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Abstract

:

In 1992, Kaposi sarcoma herpesvirus (KSHV/HHV8) was discovered and identified as the causative agent for Kaposi sarcoma. Subsequently, the presence of this virus has been detected in a number of lymphoproliferative disorders in people living with HIV (PLWH), including: KSHV-associated multicentric Castleman disease, primary effusion lymphoma, KSHV-positive diffuse large B-cell lymphoma, and germinotropic lymphoproliferative disorder. Each of these rare entities has subsequently been diagnosed in HIV-negative individuals. The recognition of some of these KSHV/HHV8-associated lymphoproliferative disorders has led to their inclusion in the WHO classification of lymphomas in 2008 and the revision of 2016; however, further revision is under way to update the classification. The relatively recent recognition of these lymphoproliferative disorders and their low incidence, particularly in the HIV-negative population, means that there is little published evidence and consensus on their clinical features and management. The publication of a new WHO classification of lymphomas should yield diagnostic clarity, providing an impetus for retrospective case series and prospective clinical trials in these KSHV/HHV8-associated lymphoproliferative disorders.
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1. Introduction


On 5 June 1981, a report in the Mortality Morbidity Weekly Report (MMWR) of clusters of Pneumocystis pneumonia heralded the AIDS epidemic. Just one month later, on 3 July, a headline on the front page of the New York Times read “Rare cancer seen in 41 homosexuals”. It subsequently became apparent that the incidence of Kaposi sarcoma (KS) was increased many thousands of times amongst people living with HIV (PLWH). An epidemiological investigation of Kaposi sarcoma amongst PLWH by Dame Valerie Beral and Harold Jaffe in 1990 pointed to a sexually transmitted infection [1]. In 1994, the novel oncogenic herpes virus known as Kaposi sarcoma herpesvirus (KSHV), or Human herpesvirus 8 (HHV8), was discovered by Yuan Chang and her husband Patrick Moore [2]. Thus, the search for and discovery of this novel oncogenic herpesvirus was led by the clinical observation and scientific analysis of the distribution of KS amongst PLWH.



The evidence that KSHV/HHV8 plays a causal role in the pathogenesis of KS followed shortly after its discovery. Firstly, KSHV/HHV8 is detectable in the malignant spindle cells of all forms of KS, whether associated with HIV infection, allograft recipients, or classical or endemic forms of KS. Secondly, molecular evaluation revealed that KSHV/HHV8 is monoclonal in KS lesions, indicating that KSHV/HHV8 infection precedes the clonal expansion of KS spindle cells [3]. Thirdly, an elegant study demonstrated that the presence of KSHV/HHV8 in the blood of PLWH, prior to the introduction of combination antiretroviral therapy, predicts the subsequent development of KS [4]. Fourthly, the global distribution of KSHV/HHV8 mirrors the prevalence of KS. Finally, the KSHV/HHV8 genome encodes around 90 genes, along with multiple non-coding RNAs, including microRNAs. Several of these viral genes have been pirated from host cells over millennia of co-evolution and possess potentially oncogenic functions.



Following the identification of a causal role for KSHV/HHV8 in KS, the virus was linked to a number of lymphoproliferative diseases. In 1995, the presence of KSHV/HHV8 was detected in a form of plasmablastic multicentric Castleman disease, seen most frequently in PLWH [5]. Similarly, and around the same time, KSHV/HHV8—often in combination with Epstein Barr virus (EBV)—was linked to primary effusion lymphoma (PEL), which was also known as body cavity lymphoma [6,7]. Recent iterations of the WHO classification of haematological malignancy have included KSHV/HHV8-associated diffuse large B-cell lymphomas, which have frequently arisen on a background of KSHV/HHV8-associated multicentric Castleman disease. More recently, in 2002, KSHV/HHV8—along with EBV—was identified in the rare entity germinotropic lymphoproliferative disorder (GLPD) [8]. Interestingly, whilst most KSHV/HHV8-associated lymphoproliferative disorders occur more frequently in PLWH, solid organ allograft recipients, and those from KSHV/HHV8 endemic areas, GLPD is most commonly seen in immunocompetent individuals.



