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INTRODUCTION
The ALK is a receptor tyrosine kinase playing important role in the 
development of brain and regulation of nerve cell proliferation [1]. ALK 
expression was initially found in Anaplastic Large Cell Lymphoma 
(ALCL) [2]. The ALK gene is also found to be mutated in other tumours 
also, like ALK+ LBCL, epithelioid fibrous histiocytoma, inflammatory 
myofibroblastic tumour, adenocarcinoma of lung etc., [3-6]. The 
first description of ALK+ LBCL was in 1997 [3]. It is an aggressive 
neoplasm of large B-cells and usually has a plasma cell phenotype. 
These tumours can also be mistaken for carcinomas as occasional 
cases show positivity for CK and EMA in combination with negative 
staining for LCA [7]. The most frequent genetic abnormality is t 
(2;17) resulting in Clathrin Heavy Chain (CLTC)-ALK fusion protein 
[7]. Disease has aggressive clinical course. Significantly longer 
survival is reported in those with localised disease [8]. The present 
study emphasises the importance of correlation of morphology with 
an optimal immunohistochemical panel for the accurate diagnosis 
of ALK+ LBCL and to avoid misdiagnosing it as non haematopoietic 
neoplasms. Data on ALK+ LBCL is mainly available as case reports, 
case series, few review and research articles and have highlighted 

the rarity and the high possibility of pathological misdiagnosis 
because of its morphologic and immunophenotypic overlap with 
other haematopoietic and non haematopoietic neoplasms [8-28].

The present study adds to the existing number of cases to help in 
further understanding of clinicopathologic features, diagnosis and 
outcome of this rare entity. Aim of the present study was to study the 
morphology and immunophenotypic profile, clinical details, pattern of 
care, PFS and overall survival of patients diagnosed as ALK+ LBCL.

MATERIALS AND METHODS
This was a clinicopathological retrospective descriptive study and 
was conducted in the Department of Pathology, Regional Cancer 
Centre, Thiruvananthapuram, Kerala, India. The duration of the 
study was six months, from January 2022 to June 2022. Period of 
study was for a duration of 10 years from January 2010 December 
2020. The study was approved by Human Ethics Committee, 
letter number (HEC No. 29/22 dated 24th May 2022). The study 
was in accordance with the ethical standards of the responsible 
committee on human experimentation (Institutional) and with the 
Helsinki Declaration of 1964 as revised in 2013. Waiver of informed 
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ABSTRACT
Introduction: Anaplastic Lymphoma Kinase (ALK) positive Large 
B-Cell Lymphoma (ALK+ LBCL) is a very rare aggressive B-cell 
lymphoma presenting significant diagnostic challenges due to 
their rarity and unique immunophenotypic features. ALK is a 
tyrosine kinase receptor and is expressed by ALK+ LBCL due 
to ALK rearrangement.

Aim: To analyse the histopathological features including 
morphology and immunophenotype, clinical details, pattern 
of care, Progression Free Survival (PFS) and overall survival of 
cases diagnosed as ALK+ LBCL.

Materials and Methods: This clinicopathological retrospective 
descriptive study was conducted in the Department of 
Pathology at a Tertiary Care Cancer Centre, Thiruvananthapuram, 
Kerala, India. The duration of the study was six months, from 
January 2022 to June 2022. All the cases of ALK+ LBCL were 
diagnosed over a period of 10 years, from January 1st 2010 to 
December 31st 2020. The cases of LBCL diagnosed during the 
10 year period were reviewed. Clinical details were obtained 
from the case sheets of the cases diagnosed as ALK+ LBCL and 
summarised. Data collection variables included age, sex, stage, 
nodal and extranodal status, bone marrow, Central Nervous 
System (CNS) involvement, haemoglobin, Total Leukocyte 
Count (TLC) and platelet count, Lactate Dehydrogenase (LDH) 

value, performance status, date of diagnosis, date of treatment 
started, date of progression, date of last follow-up, date of death 
(if dead). Review of Haematoxylin and Eosin (H&E) sections 
and immunohistochemical slides were done and observations 
were recorded. Descriptive statistics was used to summarise 
the basic features of the dataset and Kaplan-Meier method was 
used for calculation of survival.

