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 40 

Abstract 41 

Background: Lymphoproliferative disorders are frequently diagnosed in HIV-positive patients and 42 

severe infections may occur during antineoplastic treatments: the incidence and impact of such events 43 

are not well-characterized. 44 

Objective: To describe the occurrence and mortality of incident infections in HIV-positive 45 

individuals treated for lymphoproliferative disorders. 46 

Methods: A retrospective study in HIV-positive adults with lymphoproliferative disorders (2000-47 

2012). Patients were hospitalised to receive antineoplastic chemotherapy; as well as antimicrobial 48 

prophylaxis with alternate day co-trimoxazole (800/160 mg). 49 

Results: 103 patients were included: mostly males (81, 78.6%), Caucasians (101, 98.1%), with a 50 

median age of 43 years (39-51). Fifty-eight (56.3%) patients had non-Hodgkin’s lymphoma (NHL), 51 

thirty-two (29.1%) had Hodgkin’s lymphoma (HL) and ten patients (9.7%) had Burkitt’s lymphoma 52 

(BL). Five year survival was 63.1%: the best survival rates were reported in HL (78.1%), followed 53 

by NHL (58.6%) and BL (50%). Forty-four patients (42.7%) developed 82 infections during follow 54 

up: identified causative agents were bacteria (35, 42.7%), viruses (28, 34.1%), mycobacteria (7, 55 

8.5%), protozoa (7, 8.5%) and fungi (5, 6.1%). Cytomegalovirus infections (n=17, including 5 end-56 

organ diseases) emerged 53 days after the diagnosis: multivariate analysis showed CD4+ cell count 57 

<100/uL as the only independently associated factor (p<0.001, aOR=23.5). Two factors were 58 

associated with mortality risk: a IPI/IPS-score of >2 (p=0.004, aOR=6.55) and the presence of CMV 59 

disease (p=0.032, aOR=2.73)..  60 

Conclusions: HIV positive patients receiving treatment for lymphoproliferative disorders suffer from 61 

a high incidence of infections and associated mortality risk. Tailored secondary prophylaxis be 62 

beneficial and should be considered in this setting. 63 

 64 

Key words: HIV; lymphoma; survival; infection; cytomegalovirus. 65 
 66 
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Introduction 67 

HIV-positive patients have an increased risk of lymphoproliferative disorders compared to the non-68 

infected population. Standardized incidence rates for NHL are reported to be 103 (88.8-119) in the 69 

pre Highly Active Antiretroviral Treatment (HAART) era (1985-1996), 26.7 (19.9-35.1) in the early 70 

HAART era (1997-2001) and 16.2 (11.1- 22.9) in the late HAART era (2002-2006). [1] Conversely 71 

Hodgkin’s lymphoma standardized incidence rates seemed to increase in the late HAART era (from 72 

9.2 to 28.1), accounting for the second most common non-AIDS defining cancer. [1,2] Before the 73 

introduction of HAART outcomes in HIV positive patients with lymphomas were very poor, mainly 74 

due to the failure of chemotherapy regimens and the development of opportunistic and non-75 

opportunistic infections (with sepsis being frequently reported). [3]  76 

HAART has a great impact on the progression of lymphomas: it has been associated with increased 77 

treatment response rates and reduced incidence of opportunistic infections and septic episodes, thus 78 

greatly improving patients’ overall survival and disease-free survival. [4-6]  79 

Lymphoproliferative disorders in HIV positive patients often present in hosts with advanced 80 

immunosuppression, are associated with infectious complications and significant mortality rates.  Co-81 

existing AIDS-defining illnesses in late-presenting HIV-positive individuals may worsen survival. 82 

Despite survival rates similar to HIV-negative individuals, HIV-positive patients with diffuse large B 83 

cell lymphoma achieved cure rates of 30–50%. [7] Significant differences in prognostic factors like 84 

cancer histotype, CD4+ T lymphocyte count (CD4), International Prognostic Index (IPI) or 85 

