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Abstract: T-follicular helper cells (TFH) are a unique subset of T-cells with varied transcriptional profiles and func-
tions. In the last 2016 WHO classification, lymphomas arising from TFH were included as a broad category and 
emphasis was given to separating them from other peripheral T cell lymphomas. The neoplasms derived from these 
mainly comprise angioimmunoblastic T-cell lymphoma, peripheral T-cell lymphoma with T-follicular helper cell phe-
notype, follicular T-cell lymphoma, and cutaneous CD4+ small-medium sized lymphoproliferative disorders. The TFH 
lymphomas comprise both indolent and aggressive forms. Additional immunohistochemistry to identify TFH cells 
like CD10, BCL6, ICOS, PD1, CXCL13 and mutations like RHOA, IDH2 is required for diagnosis and prognostication. 
The understanding of these has evolved over the years, and currently we review the updates and pathobiology of 
the above.
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Introduction

Peripheral T-cell lymphoma (PTCL) represents 
the neoplasm derived from post-thymic mature 
T-cells. With varying biological and clinical 
behavior, the heterogeneous group of Non-
hodgkin lymphoma (NHL) encompasses 27 
entities [1]. Defective maturation or differentia-
tion of T-cells may be the causative factor for 
lymphomagenesis [2]. Their derivation from 
mature T-cells endows them with a unique mor-
phological, immunophenotypic, and molecular 
phenotype. Since the T-cells themselves have 
many subtypes with varied cytokine milieus 
and functions, ascertaining the subtype of 
PTCL is of utmost importance. Many T-cell lym-
phomas were earlier classified as PTCL, NOS 
due to morphological overlap and gaps in 
knowledge about various genes and markers, 
as well as T-follicular helper T-cells (TFH). Now, 
the majority of PTCLs are defined entities such 
as angioimmunoblastic T cell lymphoma (AITL), 
anaplastic large cell lymphoma (ALCL) with or 
without ALK gene translocation, and PTCL, 
NOS, accounting for approximately 60% [3-5]. 
And hence, the main subtype resulting from  
the WHO 2016 reclassification are T-follicular 
helper cell derived neoplasms [6].

However, for better understanding of the 
demography and disease process and to aid 
patient management, reclassification of the 
diagnosed cases along with comprehensive 
diagnosis of the new cases is essential, for 
which the understanding of TFH cells is essen-
tial. Though rare, they usually have an aggres-
sive course with a dismal outcome, and hence 
their timely and appropriate diagnosis may add 
value to the patient’s management.

Development of T-cells

T-cell lymphopoiesis is initiated in the bone 
marrow, with further maturation taking place in 
the thymus. Common lymphocyte progenitors 
enter the thymus after exiting the bone marrow 
environment to complete T-cell development 
[7]. Based on the molecular interactions, the 
maturation of T-cells occurs. A series of ma- 
turation steps take place in the thymic cortex 
and medulla, resulting in the formation of naive 
T-cells-single positive, either for CD4 or CD8. 
According to pathology, the different cytokine 
milieus lead to the development of various  
subtypes of T-cells. Adaptive immune respons-
es mainly use CD4+ T-cells, which, via the vari-
ous differentiated subtypes, participate in the 
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immune response. The subtypes include TH1, 
TH2, TH17, T-regs, and TFH and each has a 
unique transcriptional and translational profile 
[8] (Figure 1; Table 1).

T-follicular helper cells (TFH)

Among all, TFH cell is a recently discovered en- 
tity in the last decade, having a unique biology. 
These T-cells are present in the B-cell zone of 
the lymph node and provide help to B-cells in 
antibody responses. Though they are home to 
the B-follicles like central memory T-cells, they 
also show loss of CCR7-like effector memory 
T-cells [9]. To induce the differentiation into the 
TFH lineage, interaction with an antigen of high 

with dysregulation in TFH cells, which may cau- 
se uncontrolled stimulation of B-cells to pro-
duce antibodies and thereby cause damage 
[13, 14]. This may further be implicated in lym-
pho-proliferative neoplasms associated with 
chronic autoimmune diseases [10].

TFH cells are known to be the origin of both 
nodal and extranodal T-cell lymphomas like 
AITL, PTCL with TFH phenotype, follicular T-cell 
lymphoma and primary cutaneous CD4+ small 
to medium-sized lymphoproliferative lesions 
(Figure 2). Similar to non-neoplastic diseases, 
these lymphomas often show features of im- 
mune dysregulation. Apart from these, intratu-
moral CD4+ T-lymphocytes in follicular lympho-

Figure 1. Development of T-follicular helper cells: Artwork shows TFH cell 
development in the lymphoid follicle. Interaction of naïve T-cell and dendritic 
cells in the outer T-cell zone prime the lymphocytes which in the respective 
cytokine milieu mature into the T-lymphocyte subsets. Activated T-cell with 
CXCR5 upon interaction with B-cell in the lymphoid follicle mature into the 
TFH cell and share a symbiotic relationship with B-cells.