Results: The age of study participants ranged from 16-56 
years. During the 10 year period, LBCL accounted for 2415 
cases. Among these, ALK+ LBCL constituted 6 (0.25%) cases. 
There was a male predilection (n=5). Blood counts were normal 
except for anaemia in three patients. LDH was raised in all the 
patients. Advanced stage disease was present in two patients. 
Histopathologically, tumour cells in all the cases showed 
plasmablastic morphology. Immunohistochemistry (IHC) revealed 
plasma cell immunophenotype and positivity for ALK in all the 
cases. Cytokeratin (CK) and Epithelial Membrane Antigen (EMA) 
were positive in three cases simulating carcinomas. Six year 
overall survival and PFS in the present study was 50% and 
33.3%, respectively.

Conclusion: Careful interpretation of the morphology and 
immunophenotype is essential for diagnosis of ALK+ LBCL, as it 
can be easily misdiagnosed as a non haematological malignancy 
thus, affecting the treatment and prognosis in these patients.
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consent was approved by HEC, as it was a retrospective study of 
six cases, involving only data collection and did not involve revealing 
the patient identity at any point of time.

inclusion criteria: Cases of ALK+ LBCL, diagnosed in the centre 
during the study period were included in the study.

exclusion criteria: Cases of ALK+ LBCL, whose slides and blocks 
could not be retrieved from the archives and the non registered 
cases were excluded from the study.

Study Procedure
The slides and blocks of selected cases were retrieved and reviewed. 
Case sheets of all the six cases were retrieved. The details of the 
cases were collected and entered into the proforma for analysis. 
Data collection variables included age, sex, stage, lymph node 
status, extranodal involvement, bone marrow, CNS involvement 
(neurological examination/radiological examination/pathological study 
by stereotactic biopsy/lumbar puncture) [29], haemoglobin (reference 
range-females: 12.1-15.1 gm/dL, males: 13.8-17.2 gm/dL), TLC 
(reference range-4500-11,000 White Blood Cells (WBC)/mL), platelet 
count (reference range-1,50,000-4,50,000/mL), LDH value (reference 
range-120-246 u/L), performance status {measured by Eastern 
Cooperative Oncology Group (ECOG) scale} [30], date of diagnosis, 
date of treatment started, date of progression, date of last follow-
up, date of death (if dead). Primary outcome was the spectrum of 
morphologic and immunohistochemical profile of cases diagnosed 
as ALK+ LBCL. Secondary outcome was the clinical scenario, 
progression- free and overall survival of the cases [31]. In order to 
reduce the lost to follow-up cases, the authors attempted to contact 
the patients through phone, and data were collected.

The IHC is a diagnostic laboratory technique used to detect specific 
antigens in tissues based on antigen-antibody recognition. It is 
important in diagnostic pathology for the diagnosis and classification 
of tumours. IHC is also important for identification of prognostic and 
predictive markers [32]. Immunophenotyping by IHC was done by 
automation in Ventana BenchMark XT. Panel of antibodies used 
for IHC include Cluster of Differentiation (CD) markers CD45 (clone 
2B11-PD7/26, Dallas Area Kitefliers Organisation (DAKO), 1:500 
dilution), CD20 {clone L26, DAKO, 1:50 dilution), CD79a (clone 
JCB117, DAKO, Ready-to-Use (RTU)}, CD5 (clone4C7, Biocare, 
1:50 dilution), CD30 (clone Beryllium hydride2 (BeH2), DAKO, 1:50 
dilution), CD138 (clone M115, DAKO, 1:50 dilution), CD38 (clone 
Epithelial (EP)135, PathnSitu, RTU), CK (clone AE1/AE3, DAKO, 
1:100 dilution), EMA (clone E29, DAKO, 1:50 dilution), PAX5 (Paired 
box 5) (clone DAK-nuclear protein in the paired-box (PAX5), DAKO, 
RTU), Multiple Myeloma1 (MUM1) (clone MUM1p, DAKO, RTU), Ki-
67 (Kiel-67) (clone MIB1, DAKO, 1:50 dilution), ALK (clone ALK-1, 
DAKO, 1:50 dilution), Kappa (clone L1C1, Biocare, 1:50 dilution), 
Lambda (clone N10/2, Biocare, 1:50 dilution), CyclinD1 (clone SP4, 
Biocare, 1:50 dilution) and CD56 (123C3, DAKO, RTU).

