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Abstract

:

Lymphomas in people living with HIV (PLWH) are associated with Epstein Barr virus (EBV) and Kaposi-sarcoma-associated herpesvirus (KSHV). They include primary effusion lymphoma, large B-cell lymphoma arising in multicentric Castleman disease, plasmablastic lymphoma, Burkitt lymphoma, diffuse large B-cell lymphoma, and Hodgkin lymphoma (HL). Inclusion of these lymphomas in the WHO classification of tumors of hematopoietic and lymphoid tissues and the increasing recognition of these disorders have resulted in established clinical management that has led to improved outcomes. In this review, we report on the current management in lymphomas occurring in PLWH with an emphasis on KSHV-associated disorders and EBV-related HL. We also report on the simultaneous occurrence of KSHV- and EBV-associated disorders and highlight preventive measures that have been planned for tumor prevention in PLWH. In conclusion, it is recommended that treatment choice for PLWH affected by lymphoma, and receiving effective combined antiretroviral therapy (cART), should not be influenced by HIV status. Moreover, there is an urgent need (1) to reduce the current large disparities in health care between HIV-infected and HIV-uninfected populations, (2) to disseminate effective treatment, and (3) to implement preventive strategies for PLWH.
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1. Introduction


Before the development of effective combination antiretroviral therapy (cART), the relative risk for non-Hodgkin lymphoma (NHL) in people living with HIV (PLWH) was estimated as 60–200 fold compared to the general population [1,2,3]. Despite the introduction of cART, the incidence of lymphoma in PLWH is increasing compared to the general population [4,5].



Lymphomas occurring in PLWH are characterized by advanced stage, extranodal involvement at presentation, an aggressive clinical course, and are usually associated with Epstein Barr virus (EBV) and/or Kaposi-sarcoma-associated herpesvirus (KSHV) [4,6,7]. They include those KSHV- and EBV-related entities that are particularly concentrated in this population at high risk of infection-related cancers, i.e., primary effusion lymphoma (PEL), large B-cell lymphoma arising in multicentric Castleman disease (MCD), and plasmablastic lymphoma (PBL) [4,8]. There are probably no tumors that occur uniquely in PLWH, even if they are much more frequent and cluster highly in this group. Lymphomas that develop in the absence of HIV infection, i.e., Burkitt lymphoma (BL), diffuse large B-cell lymphoma (DLBCL), and Hodgkin lymphoma (HL), occur in PLWH with increased incidence compared to the HIV negative population [8]. Despite the introduction of cART DLBCL remains a leading malignancy, the incidence of BL, PEL, and PBL remains stable, while the incidence of HL- and KSHV-associated MCD is increasing [4,5]. Importantly, all KSHV-associated lymphoid proliferations have been also detected in HIV-negative individuals [9]. The increasing recognition of these disorders and their clear inclusion in the WHO classification [10] have resulted in established clinical management and consensus treatment protocols that have led to improvement in outcomes.



It is well known that the HIV pandemic remains a critical health problem, even though modern cART has changed the infection into a chronic manageable disease. Today, malignant tumors represent an important risk of death in PLWH, justifying and enhancing the role that hematologists and oncologists have, alongside infectious disease skills, in the effective management of PLWH with lymphoma and other tumors.



Significant gaps remain between PLWH and the general cancer population, particularly in cancer care. It is mandatory to close this gap to improve treatment outcomes. Clinical trials of immunotherapeutic strategies to simultaneously eradicate cancer and persistent HIV infection are warranted [11].



In this review, we report on the current management of HIV-related hematologic malignancies with emphasis on KSHV-associated disorders [12] and EBV-related HL [7]. We also highlight preventive measures that have been planned to avoid a second tumor and, in general, to prevent tumor development, including virus-related and unrelated cancers.




2. Pathologic and Virologic Features


The majority of lymphoid proliferations in PLWH are associated with tumor cell infection by EBV (DLBCL, 25–100%; BL, 60%; PEL, 80–100%; PBL, 70%; HL, 80–100%). The minority of lymphoid proliferations in PLWH are associated with infection by KSHV; PEL, 100%; MCD-associated large B-cell lymphoma (LBCL), 100%; and MCD, 100%. Only PEL is associated with the infection by both herpesviruses [4,6,7].



DLBCL in PLWH display either centroblastic or immunoblastic morphology (Figure 1A) showing a GC B-cell like profile (CD20+, CD10− or +, BCL6− or +, MUM1/IRF4−, and CD138−) or the activated B-cell-like profile (CD20+, CD10−, BCL6−, MUM1/IRF4+, CD138+, and CD38+), respectively. BL in PLWH displays a proliferation of medium-sized tumor cells, often demonstrating a starry sky appearance (Figure 1B). BL tumor cells express B-cell germinal center antigens (CD20+, CD10+, BCL6+, and BCL2−) and high proliferative rates (Ki67+ 100%).