International Prognostic Score (IPS) and antineoplastic chemotherapy protocols have been associated 86 

with clinical outcomes. [8-10] 87 

In HIV-negative patients with lymphoproliferative disorders, severe infective complications are 88 

generally managed with the aid of granulocyte colony stimulating factors (G-CSF) and the use of 89 

prophylaxis for bacterial infections and for Pneumocystis jirovecii pneumonia in selected high-risk 90 

subjects. [11] For instance Pneumocystis jirovecii prophylaxis is recommended in HIV-negative high 91 

risk patients including in those with prolonged CD4+ cell count below 200 cell/uL or receiving 92 

prolonged steroid treatment. [12]  93 
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Standardized and effective strategies for HIV-positive patients are lacking; furthermore widespread 94 

concern remains on the selection of fluoroquinolone resistant bacterial strains. [13] 95 

Apart from available clinical trial data and retrospective analyses on AIDS-related lymphomas, there 96 

is a substantial lack of information concerning the incidence and the outcomes of infections during 97 

the treatment of lymphoproliferative disorders in HIV-positive patients. Although most of the 98 

antimicrobial recommendations for lymphoproliferative disorders in HIV-negative subjects can be 99 

extended to HIV-positive patients, they may be inadequate to prevent and properly manage the 100 

complications of opportunistic infections [namely Cytomegalovirus (CMV), Toxoplasma gondii and 101 

Mycobacterium tuberculosis] in the HIV-positive host. Moreover no guidelines have been established 102 

in such settings. 103 

The aim of this study was to characterize the incidence, risk factors and outcomes of infectious 104 

complications in HIV-positive patients treated for lymphoproliferative disorders. 105 

 106 

Methods 107 

Patient selection and follow up 108 

A retrospective  study on adult HIV-positive patients presenting with lymphoproliferative disorders 109 

in a single centre between 2000 and 2012 was performed. All consecutive patients were included after 110 

revision of their complete medical records within the study period.  111 

Patients were treated at Amedeo di Savoia Hospital (Turin, Italy) by Infectious Diseases consultants, 112 

in collaboration with Haematology consultant (working at Città della Salute e della Scienza Hospital, 113 

, Turin, Italy). Chemotherapies were administered in the Infectious Diseases ward and patients were 114 

discharged according to clinical conditions. Apart from co-trimoxazole (800/160 mg at alternate days) 115 

no other primary prophylaxis was administered to study participants. G-CSF was prescribed as per 116 

the haematologist team’s advice, according to the chemotherapy regimen administered and the degree 117 

of myelotoxicity expected and observed. Antiretroviral therapy was started and managed according 118 

to international guidelines. 119 

 120 
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Microbiological analysis 121 

Identification of bacterial, fungal and mycobacterial infections was performed via standard 122 

haemocultures, cultures of other samples, or PCR analysis. Viral infections were diagnosed via 123 

detection of viral DNA in muco-cutaneous swabs (HSV and VZV) or CMV DNA in serum. CMV 124 

infection/reactivation was defined as a febrile illness without other plausible cause, and detectable 125 

CMV DNA; CMV end-organ disease was defined as evidence of organ disease with CMV-associated 126 

clinical or histopathological characteristics and detectable CMV DNA. [15] Pneumocystis jirovecii 127 

pneumonia was defined as an acute interstitial pneumonia with positive Pneumocystis jirovecii on 128 

bronchoalveolar lavage, and absence of other causes for pneumonia. Diagnoses of 129 

neurotoxoplasmosis was based on clinical, radiological and microbiological criteria. Plasma HIV 130 

RNA was measured through real-time PCR with 2 different assays: Cobas Amplicor HIV-1 Monitor 131 

test, version 1.5 until 2008 (limit of detection of 50 copies/mL) and CAP/CTM Roche Taqman 2.0 132 

(limit of detection 20 copies/mL, 2008-2012).  133 

Sepsis was defined as the presence of bacteraemia, in association with criteria for the diagnosis of 134 

systemic inflammatory response syndrome. 135 

 136 

Statistical analysis 137 

Demographic, immunological, virological and therapeutic data were described and correlated to the 138 

incidence of infections with patients’ survival. Kaplan-Meyer curves (with log-rank test) and Cox 139 

proportional hazard model were used to analyse factors associated with time-updated incidence of 140 

infections and survival. A forward step-wise selection method was used in order to select the relevant 141 

predictive variables. The following factors were analysed as infection predictors: age (per 10 years 142 

increase), gender, anti-HCV positivity, previous AIDS, current AIDS, CD4+ cell count at diagnosis, 143 

HAART prior to lymphoma diagnosis, viral load below 50 copies/mL at diagnosis, IPI/IPS score, 144 

lymphoma stage, rituximab use, persistent neutropenia (neutrophil count below 500/uL for more than 145 