STATISTICAL ANALYSIS
Descriptive statistics such as mean, standard deviation, frequency 
and percentage were calculated. Kaplan-Meier method was used 
for calculating survival.

RESULTS
During the 10 years of period, around 2415 cases of LBCL were 
diagnosed in the cancer centre. Among these, ALK+ LBCL constituted 
6 (0.25%) cases. Clinical details are summarised in [Table/Fig-1]. 
Age ranged from 16-56 years. There was a male predominance 
5 (83.33%) cases. Anaemia was present in four patients. TLC and 
platelet counts were within the normal range in all patients. LDH was 
raised in all patients and ranged from 546 u/L-1686 u/L. Advanced 
stage disease was seen in 2 (33.33%) patients. Among the two 
patients, one patient is alive with evidence of disease and the other 
patient died of disease. Bone marrow was uninvolved in all the cases.

Parameters case 1 case 2 case 3 case 4 case 5 case 6

Age (years) 50 17 50 56 39 16

Sex Female Male Male Male Male Male

Stage 3B 2B 2B 4B 2B 2A

Extranodal Nil Nil Nil Liver SI Nil

Bone marrow Nil Nil Nil Nil Nil Nil

CNS Nil Nil Nil Nil Nil Nil

Haemoglobin 
(gm/dL)

9.9 12.8 13.9 9 7.7 14.9

Total count 
(Cells/mm3)

10500 14600 7400 5300 6400 9300

Platelet count 
(Lakhs/mm3)

4.5 4.37 3.28 6.24 4.08 2.4

LDH 1337 780 546 787 1686 601

PS 1 1 1 1 2 1

Outcome Alive Dead
Alive with 
disease

Dead Dead Alive

[Table/Fig-1]: Clinical details and outcome of the six cases of ALK+ LBCL.
SI: Small intestine; CNS: Central nervous system; LDH: Lactate dehydrogenase; PS: Performance 
status

[Table/Fig-2]: Case 1: a) Atypical lymphoid cells with plasmablastic appearance. (H&E, 
400X); b) Membrane positivity for Life Cycle Assessment (LCA). (IHC, 400X); c) Nuclear 
positivity for MUM1. (IHC, 400X); d) Cytoplasmic positivity for ALK. (IHC, 400X).

[Table/Fig-3]: Case 2: a) Atypical lymphoid cells showing plasmablastic appearance. 
(H&E, 400X); b) Tumour cells are focally positive for CK. (IHC, 400X); c) EMA positive. 
(IHC, 400X); d) ALK positive (IHC, 400X).

Histopathology of all the cases showed, large tumour cells with 
plasmablastic appearance and diffuse infiltrative growth patterns.

