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With the wide use of combination antiretroviral therapy (cART), the life expectancy of HIV-infected individuals drastically improved. However, HIV infection and HIV-associated cancers were the most common causes of death in the HIV-infected populations. The HIV-associated cancers are divided into acquired immune deficiency syndrome (AIDS)-defining and non-AIDS-defining cancers based on the incidence among the HIV-infected patients. Among HIV-associated cancers, acquired immune deficiency syndrome-related lymphoma (ARL) is still the most common condition and the leading cause of HIV/AIDS-related deaths. Diffuse large B-cell lymphoma (DLBCL) and Burkitt’s lymphoma (BL) are the most common subtypes of the ARL. Although Hodgkin’s lymphoma (HL) is not considered as an AIDS-defining cancer, incidence of HL in HIV-infected individuals is higher than the general population. The review summarizes the new progress in the treatment of HIV-associated lymphoma.
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Introduction

According to the 1993 revised classification system for human immunodeficiency virus (HIV) infection, HIV-associated cancers are divided into acquired immune deficiency syndrome (AIDS)-defining and non-AIDS-defining cancers based on the coincidence among HIV-infected patients. Non-Hodgkin’s lymphoma (NHL), Kaposi’s sarcoma (KS), and invasive cervical cancer were considered AIDS-defining cancers. The other cancers such as lung cancer, anal cancer, Hodgkin’s lymphoma (HL), oral and pharyngeal cancers, hepatocellular carcinoma, vulvar cancer, and penile cancer were considered non-AIDS-defining cancers in patients with the HIV infection (1, 2).

Since 1996, with the wide use of combination antiretroviral therapies (cART), the incidence of malignant cancers in people living with HIV (PLWHIV) has decreased significantly. Nonetheless, AIDS-related lymphoma (ARL) is still the leading cause of HIV/AIDS-related deaths. Diffuse large B-cell lymphoma (DLBCL) and Burkitt’s lymphoma (BL) are the two main subtypes of ARL. Also, DLBCL is the most common subtype of B-cell lymphoma or NHL in HIV-negative patients (3).


Epidemiology

A Swiss HIV cohort study (SHCS) included 12959 people living with human immunodeficiency virus from 1984 to 2006, and among them, 429 NHL cases were identified. In the study, the highest incidence of the NHL was 13.6 per 1000 person-years in 1993-1995. Since 1996, with the wide use of cART, the incidence of NHL declined to 1.8 per 1000 person-years in 2002-2006 (4, 5). Before the cART, the DLBCL and primary central nervous system lymphoma (PCNSL) were the most common cancers, with an incidence of 4.53 and 2.33 per 1000 person-years, respectively. But in 2001-2007, the incidence of the DLBCL and BL changed due to the development of cART treatment. The DLBCL and BL were the most common cancers, with an incidence of 1.20 and 0.32 per 1000 person-years, respectively (6, 7).

A retrospective analysis from India showed that the ARL accounted for 6.5% of all lymphoma subtypes. In the study, a total of 1226 lymphoma patients were retrospectively analyzed between March 2010 to August 2017 at Kidwai Cancer Institute. Among them, 80 patients (6.5%) were detected with the HIV infection, and 70 of these patients had complete clinical and pathological details. The subtypes of the ARL were 33 DLBCL (47.1%), 15 plasmablastic lymphoma (PBL) (21.4%), 12 Hodgkin’s lymphoma (HL) (17.1%), 3 Burkitt’s lymphoma (BL) (4.3%), 2 high grade B-cell lymphoma (2.9%), 2 follicular lymphoma (FL) (2.9%), 1 PCNSL (1.4%), 1 primary effusion lymphoma (PEL) (1.4%), and 1 peripheral T cell lymphoma (PTCL) (1.4%) (8). Several other studies have shown that the most common subtypes of the ARL is the DLBCL, followed by BL (9–14). Multiple factors have been shown to influence the pathogenesis of HIV-associated lymphoma. Immunosuppression and coinfection with viruses carrying oncogenic proteins, primarily HHV8, CMV and EBV, contribute to HIV lymphomagenesis, varying by lymphoma subtype (10). The review focuses on the progress in the treatment of the above-mentioned HIV-associated lymphoma.