affinity and co-stimulation is 
required [10]. BCL6 is essen-
tial for this differentiation. 
Unlike other T-cell subsets, 
TFH cell differentiation is a 
multifactorial process, with 
dendritic cell priming and 
expression of CXCR5 followed 
by migration to the border of 
the germinal follicle as the ini-
tial events. This process is 
regulated by IL6, ICOS, and 
TCR signals. The second  
stage is marked by the inter-
action of T-cells with the anti-
gen-specific B-cells and they 
share a symbiotic relationship 
with them. The final stage of 
development occurs in the 
germinal center, where they 
acquire their unique pheno-
type [11] (Figure 1). These 
cells have a unique transcrip-
tional profile and express 
markers e.g., PD-1, BCL6, 
CXCL13, CD10, ICOS, SAP, 
and CXCR5. Because PD1, 
BCL6, and TFH are all found 
on other T-cell subsets, no 
single marker should be used 
to define the TFH phenotype 
[10]. TFH cells are functionally 
plastic and hence, depending 
on the cytokine milieu, they 
can be reprogrammed into 
other lineages [12].

Autoimmune diseases have 
been found to be associated 
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Table 1. Cytokine milieu for development and functions of TH cell subsets
Cytokine milieu Subset of T-cell Markers for the cell Cytokine secreted and function
IL12, IFN γ TH1 STAT4, TBX21, T-bet IFN γ; Intracellular bacteria 
IL4 TH2 STAT6, GATA3 IL4, IL5, IL13
IL6, TGFβ TH17 STAT3, ROR γ IL17, IL21; Extracellular bacteria, fungi
IL6, IL21 TFH STAT3, BCL6, Ascl2 IL21; B cell help
TGFβ T reg STAT5, FOXP3 TGFβ, IL10; Regulatory function

Figure 2. Characteristic immuno-
phenotype of TFH: Microphotograph 
shows secondary follicle CD3 [A 
×200] highlighting Follicular T help-
er (TFH) cell, CD10 [B ×200], PD1 [C 
×200], ICOS [D ×200] and BCL6 [E 
×200]. The right panel shows lym-
phoma arises from TFH cell.

mas have been shown to have a TFH pheno- 
type and contribute to the lymphomagenesis  

by supporting B-cell survival 
[15]. CD4+ T-cells with a TFH 
phenotype have also been 
seen in the lymph node and 
peripheral blood in patients 
with chronic lymphocytic leu-
kemia and are thought to  
support tumorigenesis by se- 
creting IL21 [16].

Angioimmunoblastic T-cell 
lymphomas

Historic overview

With the initial recognition of 
the neoplasm as a non-neo-
plastic disease of dysregula-
tion of the immune system, 
our conception of the neopla- 
sm has come a long way. In 
the 1970s, it was considered 
to be angioimmunoblastic 
T-cell lymphadenopathy with 
dysproteinemia. With better 
understanding, it was added 
to the lymphoma group, and 
various clonal T-cell receptor 
(TCR) gene rearrangements 
were identified. With the 
awareness of the T-follicular 
helper cells, the plausible re- 
lationship with tumorigenesis 
was established in the years 
2005-2007. However, the dis-
ease enjoys the status of a 
mystery, with never-ending 
puzzles.

Prevalence

AITL is the second most com-
mon PTCL subtype in the  
West and represents 1-3% of 

all NHLs and 20-30% of PTCL [1, 17]. Many 
studies using new immunohistochemical and 
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molecular markers have reclassified cases in 
the waste-basket of PTCL, NOS [18].

Etiology

The Epstein-Barr virus [EBV] and Human Her- 
pesvirus 6 [HHV6] are thought to be associ- 
ated with the pathogenesis and histological 
progression of AITL, and it has been observed 
that the onset of disease often mimics an in- 
fectious process [19]. Latency pattern II is usu-
ally manifested in T-cell lymphomas with virus-
es in the default program. The lytic cycle can 
stimulate the inflammatory microenvironment.

The relationship between EBV and AITL is de- 
bated; according to some authors, EBV acts as 
the neoplastic drive and causes rapid progres-
sion of the tumor, while others argue that the 
presence of EBV is due to a profound immuno-
deficiency due to AITL [19]. Though EBV is sus-

pected to provide the neoplastic drive, the 
tumour cells are EBV negative. Also, a high  
viremia at the onset of the disease is propor-
tionate to a poor response to therapy [20].

Various other molecular and genetic causes 
have been implicated, with the pathogenesis 
being multilineage and multistep. Clonal hema-
topoiesis caused by epigenetic modulators 
such as TET2 and DNMT3A results in CHIP 
lesion, and these mutations are found in all 
hematopoietic cells. IDH2 mutations can accu-
mulate oncometabolites, causing a protumori-
genic signal. RHOAG17V defines the lineage of 
the clonally expanded population of cells as  
the TFH phenotype. This is followed by multiple 
signaling pathways like MAPK, mTOR, and 
NF-kB along with the absence of inherent func-
tion of RHOA. All these accumulative effects 
lead to the clonal proliferation of the tumour 
cells, which is unregulated (Figure 3).