Without the HIV pandemic, the discovery of KSHV/HHV8 would almost certainly have been delayed and the recognition of these KSHV/HHV8-associated lymphoproliferations would undoubtedly have been postponed; although, it is noteworthy that all forms of KSHV/HHV8-associated lymphoproliferations have been described in HIV-negative individuals. The purpose of the review is to analyse KSHV/HHV8-associated lymphoproliferations, considering how oncogenic herpesviruses contribute to the development of lymphomas. Based on the knowledge of these entities, the WHO classification of lymphomas considered the immunodeficiency-related lymphoproliferations and included the spectrum of KSHV/HHV8- and EBV-related disorders in PLWH, as well as in HIV-negative individuals.




2. Pathological and Clinical Features


Table 1 and Table 2 show the immunophenotypic markers, virologic associations, and genetic markers of these lymphoproliferative disorders (MCD, PEL, KSHV+DLBCL, and GLPD). Co-infection of KSHV/HHV8 with EBV in tumour cells is present in only two lymphoproliferative disorders, namely PEL and GLPD. These disorders are very different from each other in terms of malignancy (malignant PEL, non-malignant GLPD), aggressiveness, and type of affected people (immunocompromised PEL, immunocompetent GLPD). KSHV/HHV8-related diseases in HIV-positive and HIV-negative subjects are morphologically indistinguishable, but their incidence is higher in PLWH than in the general population.



2.1. KSHV/HHV8-Associated Multicentric Castleman Disease (KSHV/HHV8-MCD)


MCD is a generalized lymphoproliferative disease [11] which may display in the lymphoid tissues’ interfollicular plasmacytosis or rich intrafollicular or perifollicular vascularity, with hyalinization. KSHV/HHV8-MCD is a plasmablastic variant of MCD (Figure 1) [12,13].



Disorders that morphologically overlap with MCD include follicular hyperplasia, NOS, HIV-associated lymphadenopathy, autoimmune disorders, HL, and plasmacytoma [14].



Patients with KSHV/HHV8-MCD present with marked constitutional symptoms, generalised lymphadenopathy, and splenomegaly. Fever, night sweats, and weight loss are common and up to half the patients have cutaneous or lymph node Kaposi sarcoma. Autoimmune haemolytic anaemia and thrombocytopenia are frequent, alongside hypergammaglobulinemia and hypoalbuminemia. Approximately 10% have features of haemophagocytosis and 10% have pulmonary involvement with ground-glass pneumonitis. KSHV/HHV8-MCD is a relapsing and remitting illness and two clinical criteria have been devised for establishing a diagnosis of active MCD, one from the French ANRS (Agence Nationale de Recherche sur le SIDA) 117 CastlemaB trial group and one from the National Cancer Institute (NCI) [15,16] (see Table 3). The French ANRS definition requires the following: raised serum C-reactive protein (CRP) (in the absence of any other cause), pyrexia, and at least 3 of 12 clinical features [15]. The National Cancer Institute (NCI) scheme requires the following: raised serum CRP, at least one clinical symptom, and one laboratory abnormality probably or definitely attributed to MCD [16]. The serum CRP cut-off is higher in the French (>20 mg/L) than in the US (>3 mg/L) scheme. Although the two systems have been compared in an independent patient population of 75 cases [17], one of the simplest and most reliable laboratory markers of active KSHV/HHV8-MCD is a markedly elevated blood KSVH level.




2.2. Primary Effusion Lymphoma (PEL), Classic, and Solid Variants


PEL is an AIDS-a disease and one third of patients have coincidental Kaposi sarcoma. There is a pathological or clinical overlap between PEL, KSHV/HHV8-MCD, and KSHV/HHV8 inflammatory cytokine syndrome (KICS). KICS is a condition characterized by elevated levels of viral proteins and cytokines, such as MCD. However, KICS is not associated with lymphadenopathy. PEL tumour cells, both in classic form and in solid variant, display a plasmablastic or anaplastic morphology, are positive for latency-associated nuclear antigen 1 (LANA1) (Figure 2), and are often positive for EBV/EBER. They are frequently positive for CD45, CD38, CD138, BLIMP1, VSc38, MUM1, CD30, and EMA.



PEL was first described in 1989 in the context of PLWH [18] and the link with KSHV/HHV8 was discovered in 1995 [6]. As originally defined, PEL is a large B-cell lymphoma presenting in pleural, peritoneal, or pericardial effusions. These effusions are not usually associated with lymphoma masses; although, up to a third of patients have co-existing Kaposi sarcoma. In the early case series of PEL among PLWH, patients were usually young men who have sex with men (MSM) with low CD4 cell counts and the PEL lymphoma cells were co-infected with both KSHV/HHV8 and EBV [19]. Subsequently, PEL was described in solid organ transplant recipients [20] as well as elderly HIV-negative individuals who live in areas of high KSHV/HHV8 prevalence [21,22].