Front Line Treatment of ARL


HIV-Associated DLBCL

NHL is the most common hematological cancer, in which, the DLBCL is the most common lymphoma in adults. The DLBCL accounted for 30%-40% of NHL in non-HIV infected patients, and about 45% in the ARL (15, 16). For the HIV-negative DLBCL, standard first-line chemotherapy is the combination of rituximab and CHOP (R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisolone). However, some determinants influencing chemotherapy and outcome in the HIV-positive DLBCL cases are lymphoma-related factors (stage, size, localization, and IPI), HIV-related factors (CD4 cell count, viral load, infections, and cART), patients-related factors (age, ECOG, and comorbidity), and practitioner-related factors (experience in lymphoma therapy and experience in HIV therapy) (7).

In the cART, Little et al. demonstrated that the DA-EPOCH regimen had an 87% overall response rate (ORR), 74% complete response rate (CR), and 13% partial response rate (PR) in patients with HIV-associated DLBCL. Compared with the patients with the lower CD4 cell count (<100/mm3), the patients with the CD4 cells greater than 100/mm3 achieved higher CR (87% and 56%, respectively, p=0.04). After a median follow-up of 53 months, the progression-free survival (PFS) was 73%, and the overall survival (OS) was 60%. Compared with the cases with the lower CD4 cell count (<100/mm3), patients with CD4 cells greater than 100/mm3 achieved a higher OS rate (87% and 16%, respectively, p=0.001) at 53 months (17).

Coutinho et al. showed that the patients with HIV-associated DLBCL had good outcomes when were treated with rituximab plus standard chemotherapy (R-CHOP). A retrospective study included 305 DLBCL patients, of which 97 were HIV-positive patients from 2003 to 2011. The ORR of the HIV-negative group and the HIV-positive group were 84% (172/208) and 86% (84/97), respectively. Meanwhile, the CR for both groups was 73% (150/208 and 71/97). After a median follow-up of 48 months, five-year disease-free survival (DFS) was 77% (95CI, 67%-84%) and 94% (95%CI, 81%-97%) for the HIV-negative and HIV-positive patients, respectively (p=0.03). Compared with the HIV-negative patients, the five-year OS rate for the HIV-positive patients was higher [78%(95%CI, 68%-85%) vs. 64% (95%CI, 56%-70%), respectively, p=0.03]. On multivariate analysis, ECOG PS at least 2 [95%CI, 2.5 (1.211-5.231), p<0.01], and CNS involvement [95%CI, 5.2 (1.236-22.171), p=0.03] were predictive of EFS, not achieving a CR [95%CI, 11.4 (3.791-34.295), p<0.001], age at least 60 years [95%CI, 4.1(1.030-16.390), p=0.05] and at least two extranodal sites [95%CI, 3.0 (1.086-8.341), p=0.03] were predictive of OS. Hence, the choice of chemotherapy in DLBCL patients should not be influenced by the HIV status (18).

A phase 2 study assessed the role of the SC-EPOCH-RR regimen in newly diagnosed HIV-positive DLBCL. Thirty-three patients with untreated HIV-positive DLBCL patients were enrolled between June 2001 and April 2009 at the National Cancer Institute. The median age was 42 years (9-61 years), 76% (25/33) had a high age-adjusted international prognostic index (aaIPI 2-3 score), and 82% (27/33) had advanced stage (stage III/IV) of cancer. Regarding the treatment, 79% of patients (26/33) received 3 cycles, 6% of patients (2/33) received 4 cycles, and 12% of patients (4/33) received 5 cycles of the SC-EPOCH-RR regimen. The ORR, CR, and PR were 94% (31/33), 91% (30/33), and 3% (1/33), respectively. At the median follow-up of 5 years, the PFS and OS of these patients were 84% and 68%, respectively (19). Based on the above results, the SC-EPOCH-RR regimen is an important treatment strategy for the HIV-positive DLBCL cases.

