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Abstract

Peripheral T-cell and NK-cell lymphomas are functionally, pathologically, and clinically complex. 

Most nodal T-cell lymphomas belong to the adaptive immune system, whereas many extranodal T-

cell and NK-cell lymphomas are derived from innate immune cells. The pathological 

manifestations often reflect the functional attributes of the neoplastic cells. Several forms of 

peripheral T-cell lymphoma are derived from T-follicular helper cells (TFH), and include 

angioimmunoblastic T-cell lymphoma, the follicular variant of peripheral T-cell lymphoma, not 

otherwise specified, and primary cutaneous small/medium CD4-positive T-cell lymphoma. TFH-

derived neoplasms are often associated with atypical and clonal B-cell proliferations, which take a 

number of forms, sometimes mimicking classical Hodgkin’s lymphoma, and sometimes showing 

marked plasmacytic differentiation. Most extranodal T-cell lymphomas are cytotoxic and often 

arise in mucosal-associated sites. They can be derived from either αβ or γδ cytotoxic T cells, and 

include subcutaneous panniculitis-like T-cell lymphoma, and enteropathy-associated T-cell 

lymphomas, both Type I and Type II. Type I enteropathy-associated lymphomas occur in 

association with celiac disease, whereas Type II lymphomas are more often sporadic. For some T-

cell lymphomas, such as hepatosplenic T-cell lymphoma, immunophenotypic heterogeneity is seen 

within a single disease entity. New data are emerging on the molecular pathogenesis of T-cell and 

NK-cell lymphoma, but most tumor types remain poorly characterized.
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A biologically relevant and clinically useful classification for mature T-cell and NK-cell 

lymphomas has been difficult to accomplish. In part, this is due to the rarity of these 

neoplasms, the relative lack of understanding of the molecular pathogenesis for most tumors, 

and their morphological and immunophenotypic complexity. These neoplasms are 

uncommon, representing fewer than 15% of all non-Hodgkin’s lymphomas, although the 

relative frequency varies in different geographic regions and racial populations.1 The most 
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common subtypes of mature T-cell lymphomas are peripheral T-cell lymphoma, not 

otherwise specified, and anaplastic large cell lymphoma (ALCL).

The classification of T- and NK-cell neoplasms proposed by the WHO emphasizes a 

multiparameter approach, integrating morphologic, immunopheno-typic, genetic, and 

clinical features (Table 1).2 Clinical features have particular importance in the 

subclassification of these tumors, in part due to the lack of specificity of other parameters. In 

recent years, immunophenotypic markers capable of delineating certain functional subsets 

have been recognized, such as lymphomas derived from T regulatory cells (Treg), or T-

follicular helper cells (TFH). Presently, specific genetic features have not been identified for 

many of the T- and NK-cell neoplasms, although there are a limited number of exceptions.

Pathophysiology of T-cell subsets

Mature T-cell lymphomas manifest the immuno-phenotypic features of post-thymic T 

lymphocytes, being derived from both αβ T cells and γδ T cells.3 This distinction is based 

on the structure of the T-cell receptor.4 γδ T cells, along with NK cells are components of 

the innate immune system, and do not require antigen sensitization to be active.5,6 The 

innate immune system is functional based only on genes encoded in the host genome. It is 

distinguished from the adaptive or antigen-specific immune system, which is characterized 

by both memory and specificity of antigen recognition. Most T cells in peripheral blood and 

peripheral lymphoid organs belong to the adaptive immune system. γδ T cells comprise 

fewer than 5% of all normal T cells, and show a restricted distribution, being found mainly 

in the splenic red pulp, intestinal epithelium, and other epithelial sites. It is notable that these 

sites are more commonly affected by γδ T-cell lymphomas, which are rare in nodal sites.
4,7–9 γδ T cells are not MHC restricted in their function, and represent a first line of defense 

against bacterial peptides, such as heat-shock proteins.3

Cells of the innate immune system represent a first line of defense, a more primitive type of 

immune response, and have a role in both mucosal and cutaneous immunity. It is interesting 

that many T-cell and NK-cell lymphomas observed commonly in the pediatric and young 

adult age group are derived from cells of the innate immune system (Table 2).10 These 

include aggressive NK-cell leukemia, systemic EBV-positive T-cell lymphoproliferative 

disease of childhood, hepatosplenic T-cell lymphoma, and γδ T-cell lymphomas affecting 

muco-cutaneous sites.5 ALCL is the most common pediatric T-cell lymphoma, and is also of 

cytotoxic origin, although not shown to be derived from innate immune cells.

The T cells of the adaptive immune system are heterogeneous and functionally complex, and 

include naїve, effector (regulatory and cytotoxic), and memory T cells. CD4-positive T cells 

are primarily regulatory, acting via cytokine production, while CD8-positive (and double 

negative) T cells are primarily cytotoxic. Recently, much has been learned about a unique T-

cell subset found in the normal germinal center. These cells, termed as follicular T-helper 

cells (TFH), provide help to B cells in the context of the germinal center reaction.11,12 They 

have a unique phenotype, expressing the germinal center-associated markers BCL6 and 

CD10, normally found on B cells. TFH express CD4, PD-1 (CD279), SAP (SH2D1A), 

IL-21, and ICOS, and produce the chemokine receptor CXCR5 and chemokine CXCL13. 
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CXCL13 causes induction and proliferation of follicular dendritic cells, and is involved in B-

cell recruitment to the lymph node, by facilitating the adhesion of B cells to high endothelial 

venules and allowing them to transit the vessel wall. Angioimmunoblastic T-cell lymphoma, 

the prototypic TFH neoplasm, is associated with B-cell expansion. In contrast, adult T-cell 

leukemia/lymphoma has been linked to Treg cells based on expression of both CD25 and 

FoxP3.13 Treg cells are a specialized type of regulatory T cell that suppresses the immune 

response, possibly explaining the marked immuno-suppression associated with this disease.

