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Abstract: Lymphoproliferation is defined by lymphadenopathy, splenomegaly, hepatomegaly, or lymphocytic organ and tissue 
infiltration. The most common etiologies of lymphoproliferation are represented by infectious diseases and lymphoid malignancies. 
However, it is increasingly recognized that lymphoproliferative features can be the presenting sign of rare conditions, including inborn 
errors of immunity (IEI) and inborn errors of metabolism (IEM). Among IEI, lymphoproliferation is frequently observed in 
autoimmune lymphoproliferative syndrome (ALPS) and related disorders, common variable immunodeficiency (CVID), activated 
phosphoinositide 3-kinase δ syndrome, and Epstein-Barr virus (EBV)-related disorders. Gaucher disease and Niemann-Pick disease 
are the most common IEMs that can present with isolated lymphoproliferative features. Notably, other rare conditions, such as 
sarcoidosis, Castleman disease, systemic autoimmune diseases, and autoinflammatory disorders, should be considered in the differ-
ential diagnosis of patients with persistent lymphoproliferation when infectious and malignant diseases have been reasonably ruled out. 
The clinical features of lymphoproliferative diseases, as well as the associated clinical findings and data deriving from imaging and 
first-level laboratory investigations, could significantly help in providing the correct diagnostic suspicion for the underlying etiology. 
This paper reviews the most relevant diseases associated with lymphoproliferation, including infectious diseases, hematological 
malignancies, IEI, and IEM. Moreover, some practical indications to orient the initial diagnostic process are provided, and two 
diagnostic algorithms are proposed for the first-level assessment and the approach to persistent lymphoproliferation, respectively. 
Keywords: lymphadenopathy, splenomegaly, Hodgkin lymphoma, common variable immunodeficiency, autoimmune 
lymphoproliferative syndrome, gaucher disease

Introduction
Lymphoproliferation is a pathologic condition defined by the presence of lymphadenopathy, splenomegaly, hepatomegaly, or 
lymphocytic organ and tissue infiltration. These manifestations represent common features observed in patients with infectious 
diseases, that can be clinically expressed with diffuse lymphoproliferation (especially in case of viral infections) or localized 
involvement, as observed in patients with lymphadenitis.1 Lymphoproliferative features are also a hallmark of hematological 
malignancies, including those with prominent lymph nodal localizations (lymphomas) and those with primary bone marrow 
involvement and secondary lymph nodal spreading (leukemias). Apart from the infectious and malignant etiologies, the role of 
lymphoproliferative features as presenting signs of inborn errors of immunity (IEI) and inborn errors of metabolism (IEM) is 
being increasingly investigated.2–4 Moreover, systemic autoimmune diseases, autoinflammatory disorders, and rare conditions 
such as sarcoidosis and Castleman diseases can also present with isolated lymphoproliferation.
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There are also some significant overlaps in the lymphoproliferative manifestations of IEI, infectious diseases, and 
hematological malignancies, that further complicate the etiologic and diagnostic scenario. Indeed, while transient 
lymphoproliferation usually occurs in childhood without consequences, long-standing or recurrent lymphoproliferation 
is associated with an increased risk of malignant transformation. This is particularly notable in the case of patients 
suffering from IEI who have an increased susceptibility to Epstein-Barr virus (EBV) infection and a consequent high risk 
of development of clonal, malignant lymphoproliferation.2,3

Therefore, the clinical approach to patients presenting with lymphoproliferative features is of great complexity, and 
the diagnosis of some conditions is often delayed in clinical practice.

In this paper, the most relevant clinical characteristics of lymphoproliferation in the context of infectious diseases, 
hematological malignancies, IEI, and IEM are reviewed. Furthermore, some practical suggestions to orient the diagnostic 
process are provided and elaborated in the proposal of two diagnostic algorithms, which are respectively directed to the 
identification of infections and malignancies in the first-level diagnostic assessment and to the search for rarer conditions 
in the approach to persistent lymphoproliferation.

What is Known: Lymphoproliferation in Infectious Diseases and Hematological 
Malignancies
Infections and malignancies are the most well-known causes of lymphoproliferation,5 and the initial diagnostic approach is 
commonly directed to the identification of these conditions. Specific clinical and epidemiological features, together with the 
results of first-level laboratory investigations and imaging are, in most of cases, able to discriminate between these two entities.