PEL in PLWH express a plasma cell profile (CD138+, CD38+, and MUM1/IRF4, B-cell markers-, and T-cell markers-). Immunohistochemical staining for ORF73/LANA1 reveals KSHV infection in all cases (Figure 2). PEL tumor cells are also often positive for EBV-encoded small RNA (EBER). PBL in PLWH consists of tumor cells displaying plasma cell differentiation (CD138+, CD38+, MUM1/IRF4+), and are often positive for EBV infection.



In classic HL occurring in PLWH, Hodgkin and Reed–Sternberg cells (HRS) express the typical diagnostic profile (CD15+, CD30+, CD40+, and MUM1/IRF4+). As shown in Figure 3, HRS cells typically express positivity for EBER and LMP1 (EBV-type II latency). Table 1 lists lymphoproliferative disorders showing EBV positivity. In contrast with classic HL, these lymphoproliferative disorders lack typical/diagnostic HRS cells [5].



Images were taken using a Nikon Eclipse 80i microscope (Nikon, Tokyo, Japan) with a Pan Fluor 40×/0.75 objective and Nikon digital sight DS-Fi1 camera equipped with control unit-DS-L2 (Nikon). Images were processed using Adobe Photoshop 6 (Adobe Systems).



In MCD KSHV positive plasmablasts in the mantle zones of expanded follicles are the diagnostic marker (Figure 4). Plasmablasts in MCD typically express cytoplasmic monotypic lambda light chain, IgM, CD19, and MYC, CD38, CD45, and CD79a, while they are usually negative for CD10, CD20, CD30, CD138, BCL6, PAX5, T-cell antigens, and EBV infection. KSHV-MCD is commonly associated with other disorders and malignancies either at presentation or in the course of the disease (see below). Table 2 lists disorders and malignancies concurrent with KSHV-MCD [12].



Images were taken using a Nikon Eclipse 80i microscope (Nikon, Tokyo, Japan) with a Pan Fluor 20×/0.75 objective and Nikon digital sight DS-Fi1 camera equipped with control unit-DS-L2 (Nikon). Images were processed using Adobe Photoshop CS2 V9.0 (Adobe Systems).



Other lymphomas that can develop in PLWH include primary central nervous system lymphomas, high grade B-cell lymphomas, lymphomas of the marginal zone, polymorphic B-cell lymphoma PTLD-like, plasmacytoma, myeloma, and peripheral T-cell lymphoma [13].




3. Simultaneous Occurrence of KSHV- and EBV-Associated Disorders in PLWH


KSHV-MCD occurring in PLWH may be found in association with other malignancies including Kaposi sarcoma (KS) (Figure 5 and Figure 6) and B-cell lymphomas (PEL), that are consistently associated with KSHV, and frequently with EBV infection (PEL). MCD-associated LBCL is a new lymphoma category that usually arises in association with HIV infection. The tumor cells display plasmablastic features are usually positive for CD45 and CD20, and express terminal B-cell differentiation markers, including MUM1/IRF4, and are often negative for EBV.



In KSHV-positive germinotropic lymphoproliferative disorder (usually benign), patients present with localized lymphadenopathy without immunodeficiency. Plasmablasts, confined to expanded germinal centers, are positive for cytoplasmic monotypic light chain, CD38, MUM1, viral IL6, LANA1, and EBV [14].



Other disorders concurrent with KSHV-MCD include HIV-associated disorders and EBV-associated disorders. For example, in HIV-infected persons, and in other immunosuppressed patients, the so-called EBV positive hyperplastic (plasmacytic/plasmoblastic) B-cell lymphoproliferative lesion may occur (Figure 7) [15].




4. Treatment Strategies


Treatment of lymphomas in PLWH has evolved over time in tandem with improved control of HIV infection and immune function restoration by cART [4,16,17,18]. In the pre-cART era, outcomes were poor regardless of the treatment used, including low-dose chemotherapy, risk-adjusted intensive chemotherapy, and infusional chemotherapy [13].



The combination of cART with chemoimmunotherapy significantly improved the outcomes of the lymphomas in PLWH, with 5-year survival increasing from 13% in the pre-cART era (1986–1995) to 70–80% in the late cART era (2005–2015) [19]. Aggressive lymphomas remain the main cause of death in PLWH [20]. Prognosis depends on lymphoma-related characteristics that are incorporated into the age-adjusted International Prognostic Index (IPI) or Burkitt’s lymphoma IPI score, as well as by the lack of a complete response (CR) to therapy rather than on HIV-specific factors [4,21]. Importantly, PLWH with cancer are commonly excluded from innovative clinical trials [4,22].