There have been relatively few studies correlating the subclassification of T-cell lymphomas 

with specific profiles of cytokine or chemokine expression.14 Nevertheless, data are now 

emerging that can relate the pathological or clinical manifestations of T-cell lymphomas to 

cytokine or chemokine expression by the neoplastic cells, or accompanying accessory cells. 

The hemophagocytic syndrome seen in some T-cell and NK-cell malignancies has been 

associated with secretion of both cytokines and chemokines, in the setting of defective 

cytolytic function.15 Most recently, the chemokine CXCL13 has been identified in 

angioimmunoblastic T-cell lymphomas, and its identification helps to elucidate many of the 

features of that T-cell subtype.16,17

Angioimmunoblastic T-cell lymphoma and related T-cell lymphomas of TFH 

phenotype

Angioimmunoblastic T-Cell Lymphoma

Angioimmunoblastic T-cell lymphoma was initially proposed as an abnormal immune 

reaction or form of atypical lymphoid hyperplasia with a high risk of progression to 

malignant lymphoma. Because the majority of cases show clonal rearrangements of T-cell 

receptor genes, it is now regarded as a variant of T-cell lymphoma. The median survival is 

generally <5 years.18

Angioimmunoblastic T-cell lymphoma occurs in adults and has not been described in 

children. Most patients have generalized lymphadenopathy, hepatosplenomegaly, skin rash, 

and prominent constitutional symptoms. There is usually polyclonal 

hypergammaglobulinemia and other hematologic abnormalities such as Coombs-positive 

hemolytic anemia. Rituximab has been used in some recent clinical trials, in an attempt to 

control some of the effects of B-cell hyperactivity in this disease, but rituximab therapy has 

not had an impact on overall survival.19 Patients may also show evidence of 

immunodeficiency with recurrent opportunistic infections that may ultimately lead to their 

demise.

The nodal architecture is generally effaced, but peripheral sinuses are often open and even 

dilated.20 At low power, there is usually a striking proliferation of postcapillary or high 

endothelial venules with prominent arborization. Follicles are typically regressed, but there 

is a proliferation of dendritic cells around high endothelial venules. The atypical T cells have 

clear cytoplasm, and are associated with small lymphocytes, immunoblasts, plasma cells, 

and histiocytes. The abnormal cells are usually positive for CD3, CD4, CD10, and CD279 

(PD-1), a phenotype characteristic of TFH. A relationship to TFH cells has been confirmed by 
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recent gene expression profiling data.21 Strong expression of CD10 and PD-1 in 

perifollicular lymphocytes can be helpful in the differential diagnosis with reactive 

hyperplasia. However, PD-1 is more weakly expressed normally in paracortical T cells, and 

therefore, only strong intense staining is diagnostically useful. CXCL13, a chemokine 

involved in B-cell trafficking into the germinal centers, is also expressed in 

angioimmunoblastic T-cell lymphoma.

Expansion of B cells is a hallmark of angioimmu-noblastic T-cell lymphoma, likely due to 

the function of the neoplastic cells as TFH. Polyclonal hypergam-maglobulinemia and 

plasmacytosis were recognized early on as characteristic features, and in some series clonal 

B-cell populations were identified by molecular techniques.22 Because both B cells and T 

cells were expanded, some early reports viewed angio-immunoblastic T-cell lymphoma as a 

disorder of immunoregulation, with a predisposition to lymphoma.23–25 Subsequent studies 

identifying clonality of the T cells led to the view that angioimmunoblastic T-cell lymphoma 

was a form of PTCL.26 However, more recently the B-cell proliferations in 

angioimmunoblastic T-cell lymphoma and other PTCL of TFH derivation have received 

greater attention.

EBV-positive B cells comprise the most frequently identified atypical B-cell component in 

angioimmunoblastic T-cell lymphoma. EBV-positive B cells, often with immunoblastic 

features, are nearly always present in the background.27 The supposition was that there was 

defective immune surveillance for EBV related to the underlying T-cell lymphoma. 

However, the exact role of EBV in the disease remains uncertain—is it a precipitating event 

or just a passenger?18 The number of EBV-positive cells is variable, and progression to 

EBV-positive DLBCL has been reported in rare cases.28,29 In other cases, EBV-positive 

large B-cell lymphoma may be a presenting feature, even obscuring the underlying T-cell 

process (Figure 1).

The EBV-positive B cells may resemble Hodgkin/Reed Sternberg (HRS) cells both 

morphologically and phenotypically.30 In some cases, this may lead to an erroneous 

diagnosis of classical Hodgkin’s lymphoma; the underlying angioimmunoblastic T-cell 

lymphoma may only become apparent over time, at relapse. A clue to the correct diagnosis 

may lie in the detection of the neoplastic cells through immunophenotypic means, 

expressing both strong PD-1 and less consistently CD10. In some cases, the HRS cells may 

be rosetted by the neoplastic T cells, suggesting the possibility of cooperation between these 

two populations of different lineages (Figure 2). Studies have shown that PD-L1, the ligand 

of PD-1, can be upregulated in Hodgkin’s lymphoma and EBV-positive post-transplant 

lymphoproliferative disease.31 The binding of PD-1-positive tumor cells to PD-L1 on 

abnormal B cells may lead to an immunosuppressive blockade, perhaps allowing continued 

survival of both populations.32

We recently compiled our experience of cases resembling classical Hodgkin’s lymphoma 

and co-existent T-cell lymphoma. Fifty-seven such cases were identified.33 Differential 

diagnosis with classical Hodgkin’s lymphoma was the major diagnostic problem, with the 

majority of the Hodgkin-like cells expressing CD30 (100%), CD15 (81%), and PAX5 

(100%). CD20 was negative in 33% of the cases. The majority of the T-cell lymphomas were 
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classified as angioimmunoblastic T-cell lymphoma (32/57; 56%). Twenty-three cases (40%) 

were classified as PTCL, not otherwise specified, most with a demonstrable TFH phenotype; 

three of these had an intrafollicular growth pattern characteristic of the follicular variant, and 

one had a T-zone pattern. Two of the cases were classified as adult T-cell lymphoma/

leukemia. Prior studies have reported EBV-positive Hodgkin’s cells in this HTLV-1 

associated T-cell lymphoma characterized by marked immunosuppression.34,35

In 52 cases, as expected, the Hodgkin-like cells were EBV positive. However, in five cases 