Infectious Diseases
Viral infections can be responsible for the development of a clinical picture of lymphoproliferation with variable 
extension, ranging from localized lymphadenopathies to diffuse forms associated with splenomegaly and hepatomegaly. 
Among the pathogens, EBV and cytomegalovirus (CMV) are the most frequently involved in determining lymphopro-
liferative phenotypes, often in association with systemic involvement (fever, malaise), pharyngitis, and hepatic inflam-
mation. In these conditions, also transient cytopenia (thrombocytopenia, neutropenia) can be observed.5,6 Differently, the 
agents commonly implicated in upper respiratory infections (including adenovirus, influenza, and parainfluenza virus) are 
associated with acute localized reactive lymphadenitis.1

A peculiar case is represented by HIV. In this condition, lymphoproliferation is often reactive to the infection and 
presents with multiple or localized lymphadenopathies, which are initially featured by follicular hyperplasia with 
subsequent germ center involution.7 In patients with lower CD4+ counts, persistent HIV-related lymphadenopathy can 
be observed, more frequently involving the neck;7 furthermore, in HIV patients the possibility of another underlying 
infectious etiology for lymphoproliferative features (ie mycobacteria) should always be screened.

Among parasitic infections, Leishmaniosis presents in most of cases with marked hepato-splenomegaly and diffuse 
lymphadenopathy. This is often accompanied by cytopenia, which is often multilineage and dependent on direct bone 
marrow involvement, and elevation of serum immunoglobulin.8,9 On the other hand, in the immunocompetent host, 
toxoplasmosis presents in most of the cases with isolated cervical or occipital lymphadenopathy. However, some patients 
can display an EBV-like phenotype with diffuse lymphadenopathies and/or splenomegaly; in rarer cases, a chronic 
disease course with persistent/recurrent lymphadenopathy has been described.10

Bacterial infections usually present with lymph nodal involvement in isolated stations in the form of lymphadenitis (mostly 
caused by Gram-positive bacteria) with an acute course and the presence of clear localized inflammation.1 A more subtle 
presentation with a subacute course is commonly associated with nontuberculous mycobacterial infections (NTM).11,12 In this 
case, the definitive diagnosis relies on the positivity of PCR or cultures on the tissue specimen/lymph nodal aspirate. However, 
clinical history and concordant investigations (tuberculin skin test [TST], Interferon-gamma release assay [IGRA]) could help 
in identifying patients with probable NTM lymphadenitis.11 Rarely, infections caused by Bartonella henselae can cause 
a diffuse picture of lymphadenopathy and splenic involvement instead of the classical cat-scratch disease.13,14 In this case, the 
patient’s history can significantly drive the execution of serological investigations.
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Hematological Malignancies
In pediatric age, the most common cause of localized lymphoid malignancy (accounting for 60% of pediatric lympho-
mas) is represented by Hodgkin lymphoma (HL), which is more commonly identified in adolescents. HL presents in most 
of the cases with localized lymphadenopathy in lateral cervical stations (70–80%), but also axillary (10–20%) and 
inguinal lymph nodes can be involved.15 On the other hand, non-Hodgkin lymphomas (NHL) are a heterogeneous group 
with variable age at onset and clinical presentation. In NHL, lymphadenopathy is more often generalized compared to 
HL, and a systemic presentation with leukemia-like features is proper for lymphoblastic lymphomas.16–18

Differently, although the clinical picture of hemophagocytic lymphohistiocytosis (HLH) comprehends in most of the 
cases lymphoproliferative features (splenomegaly, diffuse lymphadenopathy), patients experience a relevant systemic 
phenotype with high-grade fever and general impairment. Patients with HLH typically show elevated serum ferritin 
levels, elevated triglycerides, transaminases, LDH, and IL-2 receptor (IL-2R) in association with cytopenia and reduced 
erythrocyte sedimentation rate (ESR).19

Finally, in patients presenting with acute lymphoblastic leukemia the presence of diffuse lymphadenopathy can be frequently 
part of the clinical picture at disease onset, often in association with marked splenomegaly, which is commonly featured by 
elevated stiffness. Differently, acute myeloid leukemia and chronic leukemias are more frequently associated with 
splenomegaly.17,20,21 In patients with acute leukemia, lymphoproliferative features are generally observed in a wider context of 
systemic involvement (fever, malaise, weakness) and profound cytopenia. Therefore, their description goes beyond the aims of 
this paper.

First-Level Diagnostic Approach
In the initial diagnostic approach, anamnesis and physical examination should first focus on the identification of elements 
suggestive of infections. These include the acute onset, local pain and inflammation (such as soft consistency and free 
mobility of lymph nodes on the subcutaneous regions), and risk factors for zoonosis. In patients with clearly suspected 
infectious lymphoproliferation, the choice of performing laboratory investigations and/or ultrasound depends on the 
clinical picture and individual condition (Figure 1). However, it is pivotal to remark that, when bacterial lymphadenitis is 
highly suspected, prompt empirical therapy should be initiated independently from the diagnostic assessment.