AIDS-Malignancies Consortium (AMC) trial 010 was a randomized multicenter phase III clinical study, which was designed for patients with HIV-positive non-Hodgkin’s lymphoma. The study aimed to determine if the R-CHOP regimen would improve clinical outcomes in the HIV-positive aggressive B-cell lymphoma, compared with the CHOP regimen. A total of 150 patients were enrolled from the 22 participating AMC sites, and 99 patients were assigned to the R-CHOP regimen group and 51 patients were allocated to the CHOP regimen group (2:1). The DLBCL, BL, high-grade non-Hodgkin lymphoma not otherwise specified (HG NHL NOS), and other pathological types were 80 (81%), 8 (8%), 4 (4%), and 7 (7%), and 40 (78%), 6 (12%), 5 (10%), and 0 in two groups, respectively. The CRs were 57.6% for the R-CHOP regimen and 47.0% for the CHOP regimen. The progressive disease (PD) rate was greater in patients receiving the CHOP regimen alone (21.6%), compared with the patients receiving the R-CHOP regimen (8.1%). However, with a median follow-up time of 137 weeks, there were no statistically significant differences in the PFS time (45 weeks and 38 weeks, respectively, p=0.67) and the OS period (139 weeks and 110 weeks, respectively, p=0.76) between the R-CHOP regimen group and the CHOP regimen group. Therefore, the R-CHOP regimen chemotherapy only improved the CR and did not result in a higher PFS and OS time in patients with the HIV-positive DLBCL compared with the CHOP regime chemotherapy (20). However, another clinical study (21) and a pooled analysis (22) that consisted of 1546 patients from 19 prospective clinical trials showed that the R-CHOP regimen chemotherapy was associated with the higher CR rate, improved the PFS and OS. Compared with the CHOP regimen, first-line therapy with the EPOCH regimen was associated with the higher CR and significantly better OS in the HIV-positive DLBCL (22). However, there has never been direct comparison of R-CHOP vs. DA EPOCH-R. Concurrent use of the cART and rituximab in intensive regimens was associated with the improved CR and OS (22).



HIV-Associated Burkitt Lymphoma

BL is a rare aggressive B cell NHL arising from the germinal center B cells (GCB) and is characterized by accelerated cellular growth and proliferation (23). BL accounts for 1-2% of B cell lymphomas in the general population, and up to 35% of HIV associated lymphomas (24–26). Patients with HIV-associated BL have higher incidence of extra-nodal involvement, B symptoms, advance stage and worse performance status that other patients with BL (27, 28). EBV is detected in 25-40% of HIV-BL patients compared to 3-5% in the general population, and has been suggested as a driver of lymphogenesis by some studies (29, 30).

Wang et al. (31) demonstrated that HIV-BL patients treated with the CODOX-M/IVAC regimen had similar CR and event-free survival (EFS) rates compared to HIV negative patients. Montoto et al. (32) reported a 3-year EFS and OS of 75% and 52%, respectively, in 30 HIV-BL patients treated with CODOX-M/IVAC regimen. Barnes et al. (33) retrospectively analyzed 80 BL patients at the Massachusetts General Hospital and the Dana-Farber Cancer Institute from 1992 to 2009, and 14 (18%) of them were HIV positive. 40 patients received rituximab in addition to chemotherapy (R-CODOX-M/R-IVAC), compared with 40 patients treated with CODOX-M/IVAC alone. The 3-year PFS and OS of 68% and 68%, respectively, in 14 HIV-BL patients, compared with 68% and 72, respectively, in 66 HIV negative BL patients. Barnes et al. (33) reported a 3 year OS of 77% in patients with BL when rituximab was added to CODOX-M/IVAC(R-CODOX-M/IVAC) chemotherapy regimen, compared to 66% on the group that was not treated with rituximab. Therefore, the R-CODOX-M/IVAC regimen could improve the OS compared with the CODOX-M/IVAC regimen in the HIV-positive BL patients.

The Hyper-CVAD/MA regimens were the Hyper-CVAD alternated with the MA. The Hyper-CVAD regimen consists of hyperfractionated cyclophosphamide, vincristine, doxorubicin and dexamethasone. The MA regime consists of methotrexate and cytarabine. Cortes J et al. (34) enrolled 13 patients with HIV-BL were treated with hyper-CVAD alternating with high-dose methotrexate and cytarabine for a total of eight cycles. 12 patients (92%) achieved a CR and one achieved a PR. The median survival was 12 months, with 48% of patients alive after 2 years.

