenetic and Molecular Findings

Five leukemic cases had karyotype results available. Four (80%) cases had a complex
karyotype, and one case (case #1) showed a normal karyotype (Table 4). Of note, case #1 had
a low-level (3%) of lymphoma cells in the specimen assessed by karyotyping, which could
have led to a non-representative, “false normal” karyotype. In contrast, only one of seven
(14%) non-leukemic cases had a complex karyotype. The difference in the frequency of
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a complex karyotype in the leukemic group versus non-leukemic groups was significant
(p = 0.03; Table 3). No recurrent translocations were identified, however, two leukemic
cases (#4 and #9) had a translocation involving the chromosome 3q29 locus.

Table 4. Cytogenetic and Molecular Findings of 9 Patients with Leukemic ALK-negative Anaplastic Large Cell Lymphoma.

Case
ID Karyotype DUSP22-R

(FISH)

TP53

Deletion
(FISH)

Mutation
(NGS)

Over-Expression a

(IHC)

1 46,XX[20] b n/a P n/a P
2 n/a N P n/a N

3 49~53, XY,−2, del(2)(p13), +3, add(3)(p26), del(3)(p23p24), add(4)(p16),
+5, +5, −15, add(17)(q25), −18, −21, +4~8mar[cp20]/ N P N P

4 46, XY, der(3)add(3)(p22)t(3;11)(q29;q13), t(6;8)(p23;q13), del(13)(q12),
add(19)(p13.3)[8]/46, XY[12] P P n/a N

5 Insufficient for analysis n/a n/a n/a n/a
6 46, XX[45]/47.XX, −3, add(11)(q23-24), +mar1-2[5] n/a n/a n/a n/a
7 n/a N P n/a N
8 n/a n/a n/a n/a n/a

9

65~68, add(X)(p11.2),−Y, add(1)(p13), del(1)(p13)×2, del(1)(q11.2)×2,
der(2;5)(p10;q10), der(3)t(1;3)(p22;q29)×2, −5, del(5)(q13q33),
del(6)(q21q25)×2, +7, add(7)(p13)×2, −8, −9, −10, −11, −12, −13,
−15, add(16)(q24))×2, der(16)(add(16)(p13.1)add(16)(q12-13),
der(17)del(17)(p11.2)del(17)(q11.2), del(17)(p13), i(17)(q10), −19, −20,
add(21)(p11.2), +22, +8~9mar[cp12]/46, XY[8]

N P P c P

DUSP22-R, DUSP22-rearrangement; P, positive; N, negative; n/a, not available; FISH, fluorescence in situ hybridization; IHC, immunohis-
tochemistry; NGS, next generation sequencing; a defined as strong (3+) staining intensity in >5% of cells; b only 3% lymphoma cells in the
specimen for karyotype; c variant allele frequency (VAF) = 26.3%.

The FISH analysis for DUSP22 was performed on 5 leukemic and 20 non-leukemic
cases (Tables 3 and 4). One of five (20%) leukemic cases and seven of twenty (35%) non-
leukemic cases were positive for DUSP22 rearrangement (p = 1.0, Table 3). The FISH for
TP53 was performed on six leukemic cases and all (100%) showed TP53 deletion (Table 4;
Figure 3). No non-leukemic cases were tested for TP53 deletion by FISH. Seven non-
leukemic cases had karyotype results available and none of them showed deletion of 17p13.
A TP53 mutational analysis was performed on two leukemic cases (Table 4) and one was
positive (case #9) for TP53 mutation. Most of the lymphoma cells in case #9 showed p53
overexpression (Figure 3), which is consistent with a TP53 mutation (Table 4).

3.4. Treatment and Response

All patients with leukemic and non-leukemic ALK-negative ALCL received variable
chemotherapy regimens over their disease course, with or without subsequent stem cell
transplantation (Table 2). In the leukemic group, seven of nine (78%) patients were treated
with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) or modified
CHOP. After the initial induction chemotherapy, three of nine (33%) patients with leukemic
disease achieved complete remission. Three of nine patients (33%) received brentuximab
vedotin. Three of eight (38%) patients received a hematopoietic stem cell transplant: two
autologous and one allogeneic.

In the non-leukemic group, 21 of 37 (57%) patients were treated initially with CHOP
or modified CHOP. After initial induction chemotherapy, 23 of 36 (64%) patients achieved
complete remission. Fifteen of thirty-seven (41%) patients received brentuximab vedotin.
Nine of thirty-two (28%) patients underwent hematopoietic stem cell transplant: eight autolo-
gous, one allogeneic. There was no significant difference in the treatment or initial complete
remission rates between the leukemic and non-leukemic patients (all p > 0.05, Table 2).