Among the main warning signs to suspect malignant lymphoproliferation, the chronic and progressive course of the 
disease, and the association with systemic involvement (fever, weight loss, itching, night sweating) should always be 
investigated. However, the sensibility of these signs is limited.15,16 Concerning physical assessment, as a general rule, in 
patients with malignancy lymph nodes present enhanced consistency and are nonpainful and without mobility on the 
lower plans, in the absence of signs of local inflammation.22 The simultaneous presence of mediastinal enlargement is 
strongly suggestive of malignancy, as well as the finding of supraclavicular lymph nodes. When lymphoma is suspected, 
performing an abdomen ultrasound (US) and chest X-ray is mandatory to evidence the involved areas.23 Laboratory 
investigations are often non-specific for the diagnosis of lymphoma. They typically show elevation of inflammatory 
markers (specifically, ESR), that can be associated with chronic, microcytic anemia and leukocytosis. On the other hand, 
the laboratory picture is generally highly suggestive in the case of acute leukemia and HLH.

Apart from laboratory investigations, the analysis of US features can significantly help in the diagnostic approach. 
Specifically, lymph nodes in patients with lymphoma have usually a round shape, anechoic or hypoechoic structure, 
peripheral vascularization, and absence of hilum. Differently, reactive lymph nodes usually show an ovoid shape and 
well-defined cortical differentiation and hilum24 (Figure 2). Also, the US assessment of the spleen could give important 
elements. The finding of markedly altered spleen texture is an element of suspicion for an underlying malignancy, as well 
as the presence of focal, non-cystic lesions. Multiple focal spleen lesions can also be observed in some specific infectious 
diseases, such as bartonellosis13,25 (Figure 3).

Finally, lymph nodal biopsy should be reserved for patients with a high risk of lymphoma based on the clinical and 
laboratory assessment and patients with persistent lymphoproliferation without a definite cause.26 Excisional biopsy 
represents the gold standard for the diagnosis of lymphomas and has a greater sensibility and specificity compared with 
core needle biopsy and fine needle aspiration cytology (FNAC).27–30 Lymph nodal excision, with a diagnostic and 
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Figure 1 First-level approach to patients presenting with lymphoproliferation. 
Notes: This algorithm identifies the patients with a clinical picture suggestive for infection (green boxes) and malignancy (red boxes) and those with a less defined clinical 
picture (yellow boxes). The diagnostic approach for patients with suspected infection or malignancy is provided, evidencing that first-level analysis and US imaging are 
mandatory in patients with high risk of malignancy. On the other hand, when infection is suspected, the choice about performing laboratory and imaging investigations relies 
on the individual situation. Patients without a clearly defined diagnosis should be periodically re-assesses and eventually undergo further investigations. *There is no uniform 
consensus regarding the need to perform prolonged antibiotic treatment in NTM lymphadenitis, and some authors suggest to perform only clinical observation. **PET and 
CT can be performed also before lymph nodal biopsy based on the clinical judgement. 
Abbreviations: CMV, Cytomegalovirus; CRP, C-reactive protein; CT, Computed tomography; EBV, Epstein-Barr virus; ESR, Erythrocyte sedimentation rate; GAS, Group 
A Streptococcus, HLH, Hemophagocytic lymphohistiocytosis; IGRA, Interferon-gamma release assay; NTM, Nontuberculous mycobacteria; PET, Positron emission 
tomography; TST, tuberculin skin test; US, Ultrasound.

Figure 2 US findings in lymphadenopathies with different etiology. 
Notes: (A) Reactive lymphadenopathy in a patients with acute respiratory infection. Lymph nodes are typically featured by ovoid shape, clear evidence cortical 
differentiation, and hilar vascularization; (B) Bacterial lymphadenitis, in which some areas of colliquation are evident; (C) Lymph nodes in a patient with Hodgkin lymphoma. 
Lymph nodes are featured by round shape, hypo-anechoic texture, absence of cortical differentiation, and scarce, peripheral vascularization; (D) Lymph nodes in a patient 
with immune dysregulation and granulomatous lymphadenitis. In this condition, lymph nodes can This show some overlapping features with malignancies, including round 
shape, hypoechoic texture, and irregular vascularization.
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therapeutic function, could also be necessary for patients with refractory bacterial lymphadenitis and/or colliquative 
evolution.12 This is particularly relevant for patients with NTM disease, in which lymph nodal excision, when feasible,11 

is associated with a higher resolution rate compared with incision or drainage.31,32

What is Less Common: Lymphoproliferative Features in Inborn Errors of Metabolism
Splenomegaly, hepatomegaly, and lymphadenopathy, usually accompanied by cytopenia, can be found as suggestive features 
of IEM. Specifically, they can be frequently evidenced in lysosomal storage diseases such as Gaucher disease (GD) and 
Niemann-Pick disease (NPD). Although in these conditions the disease mechanism is not directly linked to lymphocyte 
proliferation but depends on the accumulation of metabolites, the clinical features show significant similarities with 
hematologic disorders. Therefore, their recognition by hematologists is essential to promptly drive the diagnostic process.