Figure 3. Pathogenesis of AITL: Art work shows TFH cells (Blue colour) interact with B-cells (Green colour) via PD1-
PDL1, CD40L-CD40 and ICOSL-ICOS which leads to B-cell survival and proliferation. ICOS axis leads to TFH cell pro-
liferation via p13AKT and mTOR pathway. Follicular dendritic cells secrete CXCL13, IL6, and IL2 creating conducive 
environment for proliferation of T-cells and in turn TFH cells produce VEGF which causes high endothelial venule 
proliferation (red colour circle). Eosinophils are recruited by IL5 secreted by TFH cells. EBV (small yellow circle with 
green spikes) infects the B-cells and further leads to T-cell proliferation and B-cell lymphomas rarely with gain of 
B-cell receptor, Tet2 mutations. Immunodeficiency is also caused by the virus. Increase in plasma cells and autoim-
mune haemolytic phenomenon can be associated with the B-cell proliferation associated. RHOA acts via the VAV-
KRAS-MAPK and ROCK-NFkB pathway and affects the TFH cell differentiation and survival. Clonal haematopoiesis 
with various mutations can cause unregulated proliferation of the tumor cells.
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Demographics

AITL affects middle-aged and elderly males, 
commonly with 50-65 years of age being the 
most common age of presentation. Though 
autoimmune conditions are seen in associ- 
ation with immune dysregulation, a male pre-
ponderance is seen worldwide [3, 21].

Clinical presentation and serological profile

Primarily a nodal disease, extranodal sites like 
the spleen, liver, skin, and bone marrow can be 
involved. Patients usually present with lymph-
adenopathy, hepatosplenomegaly, and B-sym- 
ptoms. Skin rash, pruritus, ascites, arthritis, 
pleural effusion can be seen with IgA and auto-
immune mediated mechanisms. Though direct 
brain invasion is not seen, paraneoplastic neu-
ropathy can be seen. With the disease process 
activating the B-cells, along with increased 
plasma cells, polyclonal hypergammaglobu-
linemia, and circulating immune complexes  
can be seen. Immunopositivity for rheumatoid 
factor and antismooth muscle antibodies can 
be found. An autoimmune phenomenon can 
also manifest as hemolytic anemia and cause 
peripheral blood spherocytosis and a positive 
direct Coomb’s test. Increased IgA can mani-
fest as purpura, leukocytoclastic vasculitis and 
IgA-related renal disorders [nephropathy] [22, 
23]. Immunosuppression is also associated 
with disease, which may be due to dysfunction-
al T-cells along with the presence of tumour 
associated macrophages induced by IL10 and 
VEGF [18].

Staging

Ann Arbor staging was being used traditionally 
for the staging of lymphomas. Lugano staging, 
which indicates limited and advanced disease, 
modifies the criteria already being used for Ann 
Arbor. The Deauville five-point scale using fluo-
rodeoxyglucose avidity is used for staging as 
well as for assessing treatment response. The 
baseline 18FDG SUVmax, along with extranod-
al site involvement, may serve as independent 
predictors of prognosis [24]. Bone marrow  
biopsies done for staging purposes showed 
nodular, interstitial, and diffuse infiltration of 
the tumour cells. Infiltration of AITL could be 
divided into three subgroups based on histo-
morphology: interstitial/micronodular with or 
without eosinophilia; diffuse involvement with 
eosinophilia; and patients with limited marrow 
involvement with eosinophilia [25].

Histomorphology

AITL is characterised by effacement of the 
lymph node architecture due to the presence  
of neoplastic T-cells. These are small to medi-
um-sized atypical lymphoid cells with clear to 
pale cytoplasm. Increased vascularity is noted 
in the form of increased high endothelial 
venules [HEVs] and arborizing vessels in the 
paracortex. Normal venules should not be con-
sidered high endothelial venules and usually 
lack the specialised tall endothelial cells, thick 
basal lamina, and concentrically arranged  
reticular fibroblasts which are seen in HEVs 
[26]. With an inflammatory cytokine milieu in 
the tumour microenvironment, a polymorphous 
population of benign inflammatory cells like 
plasma cells, eosinophils, neutrophils, and his-
tiocytes is noted.

On microscopy, three overlapping patterns are 
recognised [27]. In pattern 1, hyperplastic folli-
cles are seen with the neoplastic cells sur-
rounding the hyperplastic follicles with well-
formed germinal centres. A well demarcated 
mantle cuff is often not seen [28]. In pattern  
2, partial effacement of the architecture is 
seen, along with paracortical expansion and 
follicular remnants showing atretic and regres-
sive changes. Pattern 3 is characterised by 
total effacement of the lymphoidal architec-
ture. Histological evolution can be seen bet- 
ween the patterns, with a few cases showing a 
higher grade pattern on relapse or refractory 
disease [29] (Figure 4).