3.5. Outcome

After a median clinical follow-up of 18 months (range, 0.3–140 months), 21 of 48
(44%) ALK-negative patients (leukemic and non-leukemic) died, including eight of nine
(90%) leukemic and thirteen of thirty-nine (33%) non-leukemic patients. The death rate
for the leukemic patients was significantly higher than that of the non-leukemic patients
(90% vs. 33%, p = 0.006). A high (≥3) IPI score was associated with shorter overall survival
in all (leukemic and non-leukemic) the patients (p = 0.001; Figure 4A). The median overall
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survival (OS) of the leukemic patients was 15.5 months (range 3.1–40.6 months) versus
60 months (range 0.3–139.9 months) for the non-leukemic patients (p = 0.001, Figure 4B).
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4. Discussion

Peripheral blood involvement by lymphoma (leukemic phase) is highly unusual in
ALCL [10], accounting for <5% of all ALCL patients. Most leukemic ALCL cases in the liter-
ature were ALK+ and characterized by young patient age (<30 years of age), male predom-
inance, high frequency of B symptoms, extensive extra-nodal disease, small cell morphol-
ogy, t(2;5)(p23;q35), poor response to chemotherapy, and a poorer outcome [9–11,13,14,27].
These case reports also suggest that ALK+ ALCL patients with a complex karyotype may
be at a higher risk of developing a leukemic phase of the disease.

Among the patients with leukemic ALK-negative ALCL in this study, more than half
had circulating lymphoma cells at the time of the initial diagnosis, whereas the remaining
patients developed blood involvement during the disease course. The percentage of the
circulating lymphoma cells ranged from 2% to 75% (median 6.5%). The clinical features of
the patients with leukemic ALK-negative ALCL in this study were similar to the patients
with non-leukemic disease, except that the patients with leukemic disease had a higher
frequency of bone marrow involvement, absolute lymphocytosis, and thrombocytopenia.
In the literature, ten cases of leukemic ALK-negative ALCL have been reported prior to
the current study: eight (80%) patients had leukemic disease at initial diagnosis and two
patients developed a leukemic phase five years and twenty years after initial diagnosis,
respectively [16,19]. Most of the reported patients also had bone marrow involvement
and/or thrombocytopenia [16–21].

All the ALK-negative ALCL cases in our study resembled the so-called “common pat-
tern” described for ALK+ ALCL, regardless of blood involvement. Some of the lymphoma
cells in the blood or bone marrow aspirate smears had kidney-shaped nuclear contours,
similar to the “hallmark” cells, as can be seen in the tissue sections. Most leukemic cases
reported in the literature also resembled the common pattern with the exception of one case,
in which a small cell morphology was described in a 30-year-old man with leukemic ALK-
negative ALCL and had a history of chronic usage of androgenic steroids [15]. Although a
small cell morphology is seen in a small subset of ALK+ ALCL cases [28], this variant is
very rare and highly challenging to recognize in ALK-negative ALCL.

The immunophenotypic profile of the leukemic ALK-negative ALCL cases was sim-
ilar to that of the non-leukemic cases except for CD7. About 80% of the non-leukemic
ALK-negative ALCL cases in our cohort were negative for CD7 expression, which was
consistent with a previous report [29]. In contrast, 71% of leukemic ALK-negative ALCL
cases were positive for CD7. The high expression rate of CD7 in leukemic ALK-negative
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ALCL indicates that CD7 is a potential therapeutic target. CD7 is a transmembrane
glycoprotein expressed by T-cells and NK-cells, and is a hallmark molecule for early
T-cell differentiation [30]. CD7 is uniformly and strongly positive in T-lymphoblastic
leukemia/lymphoma (T-ALL) and remains highly expressed during chemotherapy and at
relapse [31,32], and therefore, CD7 is a promising therapeutic target. The chimeric antigen
receptor (CAR) T-cells targeting CD7 have showed strong anti-leukemic activity in the
T-ALL cell lines and patient-derived xenografts [31]. In a recently reported phase I trial,
20 patients with relapsed/refractory T-ALL treated with anti-CD7 CAR-T-cells achieved a
high complete remission rate of 90%, and most of these patients remained in remission with
a median follow-up of 6.3 months [33]. A similar approach potentially could be applied
to the patients with leukemic ALK-negative ALCL given their poor treatment response
and outcome.