A decade after the original description of PEL, the category was expanded to include extra-cavity solid lymphomas with the same morphology, immunophenotype, and virology [23,24]. These solid PEL have been described in both PLWH and HIV-negative individuals and often present with extra-nodal disease.



A recent meta-analysis included 301 cases of whom 181 (63%) occurred in PLWH [25]. Over 90% PEL cases occurred in men, including 85% in HIV-negative individuals and the median age was 55 years (43 years in PLWH and 73 years in HIV-negative individuals). Almost half the cases involved the pleural cavity followed by abdominal cavity (14%) and pericardium (8%) and 28% had involvement of multiple body cavities.



KSHV/HHV8-positive diffuse B-large cell lymphoma, NOS.



KSHV/HHV8-positive diffuse large B-cell lymphoma, NOS is a relatively new lymphoma category, usually arising in association with MCD and HIV infection. The tumour cells display plasmablastic features and are usually positive for CD45 or CD20 and express terminal B-cell differentiation markers, including MUM1. They are often negative for EBV/EBER.



Many of these lymphomas arise in the context of KSHV/HHV8-MCD in PLWH. The risk of lymphoma in patients with KSHV/HHV8-MCD is extremely high and may affect up to one in five patients [26,27], and in one series, lymphoma was the most frequent cause of death [28]. In many cases, the lymphomas were positive for KSVH and most frequently were classified as primary effusion lymphomas and large B-cell lymphomas (KSHV/HHV8-positive DLBCL or NOS in the 2016 WHO classification), both with poor prognoses. KSHV/HHV8-DLBCL is most commonly present with lymphadenopathy and splenomegaly; although, extra-nodal involvement does occur uncommonly. The limited number of cases reported and (to some extent) the relatively recent recognition of this sub-classification means that not only is the optimal therapy uncertain, but the prognosis is also unclear; although, it is a widely held view that the prognosis is worse than KSHV/HHV8-negative DLBCL in the same HIV-positive population.




2.3. KSHV/HHV8-Positive Germinotropic Lymphoproliferative Disorder (GLPD)


GLPD usually presents with localized lymphadenopathy, often without immunodeficiency. A plasmablastic proliferation is confined to expanded germinal centres, which are positive for cytoplasmic monotypic light chain, CD38, MUM1, KSHV/HHV8 viral IL6, LANA1, and EBV/EBER (Figure 3 and Figure 4).



GLPD is a very rare disease with an indolent clinical course. A systematic review of the published literature in 2020 only identified 19 cases [29], only 5 of which were those of HIV-seropositive individuals. The described cases occurred mostly in middle aged men (68% male, mean age 58) and all presented with nodal involvement. Lymphadenopathy was present in all cases but fewer than half had constitutional symptoms and most of those who did were PLWH.





3. Treatment and Outcome


3.1. KSHV/HHV8-MCD


The clinical care of PLWH who developed KSHV/HHV8-MCD was revolutionised in 2007 by the publication of two prospective open-label phase 2 clinical studies, that established the efficacy of rituximab [15,30]. Subsequently, it was established that for patients with life-threatening organ failure or the presence of concurrent Kaposi sarcoma (KS), the addition of chemotherapy to rituximab was required. In general etoposide is the additional drug of choice for patients with life-threating disease, whilst pegylated liposomal doxorubicin is usually added to rituximab if there is concurrent KS. Three large European cohort studies have described the medium-term outcomes of this approach using rituximab-based immunochemotherapy in a total of 249 patients, yielding 5 year overall survival in excess of 90% [26,28,31]. Despite the high response rates and good long-term survival following rituximab-based treatment, relapse is frequent and can usually be salvaged with a further course of rituximab [28].