EBV-negative Hodgkin’s cells were associated with a T-cell lymphoma of TFH phenotype 

(Figure 3). Three of the cases were classified as angioimmunoblastic T-cell lymphoma and 

two were considered as the follicular variant of PTCL, not otherwise specified. These 

observations expand the spectrum of abnormal B-cell proliferations occurring in 

angioimmunoblastic T-cell lymphoma and related TFH neoplasms, and confirm that the B-

cell expansion is not attributable to EBV alone. Notably, in 4/5 of the T-cell lymphomas with 

EBV-negative Hodgkin’s cells, there was prominent rosetting of the Hodgkin’s cells by the 

neoplastic T cells expressing PD-1. This finding lends support to the view that the T cells 

may be facilitating the expansion of the abnormal B cells through an immunological 

blockade.32

Clonal B-cell proliferations negative for EBV were previously reported by Balague et al.36 

These too were more common in T-cell lymphomas of TFH derivation, and in most of the 

reported cases the atypical and clonal B cells showed evidence of plasmacytoid 

differentiation. There was some variation in the classification of the T-cell lymphomas with 

4/15 cases classified as angioimmunoblastic T-cell lymphoma. The EBV-negative B-cell/

plasma cell process may dominate the histological picture in some cases, making proper 

diagnosis difficult (Figure 4).37 Thus, the nature of angioimmunoblastic T-cell lymphoma is 

more complex than originally thought, with frequent clonal expansions of both B cells and T 

cells.

Clonal rearrangements of the T-cell receptor genes are found in most cases of 

angioimmunoblastic T-cell lymphoma. Clonal rearrangements of the immunoglobulin genes 

have been reported in 25–50% of cases, likely reflecting the B-cell expansion characteristic 

of the disease, or the role of EBV.22 The most common cytogenetic abnormalities are 

trisomy 3, trisomy 7, and an additional X chromosome.38 Most recently, mutations in IDH2 

genes have been reported in 20–40% of cases.39 Mutations in IDH genes also have been 

found in glioblastoma and acute myeloid leukemia.

Peripheral T-Cell Lymphoma, Not Otherwise Specified, Follicular Variant

Peripheral T-cell lymphoma, not otherwise specified, follicular variant, is also composed of 

TFH cells, and may show overlap with angioimmunoblastic T-cell lymphoma, at least at the 

immunophenotypic level. The neoplastic cells are often confined to B-cell follicles, and may 

mimic follicular lymphoma.40 The cells typically express BCL6 but are usually negative for 

CD10. The lesions lack expansion of follicular dendritic cell meshworks outside the 

follicles, and usually do not have a prominent inflammatory background. However, in 

common with angioimmunoblastic T-cell lymphoma they may contain both EBV-positive 

and EBV-negative Hodgkin-like cells, as discussed above.33
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Clinically, patients with the follicular variant of peripheral T-cell lymphoma more often 

present with localized disease, and lack the prominent constitutional symptoms associated 

with angioimmunoblastic T-cell lymphoma. Whether the follicular variant of peripheral T-

cell lymphoma should be segregated from other TFH lymphomas requires further study.41 

For example, a recent study identified TET2 mutations in angioimmunoblastic T-cell 

lymphoma (47%), and in 58% of cases of peripheral T-cell lymphoma, not otherwise 

specified, expressing TFH markers.42 Overlap among the TFH neoplasms has also been 

shown by gene expression profiling.21 However, genetic studies identified a novel t(5;9)

(q33;q22) fusion involving the ITK and SYK genes in a proportion of cases of the follicular 

variant, but not in angioimmunoblastic T-cell lymphoma.43 Future studies should help to 

resolve these issues.

Peripheral T-cell lymphomas, not otherwise specified

As the name implies, peripheral T-cell lymphoma, not otherwise specified, is a diagnosis of 

exclusion and is admittedly a heterogeneous category with most cases being nodal in origin. 

Therefore, not unexpectedly the cytological spectrum is very broad.44 An inflammatory 

background is frequent, consisting of eosinophils, plasma cells, and histiocytes. If the 

epithelioid histiocytes are numerous and clustered, then the neoplasm fulfils the criteria for 

the lymphoepithelioid cell variant of PTCL. The T-zone variant is composed of small- to 

medium-sized cells that preferentially involve the paracortical regions of the lymph node.
45,46