Although the mechanisms underlying the leukemic phase of ALK-negative ALCL are
unclear, cytogenetic abnormalities may provide a clue. Four of five leukemic ALK-negative
ALCL cases in this study had a complex karyotype, which was significantly higher than
non-leukemic cases. Most of the previously reported leukemic ALK-negative ALCL cases
also had a complex karyotype. Two of four leukemic ALK-negative ALCL cases in this
study also had translocations involving chromosome 3q29. Chromosomal translocations
have been reported in three leukemic ALK-negative ALCL cases in the literature. One case
had a translocation involving chromosome locus 1p36.1 (including RUNX3) and this case
showed overexpression of RUNX3 [17], one case showed t(2;3)(p21;q21) [20], and one case
had an inv(3)(p21q27) [34]. It is intriguing that four leukemic ALK-negative ALCL cases
have harbored translocations involving 3q21-29, and it will be of interest to explore the
potentially involved gene(s) on this locus.

TP53, a tumor-suppressor gene located at chromosome 17p13, is involved in many
cell functions including cell cycle arrest, DNA repair, and apoptosis [35]. TP53 dysfunction
is one of the most common abnormalities in various malignancies, including lymphomas.
It is known that the p53 protein is expressed frequently in ALCL [36]. This study showed
no significant difference in p53 overexpression between the leukemic and non-leukemic
ALK-negative ALCL cases. The activity of the p53 protein is often inactivated by TP53
mutations or oncoproteins-induced suppressive mechanisms in cancer cells. However,
TP53 is not often mutated in ALCL. In an earlier study, <10% of ALCL tumors (ALK+
and ALK-negative) had TP53 mutations [36]. Recent studies reported TP53 mutations
in 16% of systemic ALCL (11% ALK+, 23% ALK-negative) and 15% of peripheral T cell
lymphomas (including ALCL cases); in addition, TP53 mutation was associated with a
poor prognosis [37,38]. These reports suggest that non-mutational mechanisms likely play
a role in suppressing the p53 activity in ALCL. In ALK+ ALCL, the NPM-ALK fusion
protein can functionally inactivate and/or degrade p53 in a JNK and/or MDM2-dependent
manner [39]. Disruption of the p53-MDM2 interaction by nutlin-3a (a small molecule
targeting MDM2) activates the p53 pathway resulting in cell-cycle arrest and apoptosis
in ALK+ ALCL cells [40]. A recent study revealed a novel repressive mechanism of p53
activity by EBP2 in NPM-ALK-expressing cells [41].

Genomic profiling has shown that the most frequently affected chromosomal re-
gions in ALK-negative ALCL cases are 17p13 and 6q21, the sites of TP53 and PRDM1,
respectively. Loss of these regions occur in about 42% and 56% of ALK-negative ALCL
cases, respectively [42]. In contrast, the frequency of the losses of 17p13 and 6q21 in ALK+
ALCL is low (each <10%). In the same study, PRDM1 was shown to be a tumor suppressor
gene in ALCL by both in vitro and in vivo experiments. In the current study, a TP53 FISH
analysis was performed on six leukemic ALK-negative ALCL cases and all of them showed
TP53 deletion. This frequency is higher than the reported 17p13/TP53 deletion rate in
ALK-negative ALCL, suggesting a possible association between TP53 deletion and the
leukemic phase of ALK-negative ALCL.

Among the reported leukemic ALK-negative ALCL cases with follow-up data avail-
able, six of eight (75%) patients died, most within six months [15–18,20,34]. In the present
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study, the overall survival (OS) of the patients with leukemic ALK-negative ALCL was
significantly shorter than that of the non-leukemic patients, confirming the poorer outcome
of patients with leukemic phase ALK-negative ALCL. The prognostic impact of the IPI
score was confirmed in our cohort. A recent study of 235 ALK-negative ALCL patients
from the International T-cell Project reported that B symptoms, elevated serum LDH levels,
and poor performance status were associated with shorter OS by a multivariate analy-
sis [43]. In our cohort, there were no significant differences in the IPI score, frequency of
B symptoms, elevated serum LDH levels, or performance status between the leukemic
and non-leukemic groups, suggesting that these prognostic factors do not contribute to the
poorer outcome of the patients with leukemic ALK-negative ALCL.

ALK-negative ALCL is a genetically heterogenous entity. About 20–30% of ALK-negative
ALCL cases have a DUSP22-rearrangement (DUSP22-R), which has been reported to be
associated with a favorable outcome [5-year overall survival (OS) of 80–90%] [7,44]. In our
cohort, DUSP22-R was detected in 35% of all the ALK-negative ALCL cases, both leukemic
and non-leukemic, consistent with the previously reported rates of DUSP22-R. The lack
of difference in the frequency of DUSP22-R between the leukemic versus non-leukemic
ALK-negative ALCL cases suggests that DUSP22 does not play a role in the different
outcomes of these two groups of patients.