Treatment choice for PLWH affected by lymphoma receiving effective cART should not be influenced by HIV status. Nevertheless, in PLWH affected by lymphomas there are special considerations that must be considered in the antineoplastic treatment, such as the presence of HIV and the comorbidity of other coinfections including oncogenic viruses. Concurrent administration of cART with chemotherapy has been associated with improved CR rates and improved immune recovery. Side effects due to drug–drug interactions may occur with CYP3A4 inhibitors such as ritonavir and cobicistat-based antiretroviral regimens. Integrase strand-transfer inhibitors (INSTIs) without cobicistat (raltegravir, dolutegravir, and bictegravir) have advantages in drug–drug interactions and result in a more rapid decline in HIV viremia. All PLWH with cancer must receive cART during antineoplastic treatment, preferably with INSTI-based regimens. In addition, maximizing supportive care, especially prophylaxis for opportunistic infections, is essential in high-risk patients [4].



The development of second primary cancers (SPC) is now an important cause of morbidity and mortality in HIV-positive lymphoma survivors, arguing for the need for regular monitoring and surveillance programs [23,24,25,26,27]. Therefore, there is an urgent need (1) to reduce the current large disparities in health care between HIV-infected and HIV-uninfected populations, (2) to disseminate effective treatment, and (3) to implement prevention strategies for PLWH.




5. Front-Line Treatment for Non-Hodgkin Lymphoma


Non-Hodgkin lymphomas (NHLs) in PLWH are aggressive diseases that require immediate treatment. The most common up-front treatment for DLBCL is rituximab (R) and chemotherapy in PLWH, although an initial randomized phase 2 trial indicated safety issues particularly in patients with low CD4 counts (≤50/µL) and in those who received rituximab “maintenance” [28], which has not been shown to be beneficial in HIV-negative NHL. Subsequent phase 2 trials with R-CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone), R-CDE (cyclophosphamide, doxorubicin, and etoposide), or dose adjusted (DA)-EPOCH-R (etoposide, prednisone, vincristine, and doxorubicin-cyclophosphamide at a dose adjusted for CD4 count) plus rituximab resulted in complete response (CR) rates of 69–91% and 2-year survival rates of 62–77%, with a low infectious mortality rate (<10%) [29,30] (Table 3) [28,29,30,31,32,33,34]. In a pooled analysis, the combination of rituximab and chemotherapy showed a significant benefit for all CD20-positive HIV-NHL patients compared to chemotherapy alone (higher CR rates and better progression-free survival (PFS) and overall survival), supporting its use in HIV-DLBCL [35]. Notably, prophylaxis of opportunistic infections in high-risk patients must be maximized according to current HIV management guidelines (https://aidsinfo.nih.gov/guidelines/html/4/adult (accessed on 26 July 2022) and adolescent.oi-prevention and treatment guidelines).



A pooled analysis by the AIDS Malignacy Consortium (AMC) suggests that infusional R-EPOCH may be more effective than bolus treatment with R-CHOP in patients with HIV-associated aggressive B-cell NHLs. However, in a randomized prospective trial in immunocompetent patients with DLBCL, DA-R-EPOCH, and R-CHOP were found to be equally effective [36].



Recently, the AMC-075 trial (Table 3) reported that the addition of the oncolytic vorinostat to EPOCH+/− rituximab had no benefit on treatment outcomes or HIV reservoir. Only Myc protein expression was significantly associated with worse outcomes, with 3-year event-free survival (EFS) of 44% in Myc-positive compared with 83% in Myc-negative DLBCL [34].



To date, the best therapy for HIV-associated BL remains unclear. Several retrospective studies suggest that dose-intensive up-front therapies may be better than R-CHOP, as in the general population. A phase 2 trial with a modified CODOX-M/IVAC regimen (cyclophosphamide, doxorubicin, vincristine, methotrexate, etoposide, ifofosfamide, and cytarabine) in combination with rituximab resulted in a 2-year survival rate of 69%, with favorable toxicity compared with the parent regimen [37].