GD is a rare autosomal recessive disorder caused by mutations in the GBA1 gene, located on chromosome 1 (1q21). The 
molecular defect leads to a decreased activity of the lysosomal enzyme beta glucocerebrosidase (GC-ase), which conducts 
the storage of glucocerebroside and other glycolipids in various tissues, such as bone marrow, spleen, and liver.33,34

Three major clinical types of this rare disease have been identified: Type-1 GD, which is the most common, and types 2 
and 3, which are less common and also associated with neurological impairment.33 Type 1 GD is the most prevalent form in 
the Western world; at diagnosis, patients present with several hematological signs, including splenomegaly, anemia, and 
thrombocytopenia. They can also show bone disease, which is featured by bone deformities (such as the Erlenmeyer flask 
deformity in the distal meta-diaphyseal region of the femur), reduced bone density, and bone necrosis.35

It has been shown that splenomegaly is present in 95% of children affected by type 1 GD, appearing earlier than other 
manifestations. Specifically, in children with GD aged less than 6 years splenomegaly is present in 99% of the cases, and 
in half of these it can be the only clinical sign at diagnosis.34,36 Additionally, hepatomegaly is noted in 60–80% of 

Figure 3 US findings in splenomegaly with different etiology. 
Notes: (A) Splenomegaly in a patient with acute EBV infection, featured by a mildly disomogeneous texture and absence of focal lesions; (B) Focal spleen lesion in a patient 
with Bartonella henselae infection. In this condition, the lesions are usually multiple and anechoic, but during the disease evolution a peripheral hypoechoic are can be 
detected; (C) Splenomegaly in a patient with Gaucher disease, featured by homogeneous spleen texture (D) Spleen involvement in Hodgkin lymphoma, in which focal hypo- 
anechoic lesions are evident.
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patients.33 The prevalence of lymphadenopathy in GD is difficult to establish due to the paucity of data. Results from 
a study search37 suggest that the most commonly diagnosed lymphadenopathies are mesenteric and/or mediastinal (29 
cases), although cases of cervical/axillary, supraclavicular, and generalized lymphadenopathy are also reported. For the 
mentioned reasons, patients are often first addressed for hematological evaluation. However, it has been reported that GD 
and other IEM are not often considered by hematologists and oncologists in the differential diagnosis of patients 
presenting with lymphoproliferative features.34

In addition to the clinical findings previously described, several other clinical and laboratory findings are useful 
criteria that can lead to performing the GC-ase enzyme assay, without first subjecting children to bone marrow aspirate/ 
biopsy. Considering radiologic evidence of bone disease, which is present in most children with GD at diagnosis (81%),34 

could shorten the diagnostic process. Similarly, some biomarkers available in any clinical chemistry laboratory should be 
assessed if we are presented with thrombocytopenia and/or anemia in children with splenomegaly.34 As demonstrated in 
the literature, tartrate-resistant acid phosphatase (TRAP) and ferritin are frequently elevated in patients with GD and can 
also be associated with disease severity. Ferritin levels may be predictive of the onset of bone complications and are 
frequently associated with splenectomy.33,38

The diagnosis of GD must be confirmed by establishing deficient GCase activity in total leukocytes, mononuclear 
cells, or cultured fibroblasts. The residual enzyme activity is usually approximately 10–15% of the normal value.33,39 

Dried blood spots can also be used for the first-level enzymatic assay. Indeed, this method has been demonstrated to be 
effective in identifying patients with GD among those presenting to hematological attention for the presence of 
splenomegaly and/or thrombocytopenia. If the diagnosis of GD is confirmed, genetic molecular diagnosis is mandatory 
to identify the risk of the chronic neuronopathic form of GD and to determine the appropriate follow-up.34

Concerning NPD, splenomegaly and hepatomegaly are described in a high percentage of patients with type A and 
type B NPD, which are autosomal recessive diseases caused by a deficiency of the enzyme acid sphingomyelinase 
(ASM).40 In patients with type A NPD, children present with hepatosplenomegaly in the first months of life, in 
association with growth failure, progressive hypotonia, and severe neurological impairment. About half of the patients 
show a macular cherry-red spot, that could help in reaching an earlier diagnosis.41 Also patients with type 2 NPD present 
with early hepatosplenomegaly associated with neurological impairment. They also have an increased risk for severe 
cardiac abnormalities, respiratory infections, respiratory failure, and liver failure.42 First-level laboratory assessment, 
although non-specific, often shows cytopenia with progressive worsening and dyslipidemia with reduced HDL choles-
terol and increased LDL cholesterol and triglycerides. The diagnosis of NPD requires the enzymatic analysis demon-
strating reduced ASM activity and the genetic confirmation evidencing mutations in the SMPD1 gene.40