The patterns usually suggest a histological evo-
lution and do not bear any consequences for 
the therapy. However, an increase in CD10 
immunopositive tumour cells has been noted 
with an increasing pattern [19]. The patterns 
need to be assessed with caution since mor-
phological mimics require differentiation, es- 
pecially pattern 1. Pattern 1 AITL can closely 
resemble reactive hyperplasia, a progressive 
transformation of germinal centres. The pres-
ence of increased macrophages and decreas- 
ed tangible body type in the germinal centre 
should alert the pathologist, requiring discrimi-
nation by an FDC marker. A characteristic irreg-
ular border with a sprouting pattern can be 
seen [30]. Pattern 2 can sometimes have a lol-
lipop like pattern, resembling Castlemann dis-
ease [21]. The most common type pattern, 3, 
should be differentiated from Hodgkin’s lym-
phoma and T-cell rich large cell lymphoma. 
RS-like cells were seen in one case of PTCL, 
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Figure 4. Microphotograph shows: Diffuse effacement of architecture with paracortical expansion [A: H&E ×16] Presence of patent marginal sinus [B: H&E ×100] 
Intermediate sized atypical lymphoid cells having clear cytoplasm [C: H&E ×100] Polymorphous population with predominant eosinophil population [D: H&E x100] 
AITL with predominant lymphocyte population [E: H&E ×200] Polymorphous population with predominant plasma cells and Russel bodies [F: H&E ×100] Increased 
high endothelial venules [G: H&E ×100]. Eosinophilic hyaline material deposition [H: H&E ×100].



Neoplasms of follicular helper T-cells

70 Am J Blood Res 2022;12(3):64-81

NOS, and their presence is said to have an 
association with PTCL with TFH phenotype [31].

Previous studies have indicated the relation-
ship between AITL and DLBCL occurs simulta-
neously and either precedes the other. This 
could imply that bilineage tumorigenesis oc- 
curs as a result of transformation or by provid-
ing survival advantages to one another [32- 
34].

Immunophenotype

The neoplastic cells express most of the pan 
T-cell markers (CD3, CD2, and CD5) with less 
expression of CD7. Surface CD3 may be 
reduced by flow cytometry. Since the postulat-
ed normal counterpart and the cell of origin  
are said to be CD4-positive T-Follicular helper 
cells, the neoplastic cells express CD4 and the 
TFH markers. The TFH markers include PD-1, 
BCL6, CXCL13, CD10, ICOS, SAP, and CXCR5. 
Among these, PD1 and ICOS are more sensi-
tive, while CXCL13 and CD10 are more spe- 
cific. It is recommended to perform at least 
three of the markers, out of which two should 
be positive. Expression of one marker should 
never be considered diagnostic since TFH cells 
exhibit plasticity and TH1 and TH2 cells can 
show markers of TFH [35] (Figure 5).

a. CXCL13 can be produced by TFH cells as well 
as follicular dendritic cells. It is known to be 
involved in B-cell maturation and plasma cell 
formation, and hence may be implicated in the 
autoimmune phenomenon. The marker can be 
positive in primary CNS lymphomas and gastric 
MALTomas. Immunopositivity can be seen as 
cytoplasmic with perinuclear dot.

Immunopositivity for CXCL13 was associated 
with mutant RHOA AITL in one of the study [36].

b. CD10 is a cell membrane metallopeptidase. 
Though a germinal center B-cell marker, its 
aberrant expression in the T-cells itself be- 
comes a matter of concern.

c. ICOS [inducible co-stimulator, also known as 
CD278 is essential for T- and B-cell interaction 
for antigen processing and class switching. 
ICOS normally highlights the light zone, and 
increased expression can be seen upon activa-
tion. The tumor cells expressing ICOS usually 
co-express PD1, SAP and CD4 [37].

d. PD1 (programmed death 1, also known as 
CD279) controls the activation of T-lympho- 
cytes. It can also be seen in ALCL, ATLL, and 
CLL etc. Usually PD1 serves as a better marker 
than CD10 or BCL6 which are also expressed 
on the B-cell and require double staining with 
CD4 for confirmation of neoplastic origin [38]. 
The expression of PD1, SAP and CXCL13 is  
considered malignant for the cells [39].

e. BCL6 (B-cell lymphoma 6 protein) is a zinc 
finger transcription factor and this also serves 
as a repressor for transcription. Expressed nor-
mally in the germinal centre, its expression in 
the interfollicular zone raises suspicion for an 
abnormal process. The interfollicular expan-
sion of the BCL6 positive CD4+ T-cells can be 
due to the neoplastic process, which is aggra-
vated by the outward migration of the BCL6+ 
CD4+ T-cells of the germinal centre [40].

f. SAP (signaling lymphocytic activation mole-
cule-associated protein) is involved in humoral 
immune response.