The risk-adapted strategy DA-EPOCH proved effective for BL patients without CNS involvement (4 years EFS 85%), regardless of HIV status [38,39]. A large retrospective international study in the late cART era showed better outcomes with the CODOX-M/IVAC chemotherapy, with longer PFS (hazard ratio (HR) 0.45, p = 0.005) and longer overall survival (HR 0.44, p= 0.007) compared to the other regimens. The highest treatment-related mortality (TRM) was observed with hyperCVAD/MA (hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone, followed by high-dose methotrexate) (18%), followed by DA-EPOCH (13%) and CODOX-M/IVAC (7%). DA-EPOCH-R, on the other hand, resulted in a higher 3-year CNS recurrence (HR 2.52, p = 0.03) compared to the other regimens, with no TRM benefit [40].



In the cART era, the prognosis of PBL and PEL remains dismal, with a median overall survival of less than one year [4], although long-term survival can be achieved in selected cases [41]. Of note, in the AMC-075 trial, patients with PBL or PEL treated with DA-EPOCH with/without vorinostat, had 3-year EFS of 60% and 71%, respectively, which compares favorably with poor outcomes in retrospective series [34].



Clinical trials using combined treatment approaches with chemotherapy and targeted therapies such as bortezomib, lenalidomide, or daratumumab are currently in progress.




6. Treatment of Relapsed or Refractory Lymphoma


Since 2000, several prospective studies have demonstrated the safety and the efficacy of HD-chemotherapy with an autologous stem cell transplantation (HDC/ASCT) strategy in relapsed/refractory lymphomas of PLWH, with 3 yr overall survival ranging from 61% to 85% and low treatment-related mortality (≤5%) (Table 4) [42,43,44,45,46,47,48,49,50]. In retrospective case–control studies, outcomes between PLWH patients and controls were not statistically different [48,51,52]. However, data on long-term PLWH survivors affected by relapsed/refractory lymphoma undergoing HD/ASCT support the need of active surveillance of opportunistic infections (35%) early after HD/ASCT and second cancers (19%) later from ASCT [49].



Allogenic hematopoietic cell transplant (alloHCT) is an emerging treatment modality for selected PLWH patients with different hematological disorders including refractory lymphomas [53,54,55]. In one small phase II study, the 1 yr non relapsed mortality rate was 12%, the 1 yr overall survival 59%, and complete donor chimerism was 69% at 6 months. However, alloHCT was limited by the risk of graft-versus-host disease (grade 2–4 44%), severe infectious complications (47%), or unexpected adverse events (82%) [54]. It is noteworthy that there have been two cases of a virological cure of HIV after alloHCT using CCR5Δ32 homozygous donors [53,56].



Chimeric antigen receptor (CAR) T-cell therapy, originally studied as an HIV eradication therapy without significant efficacy, is an alternative for the treatment of highly refractory lymphomas in the general population. To date, severe toxicity and logistical problems limit its use in HIV-lymphoma patients [57]. Notably, bispecific CAR (duoCAR T cells) reduced cellular HIV infection in a humanized mouse model by 97% [58]. Future studies should investigate the role of multitarget CAR T cells in HIV-lymphoma patients.




7. Hodgkin Lymphoma


It has been reported that HL incidence was growing among PLWH patients on cART, specifically during immune reconstitution inflammatory syndrome [59,60,61]. However, recent reports have shown stabilizing/slightly declining rates of HL in PLWH [62,63]. Patients typically present moderate immune deficiency, B symptoms, and advanced stages involving bone marrow, liver, and spleen [13]. Involvement of bone marrow by HL at diagnosis (i.e., primary bone marrow HL) was found in 3–14% of cases and was characterized by an aggressive clinical course [64]. Noteworthy involvement of bone marrow by HL at diagnosis was found in 61% of cases in an HIV endemic setting [65].



A stage-adopted pretreatment approach is the current therapy for HL regardless of HIV status. Treatment with ABVD regimen (doxorubicin, bleomycin, vinblastine, dacarbazine) has been shown to be safe and effective (CR rate 74%, 5-year overall survival 81%) in PLWH with HL. Good results have also been reported with BEACOP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisolone) with a CR rate of 86% and 2-year overall survival of 91% in PLWH with advanced HL. However, BEACOPP is rarely used in frontline therapy because of its high toxicity (dose reduction/delay > 50%, TMR 6%) [5,66].



Risk-adjusted therapy on the basis of baseline fluorodeoxyglucose position emission tomography (FDG-PET) may be an appropriate standardized approach in patients with HIV-HL as in the general population. Preliminary data suggest that a negative interim PET (after two chemotherapy courses) may be predictive of higher PFS in HIV-HL patients but needs confirmation [67,68]. Recently, in a large series of PLWH with HL with a homogeneous management, a high total metabolic tumor volume (TMTV > 527 cm3) on baseline FDG-PET was the only parameter associated with a poorer PFS (2-year PFS 71% vs. 91% in patients with TMTV ≤ 527) [69].