Dunleavy et al. (35) enrolled 30 newly diagnosed BL patients from 2000 to 2009, and 11 were positive for HIV. HIV-BL underwent the SCEPOCH-RR chemotherapy regimen, which is lower-dose short-course combination with a double dose of rituximab. After a median follow-up of 73 months, 100% (72–100) of HIV-BL patients had freedom from progression of disease and overall survival was 90% (60–98).

Evens et al. (36) retrospectively analyzed 641 BL patients across 30 US cancer centers from 2009 to 2018, and 142 (22%) of them had co-existing HIV infection. Regarding therapy, 194 patients (30%) were treated with the R-CODOX-M/IVAC regimen, 195 patients (30%) were treated with R-hyper-CVAD/MA regimen, and 181 patients (28%) were treated with the DA-EPOCH-R regimen. Following these regimens, 455 patients (71%) achieved the CR, and 494 patients (77%) achieved the ORR among all newly treated BL patients. The ORRs were 86%, 79%, and 78% in the BL patients treated with the R-CODOX-M/IVAC, R-hyper-CVAD/MA, and DA-EPOCH-R, respectively. The CRs were 80%, 74%, and 71% in patients treated with the R-CODOX-M/IVAC, R-hyper-CVAD/MA, and DA-EPOCH-R, respectively. Treatment-related mortality (TRM) were 13% (n=18) and 9% (n=43) in the HIV-positive BL patient and in the HIV-negative patients, respectively (p=0.17). With a median follow-up of 45 months, 3-year PFS among all patients was 64% (95% CI 60%-68%) and OS was 70% (95% CI 65%-73%), respectively. Compared to chemotherapy alone, the addition of rituximab to the treatment of BL patients improved the 3 year PFS (67% vs. 38%, p<0.001) and OS (72% vs. 44%, p<0.001). A detailed analysis of HIV-BL in this BL cohort was reported by Alderuccio JP et al (37). separately. Alderuccio JP et al (37). retrospectively analyzed 249 HIV-BL patients. With a median follow up of 4.5 years, the 3-year PFS and OS were 61% (95% CI 55%-67%) and 66% (95%CI 59%-71%), respectively. Remarkably, HIV features no longer influence prognosis in contemporaneously treated HIV-BL. Other studies have suggested that high-intensity regimens may improve outcomes and increase cure rates of HIV-BL patients with well controlled HIV using cART, compared to lower-intesity chemotherapies (38–40).



HIV-Associated HL

The HL was considered the most common type of non-AIDS-defining cancer in patients living with HIV. Powles et al. (41) demonstrated that the incidence of HL in patients living with HIV (PLWHIV) was increased by 5-20 times compared with the HIV-negative population. Before cART, the outcomes of the HIV-associated HL were poor. Now, with the wide use of cART and standard chemotherapy, the prognosis of these patients is similar to that of the general population.

The ABVD regimen consists of doxorubicin, bleomycin, vinblastine, and dacarbazine (42). Montoto et al. (43) retrospectively analyzed 224 newly diagnosed HL patients with the consecutive treatment with ABVD regimen in 5 hospitals in London from 1997 to 2010, of which 93 (41.5%) had HIV and were on cART. Compared with HIV-negative patients, the HIV-positive population had more advanced stage [III/IV; 74/93 (80%) vs. 45/131 (35%); p<0.001], higher International Prognostic Score [IPS 3-7; 63/93 (68%) vs. 34/131 (26%); p<0.001], more B symptoms [75/93 (81%) vs. 52/131 (40%); p<0.001], more bone marrow involvement [42/93 (45%) vs. 5/131 (4%); p<0.001], and lower lymphocyte count [median (×109/L); 0.9 vs. 1.5; p<0.001]. The CR rates were 74% and 79% in the HIV-positive and HIV-negative patients, respectively (p=0.34). With a median follow-up of 60 months, the 5-year OS rates were 81% and 88% for the HIV-positive and HIV-negative HL patients, respectively (p=0.15). Meanwhile, the 5-year EFS rates were 59% and 66% in the HL patients with the HIV-positive or negative, respectively (p=0.5). The study demonstrated that the HIV infection does not adversely affect the survival of the HL patients when they have the ABVD chemotherapy regimen.