The patients with ALK-negative ALCL bearing 17p loss and/or PRDM1 inactivation
had an inferior OS, compared to the patients bearing no 17p loss and PRDM1 inactiva-
tion [42]. Due to the limited size of that cohort, it is unclear whether the inferior OS
observed in the ALK-negative ALCL patients could be attributed partially or entirely
to TP53 deletion or PRDM1 loss. The extremely high frequency of TP53 deletion in our
leukemic ALK-negative ALCL cases suggest that it may contribute to the poor clinical
outcome of those patients.

5. Conclusions

In summary, we report nine patients with leukemic phase ALK-negative ALCL, the largest
case series to date. In this study, patients with leukemic ALK-negative ALCL had a greater
frequency of absolute lymphocytosis, thrombocytopenia, bone marrow involvement, CD7 posi-
tivity, a complex karyotype, TP53 deletion, and a poor outcome. Our data suggest that patients
with leukemic ALK-negative ALCL may need more aggressive treatment.

Author Contributions: Conceptualization, L.Q., L.J.M. and J.X.; Methodology, G.T. and S.L.; Validation,
L.Q. and J.X.; Formal Analysis, L.Q. and J.X.; Data Curation, L.Q. and M.K.; Writing-Original Draft
Preparation, L.Q., L.J.M. and J.X.; Writing-Review and Editing, L.J.M., G.T., S.K., W.W. and R.N.M.;
Supervision, S.A.W., C.C.Y., J.D.K., S.I. and M.J.Y. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the University of Texas MD Anderson Cancer Center
Institutional Review Board.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available within the article.

Acknowledgments: The study was partly supported by The University of Texas MD Anderson
Cancer Center Division of Pathology and Laboratory Medicine Research Grant (L.Q. and J.X.).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Swerdlow, S.H.; Campo, E.; Pileri, S.A.; Harris, N.L.; Stein, H.; Siebert, R.; Advani, R.; Ghielmini, M.; Salles, G.A.; Zelenetz, A.D.; et al.

The 2016 revision of the World Health Organization classification of lymphoid neoplasms. Blood 2016, 127, 2375–2390. [CrossRef]
[PubMed]

2. Medeiros, L.J.; Elenitoba-Johnson, K.S. Anaplastic Large Cell Lymphoma. Am. J. Clin. Pathol. 2007, 127, 707–722. [CrossRef]

http://doi.org/10.1182/blood-2016-01-643569
http://www.ncbi.nlm.nih.gov/pubmed/26980727
http://doi.org/10.1309/R2Q9CCUVTLRYCF3H


Cancers 2021, 13, 6316 12 of 13

3. Vose, J.; Armitage, J.; Weisenburger, D.; International, T.C.L.P. International peripheral T-cell and natural killer/T-cell lymphoma
study: Pathology findings and clinical outcomes. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2008, 26, 4124–4130. [CrossRef]

4. Falini, B.; Pileri, S.; Zinzani, P.L.; Carbone, A.; Zagonel, V.; Wolf-Peeters, C.; Verhoef, G.; Menestrina, F.; Todeschini, G.; Paulli, M.; et al.
ALK+ lymphoma: Clinico-pathological findings and outcome. Blood 1999, 93, 2697–2706. [PubMed]

5. Sibon, D.; Fournier, M.; Briere, J.; Lamant, L.; Haioun, C.; Coiffier, B.; Bologna, S.; Morel, P.; Gabarre, J.; Hermine, O.; et al.
Long-term outcome of adults with systemic anaplastic large-cell lymphoma treated within the Groupe d’Etude des Lymphomes
de l’Adulte trials. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2012, 30, 3939–3946. [CrossRef]

6. Ten Berge, R.L.; de Bruin, P.C.; Oudejans, J.J.; Ossenkoppele, G.J.; van der Valk, P.; Meijer, C.J. ALK-negative anaplastic large-cell
lymphoma demonstrates similar poor prognosis to peripheral T-cell lymphoma, unspecified. Histopathology 2003, 43, 462–469.
[CrossRef]

7. Parrilla Castellar, E.R.; Jaffe, E.S.; Said, J.W.; Swerdlow, S.H.; Ketterling, R.P.; Knudson, R.A.; Sidhu, J.S.; Hsi, E.D.; Karikehalli, S.;
Jiang, L.; et al. ALK-negative anaplastic large cell lymphoma is a genetically heterogeneous disease with widely disparate clinical
outcomes. Blood 2014, 124, 1473–1480. [CrossRef] [PubMed]