Patients with relapsed/refractory HL on effective cART should be treated with salvage chemotherapy followed by ASCT. In a phase 2 trial the combination of brentuximab vedotin and AVD (doxorubicin, vinblastine, and dacarbazine) was safe and effective, with 2-year PFS 86% and 2-year overall survival 92%. There are only limited data on immune checkpoint inhibitors (ICIs) in HIV-HL patients since they have been excluded from all clinical trials in the general population [5]. The results of two clinical trials support the safety and efficacy on ICIs in PWLH with advanced cancers, without a negative impact on HIV viremia and CD4 cell count [70,71].




8. Multicentric Castleman Disease


KSHV-MCD is a remitting B-cell lymphoid disorder, usually occurring in PLWH on cART, that if untreated is usually fatal. The disease is characterized by an elevated KSHV viral load and increased serum levels of cytokines including viral IL-6, systemic inflammatory symptoms, multiple lymphadenopathies, organomegaly, and laboratory abnormalities. KSHV-MCD simultaneously occurs together with other KSHV- and EBV-associated disorders (see above).



Rituximab-based therapy is the standard of care, resulting in a 5-year overall survival rate of 90% and an 11-fold lower risk of developing lymphoma. Patients with concurrent KS and MCD require rituximab plus pegylated liposomal doxorubicin because KS can be reactivated by rituximab [12]. Recently, a series of 62 PLWH with KSHV-MCD reported long-term survival with 10-year survival rates of 73% and 81% for patients without and with KS, respectively. Notably, patients who received rituximab plus doxorubicin followed by maintenance therapy with high-dose zidovudine and valganciclovir or alpha-IFN had the best 5-year PFS (89%) [4,72]. To date, the overall benefit of maintenance therapy remains unclear. Intermittent rituximab therapy for relapsed disease may be a reasonable alternative strategy for prolonged disease management. A multidimensional approach is needed in this complex disease.




9. Preventive Measures


Early cART access and maintenance of immune recovery in PLWH is still the key strategy to prevent infectious-related malignancies, including lymphoma [73]. This benefit may be linked to CD4 cell recovery as well as to different mechanisms impacting coinfections with oncogenic viruses [73,74].



Today the survival of many PLWH with cancer is approaching that of the general population. Surveillance programs should be carried out in cancer survivors because they are at increased risk for SPC, probably due to persistence of the etiological agents as well as the immunosuppressive/carcinogenic effects of treatments [23,24,25,26]. Population-based linkage studies found that 9% of all HIV-associated cancers in the United States and Europe were second or subsequent cancers, a similar proportion but with higher incidence than in the general population [24,27]. From 1990 to 2010, the standardized incidence ratio (SIR) for SPCs was elevated for Kaposi’s sarcoma (28.0), anal cancer (17.0), NHL (11.1), HL (5.4), and liver cancer (3.6) in the US-population-based linkage study [24]. Of note, the pattern of SPCs differs by first primary cancer and by sex [25,27,75]. A large linkage study (1996–2015) found an increased risk of second primary non-lymphoid cancers after lymphoid malignancy, particularly myeloid malignancies, Kaposi’s sarcoma, and HPV-associated cancers, including anal, vaginal/vulvar, and rectal squamous cell carcinomas [25]. In a population-based cancer registry study in the United States, anal cancer risk was particularly high in DLBCL survivors with HIV (SIR 68) compared with survivors without HIV (SIR 2.09) [75]. Long-term persistence of HPV, particularly high-risk HPV, is more common in PWLH than in the general population and correlates with low CD4 count [76].



To date, there is a lack of appropriate prevention and screening programs for SPCs. Nevertheless, preventive measures such as immunization (HPV and HBV vaccination), antiviral therapy (HCV), and early disease detection through screening programs (Table 5) should be recommended for all PLWH including cancer survivors [13,77] (https://aidsinfo.nih.gov/guidelines/html/4/adult and adolescent.oi-prevention and treatment guidelines (accessed on 26 July 2022); www.nccn.org (accessed on 26 July 2022)).



At present, the new SARS-CoV-2 and COVID-19 pandemic represent a global public health crisis. Large cohort studies have shown that patients with cancer, especially hematological malignancies, are at high risk for COVID-19-associated complications [78].



International guidelines recommend three doses of mRNA vaccines plus additional booster doses for PWLH with advanced HIV infection and/or cancers. Pre-exposure prevention with monoclonal antibodies (tikagevimab plus cilgavimab) is recommended for immunocompromised patients (www.nccn.org (accessed on 26 July 2022)). Close vigilance and monitoring during antineoplastic treatment and persistent HIV care are mandatory.