What is New: Lymphoproliferation in Inborn Errors of Immunity
The presentation with lymphadenopathy, usually with chronic or relapsing disease course and variably associated with 
splenomegaly, hepatomegaly, or organ involvement, is described in a wide range of IEI (Table 1). These include well- 
known entities such as common variable immunodeficiency (CVID), combined immunodeficiencies, and disorders with 
prominent immune dysregulation, in which the autoimmune lymphoproliferative syndrome (ALPS) is the most studied. 
Also, lymphoproliferative features are frequently observed in diseases caused by an altered control of specific infections, 
as evidenced in EBV-related disorders.2,3,43

CVID is associated with lymphoproliferation in more than 10% of the patients. The incidence is specifically higher in 
patients carrying definite genetic mutations, including NFKB1 and TACI.3,44,45 As the genetic background of CVID is 
partly unexplored and extremely heterogeneous, a unique inheritance pattern is not defined. In patients with autosomal 
dominant mutations, a positive familial history of antibody deficiency could help in the diagnostic approach.46 According to 
current diagnostic criteria, CVID can be defined by the presence of hypogammaglobulinemia (IgG and IgA or IgM with 
values below two standard deviations for age) associated with impaired B cell maturation, which is demonstrated by low 
levels of switched memory B cells or impaired humoral specific response. To diagnose CVID, patients must be at least 3 
years of age and should not exhibit a significant T cell deficiency.47 In the heterogeneous clinical expression of CVID, most 
of the patients present to clinical attention for recurrent sinopulmonary infections, which can also cause the development of 
bronchiectasis. However, a variable percentage of patients could present with isolated features of autoimmunity (mainly, 
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autoimmune cytopenia), lymphoproliferation, or inflammatory bowel disease (IBD)-like enteropathy.48 Moreover, patients 
with CVID can develop pulmonary lymphoproliferation in the form of granulocytic lymphocytic interstitial lung disease 
(GLILD), which is associated with a significant increase in morbidity and mortality.45,49

Hematologic autoimmunity and lymphoproliferation are the most common clinical signs of disease presentation in patients 
with ALPS. In this condition, mutations impairing the functioning of the FAS-mediated apoptotic pathway (FAS, FAS ligand, 
caspase 10) led to the accumulation of αβ double-negative T lymphocytes (αβDNTs) and self-reactive lymphocytes.50,51 

Consequently, the vast majority of the patients develop chronic, diffuse lymphadenopathy, hepato-splenomegaly, and 
autoimmune cytopenia.50 To diagnose ALPS, the presence of autoimmune cytopenia or chronic lymphoproliferation is 
required in association with the positivity of ALPS-associated serum markers. These include the elevation of αβDNTs, 
soluble FAS ligand, serum vitamin B12, interleukin (IL)-10 and IL-18, and impaired FAS-dependent apoptosis.52 The 
inheritance pattern of ALPS is not homogeneous, as the disease can be transmitted with both autosomal dominant and 
recessive patterns.51

The advances in the knowledge of immune dysregulation disorders allowed to identify new monogenic entities that 
can present with features partially overlapping ALPS and CVID. These conditions include disorders of regulatory T cells 
(Tregopathies), such as CTLA-4 deficiency, LRBA deficiency, and STAT-associated disorders, as well as combined 
immunodeficiencies and disorders of lymphocyte proliferation.53,54 Recently, the definition of autoimmune lymphopro-
liferative disorders (ALPID) has been proposed to identify this wide range of complex phenotypes encompassing 
autoimmunity and lymphoproliferation.55

Concerning Tregopathies, the clinical phenotype of CTLA-4 and LRBA deficiency present significant analogies, as the 
pathogenesis is partially overlapping. Specifically, both diseases are associated with a clinical picture of combined immunode-
ficiency with increased susceptibility to infections, autoimmunity (cytopenia, endocrinopathy, arthritis, uveitis), and lympho-
proliferation, which includes also the possibility of developing GLILD and lymphomas.54,56 Among STAT-associated disorders, 
the highest rate of lymphoproliferative manifestations is described in patients with STAT-3 gain of function (GOF) mutation. In 
this rare disease, more than 70% of the patients develop lymphoproliferative features at disease onset and during follow-up, and 
this represents the most common disease sign, as observed in large cohort studies. Other clinical signs are represented by 
autoimmune cytopenia (about 60% of the patients), severe eczema, enteropathy, and other autoimmune conditions, mainly 
enteropathy.57 The laboratory findings in patients with Tregopathies are variable and non-specific and include hypogammaglo-
bulinemia and altered B and T cell homeostasis, which can configure CVID-like or ALPS-like features.3,54

Two paradigmatic examples of disorders affecting both humoral and cellular immunity are represented by the activated 
phosphoinositide 3-kinase δ syndrome (APDS) and the protein kinase C δ deficiency (PKCD).53,54 Lymphoproliferative 
features are also a hallmark of other combined immunodeficiencies, such as those depending on RAG mutations (Omenn 