8. Ellin, F.; Landstrom, J.; Jerkeman, M.; Relander, T. Real-world data on prognostic factors and treatment in peripheral T-cell
lymphomas: A study from the Swedish Lymphoma Registry. Blood 2014, 124, 1570–1577. [CrossRef] [PubMed]

9. Ok, C.Y.; Wang, S.A.; Amin, H.M. Leukemic phase of ALK(+) anaplastic large-cell lymphoma, small-cell variant: Clinicopathologic
pitfalls of a rare entity. Clin. Lymphoma Myeloma Leuk. 2014, 14, e123–e126. [CrossRef] [PubMed]

10. Spiegel, A.; Paillard, C.; Ducassou, S.; Perel, Y.; Plantaz, D.; Strullu, M.; Eischen, A.; Lutz, P.; Lamant, L.; Le Deley, M.C.; et al.
Paediatric anaplastic large cell lymphoma with leukaemic presentation in children: A report of nine French cases. Br. J. Haematol.
2014, 165, 545–551. [CrossRef] [PubMed]

11. Nguyen, J.T.; Condron, M.R.; Nguyen, N.D.; De, J.; Medeiros, L.J.; Padula, A. Anaplastic large cell lymphoma in leukemic phase:
Extraordinarily high white blood cell count. Pathol. Int. 2009, 59, 345–353. [CrossRef] [PubMed]

12. Monaco, S.; Tsao, L.; Murty, V.V.; Nandula, S.V.; Donovan, V.; Oesterheld, J.; Bhagat, G.; Alobeid, B. Pediatric ALK+ anaplastic
large cell lymphoma with t(3;8)(q26.2;q24) translocation and c-myc rearrangement terminating in a leukemic phase. Am. J.
Hematol. 2007, 82, 59–64. [CrossRef]

13. Bayle, C.; Charpentier, A.; Duchayne, E.; Manel, A.M.; Pages, M.P.; Robert, A.; Lamant, L.; Dastugue, N.; Bertrand, Y.;
Dijoud, F.; et al. Leukaemic presentation of small cell variant anaplastic large cell lymphoma: Report of four cases. Br. J.
Haematol. 1999, 104, 680–688. [CrossRef] [PubMed]

14. Grewal, J.S.; Smith, L.B.; Winegarden, J.D., 3rd; Krauss, J.C.; Tworek, J.A.; Schnitzer, B. Highly aggressive ALK-positive anaplastic
large cell lymphoma with a leukemic phase and multi-organ involvement: A report of three cases and a review of the literature.
Ann. Hematol. 2007, 86, 499–508. [CrossRef] [PubMed]

15. Kasinathan, G. Leukemic phase of ALK-negative anaplastic large cell lymphoma in a patient who is on androgenic steroids:
A case report. Ann. Med. Surg. 2020, 49, 1–4. [CrossRef]

16. Karki, N.R.; Badin, K.; Savage, N.; Bryan, L. Leukaemic relapse of anaplastic large cell lymphoma, ALK negative. BMJ Case Rep.
2021, 14, e239213. [CrossRef] [PubMed]

17. Yamashita, Y.; Hori, Y.; Kosako, H.; Oiwa, T.; Warigaya, K.; Mushino, T.; Murata, S.; Fujimoto, M.; Nishikawa, A.; Murata, S.I.; et al.
Brentuximab vedotin for refractory anaplastic lymphoma kinase-negative anaplastic large cell lymphoma in leukemic phase with
RUNX3 overexpression. Hematol. Rep. 2020, 12, 8368. [CrossRef]

18. Lu, Y.; Zhao, X.; Wang, E.; Chen, W.; Huang, Q. ALK-negative anaplastic large cell lymphoma with extensive peripheral blood
and bone marrow involvements manifested as “leukemic phase”. Leuk. Res. 2010, 34, 475–482. [CrossRef]

19. Huang, Q.; Gaal, K.K.; Nademanee, A. Acute leukemic manifestation of recurrent anaplastic large-cell lymphoma 20 years after
autologous bone marrow transplantation. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2012, 30, e34–e36. [CrossRef] [PubMed]

20. Wong, W.S.; Liu, B.W.; Lam, F.S.; Wong, K.F. ALK-negative anaplastic large cell lymphoma in leukemic phase with near-
pentaploidy. Leuk. Lymphoma 2010, 51, 1927–1930. [CrossRef] [PubMed]

21. Dalal, B.I.; Chhanabhai, M.; Horsman, D.E.; LeHuquet, J.; Coupland, R. Anaplastic large-cell lymphoma presenting as acute
leukemia. Am. J. Hematol. 2005, 79, 164–165. [CrossRef] [PubMed]