10. Concluding Remarks


Lymphomas occurring in PLWH have been included in “The International Consensus Classification of Mature Lymphoid Neoplasms” [10]. Their clear inclusion will result in consensus treatment protocols leading to further improvements in outcomes. Moreover, novel therapeutic strategies targeting EBV and KSHV will be further investigated in preclinical research. As multiple KSHV-associated malignancies and EBV-associated disorders may be present in PLWH, careful pathological review, using suitable immunohistochemical panels, is critical for the correct diagnosis, thus, ensuring optimal treatment and outcomes for patients with KSHV-MCD. Importantly, it is recommended that the treatment choice for PLWH affected by lymphoma, and receiving effective cART, should not be influenced by HIV status.
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Figure 1. (A) Diffuse large B-cell lymphoma (DLBCL) with immunoblastic-plasmacytoid features in an individual infected by HIV. Most tumor cells have plentiful cytoplasm and round or oval nuclei with large nucleoli. The inset shows that the morphology of tumor cells is immunoblastic. (B) Burkitt lymphoma in an individual infected by HIV. A homogeneous proliferation of medium-sized tumor cells displaying cohesive and starry sky (arrows) patterns. In the inset, tumor cells show round nuclei, multiple nucleoli, and small cytoplasms. H&E, hematoxylin–eosin stain. Original magnification ×400 (A, B inset); ×200 (B). Images were taken using a Nikon Eclipse 80i microscope (Nikon, Tokyo, Japan) with Pan Fluor 20×/0.75 and Pan Fluor 40×/0.75 objectives and Nikon digital sight DS-Fi1 camera equipped with control unit-DS-L2 (Nikon). Images were processed using Adobe Photoshop CS2 V9.0 (Adobe Systems). 
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Figure 2. Primary effusion lymphoma (PEL) in individuals infected by HIV. (A) In a cell line derived from a classic PEL, tumor cells display features resembling anaplastic large lymphoma cells. (B) Immunohistochemical staining for ORF73/LANA1 detects evidence of KSHV infection. Typically, the staining pattern is speckled, more evident in circled cells. (C) In a cell block derived from a classic PEL, tumor cells display features of blastic medium-sized lymphoma. Benign mesothelial cells are also recognizable (arrow). H&E, hematoxylin–eosin stain; ORF73/LANA1, hematoxylin counterstain. Original magnification ×400. Images were taken using a Nikon Eclipse 80i microscope (Nikon, Tokyo, Japan) with a Pan Fluor 40×/0.75 objective and Nikon digital sight DS-Fi1 camera equipped with control unit-DS-L2 (Nikon). Images were processed using Adobe Photoshop CS2 V9.0 (Adobe Systems). 
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Figure 3. Hodgkin lymphoma (HL) in individuals infected by HIV. Hodgkin and Reed–Sternberg (HRS) cells are seen within a mixed inflammatory microenvironment. Several circled cells are mononuclear Hodgkin cells. In the inset, EBV-infected tumor cells are demonstrated by EBER in situ hybridization and LMP1 immunostaining. H&E, hematoxylin–eosin stain; EBER, in situ hybridization; LMP1, immunohistochemistry, hematoxylin counterstain. Original magnification ×400. 
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Figure 4. KSHV-associated multicentric Castleman disease (MCD). (A) An expanded lymphoid follicle shows a large germinal center. Vascular structures are present within the germinal center and around the follicle (demonstrated by dark outline). (B) KSHV-infected LANA-stained cells are found predominantly in the mantle zone of the follicle but are also seen scattered as single cells at the border of the interfollicular area. H&E, hematoxylin–eosin stain; ORF73/LANA1, immunohistochemistry, hematoxylin counterstain. Original magnification ×200. 
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Figure 5. Synchronized images. (A) LANA1 staining reveals a micro area of Kaposi sarcoma (KS) placed between two follicles featuring multicentric Castleman disease (MCD). The lesion is vascular and the positive LANA1 cells have a spindle morphology. In the follicular mantle zone, plasmablasts are also positive for LANA1. (B) Hematoxylin–eosin stain shows interfollicular, endothelial proliferation consistent with KS. 
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Figure 6. Triple synchronized images. The Figure shows a small Kaposi sarcoma (KS) lesion in a lymph node (top) and a follicle with the typical features observed in multicentric Castleman disease (MCD) (bottom). The KS lesion located in the context of the lymph node is revealed by immunohistological stain for Factor VII (A) and is synchronized with hematoxylin and eosin stain (B) and immuno-histological stain for LANA1 (C). 
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Figure 7. Synchronized images of a small lymphoproliferative lesion with the LANA1-, EBV+, MUM1+ profile. In the same lymph node of Figure 6, two areas containing EBV-positive cells (inset) which were LANA1 negative (not shown) and were located in areas containing MUM1 expressing cells (inset). 
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Table 1. Hodgkin lymphoma and other lymphoproliferative disorders in which proliferative or malignant cells can demonstrate EBV positivity *.