Analysis of IHC findings revealed that, tumour cells in all the cases 
were positive for ALK in a cytoplasmic granular pattern [Table/Fig-
2-6]. The LCA was positive with varying intensity in five cases. CK 
was positive with varying intensity in three cases. CD20 was negative 
in all the cases. MUM1 and CD138 were positive in all the cases. 
Immunophenotype is summarised in [Table/Fig-7]. Cases three and 
four were challenging as tumour cells were focally weak positive 
to negative for LCA coupled with weak positivity for CK. Case 4 
presented with epigastric mass and was positive for CK, EMA, c-Kit 
and negative for LCA by IHC. Kappa lambda light chain staining was 
done in four cases and showed light chain restriction in three cases.
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Patients were primarily treated by Cyclophosphamide, 
Hydroxydaunorubicin, Oncovin, Prednisolone (CHOP) regimen. 
Relapsed and refractory cases were managed by Dexamethasone, 
High Dose Cytarabine, Cisplatin (DHAP), Ifosfamide, Carboplatin, 
Etoposide (ICE) regimens according to the age and performance 
status of individuals. Follow-up at four years was 100% and at 
five years was 83.3%. Median follow-up period was 75 months. 
Six-year overall survival was 50% (SE=0.20) and PFS was 33.3% 
(SE=0.19) [Table/Fig-8 a,b].

[Table/Fig-4]: Case 3: a) Tumour cells arranged diffusely. (H&E, 400X); b) Tumour 
cells are positive for LCA. (IHC, 400X); c) CD138 positive. (IHC, 400X); d) ALK 
 positive. (IHC, 400X).

[Table/Fig-5]: Case 4: a) Atypical lymphoid cells with plasmablastic features. 
(H&E, 400X); b) Tumour cells are focally positive for CK. (IHC, 400X); c) EMA 
positive. (IHC, 400X); d) MUM1 positive. (IHC, 400X); e) ALK positive (IHC, 400X).

[Table/Fig-6]: Case 6: a) Atypical lymphoid cells showing plasmablastic appearance. 
(H&E, 400X); b) Tumour cells are positive for EMA. (IHC, 400X); c) CD138 positive. 
(IHC, 400X); d) ALK positive. (IHC, 400X).

ihc marker case 1 case 2 case 3 case 4 case 5 case 6

CD45 + + Weak+ - + +

CK - Focal+ Weak+ +
Not 

done
-

EMA
Not 

done
Focal+ Not done +

Not 
done

Focal+

CD20 - - - - - -

CD79a - - - Focal+
Not 

done
-

PAX5
Not 

done
- Dim+ Dim+

Not 
done

-

CD5 - - - - - -

CD30 - - - - - -

MUM1 + + + + + +

Ki-67 80% 70% 90-95% 40% 90% 70%

CD138 Focal+ + + + + Focal+

CD38 Focal+ + Not done
Not 

done
+

Not 
done

[Table/Fig-8]: a) Kaplan-Meier curve showing the overall survival. b) Kaplan-Meier 
curve showing the PFS.

DISCUSSION
The ALK+ LBCL is rare and accounts for less than 1% of LBCL 
[7]. The frequency of ALK+ LBCL is similar to that mentioned in 
literature [7]. Median age reported in literature, is 43 years with age 
range of 9-85 years [7]. Age range mentioned in the present study, 
is similar to that in other studies [9-14]. One third of cases of ALK+ 
LBCL are reported in paediatric age group [7]. ALK+ LBCL shows 
a male predilection, which was also seen in the present study [7]. 
ALK+ LBCL are primarily a nodal disease [7]. All patients had primary 
involvement of nodes. Among the extranodal sites, upper airway is 
the most affected site [10]. Other sites includes bone, gastrointestinal 
tract, spleen, liver and skin [7,10]. Case 4 and 5 showed contiguous 
involvement of liver and small intestine, respectively. Bone marrow 
was uninvolved in all the six cases. Bone marrow is reported to be 
involved in 25% of cases of ALK+ LBCL but none of the cases in 
the present study had bone marrow involvement [7]. Another study 
showed bone marrow infiltration in 33% of patients [10]. Although, 
patients are more likely to present with advanced stage disease 
(stage 3/4), advanced disease was present in 2 (33.33%) cases.