Clinically, peripheral T-cell lymphomas, NOS most often present in older adults. Advanced 

stage is common, and with poor clinical outcome. Treatment with anthracycline-containing 

regimens, the basis for treatment of aggressive B-cell lymphomas, has not improved long-

term survival, and new treatment options are being sought.1 This category is by definition 

heterogeneous, and it is likely that individual clinicopathologic entities will be delineated in 

the future. Thus far, immunophenotypic criteria have not been helpful in delineating 

subtypes. Most cases have a mature T-cell phenotype, and express one of the major subset 

antigens: CD4˃CD8. These are not clonal markers, and antigen expression can change over 

time. Loss of one of the pan T-cell antigens (CD3, CD5, CD2, or CD7) is seen in 75% of 

cases, with CD7 most frequently being absent. Gene expression profiling studies have shown 

some cases with a profile resembling angioimmunoblastic T-cell lymphoma.21 Cases with a 

high proliferation signature appear to have a more aggressive clinical course,47 but 

expression profiling has not yet led to the delineation of distinctive subtypes as independent 

entities.48

Adult T-cell leukemia/lymphoma

Adult T-cell leukemia/lymphoma is a distinct clinicopathologic entity associated with the 

retrovirus HTLV-I, which is found clonally integrated in the T cells. HTLV-1 infection is 

endemic in Southwestern Japan, the Caribbean basin, and also encountered in Africa.49 The 

disease has a long latency, and affected individuals usually are exposed to the virus very 

early in life. The virus may be transmitted in breast milk, through sexual contact, and 
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through exposure to blood and blood products. The cumulative incidence is estimated to be 

2.5% among HTLV-1 carriers over a 70-year lifespan.

The median age of affected individuals is 45 years. Patients may present with leukemia or 

with generalized lymphadenopathy. Other clinical findings include lymphadenopathy, 

hepatosplenomegaly, lytic bone lesions, and hypercalcemia. Cutaneous involvement is seen 

in the major of patients. Both the acute form of the disease, which is mainly leukemic, and 

the lymphomatous form are associated with a poor prognosis and a median survival of o2 

years.50,51 Complete remissions may be obtained but the relapse rate is nearly 100%. 

Chronic and smoldering forms of the disease are seen less commonly, and are associated 

with minimal lympha-denopathy. The predominant clinical manifestation is skin rash, with 

only small numbers of atypical cells in the peripheral blood.

The cytologic spectrum is extremely diverse.52 The cells are often markedly polylobated, 

and have been referred to as flower cells. Peripheral blood involvement is very common, but 

often in the absence of bone marrow disease. Immunopheno-typically, the neoplastic cells 

are positive for mature T-cell antigens, such as CD2, CD3, and CD5; they are typically CD4/

CD25 positive, a phenotype that resembles Tregs.13 Some cases express FoxP3, but usually 

in a minority of tumor cells.13 Other studies have found distinguishing features between 

normal Tregs, and the tumor cells of adult T-cell leukemia/lymphoma.53 The HTLV-1 virus 

appears to have a role in inducing the Treg phenotype.54

ALCL, ALK positive

ALCL, ALK positive, is characterized by pleomorphic or monomorphic cells, which have a 

propensity to invade lymphoid sinuses.55 Because of the sinusoidal location of the tumor 

cells, and their lobulated nuclear appearance, this disease when first observed was suspected 

to be of histiocytic origin. A consistent feature is the strong expression of CD30 antigen, a 

diagnostic hallmark. However, CD30 expression is not specific and can be seen in a variety 

of conditions, of course, including classical Hodgkin’s lymphoma. The disease is associated 

with a characteristic chromosomal translocation, t(2;5)(p23;q35) involving NPM/ALK 
genes, respectively. A number of variant trans-locations have been identified that involve 

partners other than NPM. All lead to overexpression of ALK, although the cellular 

distribution of ALK varies according to the gene partner.56

Classical ALCL usually displays a cohesive growth pattern. The cells have large, often 

lobulated nuclei with small basophilic nucleoli, so-called hallmark cells. The cytoplasm is 

usually abundant, amphophilic. A prominent Golgi region is generally visible. Small cell 

and lymphohistiocytic variants constitute part of the entity, and perhaps paradoxically, are 

associated with a more aggressive clinical course.57

The cells exhibit an aberrant phenotype with loss of many of the T cell-associated antigens. 

Both CD3 and CD5 are negative in ˃50% of cases. CD2 and CD4 are positive in the majority 

of cases; CD8 is usually negative. The cells exhibit positivity for the cytotoxic-associated 

antigens TIA-1, granzyme B, and perforin. In addition, clusterin is generally present and 
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represents another potentially useful diagnostic marker.58 By molecular studies, in most of 

the cases a clonal T-cell receptor rearrangement is found, confirming a T-cell origin.

ALCL, ALK positive, is most common in children and young adults, with a marked male 

predominance. Although most patients present with nodal disease, a high incidence of 

extranodal involvement has been reported (involving skin, bone, and soft tissue). 

Approximately 75% of patients present with advanced-stage and systemic symptoms. 

Although these lymphomas have an aggressive natural clinical history, they respond well to 

chemotherapy. Overall survival and disease-free survival are significantly better for ALK-

positive vs ALK-negative cases. However, both ALK-positive and ALK-negative ALCL 

have a better prognosis than other T-cell lymphomas, with a plateau in the survival curve 

seen in both groups.1

ALCL, ALK negative (provisional entity)

It has been controversial whether anaplastic lymphoma negative for ALK is a separate entity 

or part of the spectrum of peripheral T-cell lymphoma, not otherwise specified. Part of the 

controversy relates to the lack of absolute criteria to recognize this disease. It should be 

morphologically and phenotypically similar to ALK anaplastic lymphoma, with strong 

CD30 expression and a cytotoxic phenotype. These lesions occur in an older age group than 

in ALK-positive cases, and as noted above, appear to have a better prognosis than other T-

cell lymphoma subtypes.59 PAX5 gene amplification has been reported in a subset of ALK-

negative tumors, and is associated with weak expression of PAX5 in those tumors.60 

Disruptions in the DUSP22/IRF4 locus also have been reported as a recurrent abnormality in 

some cases of ALK-negative anaplastic lymphoma.61 As the molecular phenotypes are 

better delineated, the nature of ALK-negative ALCL is likely to be more clearly resolved.