Table 1. Hodgkin lymphoma and other lymphoproliferative disorders in which proliferative or malignant cells can demonstrate EBV positivity *.









	Categories
	Lymphomas and Lymphoproliferative Disorders





	B-cell malignancies
	Hodgkin lymphoma



	
	Diffuse large B-cell lymphoma



	
	Burkitt lymphoma



	
	Plasmablastic lymphoma



	NK- and T-cell malignancies
	Angioimmunoblastic T-cell lymphoma #



	
	Follicular T-cell lymphoma #



	
	Peripheral T-cell lymphomas



	
	Extranodal NK/T cell lymphoma, nasal type



	Immunodeficiency related
	Post-transplant lymphoproliferative disorders



	
	HIV-related







* Modified and adapted from Toner et al. [7]. # B-cells are EBV positive.
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Table 2. Disorders and malignancies concurrent with KSHV-MCD *.






Table 2. Disorders and malignancies concurrent with KSHV-MCD *.









	KSHV-Associated Disorders
	Kaposi Sarcoma





	
	Primary effusion lymphoma



	
	MCD-associated large B-cell lymphoma



	
	KSHV-positive germinotropic lymphoproliferative disorder







* Modified and adapted from Carbone et al. [12].
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Table 3. Major clinical trials with rituximab (R) and chemotherapy in HIV-associated aggressive B-cell Non-Hodgkin lymphomas.






Table 3. Major clinical trials with rituximab (R) and chemotherapy in HIV-associated aggressive B-cell Non-Hodgkin lymphomas.

















	
	Patients

N°
	Study Design
	CD4 Count

/µL
	DLBCL

%
	aa-IPI ≥ 2

%
	CR Rate

%
	PFS
	Overall Survival
	Infectious Death %





	R-CHOP-R vs. CHOP

(Kaplan et al., 2005 [28])
	150
	Phase 3
	130
	81
	43
	58 vs. 47
	11.3 vs. 9.5 mos
	28 vs. 35 mos
	14 °° vs. 2 *



	R-CHOP

(Bouè et al., 2006 [31])
	61
	Phase 2
	172
	72
	48
	77
	69%

(2 yr)
	75%

(2 yr)
	2



	R-CHOP

(Ribera et al., 2008 [32])
	95
	Phase 2
	158
	81
	58
	69
	NA
	56%

(3 yr)
	7



	R-CDE

(Spina et al., 2005 [33])
	74
	Phase 2 *
	161
	72
	57
	70
	52% EFS

(2 yr)
	64%

(2 yr)
	7



	R-EPOCH

(Sparano et al., 2010 [29])
	106
	Randomized phase 2: R-EPOCH vs. EPOCH-R
	194
	80
	64
	73 vs. 55
	66 vs. 63%

(2 yr)
	70 vs. 67%

(2 yr)
	10 °° vs. 7



	SC-EPOCH-RR

(Dunleavy et al., 2010 [30])
	33
	Phase 2
	208
	100
	76
	91
	84%

(5yr)
	68%

(5yr)
	0



	VORINOSTAT-R °-EPOCH

(Ramos 2020 [34])
	90
	Randomized

Phase 2
	54 % (<200)
	71
	66
	68 vs. 74
	63 vs. 69% EFS (3 yr)
	70 vs. 77%

(3 yr)
	NA







R, rituximab; CHOP, Cyclophosphamide, Doxorubicin, Vincristine, Prednisone; R-CDE, 96 h continuous infusion (ci) Cyclophosphamide, Doxorubicin, Etoposide; R-EPOCH, 96 h ci Etoposide, Prednisone, Vincristine, Cyclophosphamide dose adjusted to CD4 count and Doxorubicin; SC-EPOCH-RR, short course (median 3 cycles, range 3–5) EPOCH plus dose-dense (days 1,5) Rituximab; DLBCL, Diffuse Large B Cell Lymphoma; aa-IPI, age-adjusted international Prognostic Score; CR, complete remission; PFS, progression-free survival; EFS, event-free survival; OS, overall survival; * p < 0.005; °° majority of patients with CD4 count < 50/µL and without combination antiretroviral therapy. R °, rituximab in CD20-positive NHL.
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Table 4. Major prospective and retrospective studies on autologous hematopoietic stem cell transplantation in relapsed/refractory HIV lymphomas. *