Even though rituximab-based therapy is highly successful in KSHV/HHV8-MCD, other management strategies have been investigated, including the use of anti-herpes virus therapies. Anti-herpes virus drugs target viral replication, and for this reason have very limited success in KS where the majority of KSVH is latent. However, in KSHV/HHV8-MCD there are high levels of lytic replication of KSHV/HHV8 and this makes the approach with anti-herpes agents attractive. Several small studies using anti-virals have reported efficacy in KSHV/HHV8-MCD, but in most cases the responses were brief [32,33,34,35,36]. A combination of valganciclovir and zidovudine has been most widely studied with a recent publication reporting 5 year progression-free survival (PFS) of just 26% as first line therapy but a more promising 87% 5 year PFS, when used as maintenance after rituximab-based immunochemotherapy for 10 patients, compared with a figure of 62% for 16 patients who did not receive maintenance [37]. It is thought that KSHV/HHV8 encoded vIL-6, an early lytic gene of KSHV/HHV8, contributes to the pathogenesis of KSHV/HHV8-MCD. This virokine binds to the gp80 subunit of the IL-6 receptor, which is the target of the monoclonal antibody tocilizumab. However, single agent tocilizumab achieved only transient responses in just 5 of 8 HIV patients with KSHV/HHV8-MCD [38].




3.2. PEL


The treatment of PEL in both PLWH and HIV-negative individuals is not based on clinical trial evidence. Nevertheless, there is a general consensus that patients should be treated with multi-agent chemotherapy, along with combination antiretroviral therapy, opportunistic infection prophylaxis, and careful consideration of the potential pharmacological interactions (if HIV seropositive) [39]. The most widely employed regimens are dose-adjusted EPOCH (etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin) or CHOP (cyclophosphamide, doxorubicin, vincristine, prednisolone). Rituximab may be added to these regimens if the tumour expresses CD20, although this is uncommon. The prognosis is pretty poor, with fewer than 50% alive at 1 year [40,41]; although, earlier series reported an even worse prognosis [42,43]. In a meta-analysis of 301 patients from the literature, systemic chemotherapy was associated with an improved median survival (8 months vs 1.8 m). Furthermore, in this analysis, peritoneal involvement and elevated serum LDH were associated with worse prognosis, whilst pericardial involvement carried a lower risk of death. Interestingly, HIV status did not influence prognosis [25].



The poor outcomes have led investigators to explore the roles of molecular-targeting therapies in PEL, including immunomodulatory drugs (thalidomide, lenalidomide, pomalidomide), proteosome inhibitors (bortezomib), and monoclonal antibodies targeting CD30 (brentuximab) and CD38 (daratumumab), but with limited success [44].




3.3. KSHV/HHV8-Associated DLBCL


Again, there is no consensus regarding optimal treatment of these tumours and prognosis is poor [45]. Either CODOX-M/IVAC (as used for Burkitt lymphoma and leukaemia) or dose-adjusted EPOCH are frequently used, whilst CHOP chemotherapy is generally considered inadequate [39].




3.4. GLPD


With so few cases described in the literature it is impossible to be clear about the optimal therapeutic strategies in GLPD. Combination chemotherapy with CHOP or EPOCH has been administered to seven patients and five have achieved remission. However, a less aggressive approach was taken in ten patients with monitoring, surgery, or radiotherapy but no systemic anticancer therapy. The very limited data suggests that GLPD may be a more indolent disorder than other KSHV/HHV8-associated lymphoproliferations [8,29,46].





4. Conclusions


Following the discovery of KSHV/HHV8, it was quickly identified in MCD and subsequently in PEL, some PBL, and in the rare cases of these diseases that occur in HIV-negative individuals. The pathogenetic role of KSHV/HHV8 in these lymphoproliferations is uncertain; although, the virus encodes many potential oncogenes and tumour suppressor genes, which could contribute, though many are lytic antigens. The increasing recognition of these KSHV/HHV8 lymphoproliferative disorders and their clear identification in the WHO classification has driven forward knowledge of their clinical behaviour and treatment. Thus, the recognition of KSHV/HHV8-MCD has resulted in established clinical criteria, clinical management trials, and consensus treatment protocols that have led to improvements in survival. To a lesser extent, these advances have also been seen for PEL, which was first included in the WHO classification in 2001. It is hoped that the inclusion of KSHV/HHV8-associated DLBCL in the 2016 revision and the inclusion of GLPD in future classifications will similarly lead to greater recognition, better treatments, and survival benefits for patients.
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Figure 1. KSHV/HHV8-associated MCD. (A) There is a marked intrafollicular vascular proliferation (V). The lymphoid follicle also has typical penetrating hyalinised vessels (PHV). (B) In the follicular mantle, some large atypical cells, consistent with plasmablasts, are positive for KSHV/HHV8 viral IL-6. Magnification ×20 (A,B). 
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Figure 2. KSHV/HHV8-associated MCD and solid PEL. (A) The figure shows large atypical lymphoid cells with plasmablastic morphology, consistent with solid PEL. The tumour cells are negative for CD20 and variably positive for CD138 and CD30 (not shown). (B) This lymphoma is involving the lymph node in the interfollicular zone of the lymph node (dashed). Neoplastic cells are positive for LANA. In the follicular mantle, some large, atypical cells, consistent with plasmablasts, are also positive for LANA (circled). Magnification ×40 (A), ×20 (B). 
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Figure 3. Germinotropic lymphoproliferative disorder. (A) The Hematoxylin and Eosin stain shows aggregates of plasmablasts with the involved germinal centres. (B) Plasmablasts are positive for MUM1. (C) In situ hybridization for EBV-encoded RNA (EBER) shows EBV infection. 
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Figure 4. Germinotropic lymphoproliferative disorder. Immunohistochemical stain for KSHV/HHV8-encoded LANA shows co-infection of KSHV/HHV8 in the plasmablasts, within the involved germinal centres. 
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Table 1. Pathologic spectrum and immunophenotypic markers in KSHV/HHV8-MCD, PEL, KSHV/HHV8-DLBCL, and GLPD.
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	CD20
	IRF4/MUM1
	CD138
	Other Positive Cell Markers