There is a subset of T-cell lymphomas with anaplastic morphology, strong expression of 

CD30, and co-expression of CD15.62 These tumors show histological overlap with ALK-

negative anaplastic lymphoma, but appear to have a more aggressive clinical course. They 

are generally grouped with the peripheral T-cell lymphomas, not otherwise specified, until 

this issue is resolved.

Seroma-associated ALCL of the breast

In recent years, a series of individual case reports and small series have described ALCL, 

ALK negative arising in association with breast implants placed for cosmetic purposes or as 

part of reconstruction following surgery for carcinoma.63–65 More than 40 cases have been 

reported. The median time from placement of the implant to development of ALCL is 8 

years. Both silicone- and saline-filled implants have been implicated, but with a higher 

proportion of cases involving silicone. It has been suggested that textured implants are 

associated with an increased risk.66

Patients affected with this tumor most often present with a seroma, hence the designation 

‘seroma-associated ALCL.’ Other common presentations include a mass in the fibrous 

capsule or severe contracture of the fibrous capsule surrounding the implant. All cases to 

date have been unilateral.
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Cytologically, the neoplastic cells are large, pleomorphic cells with basophilic cytoplasm, 

best identified in cytological specimens obtained from the seroma fluid. In histological 

sections, the tumor cells are generally adherent to the fibrous capsule. The cells are non-

cohesive and lack an inflammatory background. By immunohistochemistry, the cells are 

strongly positive for CD30, usually positive for cytotoxic granule-associated proteins, EMA, 

and clusterin, and negative for CD15 and CD20. The cells express T cell-associated markers, 

most commonly CD3 and CD2, with variable expression of other T cell-associated antigens. 

In situ hybridization for EBER is negative. Most cases of seroma-associated ALCL show 

clonal rearrangement of the T-cell receptor genes.

When confined to the seromatous fluid, these cases appear to have a good prognosis.65 The 

optimal therapeutic management has not yet been determined, and some patients have done 

well with limited local therapy, including removal of the implant with watchful waiting.67 

Cases with invasion of the breast parenchyma or axillary lymph nodes require more 

aggressive approaches.68

Primary cutaneous ALCL

The primary cutaneous form of ALCL is closely related to lymphomatoid papulosis, and 

differs clinically, immunophenotypically, and at the molecular level from the systemic form. 

Lymphomatoid papulosis and cutaneous anaplastic lymphoma are part of the spectrum of 

CD30-positive cutaneous T-cell lymphoproliferative diseases. Small lesions are likely to 

regress. Patients with large tumor masses may develop regional lymph-node involvement. 

However, primary cutaneous anaplastic lymphoma is a much more indolent disease than 

systemic anaplastic lymphoma. Because the skin nodules may show spontaneous regression, 

usually a period of observation is warranted before the institution of any chemotherapy. The 

neoplastic cells are CD30 positive but ALK negative. CD15 is expressed in some cases, and 

when lymph-node involvement occurs, the lesion may simulate classical Hodgkin’s 

lymphoma.69 The cells lack translocations involving the ALK gene, but may shown 

translocations of IRF4/DUSP22 in a subset of cases.70 Mucosal presentations with a similar 

morphology and immunophenotype have been reported, and are likely part of the same 

spectrum of disease (Figure 5).71 The mucosal forms show overlap with traumatic ulcerative 

granulomas with stromal eosinophilia, referred to as TUGSE, which has alarming 

cytological features but a usually self-limited clinical course.72,73

Mycosis fungoides/Sézary syndrome

Mycosis fungoides/Sézary syndrome are now regarded as separate diseases, but are often 

considered together for historical reasons and some overlap in the clinical presentation.74 

Both are primary cutaneous T-cell malignancies derived from mature CD4-positive skin-

homing T cells. Skin involvement may be manifested as multiple cutaneous plaques or 

nodules. Sézary syndrome is characterized by erythroderma and a leukemic phase.75 Lymph-

adenopathy is usually not present at presentation and, when identified, is associated with a 

poor prognosis. The staging system for mycosis fungoides and Sézary syndrome includes an 

assessment of lymph-node involvement at the histological level.75 In early stages, enlarged 

lymph nodes may only show dermatopathic changes (NI). If malignant cells are present in 
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significant numbers and are associated with architectural effacement (NII or NIII), then the 

prognosis is significantly worse.75

Cytologically, the small cells of mycosis fungoides demonstrate cerebriform nuclei with 

clumped chromatin, inconspicuous nucleoli, and sparse cytoplasm. Epidermotropism is a 

hallmark but Pautrier microabscesses are often absent in early plaque stage lesions.76,77 

Sézary syndrome presents with exfoliative erythroderma and circulating cerebriform 

lymphocytes. Both forms of cutaneous T-cell lymphoma are CD2, CD3, CD5, CD4, and 

CD8. However, CD8-positive variants of mycosis fungoides have been described, and are 

more common in children. The absence of CD7 is a constant feature but may also be seen in 

reactive conditions, and therefore is of limited diagnostic value. Aberrant expression of other 

T-cell antigens may be seen but mainly occurs in the advanced (tumor) stages. Inactivation 

of p16 (CDKN2A) and PTEN has been identified in some cases and may be associated with 

disease progression. The molecular alterations in Sézary syndrome differ from those of 

mycosis fungoides, and implicate potential tumor suppressor genes,78 and upregulation of 

certain microRNAs.79

Subcutaneous panniculitis-like T-cell lymphoma

This form of T-cell lymphoma presents with subcutaneous nodules, primarily affecting the 

extremities and trunk.80,81 The nodules range in size from 0.5 cm to several centimeters in 

diameter. The disease has a very wide age range, and may be encountered in young children.
82 The median age at presentation is ~30 years. Atypical lymphoid cells rim individual fat 

cells. The differential diagnosis with panniculitis is problematic in some cases, and some 

cytological atypia should be evident. Admixed reactive histiocytes are frequently present, 

particularly in areas of fat infiltration and destruction. Vascular invasion may be seen in 

some cases, and necrosis and karyorrhexis are common. The neoplastic cells are CD8-

positive αβ T cells, with tumors composed of γδ T cells now included under primary 

cutaneous γδ T-cell lymphomas.83 The cells display an activated cytotoxic 

immunophenotype (positive for TIA-1, granzyme B, and perforin). These proteins may be 

responsible for the cellular destruction seen in these tumors.