The BEACOPP regimen consists of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, oral procarbazine, and oral prednisone (42). Hentrich et al. (44) enrolled 108 newly diagnosed HIV-associated HL patients from 42 institutions in Germany and Austria from March 2004 to October 2010, of which 85 (79%) were on cART. The patients with the localized favorable stage (IA/B or IIA/B without risk factors) were treated with 2-4 cycles of the ABVD regimen followed by involved-field (IF) radiation (30 Gy). The patients with the localized unfavorable stage (IA/B or IIA/B with at least one risk factor) were treated with 4 cycles of the BEACOPP regimen or 4 cycles of the ABVD regimen plus IF radiation (30 Gy). In patients with the advanced stage (III/IV), 6-8 cycles of the BEACOPP regimen were administered. Of the 108 patients in the prospective, multicenter clinical trial study, 23 (21%) HL patients had an localized favorable stage, 14 (13%) HL patients had an localized unfavorable stage, and 71 (66%) HL patients had an advanced stage, and the CR rates were 96%, 100%, and 86%, respectively. The 2-year OS rates were 95.7%, 100%, and 86.8%, respectively. The survival rate had no significant difference between various groups. TRM for patients with localized favorable, localized unfavorable, and advanced disease was 4% (1/23), 0%, and 7% (5/70), respectively. Some other studies also demonstrated that the HIV infection did not adversely affect the prognosis of the HL patients (45, 46). The front line chemotherapy for HIV-associated lymphoma are summarized in Table 1.


Table 1 | Front line chemotherapy for HIV-associated diffuse large B-cell lymphoma, Burkitt’s lymphoma and Hodgkin’s lymphoma in the cART era.






Relapsed and Refractory ARL

The outcome of patients with ARL becomes very poor when the lymphoma relapsed or is refractory to the first-line chemotherapy. So far, there is no standard second-line therapy. Autologous hematopoetic stem cell transplant (AutoHCT) can be considered when the patients have remission as second-line therapy (47).

Alvarnas et al. (45) reported a 2-year PFS and OS of 79.8% and 82%, respectively, for patients with relapse ARL treated with modified carmustine, etoposide, cytarabine, and melphalan (BEAM), followed by AutoHCT. Bastos-Oreiro et al. (48) enrolled 33 patients with relapse/refractory ARL and 45 matched controls, who all underwent high-dose chemotherapy and AutoHCT from 2000 to 2016. With a median follow up of 70 months, the global OS was 71%. Patients with ARL had a OS of 64% compared to 75% in the HIV negative group (p=0.57).

The BMT CTN 0903/AMC 080 trial (49) represents the only prospective multi-center study of the use of allogeneic hematopoietic cell transplantation (alloHCT) in HIV-associated hematologic malignancies. 17 HIV-associated hematologic malignancies, which including 3 NHL and 1 HL, were enrolled in the clinical trial and underwent alloHCT. There was no non-relapse mortality (NRM) at 100 days. With a median follow-up of 24.4 months, the 1-year and 2-year NRM rate were 11.8% (95% CI, 1.8%-32.2%) and 18.3% (95% CI, 4.1%-40.7%), respectively. The 1-year and 2-year OS were 58.8% (95% CI, 32.5%-77.8%) and 52.3% (95% CI, 26.8%-72.7%), respectively. Similar data have been published from an international collaboration to investigate HIV cure by alloHCT (50). Among 23 HIV-associated hematologic malignancies undergoing alloHCT, 13 died within 2 years. Among patients who achieved complete donor chimerism, there was a profound long-term reduction in the HIV reservoir.

Chimeric antigen receptor T (CAR-T) cell therapy has shown efficacy in many hematologic malignancies, including acute lymphocytic leukemia (ALL) and DLBCL. However, CAR-T has been rarely used and results have been limited to case reports (51–53).



Conclusions

Patients with ARL has significantly improved due to the wide use of cART. Using similar curative chemoimmunotherapy regimens as the ones given in patients with B cell NHL without HIV, has also improved these outcomes. More prospective randomized clinical trials with ARL patients are required in the future to facilitate the use of new drugs for the ARL.
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