g. CXCR5 It serves as the receptor for CXCL13. 
Their interaction can promote tumorigenesis 
via PI3K-AKT and MEK-ERK pathways [41].

h. The FDC meshwork show expansion and 
express CD21, CD23 and CD35. CD21 serves 
as a receptor for EBV or HHV8 entry and is 
believed to be more sensitive to detect the 
framework [42]. CD23 is a low affinity IgE re- 
ceptor. CD21 and CD35 highlight both primary 
and secondary follicles; however, CD23 high-
lights the germinal centres only in the light  
zone [43]. The nodal germinal centre dark zone 
usually is highlighted less by these markers. 
Other lymphomas may also show their charac-
teristic FDC pattern, and hence should be inter-
preted with caution [44]. FDC can also progress 
to follicular dendritic cell sarcoma [45].

i. The B immunoblasts can be EBV positive [80-
95%] or negative, which can be demonstrated 
by in situ hybridization for EBV-encoded small 
RNA [EBER].

Controversial benign counterpart-AILD

Angioimmunoblastic lymphadenopathy with 
dysproteinemia (AILD), first described by 
Frizzera et al., is a rare entity with a debated 
existence due to the shared clinical, serolo- 
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Figure 5. Immunophenotype of AITL: Microphotograph shows atypical lymphoid cells immunopositive for CD3 [A ×100] CD21 highlighting the expanded dendritic 
meshwork [B ×16] Loss of CD7 in the atypical lymphoid cells [C ×100] Characteristic immunophenotype of TFH atypical lymphoid cells PD1 [D ×100], Bcl6 [E ×100], 
ICOS [F ×100], CD10 [G ×100]. EBER ISH highlights the large atypical lymphoid cells [H ×100].
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gical and histopathological features with AITL. 
Patients usually show syndromic presentation 
with fever, generalized lymphadenopathy, hep-
atosplenomegaly and rashes with increased 
susceptibility to infections [46]. Hemolytic ane-
mia with a positive coombs test can be seen in 
AILD.

With a heterogeneous clinical course, mortality 
rates up to 60% have been reported. Both AILD 
and AITL have shown to have association with 
EBV whose role as a causative or an opportu-
nistic infection is still pondered upon. These 
exhibit presence of EBV protein predominantly 
in the B-cells with a minor subset of T-cells 
expressing the same [47]. Due to the presence 
of clonal T-cell populations reported in studies 
[48] along with immunoglobulin chain rear-
rangements; AILD have been considered to be 
part of the spectrum of T-cell lymphomas, with 
possibly being the precursor to development of 
AITL.

Progression to DLBCL can also be seen [49, 
50]. Histomorphology matches an AITL with 
effacement of architecture with patent sinu- 
ses. Polymorphous cellular infiltrate is present 
in the node, consisting of mature lymphocytes, 
immunoblasts, macrophages, eosinophils, and 
plasma cells. Increased high endothelial 
venules are also noted, similar to AITL; howev-
er, cells with clear cytoplasm are not seen. The 
major population shows the immunophenotype 
of cytotoxic T-cells; however, the neoplastic 
cells are CD4 positive. Expansion of dendritic 
meshwork can be an accompanying feature. 
Diagnosis of AITL should be favoured when 
there is an abnormal T cell phenotype with loss 
of pan T-cell marker or expression of CD30 by 
numerous cells. Similarly, the presence of clon-
al populations or the presence of clonal cytoge-
netic abnormalities should raise the suspicion 
of lymphomas.

Genetic profile and mutational landscape

Clonal rearrangements in TR genes are seen  
in 75-90% of cases [51]. Trisomy of chromo-
somes 3, 5, and 21, gain of X, 22q, 19,11q13, 
and loss of 6q have also been reported. Next-
generation sequencing has identified muta-
tions in epigenetic modifiers such as IDH2 (20-
30%), TET2 (50-80%), DNMT3A (20-30%), and 
small GTPase RHOA (60-70%) by next-genera-
tion sequencing [52]. IDH2 R172 mutations 
appear to be specific. Clonal rearrangements in 
TR genes are seen in 75-90% of cases [51]. 

Trisomy of chromosomes 3, 5 and 21, gain of  
X, 22q, 19,11q13, and loss of 6q have also 
been reported. Next-generation sequencing 
has identified mutations in epigenetic modifi-
ers such as IDH2 (20-30%), TET2 (50-80%), 
DNMT3A (20-30%), and small GTPase RHOA 
(60-70%) by next-generation sequencing [52]. 
IDH2 R172 mutations appear to be specific for 
AITL. Other mutations such as FYN, PLG1, 
CD28, CTLA4-CD28 fusion and ITK-SYK fusion 
have been reported in some cases. A molecu- 
lar classifier was developed, which was found 
to have a high rate of accuracy for AITL and 
ALK-ALCL [53]. Mutational heterogeneity leads 
to the understanding of two plausible pathways 
of lymphomagenesis, with classical being the 
most common [RHOA, DNMT3A, TET2, IDH2], 
the alternate involving VAV1 and an unknown 
pathway [54].