Table 1 Inborn Errors of Immunity Associated with Lymphoproliferation

Immune dysregulation 
disorders

- Autoimmune lymphoproliferative syndrome: ALPS-FAS, ALPS-FASL, ALPS-sFAS, ALPS-casp10, ALPS-U 

- Disorders of regulatory T cells: CTLA4 deficiency, LRBA deficiency, STAT3 GOF, STAT1 GOF, BACH2 
deficiency, CD25 deficiency) 

- EBV-related disorders: X-linked proliferative syndromes, XMEN syndrome, CD70 deficiency, CD27 deficiency, 

ITK deficiency, RASGRP1 deficiency, CTPS1 deficiency, STK4 deficiency) 
- Protein kinase C δ deficiency(PKCD)

Primary antibody 
deficiencies

- Common variable immunodeficiency 
- Activated phosphoinositide 3-kinase d syndrome: APDS 1, APDS2, APDS-L

Combined 
immunodeficiencies

- RAG-associated disorders: Omenn syndrome, hypomorphic RAG1 and RAG2 mutations 
- Other combined immunodeficiencies: diseases of CARD11-BCL10-MALT1 axis, ILR2β deficiency

Others - Phenocopies of IEI: RAS-associated leukoproliferative disease (RALD) 
- Diseases with susceptibility to lymphoid neoplasms: ataxia-telangiectasia, Nijmegen breakage syndrome, Bloom 

syndrome
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syndrome in newborns and infants, RAG hypomorphic mutations in children and adolescents) and diseases affecting the 
CARD11-BCL10-MALT1 complex.58,59

APDS is caused by mutations that are responsible for the uncontrolled activation of the phosphoinositide-3-kinase 
(PI3K)-dependent molecular pathways, including the events associated with mTOR signaling. This causes a higher 
lymphocyte proliferative rate and immune dysfunction. APDS patients have a peculiar immunological asset, featured by 
increased CD57-positive senescent T CD8+ cells and transitional B cells in most of the cases associated with 
hypogammaglobulinemia.60 The disease is clinically expressed with a combination of infectious susceptibility, involving 
both sinopulmonary bacterial infections and herpesvirus infections, and immune dysregulation.61,62 Specifically, patients 
with APDS show lymphoproliferative features in more than half of the cases, and more than 10% of the patients develop 
hematological malignancies.60,61

As therapeutic agents targeting the specific molecular defect are available for some of the described conditions 
(ALPS, APDS, STAT3 GOF, CTLA-4 deficiency, and LRBA deficiency), providing the early diagnosis of IEI in a patient 
presenting with lymphoproliferation is of significant clinical relevance.63

Lymphoproliferation Caused by Other Etiologies
Among the rare diseases to be considered in the differential diagnosis of pathologic conditions presenting with 
lymphoproliferative manifestations, sarcoidosis and Castleman should be considered.

Sarcoidosis is a disease featured by a typical finding of symmetrical hilar pulmonary adenopathy associated with 
peripheral lymphoproliferation (lymphadenopathies, splenic involvement) and autoimmune manifestations, which 
include arthritis, uveitis, and others.64 In patients with sarcoidosis, the histopathological exam typically shows non-
caseating sterile granulomas. Serum angiotensin-converting enzyme (sACE) is usually increased (30–80% of the 
patients), as the result of the enhanced macrophage activation, although this marker is not highly sensitive and 
specific.64 Notably, in pediatric age, a sarcoidosis-like disease is found in patients with Blau syndrome. This condition 
is characterized by the classic triad of arthritis, uveitis, and dermatitis in association with lymphadenopathy.65

Castleman disease is defined by the presence of lymph nodal involvement with peculiar histologic features, such as 
follicles with germinal center involution, marked capillary proliferation, and follicular and interfollicular endothelial 
hyperplasia.66 The disease can present as unicentric, and generally idiopathic, or multicentric, which is often dependent 
on HHV8 infection. In patients with multicentric disease, the lymphoproliferative features can be accompanied by 
cytopenia, autoimmune diseases, hemophagocytosis, and other organ involvement.67 In the case of Castleman disease, 
the lymph nodal biopsy is a pivotal step to confirm the diagnosis. Therefore, when the disease is suspected and 
histopathology is not conclusive, imaging investigations (CT, PET) are needed to identify the lymph nodal stations 
with a higher probability of being representative for a second biopsy.66

Moreover, lymphoproliferation can be observed in patients with systemic autoimmune diseases, including 
systemic lupus erythematosus and dermatomyositis. In these conditions, lymphoproliferative features are often 
accompanied by the involvement of other systems, evidenced by musculoskeletal symptoms, arthritis, cutaneous 
manifestations, and renal involvement.68 Other rare conditions presenting with lymphoproliferation include IgG4- 
associated disease, histiocytosis, and Kikuchi-Fujimoto disease, which is typically featured by subacute necrotizing 
lymphadenopathy.69–71