A hemophagocytic syndrome is less often seen than in panniculitis-like tumors of γδ T-cell 

derivation, but whenever seen, is associated with an adverse prognosis.84 Patients present 

with fever, pancytopenia, and hepatosplenomegaly. The cause of the hemophagocytic 

syndrome appears related to cytokine production by the malignant cells.

The differential diagnosis includes lupus profundus. Because oligoclonal T-cell populations 

can sometimes be detected in lupus profundus, the differential diagnosis can be challenging. 

Plasma cells are usually very few in number, and a prominent plasmacytosis favors lupus 

profundus panniculitis. Some studies have reported a history of lupus or other autoimmune 

diseases in patients with panniculitis-like T-cell lymphoma.85 However, most of these cases 

have had a very benign course, and were successfully managed with steroids or relatively 

limited therapy, raising the possibility of misdiagnosis as lymphoma. A conservative 

approach is recommended if convincing evidence of malignancy is absent.
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Primary cutaneous γδ T-cell lymphoma

Primary cutaneous γδ T-cell lymphoma is considered as a distinct entity, which can involve 

the subcutis, the dermis, or with epidermal infiltration.7,86 These are clinically aggressive 

tumors. The cells have a cytotoxic phenotype, and like normal γδ T cells, lack CD5, and 

express cytotoxic molecules. They may be CD8 positive or more often, double negative for 

CD4 and CD8. Cases with involvement of subcutaneous tissue may resemble panniculitis-

like T-cell lymphoma, but have a more aggressive clinical course.84 While skin is the most 

common presenting site, similar lymphomas of γδ T-cell origin can present in other 

extranodal sites, most often gastrointestinal tract.9 A distinction from enteropathy-associated 

T-cell lymphoma (EATL), Type II, which is commonly of γδ T-cell derivation, may be 

difficult. Prominent epitheliotropism is required for the latter diagnosis. As currently 

defined, the cells of primary cutaneous γδ T-cell lymphoma are EBV negative, and show 

clonal rearrangement of T-cell receptor genes. If EBV is positive, then the diagnosis of 

extranodal nasal NK/T-cell lymphoma is favored.

Primary cutaneous CD8-positive aggressive epidermotropic cytotoxic T-cell 

lymphoma and primary cutaneous CD4-positive small/medium T-cell 

lymphoma

These are provisional entities listed in the 2008 WHO classification.

Primary Cutaneous CD8-Positive Aggressive Epidermotropic Cytotoxic T-Cell Lymphoma

Primary cutaneous CD8-positive aggressive epidermotropic cytotoxic T-cell lymphoma is an 

aggressive cutaneous neoplasm that shares many clinical features with primary cutaneous γδ 
T-cell lymphoma, but is derived from cytotoxic ab T cells. As the term implies, the 

neoplastic cells show prominent epidermotropism. Distinction from other CD8 T-cell 

neoplasms including a subset of mycosis fungoides and lymphomatoid papulosis type D 

may be difficult, and requires careful clinical assessment.87,88

Primary Cutaneous CD4-Positive Small/Medium-Cell Lymphoma

Primary cutaneous CD4-positive small/medium T-cell lymphoma most often presents with 

slowly growing, localized skin lesions, often involving the head or scalp. It is associated 

with an excellent prognosis, and requires only limited localized therapy.89,90 The presence 

of rapidly growing or bulky tumors should raise concern.89 Some authors have questioned 

whether this lymphoid proliferation should be considered as a form of ‘pseudolymphoma’, 

often containing T-cell clones, but having limited potential for progression.91,92 The lesions 

are rich in B cells, and the proliferating T cells have a TFH phenotype.93 PD-1 is the most 

useful marker for recognition, as CD10 is usually negative, in contrast to 

angioimmunoblastic T-cell lymphoma.92,93 Alternative terminologies have been suggested, 

such as ‘primary cutaneous CD4 T-cell lymphoproliferative disease’, or ‘cutaneous nodular 
proliferation of pleomorphic T lymphocytes of undetermined significance’.91
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Enteropathy-associated T-cell lymphoma

Two variants of EATL were included in the 2008 WHO, referred to as Type I and Type II. 

Type I is associated with either overt or clinically silent gluten-sensitive enteropathy, and is 

largely seen in patients of European extraction, whereas the Type II form has a more 

worldwide distribution, and is not clearly linked to celiac disease. It should be considered as 

a separate entity. Patients with both types usually present with abdominal symptoms, 

including pain, small bowel perforation, and associated peritonitis. The clinical course is 

aggressive, and most patients have multifocal intestinal disease.94

In Type I, the cytological composition is somewhat varied, and more polymorphous than 

Type II lymphomas. The neoplastic cells show prominent invasion of the mucosa and are 

cytotoxic T cells most often of αβ origin. The cells also express the homing receptor CD103 