RHOA: It is the Ras Homolog Member A, locat-
ed on chromosome 3p21.31. The gene has 
seven exons (GRCh38.p13 assembly) with  
exon 2 having the desired mutation in AITL. It 
covers 53854 bases. This gene has six tran-
scripts [splice variants]: 2031 bp, 961 bp, 889 
bp, 633 bp, 539 bp, and 388 bp. The RhoA  
protein can also have multiple isoforms. A 
member of the Rho family of small GTPases, 
this protein mainly works as a molecular switch 
in the signal transduction cascades. The active 
GTP bound state is important in cytoskeletal 
dynamics, mitogenesis, cell survival, arterial 
contractility, axogenesis, and phagocytosis 
[55]. This form is achieved by the action of gua-
nine nucleotide exchange factors (GEFs) on the 
GDP bound inactive state, which through its 
action may act as a tumour suppressive pro-
tein. GTPase activating proteins (GAPs) incre- 
ase the GTPase activity of Rho proteins. In 
benign conditions like spinal cord injury, vaso-
spasm, hypertension, atherosclerosis, and 
myocardial hypertrophy, the Rho/Rho coiled-
coil containing protein kinase (ROCK) signalling 
pathway has been found to play a substantial 
role [56]. The gene may also show overexpres-
sion, contributing to the neoplastic drive with 
tumour cell proliferation and metastatic po- 
tential.

With mutated RHOA, there is compromised 
binding and this mutant binding inhibits the 
binding of wild type as well. Because G1 to S 
phase cell cycle progression is reduced in the 
wild type, the mutated phenotype may in- 
crease tumour proliferation.



Neoplasms of follicular helper T-cells

73 Am J Blood Res 2022;12(3):64-81

In AITL, the classical missense mutation of 
G17V (Glycine to valine) is noted in approxi-
mately 60% of cases worldwide. The mutation 
can be tested using molecular methods or  
commercially available antibodies. Low tumour 
burden due to polymorphism is associated with 
very low allele frequency [as low as 0.1 has 
been reported] and is difficult to detect using 
Sanger sequencing [57].

RHOA is over-expressed in a wide range of car-
cinomas of the breast, colon, lung, gastric, 
head and neck, bladder, testicular, and PTCLs. 
ATLL shows both activating (C16R, G14V) and 
inactivating mutations like G17E at different 
hotspots. The G17V mutant type serves as a 
dominant negative control for the enzyme.

Only a few studies have established the signifi-
cance of mutant status on overall survival, with 
a survival advantage in one and no effect in 
another [58, 59].

IDH2 (Isocitrate dehydrogenase 2): It is a cellu-
lar metabolism protein present in mitochondria 
that catalyzes the oxidative decarboxylation of 
isocitrate to 2-oxoglutarate. IDH2 mutations 
lead to the formation of an oncometabolite (2 
hydroxy glutarate) that affects DNA and histone 
methylation. It has been implicated in several 
cancers, including sarcomas, hematolymphoid 
malignancies, colonic carcinomas, and glial 
tumors. IDH2 maps to chromosome 15q26.1 
and covers 19433 bases. It is localised in the 
mitochondria. The transcript has 11 exons with 
three isoforms, with our locus of interest in 
exon 4. IDH2 mutations are highly specific for 
AITL, and arginine at position 172 can be mis-
sensed as threonine (R172T), lysine (R172K), 
glycine (R172G), or serine (R172S), with R172K 
being the most commonly observed [60]. IDH 
mutations improve prognosis in glial tumors; 
however, no significant difference has been 
observed in PTCL. The mutation can be tested 
using molecular methods or a commercially 
available antibody, which gives a granular cyto-
plasmic positivity suggestive of mitochondrial 
location. The combination of immunohisto-
chemistry along with allele-specific PCR has a 
high sensitivity for detecting these mutations.

TET2: Ten eleven translocation, an iron-depen-
dent oxygenase, is an epigenetic regulator and 
forms 5 hydroxymethylcytosine from 5 methy-
cytosine. These mutations can be seen in 
T-cells, B-cells, and the other hematopoietic 

cells [61]. However, in T-cell lymphomas, these 
may point towards T-cell derivation. Though in 
AML, TET2 and IDH2 occur in a mutually exclu-
sive form due to high levels of oncometabolites 
inhibiting the function of TET2, in AITL their co-
occurrence has been seen. TET2 and RHOA are 
common associations in AITL. RHOA has been 
shown to occur prior to TET2 mutation and may 
play a role in lymphomagenesis [62]. The muta-
tion can be a frameshift or nonsense type 
mutation. TET2 mutations can be seen in AITL 
(47%) and PTCL (38%) and are usually correlat-
ed with advanced disease stage with adverse 
prognostic factors like thrombocytopenia, high-
er IPI score and shorter PFS; however, OS is not 
affected [63].