	Classic PEL
	Negative
	Positive
	Positive
	CD30, CD31, CD71, EMA



	Solid PEL
	Negative
	Positive
	Positive
	CD30, EMA



	KSHV/HHV8-MCD-DLBCL
	Positive

(may be lost)
	Positive
	Positive
	Lambda light chain, CD45



	KSHV/HHV8-MCD
	Negative
	Positive
	Negative
	CD38, IgM, Lambda light chain



	GLPD
	Negative
	Positive
	Positive

(may be lost)
	Monotypic light chain







Abbreviations: DLBCL—diffuse large B-cell lymphoma; NOS; PEL—primary effusion lymphoma; MCD—multicentric Castleman disease; GLPD—germinotropic lymphoproliferative disorder. Modified and adapted from Carbone et al. [9,10].
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Table 2. Virologic association, and genetic features in KSHV/HHV8-MCD, PEL, KSHV/HHV8-DLBCL, and GLPD.
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	EBV Infection

(Frequency)
	KSHV/HHV8 Infection
	Genetic Features





	Classic PEL
	Positive

(80–100%)


	Positive

(100%)
	Complex karyotype, no recurrent translocation, Tp53 and RAS rarely mutated



	Solid PEL
	Positive

(80–100%)
	Positive

(100%)
	Occasional p53 positive cells



	KSHV/HHV8-MCD-DLBCL
	Negative
	Positive

(100%)
	Myc rearrangement, TP53 point mutation



	KSHV/HHV8-MCD
	Negative
	Positive

(100%)
	



	GLPD
	Positive

(100%)
	Positive

(100%)
	







Abbreviations: DLBCL—diffuse large B-cell lymphoma; PEL—primary effusion lymphoma; MCD—multicentric Castleman disease; GLPD—germinotropic lymphoproliferative disorder; EBV—Epstein Barr Virus; KSHV/HHV8—Kaposi sarcoma-associated herpesvirus. Modified and adapted from Carbone et al. [9,10].
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Table 3. Comparison of French ANRS (Agence Nationale de Recherche sur le SIDA) 117 CastlemaB trial group and the National Cancer Institute (NCI) criteria used to define a flare of KSHV-associated multicentric Castelman disease [15,16].
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	ANRS Criteria
	NCI Criteria





	Fever
	Fatigue CTAE grade > 1



	C-reactive protein > 20 mg/L in the absence of any other aetiology
	Fever or night sweats



	Peripheral lymphadenopathy
	Weight loss



	Enlarged spleen
	Respiratory symptoms



	Oedema
	Gastrointestinal symptoms



	Pleural effusion
	Neurological symptoms



	Ascites
	Oedema or effusion



	Cough
	Xerostomia



	Nasal obstruction
	Rash



	Xerostomia
	



	Rash
	



	Central neurologic symptoms
	Anaemia (Hb < 12 g/dL)



	Jaundice
	Thrombocytopenia (<100 × 109/L)



	Autoimmune haemolytic anaemia
	Hypoalbuminemia (<35 g/L)



	
	Serum CRP > 3 mg/L
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