22. Shen, J.; Li, S.; Medeiros, L.J.; Lin, P.; Wang, S.A.; Tang, G.; Yin, C.C.; You, M.J.; Khoury, J.D.; Iyer, S.P.; et al. PD-L1 expression is
associated with ALK positivity and STAT3 activation, but not outcome in patients with systemic anaplastic large cell lymphoma.
Mod. Pathol. 2020, 33, 324–333. [CrossRef]

23. Shen, J.; Medeiros, L.J.; Li, S.; Wang, S.A.; Lin, P.; Khanlari, M.; Iyer, S.P.; Yin, C.C.; Tang, G.; Jorgensen, J.L.; et al. CD8 expression
in anaplastic large cell lymphoma correlates with noncommon morphologic variants and T-cell antigen expression suggesting
biological differences with CD8-negative anaplastic large cell lymphoma. Hum. Pathol. 2020, 98, 1–9. [CrossRef] [PubMed]

24. Yin, C.C.; Peng, J.; Li, Y.; Kanagal-Shamanna, R.; Muzzafar, T.; DiNardo, C.; Khoury, J.D.; Li, S.; Medeiros, L.J.; Wang, S.A.; et al.
Clinical significance of newly emerged isolated del(20q) in patients following cytotoxic therapies. Mod. Pathol. 2015, 28, 1014–1022.
[CrossRef] [PubMed]

25. Lyapichev, K.A.; Tang, G.; Li, S.; You, M.J.; Cheng, T.J.; Miranda, R.N.; Iyer, S.; Yin, C.C.; Konoplev, S.; Bueso-Ramos, C.; et al.
MYC expression is associated with older age, common morphology, increased MYC copy number, and poorer prognosis in
patients with ALK+ anaplastic large cell lymphoma. Hum. Pathol. 2021, 108, 22–31. [CrossRef] [PubMed]

http://doi.org/10.1200/JCO.2008.16.4558
http://www.ncbi.nlm.nih.gov/pubmed/10194450
http://doi.org/10.1200/JCO.2012.42.2345
http://doi.org/10.1046/j.1365-2559.2003.01726.x
http://doi.org/10.1182/blood-2014-04-571091
http://www.ncbi.nlm.nih.gov/pubmed/24894770
http://doi.org/10.1182/blood-2014-04-573089
http://www.ncbi.nlm.nih.gov/pubmed/25006130
http://doi.org/10.1016/j.clml.2014.02.009
http://www.ncbi.nlm.nih.gov/pubmed/24685107
http://doi.org/10.1111/bjh.12777
http://www.ncbi.nlm.nih.gov/pubmed/24666317
http://doi.org/10.1111/j.1440-1827.2009.02376.x
http://www.ncbi.nlm.nih.gov/pubmed/19432678
http://doi.org/10.1002/ajh.20758
http://doi.org/10.1046/j.1365-2141.1999.01238.x
http://www.ncbi.nlm.nih.gov/pubmed/10192426
http://doi.org/10.1007/s00277-007-0289-3
http://www.ncbi.nlm.nih.gov/pubmed/17396261
http://doi.org/10.1016/j.amsu.2019.11.007
http://doi.org/10.1136/bcr-2020-239213
http://www.ncbi.nlm.nih.gov/pubmed/33619137
http://doi.org/10.4081/hr.2020.8368
http://doi.org/10.1016/j.leukres.2009.07.034
http://doi.org/10.1200/JCO.2011.37.4785
http://www.ncbi.nlm.nih.gov/pubmed/22162579
http://doi.org/10.3109/10428194.2010.502585
http://www.ncbi.nlm.nih.gov/pubmed/20846102
http://doi.org/10.1002/ajh.20359
http://www.ncbi.nlm.nih.gov/pubmed/15929113
http://doi.org/10.1038/s41379-019-0336-3
http://doi.org/10.1016/j.humpath.2020.01.005
http://www.ncbi.nlm.nih.gov/pubmed/32032618
http://doi.org/10.1038/modpathol.2015.66
http://www.ncbi.nlm.nih.gov/pubmed/26044451
http://doi.org/10.1016/j.humpath.2020.11.002
http://www.ncbi.nlm.nih.gov/pubmed/33221344


Cancers 2021, 13, 6316 13 of 13

26. Assi, R.; Gur, H.D.; Loghavi, S.; Konoplev, S.N.; Konopleva, M.; Daver, N.; Tashakori, M.; Kadia, T.; Routbort, M.; Salem, A.; et al.
P53 protein overexpression in de novo acute myeloid leukemia patients with normal diploid karyotype correlates with FLT3
internal tandem duplication and worse relapse-free survival. Am. J. Hematol. 2018, 93, 1376–1383. [CrossRef] [PubMed]