Advanced stage disease is reported in around 60% of patients [7,10]. 
Morphology of tumour cells in all the cases showed a plasmablastic 
appearance. IHC also showed plasma cell phenotype in all the 
cases. Cases 2, 3 and 4 mimicked non haematopoietic tumours as 
tumour cells were weakly positive for CK and were focally positive 
to negative for LCA. Case 4 presented with epigastric mass and 
was positive for CK, EMA, c-Kit and negative for LCA by IHC, thus, 
initially suggesting the diagnosis of epithelioid gastrointestinal stromal 
tumour. These cases can be easily misdiagnosed morphologically 
and immunophenotypically as non haematopoietic neoplasms or 
other haematopoietic neoplasms with a limited panel of IHC markers 
[7,10-14]. Comparison of IHC of the present study and similar other 
published studies is given in [Table/Fig-9] [9,12,13,17,18,26].

ALK + + + + + +

Light chain 
restriction

+, kappa +, lambda +, lambda -
Not 

done
Not 

done

Cyclin D1 - - - - - -

CD56 - - - - - -

[Table/Fig-7]: Immunophenotype of the six cases of ALK+ LBCL. 
+: positive; -: negative; CK: Cytokeratin; CD: Cluster of differentiation; EMA: Epithelial membrane 
antigen; PAX5: Paired box 5; MUM1: Multiple myeloma 1; Ki-67: Kiel-67; ALK: Anaplastic lymphoma 
kinase
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Differential diagnosis of these tumours includes metastatic 
carcinomas, LBCL {Diffuse large B cell lymphoma (DLBCL)- 
anaplastic variant, Primary Effusion Lymphoma (PEL), plasmablastic 
lymphoma} plasmacytoma, Anaplastic Large Cell Lymphoma (ALCL) 
of T-cell origin [7]. Occasional cases of ALK+ LBCL are positive 
for CK, EMA and negative for LCA thus, simulating carcinomas 
[7]. MUM1 positivity in ALK+ LBCL will help in differentiating from 
carcinomas in these instances. Carcinomas are MUM1 negative [13]. 
Napsin A which is a marker of lung and ovarian adenocarcinomas 
can also be positive in ALK+ LBCL. A small subset of ALK positive 
lung adenocarcinomas, further add to the diagnostic difficulty. All 
the documented cases of napsin positive ALK+ LBCL are LCA 
positive [15,16]. DLBCL anaplastic variant express pan B-cell 
lineage antigens and is negative for ALK [7]. PEL usually present 
clinically as serous effusions and is universally associated with 
HHV-8 and usually occurs in immunodeficiency settings [7,13]. 
They express LCA, but lack pan B cell lineage antigens. Plasma 
cell markers are often positive by IHC. Tumour cells are positive for 
HHV-8 and negative for ALK [7,13]. Tumour cells are also positive 
for Epstein-Barr Encoding Region (EBER) by in-situ hybridisation. 
ALK+ LBCL usually occur in immunocompetent individuals and is 
negative for EBER and HHV-8 [7]. Plasmablastic Lymphoma (PBL) 
mostly occurs in association with Human Immunodeficiency Virus 
(HIV) infection. It is a high grade lymphoma with plasmablastic 
features morphologically and immunophenotypically, negative 
for ALK and express EBER by in-situ hybridisation [7,33,34]. 
Plasmacytoma with plasmablastic morphology can simulate ALK+ 
LBCL but, ALK is negative in plasmacytoma. Plasmacytoma is 
also characterised by distinctive clinical, biochemical and radiology 
findings. Demonstration of molecular alteration t (11;14) in a tumour 
with plasmablastic features is diagnostic of plasmacytoma [35]. ALK 
positive ALCL of T-cell origin is CD30 strongly positive. ALK+ LBCL 
are negative for T-cell lineage markers and is negative for CD30 
although, focal weak staining of CD30 is reported [7].