DNMT3A: DNA methyltransferase is one of the 
commonly observed mutations and is usually 
seen with TET2. This also forms part of clonal 
hematopoiesis, and the hematopoietic cells 
usually show the presence of the mutation. In 
addition, this mutation can be acquired late 
during the disease process [64].

VAV1: G17V RHOA binds to VAV1 and phosphor-
ylation of Tyr174 residue leads to activation of 
TCR signaling. VAV1 mutations along with VAV1-
STAP2 fusion are seen which have not been 
observed in RHOA mutant cases [65].

ITK-SYK fusion: Initially thought to be a marker 
of PTCL with TFH phenotype; this fusion has 
also been described in AITL [66, 67]. This  
fusion activates the T-cell signaling pathway 
after translocation between IL2 inducible T-cell 
kinase and spleen tyrosine kinase.

Prognostic scores

PTCL is an aggressive group of neoplasms; 
hence, prognostication can aid further patient 
management.

The IPI (International Prognostic Index) score is 
the most trusted and commonly used prognos-
tic score for lymphomas. It is a scoring system 
based upon age, LDH levels, stage at presenta-
tion, ECOG performance status, and extranodal 
involvement with a maximum score of 5. Age-
adjusted IPI is a modification of the above with 
patients considered only below 61 years of age 
and only considers three parameters: LDH lev-
els, stage at presentation, and ECOG perfor-
mance status. The PIT score, or Prognostic in- 
dex for PTCL, considers LDH levels, age, ECOG 



Neoplasms of follicular helper T-cells

74 Am J Blood Res 2022;12(3):64-81

performance status, and bone marrow involve-
ment with a maximum score of 4. IgA levels, the 
presence of cytopenias like thrombocytopenia 
or anemia, and elevated white cell counts are 
also found to prognosticate patients with AITL 
[68].

Management

These are aggressive and require the adminis-
tration of suitable chemotherapy. A CHOP regi-
men including cyclophosphamide, vincristine, 
prednisone, and doxorubicin is given. For 
patients >60 years of age, etoposide can be 
added. Due to immune dysregulation in AITL, 
immunosuppressants, cyclosporine, and tha-
lidomide have also shown effects. Rituximab 
may also be added. An autologous hematopoi-
etic stem cell transplant has proven to be 
useful.

The B-cells are also being studied to be target-
ed for therapeutic purposes. Various clinical tri-
als are continuing, targeting different aspects 
of pathogenesis like VEGF, PD1 (immunothera-
py), and ICOS (Figure 2).

Prognosis and overall survival

Male sex, mediastinal lymphadenopathy, and 
anaemia have adverse effects on the progno-

sis. A few studies have found that patients over 
the age of 60 with an increased total leukocyte 
count, elevated IgA levels, anemia, thrombocy-
topenia, and more than one extranodal site 
involvement fared worse than others [68]. The 
overall 5-year survival is less than compared to 
ALCL, which has a better response rate to ther-
apy. According to one study, 32% each of AITL 
and PTCL had a 5-year overall survival rate, 
which was worse than compared to ALCL (70% 
for ALK+; 49% for ALK-) [3].

Peripheral T-cell lymphoma with TFH pheno-
type

These are a subset of PTCL having a TFH phe-
notype and some pathological features of AITL. 
However, they characteristically lack increased 
vascular pattern, follicular dendritic cell expan-
sion, and a polymorphous infiltrate. This could 
imply a lack of microenvironment signature in 
the same [69]. Genetic alterations can be seen 
in TET2, RHOA, and DNMT3A. Due to similar 
phenotypic and genetic characteristics, these 
cases may represent a continuum with AITL, 
and some authors have suggested their consti-
tution as a tumour cell-rich variant of AITL [70]. 
Factors like increased performance status, 
CRP levels, and BCL immunonegativity may be 
associated with a poor prognosis [71] (Figure 
6).

Figure 6. PTCL with TFH phenotype: Microphotograph shows effacement of lymph nodal architecture [H&E A ×100]. 
The cells are of intermediate size with mild nuclear irregularity [H&E B ×100]. The cells are immunopositive for CD3 
[C ×100], BCL6 [D ×200] while negative for CD20 [E ×100]. CD23 shows loss of dendritic cell meshwork [F ×100].
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Follicular T-cell lymphoma

It is a TFH phenotype neoplasm with a predomi-
nant follicular growth pattern and an absence 
of the characteristic features of AITL. A tumour 
of adults, it has predominantly nodal involve-
ment with splenomegaly, skin rash, and B 
symptoms. The median survival is about 2 
years. Unlike AITL, few cases have been shown 
to have limited involvement [69].

On microscopy, nodular or follicular prolifera-
tion of lymphoid cells is seen with effacement 
of the nodal architecture. The growth pattern 
can mimic follicular lymphoma or progressive 
transformation of germinal centres [72]. Reed 
Sternberg-like large cells can also be seen, 
which can be positive for CD30, CD15, and 
PAX5 but lack other B cell markers. On immu-
nohistochemistry, it shows the TFH phenotype 
and EBV positivity can be seen in interfollicular 
B cells. These small B-cells show the presence 
of IgD (Figure 7).