27. Onciu, M.; Behm, F.G.; Raimondi, S.C.; Moore, S.; Harwood, E.L.; Pui, C.H.; Sandlund, J.T. ALK-positive anaplastic large cell
lymphoma with leukemic peripheral blood involvement is a clinicopathologic entity with an unfavorable prognosis. Report of
three cases and review of the literature. Am. J. Clin. Pathol. 2003, 120, 617–625. [CrossRef]

28. Khanlari, M.; Li, S.; Miranda, R.N.; Iyer, S.; Konoplev, S.; Lin, P.; Yin, C.C.; Tang, G.; Qiu, L.; Vega, F.; et al. Small
cell/lymphohistiocytic morphology is associated with peripheral blood involvement, CD8 positivity and retained T-cell antigens,
but not outcome in adults with ALK+ anaplastic large cell lymphoma. Mod. Pathol. 2021, 1–17. [CrossRef]

29. Muzzafar, T.; Wei, E.X.; Lin, P.; Medeiros, L.J.; Jorgensen, J.L. Flow cytometric immunophenotyping of anaplastic large cell
lymphoma. Arch. Pathol. Lab. Med. 2009, 133, 49–56. [CrossRef]

30. Haynes, B.F.; Martin, M.E.; Kay, H.H.; Kurtzberg, J. Early events in human T cell ontogeny. Phenotypic characterization and
immunohistologic localization of T cell precursors in early human fetal tissues. J. Exp. Med. 1988, 168, 1061–1080. [CrossRef]
[PubMed]

31. Png, Y.T.; Vinanica, N.; Kamiya, T.; Shimasaki, N.; Coustan-Smith, E.; Campana, D. Blockade of CD7 expression in T cells for
effective chimeric antigen receptor targeting of T-cell malignancies. Blood Adv. 2017, 1, 2348–2360. [CrossRef] [PubMed]

32. Rozenova, K.A.; Jevremovic, D.; Reichard, K.K.; Nguyen, P.; Otteson, G.E.; Timm, M.M.; Horna, P.; Olteanu, H.; Shi, M. CD2
and CD7 are sensitive flow cytometry screening markers for T-lineage acute leukemia(s): A study of 465 acute leukemia cases.
Hum. Pathol. 2021, 114, 66–73. [CrossRef] [PubMed]

33. Pan, J.; Tan, Y.; Wang, G.; Deng, B.; Ling, Z.; Song, W.; Seery, S.; Zhang, Y.; Peng, S.; Xu, J.; et al. Donor-Derived CD7 Chimeric
Antigen Receptor T Cells for T-Cell Acute Lymphoblastic Leukemia: First-in-Human, Phase I Trial. J. Clin. Oncol. Off. J. Am. Soc.
Clin. Oncol. 2021, 39, 3340–3351. [CrossRef] [PubMed]

34. Kim, J.; Park, C.J.; Seo, E.J.; Suh, C. A case of ALK negative anaplastic large cell lymphoma with leukaemic manifestation,
transformed from CD4 positive T-cell large granular lymphocytic leukaemia. Pathology 2015, 47, 86–87. [CrossRef] [PubMed]

35. Sherr, C.J.; McCormick, F. The RB and p53 pathways in cancer. Cancer Cell 2002, 2, 103–112. [CrossRef]
36. Rassidakis, G.Z.; Thomaides, A.; Wang, S.; Jiang, Y.; Fourtouna, A.; Lai, R.; Medeiros, L.J. p53 gene mutations are uncommon but

p53 is commonly expressed in anaplastic large-cell lymphoma. Leukemia 2005, 19, 1663–1669. [CrossRef] [PubMed]
37. Lobello, C.; Tichy, B.; Bystry, V.; Radova, L.; Filip, D.; Mraz, M.; Montes-Mojarro, I.A.; Prokoph, N.; Larose, H.; Liang, H.C.; et al.