(HML-1). Cells with anaplastic features positive for CD30 may be present. The adjacent 

small bowel usually shows villous atrophy associated with celiac disease. In Type II, the 

infiltrate is monomorphic, composed of medium-sized cells with clear cytoplasm showing 

prominent epitheliotropism. Spread of tumor cells in the epithelium distal to the main lesion 

may be seen, mimicking the changes of celiac disease. In Type II, the cells are CD56 

positive, CD8 positive, and most often of γδ T-cell derivation. An association with celiac 

disease is only seen sporadically, and this form of the disease is relatively common in Asia.
9,95,96 Both Type I and II share some genetic aberrations, including chromosomal gains on 

9q33–34. Other T-cell lymphomas can present with intestinal disease, and should be 

distinguished from EATL. These include the EBV-positive extranodal T/ NK cell 

lymphomas of nasal type, and other γδ T-cell lymphoma lacking epitheliotropism.9,97

Hepatosplenic T-cell lymphoma

Hepatosplenic T-cell lymphoma presents with marked hepatosplenomegaly in the absence of 

lymphadenopathy. The great majority of cases are of γδ T-cell origin.8,98 Most patients are 

male, with a peak incidence in young adults. There is an association with iatrogenic 

immunosuppression, both in solid organ transplant recipients and in patients with Crohn’s 

disease receiving immunosuppressive agents, in particular purine analogs and infliximab, an 

inhibitor of tumor necrosis factor.8,99,100 Although patients may respond initially to 

chemotherapy, relapse has been seen in the majority of cases, and the median survival is <3 

years. Allogeneic hematopoietic cell transplantation has led to long-term disease-free 

survival in some cases.

The cells of hepatosplenic T-cell lymphoma are usually moderate in size, with a rim of pale 

cytoplasm. The nuclear chromatin is dispersed, with small inconspicuous nucleoli. The 

pattern of infiltration mimics the homing pattern of γδ T cells with marked sinusoidal 

infiltration in liver and spleen. Abnormal cells are usually present in the sinusoids of the 

bone marrow but may be difficult to identify without immunohistochemical stains. The 

neoplastic cells also have a phenotype that resembles that of normal resting γδ T cells. They 

are often negative for both CD4 and CD8, although CD8 may be expressed in some cases. 

CD56 is typically positive. The neoplastic cells express markers associated with cytotoxic T 

cells, such as TIA-1. However, perforin and granzyme B are usually negative, suggesting 
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that these cells are not activated. Isochromosome 7q is a consistent cytogenetic abnormality, 

and is often seen in association with trisomy 8. Cases of αβ T-cell derivation have similar 

immunophenotypic and genetic features, but are more common in females, with an older age 

distribution. Interestingly, they have a very similar gene expression profile to tumors of γδ 
T-cell derivation.101

Extranodal NK/T-cell lymphoma, nasal-type, and other EBV-positive T/NK 

cell neoplasms

Extranodal NK/T-Cell Lymphoma, Nasal Type

Extranodal NK/T-cell lymphoma, nasal type, is a distinct clinicopathologic entity highly 

associated with EBV.102,103 It is much more common in Asians than in Europeans.104 

Clusters of the disease also have been reported in Central and South America in individuals 

of Native American heritage, suggesting that ethnic background, ie, genetic risk factors, may 

have a role in the pathogenesis of these lymphomas.105,106 It affects adults (median age 50) 

and the most common clinical presentation is a destructive nasal or midline facial lesion. 

Palatal destruction, orbital swelling, and edema may be prominent. Extranodal NK/T-cell 

lymphomas have been reported in other extranodal sites, including skin, soft tissue, testis, 

upper respiratory tract, and gastrointestinal tract. The clinical course is usually aggressive, 

with improved median survival for patients with localized disease, in which local radiation 

therapy has a role.104 A hemophagocytic syndrome is a common clinical complication, and 

adversely affects survival.

Extranodal NK/T-cell lymphoma, nasal type, is characterized by a broad cytologic spectrum. 

Tumors composed of smaller cells, with a more polymorphic composition, have been 

associated with a slightly improved prognosis, but clinical factors are more important than 

cytology in predicting outcome.107,108 Although the cells express some T cell-associated 

antigens, most commonly CD2, other T-cell markers, such as surface CD3, are usually 

absent. The cells express cytoplasmic CD3, but usually lack T-cell receptor gene 

rearrangement. The cells are usually CD56 positive, but do not express CD57 or CD16. EBV 

is positive in 100% of cases by in situ hybridization. A subset of cases is of true T-cell 

derivation, with clonal rearrangement of T-cell receptor genes.97

Aggressive NK-Cell Leukemia

Aggressive NK-cell leukemia is a closely related entity. It presents at a younger age than 

extranodal NK/T-cell lymphoma, is associated with systemic disease, and a fulminant 

clinical course. It has a similar phenotype, EBV association, and epidemiology. Gene 

expression profiling studies show similarities among all of the EBV-positive NK-cell 

malignancies.109 Deletions of chromosome 6q are also commonly found.110

EBV + T-Cell and NK-Cell Proliferations

There are other EBV T-cell and NK-cell proliferations that are seen mainly in children, and 

are often included under the broad heading of chronic active EBV infection.111,112 These 

include systemic EBV T-cell lymphoproliferative disease,113 hydroa vacciniforme-like 
lymphoma,114,115 and mosquito bite allergy,116 the latter usually being derived from NK 
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cells. All are seen most often in Asian children but also reported in Central and South 

America, affecting indigenous populations. The latter two conditions affect mainly the skin 

and have a more indolent clinical course.

Hydroa Vacciniforme

Hydroa vacciniforme is associated with a very sparse CD3 + EBER + infiltrate with vesicle 

formation. The lesions are induced by sun exposure, and patients improve when exposure is 

avoided. It often regresses spontaneously as the children reach adulthood, but in some cases 

the infiltrate becomes more pronounced, meeting criteria for hydroa vacciniforme-like 

lymphoma. Criteria for the distinction of hydroa vacciniforme from hydroa vacciniforme-

like lymphoma are not well delineated, but the former often lacks T-cell clonality at the 

molecular level, has a sparse infiltrate, and lacks cytological atypia.