Finally, in patients with recurrent episodes of lymphoproliferation, especially if associated with fever and 
laboratory features of hyperinflammation, the possibility of an underlying autoinflammatory disease should be 
considered. Children with the periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA) syndrome can 
present with isolated recurrent febrile lymphadenopathy, in the absence of the other disease signs. In this case, the 
timing of recurrence is a significant help for differential diagnosis.72,73 Similarly, the febrile episodes in patients 
with mevalonate kinase deficiency are often featured by recurrent lymphadenopathy, which can also be associated 
with hepatosplenomegaly.74
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Pathogenic and Clinical Overlaps: Inborn Errors of Immunity, Infections, and 
Malignancies
The immune dysregulation underlying IEI is also responsible for an enhanced susceptibility to viral infections, which can 
itself result in uncontrolled lymphoproliferation. Also, patients show an higher risk of developing malignant diseases, 
particularly lymphoid malignancies (Figure 4).

A paradigmatic example is represented by the class of EBV-associated disorders. In these conditions, molecular defects 
impairing the immune response against viruses, and specifically EBV (lymphocyte proliferation, co-stimulation, pathogen 
clearance) are responsible for the uncontrolled viral proliferation.75 The association between the lymphoproliferative features 
and the viral infection could be demonstrated by performing the analysis of EBV-encoded small RNAs (EBER) on tissue 
specimens. Moreover, these conditions carry an elevated risk of EBV-associated lymphomas, which are cumulatively described 
in more than half of the patients. In some specific conditions, such as the X-linked proliferative syndrome 1 (XLP-1) and others, 
the molecular defect is also associated with the potential development of HLH following viral infection.75,76

Apart from EBV-associated disorders, most IEIs are associated with an increased risk of lymphoid malignancies. Indeed, 
lymphomas account for more than 60% of the neoplastic diseases observed in this subset of patients.77 This depends on 
multiple mechanisms, including impaired tumor surveillance, uncontrolled lymphocyte proliferation, and ineffective apopto-
sis. Additionally, some specific conditions are featured by impaired DNA repair and stability, thus being associated with a high 
risk of lymphoid and extra-lymphoid neoplasia.78 The development of lymphomas is described with higher frequency in 
patients diagnosed with ALPS (51-fold higher risk of HL), APDS, antibody deficiencies, and IEI associated with impaired 
DNA repair, such as ataxia-telangiectasia, NBS, and Bloom syndrome.77,79,80

Finally, it is important to underline that the histopathological characterization of lymphadenopathies or tissues 
involved by lymphoproliferation belonging to patients affected by IEI is a relevant challenge. Indeed, these histologic 
specimens can show some sarcoidosis-like or Castleman-like aspects, as well as marked lymph nodal disruption 
mimicking malignancies.81 Similarly, the radiological features of lymph nodes and spleen of patients with IEI often 
show elements that suggest a potential diagnosis of malignancies, such as altered tissue echogenicity, texture, and density. 
Therefore, the interpretation of pathological and radiological findings in patients with diagnosed or suspected IEI requires 
extensive critical reasoning, specific experience, and close cooperation with clinicians with immunological expertise.

Practical Aspects and Diagnostic Implications
The diagnostic approach to pediatric patients with lymphoproliferation in routinely clinical practice is markedly 
heterogeneous. To be comprehensive, it must include a broad range of differential diagnoses, in order not to under-
diagnose non-infectious conditions. From a clinical point of view, as previously discussed, the most relevant first 
approach to a patient with lymphoproliferation is to search for the main features associated with infections and 

Figure 4 Overlaps in the pathogenesis of lymphoproliferation in IEI, infections, and malignancies.
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malignancies. After this first diagnostic step has reasonably excluded these two conditions, in patients with persistent 
lymphoproliferative features the search for other underlying causes is mandatory.

In patients with persistent lymphoproliferation, lymph nodal biopsy is often performed during the initial diagnostic 
assessment. This can lead to the identification of specific diagnoses based on the histologic features, including Castleman 
disease and, when the clinical history is consistent, sarcoidosis. On the other hand, when the biopsy is not suggestive of 
a specific diagnosis or not performed, an in-depth analysis is necessary. For this purpose, the investigation of personal 
and familial history and the search for specific associated signs are of primary importance (Figure 5). The history of 
recurrent lymphadenopathy associated with febrile episodes is highly suggestive for the diagnosis of autoinflammatory 
disorders. On the other hand, the association with cutaneous rash, arthritis, or muscle pain can orient toward systemic 
connective tissue diseases and lead to the analysis of specific autoantibodies and inflammatory markers (ESR, serum 
complement levels, and others) based on the clinical picture.