STAT3 and TP53 mutations associate with poor prognosis in anaplastic large cell lymphoma. Leukemia 2021, 35, 1500–1505.
[CrossRef] [PubMed]

38. Ye, Y.; Ding, N.; Mi, L.; Shi, Y.; Liu, W.; Song, Y.; Shu, S.; Zhu, J. Correlation of mutational landscape and survival outcome of
peripheral T-cell lymphomas. Exp. Hematol. Oncol. 2021, 10, 9. [CrossRef]

39. Cui, Y.X.; Kerby, A.; McDuff, F.K.; Ye, H.; Turner, S.D. NPM-ALK inhibits the p53 tumor suppressor pathway in an MDM2 and
JNK-dependent manner. Blood 2009, 113, 5217–5227. [CrossRef]

40. Drakos, E.; Atsaves, V.; Schlette, E.; Li, J.; Papanastasi, I.; Rassidakis, G.Z.; Medeiros, L.J. The therapeutic potential of p53
reactivation by nutlin-3a in ALK+ anaplastic large cell lymphoma with wild-type or mutated p53. Leukemia 2009, 23, 2290–2299.
[CrossRef] [PubMed]

41. Uchihara, Y.; Tago, K.; Tamura, H.; Funakoshi-Tago, M. EBP2, a novel NPM-ALK-interacting protein in the nucleolus, contributes
to the proliferation of ALCL cells by regulating tumor suppressor p53. Mol. Oncol. 2021, 15, 167–194. [CrossRef] [PubMed]

42. Boi, M.; Rinaldi, A.; Kwee, I.; Bonetti, P.; Todaro, M.; Tabbo, F.; Piva, R.; Rancoita, P.M.; Matolcsy, A.; Timar, B.; et al.
PRDM1/BLIMP1 is commonly inactivated in anaplastic large T-cell lymphoma. Blood 2013, 122, 2683–2693. [CrossRef] [PubMed]

43. Shustov, A.; Cabrera, M.E.; Civallero, M.; Bellei, M.; Ko, Y.H.; Manni, M.; Skrypets, T.; Horwitz, S.M.; De Souza, C.A.;
Radford, J.A.; et al. ALK-negative anaplastic large cell lymphoma: Features and outcomes of 235 patients from the International
T-Cell Project. Blood Adv. 2021, 5, 640–648. [CrossRef] [PubMed]

44. Pedersen, M.B.; Hamilton-Dutoit, S.J.; Bendix, K.; Ketterling, R.P.; Bedroske, P.P.; Luoma, I.M.; Sattler, C.A.; Boddicker, R.L.;
Bennani, N.N.; Norgaard, P.; et al. DUSP22 and TP63 rearrangements predict outcome of ALK-negative anaplastic large cell
lymphoma: A Danish cohort study. Blood 2017, 130, 554–557. [CrossRef] [PubMed]

http://doi.org/10.1002/ajh.25255
http://www.ncbi.nlm.nih.gov/pubmed/30117185
http://doi.org/10.1309/WH8PNU9PK4RRV852
http://doi.org/10.1038/s41379-021-00944-1
http://doi.org/10.5858/133.1.49
http://doi.org/10.1084/jem.168.3.1061
http://www.ncbi.nlm.nih.gov/pubmed/2459287
http://doi.org/10.1182/bloodadvances.2017009928
http://www.ncbi.nlm.nih.gov/pubmed/29296885
http://doi.org/10.1016/j.humpath.2021.05.007
http://www.ncbi.nlm.nih.gov/pubmed/34019867
http://doi.org/10.1200/JCO.21.00389
http://www.ncbi.nlm.nih.gov/pubmed/34324392
http://doi.org/10.1097/PAT.0000000000000204
http://www.ncbi.nlm.nih.gov/pubmed/25474523
http://doi.org/10.1016/S1535-6108(02)00102-2
http://doi.org/10.1038/sj.leu.2403840
http://www.ncbi.nlm.nih.gov/pubmed/15990866
http://doi.org/10.1038/s41375-020-01093-1
http://www.ncbi.nlm.nih.gov/pubmed/33247178
http://doi.org/10.1186/s40164-021-00200-x
http://doi.org/10.1182/blood-2008-06-160168
http://doi.org/10.1038/leu.2009.180
http://www.ncbi.nlm.nih.gov/pubmed/19741726
http://doi.org/10.1002/1878-0261.12822
http://www.ncbi.nlm.nih.gov/pubmed/33040459
http://doi.org/10.1182/blood-2013-04-497933
http://www.ncbi.nlm.nih.gov/pubmed/24004669
http://doi.org/10.1182/bloodadvances.2020001581
http://www.ncbi.nlm.nih.gov/pubmed/33560375
http://doi.org/10.1182/blood-2016-12-755496
http://www.ncbi.nlm.nih.gov/pubmed/28522440

	Introduction 
	Materials and methods 
	Case Selection 
	Immunophenotypic Analysis 
	Conventional Cytogenetic Analysis 
	Fluorescence in Situ Hybridization 
	Statistical Analysis 

	Results 
	Clinical Findings 
	Morphologic and Immunophenotypic Findings 
	Cytogenetic and Molecular Findings 
	Treatment and Response 
	Outcome 

	Discussion 
	Conclusions 
	References