Translocation t [5, 9] leading to ITK-SYK fusion 
can be seen, which was earlier supposed to be 
specific for follicular T-cell lymphoma; however, 
the fusion is seen to occur in AITL also [72]. 
Like other TFH cell-derived tumors, these 
tumours can also show TET2, DNMT3A, and 
RHOA mutations. However, with the limited 
data available, IDH2 mutations are not seen.

Primary cutaneous CD4+ small/medium T-cell 
lymphoproliferative disorder

These are clonal lymphoid proliferations of 
skin-homing CD4+ T-cells with TFH cell deriva-
tion and exhibit TR rearrangement. With a 
benign course and excellent prognosis, the 
term “lymphoma” is usually avoided. A disease 
of adults in their sixth decade, pediatric cases 
have also been reported. Patients commonly 
present with a slow-growing violaceous skin 
lesion on the head, neck, and extremities with 
an absence of patches like mycosis. A dense 
infiltration of the dermis by a small to inter- 
mediate sized T-cell lymphoid population along 
with histiocytes, plasma cells, and mature 
B-lymphocytes is identified. A recent study has 
highlighted two patterns of skin involvement, 
one of which is characterised by dense nodular 
or diffuse lymphoproliferation within the entire 
dermis and associated with the grenz zone,  
and the other is characterised by a subepider-

mal band like infiltrate in the superficial dermis 
or with peridnexal distribution and is associat-
ed with epidermotropism [73]. However, the 
prominence of epidermotropism should also 
raise the suspicion of mycosis. Angiocentricism 
and follicular dystrophy, along with angiocen-
trism and vascular changes, can also be seen. 
PD1, Bcl6, ICOS, and CXCL13 are commonly 
immunopositive in atypical cells, though they 
may show varied expression in different sized 
cells [73]. PD1-positive T-cells may show the 
formation of pseudo-rosettes. Differential sta- 
ining for NFATc1 [Calcineurin/Nuclear Factor of 
activated T-cells-c1] can assist in distinguish- 
ing this LPD [nuclear] from mycosis [cytoplas-
mic] and pseudolymphomas [cytoplasmic] [74]. 
A low proliferation index of 20% is a must to 
rule out aggressive lymphomas [75]. Few 
authors have considered an aggressive form of 
the same as primary cutaneous helper T-cell 
lymphoma, which requires systemic therapy 
and shows systemic symptoms along with 
increased expression of CD10 [76].

Though the entity may share the morphological 
and immunophenotypic profile of AITL, the mo- 
lecular profile of AITL is usually not manifested 
by this cutaneous disease.

Various morphological differentials like tumour 
stage of mycosis fungoides, primary cutaneous 
follicle centre lymphoma, cutaneous lymphoid 
hyperplasia, and primary cutaneous marginal 
zone lymphoma require careful evaluation of 
the biopsy before diagnosing this entity [77].

Numerous studies have indicated that with the 
new WHO classification, the increasing preva-
lence of TFH cell-derived neoplasms has been 
clarified. However, even with more defined enti-
ties, there still remains a grey area regarding 
the classification of PTCL. There is overlap in 
the morphology and immunophenotype, which 
increases the dependence on the newer mark-
ers and genetic profiles, which may not always 
be the solution to the problem. The use of all 
the TFH markers is not feasible, and even with 
the panel of sensitive and specific markers, 
some of the cases may be missed due to lack 
of confidence in a single marker’s immuno- 
positivity and TFH-cell plasticity. Morphologi- 
cal overlap is a major hindrance. However, all 
these mimics have an aggressive course and 
are subjected to similar lines of therapy.
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Figure 7. Follicular T-cell lymphoma: Microphotograph shows effacement of lymph nodal architecture by monomorphic nodules [H&E A ×100]. The nodule comprises 
small to intermediate size cells [H&E B ×100]. The cells are immunopositive for CD3 [C ×100], CD4 [E ×100], CD5 [G ×100], BCL6 [I ×100] while negative for CD20 
[D ×100] and CD8 [F ×100]. CD23 shows mild expansion of dendritic cell meshwork [H ×100].
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Molecular diagnostics, though essential, are 
limited. Development of less time-consuming 
and less cumbersome techniques for the de- 
tection of common mutations like RHOAG17V 
can improve diagnostics. However, all these 
tumors, especially AITL, are rich in background 
inflammatory cell infiltrate and hence require a 
sensitive test for detecting the low allele 
frequency.

Furthermore, apart from the cutaneous lym-
phoproliferative disorders, all the entities and 
PTCL, NOS have an aggressive course with a 
dismal outcome, which emphasizes the need 
for the look of targeted therapy.

The future is hopeful with better understand-
ing, advancement of diagnostics, and the dis-
covery of drugs targeting RHOA kinases.
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