Systemic EBV + T-Cell Lymphoproliferative Disease

Systemic EBV T-cell lymphoproliferative disease has a very aggressive clinical course with 

survival measured in weeks. It may arise in a background of chronic active EBV infection117 

and there is overlap between what has been termed as ‘severe chronic active EBV infection’ 

and systemic EBV T-cell lymphoproliferative disease.111 It also show overlap in the clinical 

features with aggressive NK-cell leukemia/lymphoma, differing in the lineage of the tumor 

cells. Both conditions are associated with a hemophagocytic syndrome.
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Figure 1. 
Angioimmunoblastic T-cell lymphoma obscured by an EBV-positive diffuse large B-cell 

lymphoma, found at initial presentation. (a) Atypical large B cells with immunoblastic 

features diffusely efface the nodal architecture. (b) The peripheral cortical sinus is dilated, a 

clue to the underlying T-cell lymphoma. Immunoblastic cells are diffusely positive for CD20 

(c), and EBV by EBER in situ hybridization (d). (e) Scattered CD10-positive T cells are 

clustered around high endothelial venules, the only indication for the underlying T-cell 
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lymphoma. Both B-cell and T-cell clones were found, with the same T-cell clone found at 

relapse 3 years later with angioimmunoblastic T-cell lymphoma.
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Figure 2. 
Angioimmunoblastic T-cell lymphoma with Hodgkin-Reed Sternberg-like cells positive for 

EBV. (a) Atypical large cells, some binucleate (arrow) are seen in a background of atypical 

lymphocytes. (b) Cytological atypia is evident in the T cells, highlighted with a CD3 stain. 

(c) Follicular dendritic cell meshworks are expanded, as seen with a stain for CD21. (d) 

CD10-positive atypical lymphocytes rosette large atypical cells with Hodgkin-like features. 

The Hodgkin-like cells are positive for CD30 (e), CD15 (f), and EBER (inset).
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Figure 3. 
Angioimmunoblastic T-cell lymphoma with Hodgkin-Reed Sternberg-like cells negative for 

EBV. (a) Atypical clear cells surround Hodgkin-like cells with pleomorphic nuclear features. 

The peripheral cortical sinus is dilated (arrow). (b) CD20 stain shows peripheralized B-cell 

areas in the cortex, and scattered larger atypical cells in the paracortex. (c) The Hodgkin-like 

cells are variably positive for CD20 (c), and CD15 (d), but negative for EBV (not shown). 

(e) The Hodgkin-like cells are rosetted by PD-1-positive T cells. (f) The PD-1-positive T 

cells cluster around high endothelial venules and surround a Hodgkin-like cell.
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Figure 4. 
Angioimmunoblastic T-cell lymphoma partially obscured by a monoclonal EBV-negative 

plasma cell proliferation. (a) Clusters of clear cells are surrounded by sheets of plasma cells, 

which occupied most of the lymph node. (b) Plasma cells are positive for CD138, and 

showed restricted staining for kappa light chain (not shown). Clear cell foci are negative for 

CD138. (c) Plasma cells show some nuclear atypia. (d) Clear cell foci stained for PD-1. 

CD10 and CD3 were also expressed/positive (not shown).
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Figure 5. 
CD30-positive T-cell lymphoproliferative disorder presenting with an ulcerative lesion of the 

tongue. (a) The mucosal surface is ulcerated, and a polymorphous lymphoid infiltrate 

extends deeply. (b) Atypical large T cells cluster around blood vessel.(c) Lymphocytes are 

admixed with numerous eosinophils. (d) Atypical lymphoid cells are CD30 positive and 

were clonal by T-cell receptor g gene rearrangement. Lesions with these features have been 

referred to in the literature as traumatic ulcerative granulomas with stromal eosinophilia, but 

likely represent a mucosal variant of primary cutaneous CD30-positive T-cell 

lymphoproliferative disease.
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Table 1

WHO classification of tumors of hematopoietic and lymphoid tissues (2008)

Mature T-cell and NK-cell neoplasms

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Chronic lymphoproliferative disorder of NK cells

Aggressive NK leukemia

Systemic EBV-positive T-cell lymphoproliferative disease of childhood childhood

Hydroa vacciniforme-like lymphoma

Adult T-cell leukemia/lymphoma

Extranodal NK/T-cell lymphoma, nasal type

Enteropathy-associated T-cell lymphoma

Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis-like T-cell lymphoma

Mycosis fungoides

Sézary syndrome

Primary cutaneous CD30-positive T-cell lymphoproliferative disorders

 Lymphomatoid papulosis

 Primary cutaneous anaplastic large cell lymphoma

Primary cutaneous γδ T-cell lymphoma

Primary cutaneous CD8-positive aggressive epidermotropic cytotoxic T-cell lymphoma

Primary cutaneous CD4-positive small/medium T-cell lymphoma

Peripheral T-cell lymphoma, NOS

Angioimmunoblastic T-cell lymphoma

Anaplastic large cell lymphoma, ALK positive

Anaplastic large cell lymphoma, ALK negative

Most common entities are underlined. Provisional entities are in italics.
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Table 2

NK and T-cell subsets and the classification of peripheral T-cell and NK-cell neoplasms

Innate immune system Adaptive immune system

Does not require antigen sensitization Characterized by specificity and memory

NK cells, NK/T cells, γδ T cells Effector and memory T cells

Cell-mediated cytotoxicity Act principally through cytokines and chemokines

Mainly cutaneous and other extranodal sites Mainly nodal lymphomas

Children and adults More often in adults
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