Six-year overall survival was 50% and PFS was 33.3%. The median 
overall survival of patients with advanced stage disease is reported 
to be 11 months [17]. Morgan EA and Nascimento AF, reported 
five-year survival rate of 25% with a median survival of 12 months 

ihc marker
Present study. 

n/t (%)

chandramohan J 
et al., (india 2022) 

[13] n/t (%)

Pan Z et al., 
(uSa, 2017) [9] 

n/t (%)

beltran b et al., 
(Peru, 2009) [12] 

n/t (%)

Gascoyne rd et al., 
(France, 2003) [18] 

n/t (%)

Jiang Xn et al., 
(china, 2017) 
[26] n/t (%)

reichard kk et al., 
(uSa, 2007) [17] 

n/t (%)

CD45 5/6 (83.3) 3/3 (100) 23/24 (95.8) 4/4 (100) ND 4/7 (57.1) 4/4 (100)

CK 3/5 (60) 1/7 (14.3) 1/14 (7.1) ND ND 2/8 (25) 1/4 (25)

EMA 3/3 (100) 3/3 (100) 16/22 (72.2) 3/3 (100) 6/6 (100) 11/14 (78.6) 4/4 (100)

CD138 6/6 (100) 11/11 (100) 24/25 (96) ND 6/6 (100) 9/11 (81.8) 4/4 (100)

CD38 3/3 (100) ND ND ND ND 3/9 (33.3) 1/4 (25)

MUM1 6/6 (100) 11/11 (100) 14/14 (100) 4/4 (100) ND 8/9 (88.9) ND

ALK 6/6 (100) 11/11 (100) 26/26 (100) 4/4 (100) 6/6 (100) 17/17 (100) 4/4 (100)

Light chain restriction 3/4 (75) ND 15/18 (83) 3/4 (75) 4/6 (66.7) 17/17 (100) 4/4 (100)

Cyclin D1 0/6 (0) 2/6 (33.3) ND ND ND ND ND

Ki-67 40%-95% 65-90% ND ND ND 60-90% 50-80%

CD30 0/6 (0) 2/10 (20) 1/23 (4.3) 0/4 (0) 0/6 (0) 1/15 (6.67) 0/4 (0)

CD5 0/6 (0) ND ND ND ND ND ND

PAX5 2/4 (50) 2/4 (50) 5/18 (2.8) ND ND ND ND

CD79a 1/5 (20) 2/6 (33.3) 7/23 (3) 1/4 (25) 0/6 (0) 3/9 (33.3) 2/4 (50)

CD20 0/6 (0) 0/11 (0) 0/24 (0) 0/4 (0) 0/6 (0) 2/15 (13.3) 1/4 (25)

CD4 ND 4/4 (100) 8/12 (66.7) 0/4 (0) 4/6 (66.7) 2/9 (22.2) 4/4 (100)

EBV ND 0/4 (0) ND 0/4 (0) ND ND ND

CD56 ND ND ND 0/4 (0) ND ND ND

HHV-8 ND ND ND 0/2 (0) ND ND ND

[Table/Fig-9]: Comparison of IHC findings of the present study and few other published studies [9,12,13,17,18,26].
(N/T=Number of cases positive for the IHC marker/total number of cases tested; ND: Not done); HHV: Human herpesvirus

[11]. Pan Z et al., reported five year overall survival of 34% and 
median survival of 1.83 years [9]. Castillo JJ et al., reported five year 
overall survival of 28% [10]. Another study showed a median overall 
survival of nine months [14]. Improved overall survival and PFS were 
noted in the present study but, statistical significance cannot be 
assessed due to limited number of cases.

Limitation(s)
Limitation of the study was that, molecular studies were not done 
and no statistical significance can be carried out due to the small 
sample size of the study.

CONCLUSION(S)
The ALK+ LBCL are a very rare clinically aggressive B cell lymphoma, 
which usually displays plasmablastic morphology and plasma 
cell immunophenotype. Awareness of this rare entity is extremely 
important, as it can be easily misdiagnosed as a non haematopoietic 
neoplasm due to its unique immunophenotypic profile.
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