To suspect an underlying IEI, positive familial history of autoimmunity, infections, or lymphoproliferation, as well as 
a personal history of severe infections or other signs of immune dysregulation (autoimmunity, especially cytopenia and 
endocrinopathy, enteropathy, and eczema) are relevant warning signs. In this category of patients, a baseline immunological 
assessment should be performed. This first-level assessment should include the analysis of full blood count, serum immu-
noglobulin, lymphocyte subpopulations, and the dosage of vitamin B12.3 When the clinical history and first-level analysis are 
suggestive, the determination of αβDNTs, serum IL-10 and IL-18, and the analysis of apoptotic function can be performed to 
guide towards the diagnosis of ALPS. Differently, the analysis of switched memory B cells and specific humoral response 
(measurable by determining the response to vaccinations) can allow the diagnosis of CVID.3 The elevation of CD57 is useful 

Figure 5 Diagnostic algorithm for the identification of rare causes of lymphoproliferation. 
Notes: In patients with persistent/recurrent lymphoproliferation, when a diagnosis has not been reached, the search for signs associated with IEI (blue boxes), IEM (yellow 
boxes), and rheumatologic diseases (green boxes) could lead to appropriate investigations, and finally to the identification of rare etiologies underlying lymphoproliferation. 
Abbreviations: APDS, activated phosphoinositide 3-kinase δ syndrome; ALPS, Autoimmune lymphoproliferative syndrome; ANA, Antinuclear antibodies; CVID, Common 
variable immunodeficiency; DCT, Direct Coombs test; EBV, Epstein-Barr virus; ENA, extractable nuclear antigen; GD, Gaucher disease; GLILD, Granulomatous lymphocytic 
interstitial lung disease; HLH, Hemophagocytic lymphohistiocytosis; IEI, Inborn errors of immunity, IEM, Inborn errors of metabolism; NPD, Niemann-Pick diseases.
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to further enhance the suspicion of APDS, while the analysis of STAT phosphorylation, as well as the flow cytometric analysis 
of CTLA-4 expression, can be performed in case of specific suspect of STAT-related disorders or CTLA4/LRBA deficiency, 
respectively. Notably, as the clinical phenotype of the main IEI associated with lymphoproliferation presents significant 
overlapping, genetic testing is often necessary to establish a definitive molecular diagnosis.

To promptly identify patients with IEM, anamnesis should focus on familial history and on the presence of failure to thrive, 
bone pain, and neurodevelopmental delay. The association between hepato-splenomegaly and cytopenia, in the absence of 
other potential etiologies, deserves to be investigated for an underlying GD. Concerning this, the elevation of serum ferritin, as 
well as the demonstration of bone involvement (ie Erlenmeyer deformity) represent highly suggestive signs that should lead to 
performing the enzymatic testing.34 On the other hand, when other Gaucher-associated signs are not evident, bone marrow 
aspirate could be necessary to rule out other potential etiologies and to allow the identification of Gaucher cells. These are 
typically defined by large macrophages with eccentric nuclei, abundant blue-gray cytoplasm, and wrinkled tissue paper 
appearance.82 Concerning NPD, the most well-recognized associated signs are severe neurological involvement, the finding of 
dyslipidemia, and macular abnormalities (cherry-red spot).40 Also in patients with NPD, the analysis of bone marrow could 
identify cells with specific features, which include sea blue histiocytes and large macrophages with foamy cytoplasm and 
numerous small vacuoles.83,84

The differential diagnosis between IEI and IEM could be challenging in some patients. Some studies show that 
patients with GD may present immune-dysregulation features that can overlap with APS and ALPS-like disorders, 
including higher counts of αβDNTs and an immune-dysregulation pattern secondary to a FAS-mediated defect of 
apoptosis. For these reasons, some common clinical features of both disorders, such as thrombocytopenia and spleno-
megaly, should be evaluated not only as an overlapping sign of different conditions but also as a result of a common 
pathogenic pathway impaired by different causes.85

Conclusion and Future Directions
The etiology of lymphoproliferative features in pediatric age is extremely wide and goes far beyond the most common 
entities such as infectious diseases and hematological malignancies. In patients with persistent lymphoproliferation 
without an established diagnosis, critical reasoning based on the identification of specific warning signs and first-level 
analyses can significantly help in the recognition of rare disorders, including IEI and metabolic disorders. For this 
purpose, we have developed an algorithm in an attempt to guide the intriguingly complex process of differential 
diagnosis. Due to the heterogeneous spectrum of clinical presentation, close cooperation between pediatric hematologists, 
infectious disease and metabolic disease physicians, and immunologists is pivotal to approaching patients with unex-
plained lymphoproliferation and finally identifying the correct diagnostic approach for the single patient.
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