Table 4. Major prospective and retrospective studies on autologous hematopoietic stem cell transplantation in relapsed/refractory HIV lymphomas. *





	References
	Patients

N°
	Study (s)

Design
	Conditioning Regimen
	Follow-Up

Median, mos
	PFS

%
	Overall Survival %
	TRM

%





	Gabarre et al., 2004 [50]
	14
	Prospective

Phase 2
	BEAM, TBI-based,

Bu/Cy
	32
	NA
	5 pts alive
	0



	Krishnan et al.,

2005 [45]
	20
	Retrospective

Case–control s
	CBV, TBI/CyEto
	32
	85
	85
	5



	Serrano et al.,

2005 [46]
	33
	Prospective

phase 2
	BEAM, BEAC,

TBI-based
	58
	53
	61
	0



	Spitzer et al.,

2008 [47]
	20
	Prospective phase 2
	Low dose Bu/Cy
	6
	49
	74
	5



	Re et al.,

2003 [42]
	27
	Prospective

phase 2 s
	BEAM
	44
	76
	75
	0



	Balsalobre et al.,

2009 [48]
	68
	Retrospective multicentric s
	BEAM,

TBI-based
	32
	56
	61
	4



	Zanet et al.,

2015 [49]
	26 CR
	Retrospective

Single-centric s
	BEAM
	72
	86 (10 yr)
	91 (10 yr)
	0



	Alvarnas et al.,

2016 [44]
	40
	Prospective
	BEAM
	25
	80
	82
	5







* 166 patients with diffuse large B-cell lymphoma and 82 with Hodgkin lymphoma. PFS: progression free survival; TRM: treatment-related mortality; BEAM: carmustine, etoposide, cytarabine, melphalan; TBI: total body irradiation; Bu/Cy: busulfan/cyclophosphamide; NA: not available; CBV: cyclophosphamide, carmustine, etoposide; CyEto: cytarabine, etoposide; BEAC: carmustine, etoposide, cytarabine, cyclophosphamide; CR: complete response.
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Table 5. Prevention and screening programs for common solid tumors in persons living with HIV (PLWH).
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	Cancer
	Prevention
	Patients at Risk
	Screening Methods
	Screening Frequency





	Cervical cancer
	HPV

vaccination *
	-Sexually active women

-Age ≥ 21 yrs
	Pap Testing (PT)

Co-testing (Pap Testing+HPV Testing)

Colposcopy (C)
	-Age < 30 yrs: baseline, every 12 mos until 3 normal PTs, then every 3 yrs

-Age ≥ 30 yrs: baseline, every 12 mos until 3 normal PTs, then every 3 yrs or every 3 yrs if normal co-testing

-Annualy co-testing if normal PT and positive HR-HPV testing

-Performed C if abnormal PT or positive HR-HPV testing



	Anal cancer
	HPV vaccination *
	-All PLWHs

-MSM

-All PLWHs with a history of anogenital condylomas

-Women with abnormal genital histology
	-Visual inspection of perianal region plus digital rectal examination

Anal Pap Testing (aPT)

-HRA **
	-Annually

-Baseline and annually, every 3–6 mos if abnormal aPT

-Performed HRA if abnormal aPT (ASCUS, LSIL, HSIL)



	Liver cancer
	-HBV vaccination

-HBV/HCV therapy

-Alcohol cessation
	-HCV/HIV with cirrhosis

-HBV/HIV resistant to antiviral therapy
	Abdominal ultrasonography+/-AFP testing
	-Every 6–12 mos



	Lung cancer
	Smoking cessation
	-Smokers > 20 pack-year

-Current or former smokers who quit smoking within 10 yrs and age > 40 yrs
	Low-dose chest CT
	Annually



	Skin cancer
	Reduction/protection sun exposure
	-Fair skin

-White/non-Hispanic ethnicity
	Skin examination
	Annually







* The WHO recommends vaccination of preadolescent girls and boys long before HIV infection; the CDC recommends three doses of HPV vaccine in all women ≤ 26 years, in all men ≤ 21 years, and in MSM or individuals with a compromised immune system (including HIV) through age 26 years if not received earlier. ** in MSM, the highest anal cancer risk group, the most cost-effective screening modality is primary HRA. Abbreviations: AFP, a-fetoprotein; ASCUS, atypical squamous cells of undetermined significance; HBV hepatitis B virus; HCV, hepatitis C virus; HPV, Human Papilloma virus; HRA, high resolution anoscopy; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade intraepithelial lesion; MSM, men who have sex with men; Pap, Papanicolaou cytology.
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