7 days), protease inhibitor (PI)-based HAART during chemotherapy (vs other antiretroviral 146 

treatments), type of lymphoma (NHL vs HD vs BL). 147 
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For the multivariate survival analysis all the aformentioned factors were included, as well as the 148 

emergence of infections and of cytomegalovirus reactivation. All statistical analyses were performed 149 

with the Statistical Package for Social Sciences ver. 20.0 (IBM Corp. Released 2011. Armonk, NY: 150 

IBM Corp). Data are expressed as medians (interquartile range). 151 

 152 

Results 153 

Baseline characteristics 154 

One hundred and three patients were included: they were mostly male (81, 78.6%), Caucasians (101, 155 

98.1%), aged 43 years (39-51). Estimated duration of HIV infection was 5.1 years (0.2-13.2): 22 156 

patients (21.2%) had a previous diagnosis of AIDS while 29 subjects (27.9%) were presenting with 157 

AIDS. Median CD4+ cell count was 138/uL (45-311); 19 patients (18.4%) had an undetectable  viral 158 

load (below 50 copies/mL) at time of lymphoma diagnosis. Fifty-eight patients (56.3%) had NHL, 159 

thirty-two patients had HL (29.1%), and ten patients, (9.7%)  had BL; 2 patients had  low-grade B 160 

cell lymphomas, and one a polyclonal B lymphocytes proliferation. Tumor staging was of stage IV 161 

in n=74 patients (71.8%) and stage III in 7 patients (6.8%); IPI/IPS score was above 2 in 54.4% of 162 

patients. Baseline  demographic, immunological, virological and neoplastic characteristics are shown 163 

in table 1, in correlation with  lymphoma histopathology. 164 

Patients with NHL received the following antineoplastic chemotherapy: cyclophosphamide/ 165 

doxorubicin/vincristine/prednisone (“CHOP”: n =41, 70.7%), cyclophosphamide/doxorubicin/ 166 

etoposide (“CDE”: n =3, 5.2%), adriamicin/prednisolone/vincristine (“APO”, n =2, 3.4%) and 167 

mesna/ifosfamide/novantrone/etoposide (“MINE”, n =2, 3.4%). HL were treated with 168 

adriamicin/bleomycin/vinblastine/dacarbazine (“ABVD”, 24, 75%), Stanford V (3, 9.4%) and 169 

etoposide/epirubicin/bleomycin/cyclophosphamide/prednisolone (“VEBEP”, 2, 6.2%).  170 

Patients with BL received chemotherapy with CODOX-M/IVAC regimens (n =8, 80%) containing 171 

cyclophosphamide/vincristine/doxorubicin/high-dose-methotrexate plus ifosfamide/etoposide/high-172 

dose-cytarabine.  173 
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Rituximab was administered to 34 patients (58.6%) with NHL and 2 patients (20%) with BL, 174 

respectively. Antineoplastic chemotherapy doses were reduced in 13 patients (12.6%). 175 

Antiretroviral treatment was administered concomitantly with chemotherapy in 89 patients (86.4%): 176 

anti-HIV regimens were mostly PI-based (64, 71.9%), non nucleoside reverse transcriptase inhibtor 177 

(NNRTI)-based (19, 21.3%), or raltegravir-based (6, 6.7%). 178 

 179 

Incidence and time course of infections 180 

Patients contributed to 503 person-years: 44 patients (42.7%) developed 82 infections in the first three 181 

years after the diagnosis of lymphoma. The reported infections were caused mostly by bacteria (35, 182 

42.7%), followed by viruses (28, 34.1%), mycobacteria (7, 8.5%), protozoa (7, 8.5%) and fungi (5, 183 

6.1%); specific aetiologies are reported in table 2.  184 

Infections were reported 61 days (1-148) after the lymphoma diagnosis: bacterial, viral, fungal, 185 

protozoal and mycobacterial episodes were reported after 63 days (14-154), 80 days (9-149), 1 day 186 

(1-180), 103 (1-145) and 21 (0-70), respectively (figure 1). 187 

At univariate analysis a CD4+ cell count below 100/uL at baseline (p=0.02), not receiving HAART 188 

(p=0.01), prolonged neutropenia (p=0.001) and rituximab use (p=0.02) were associated with the 189 

occurrence of infections. Not being on HAART at diagnosis [p=0.012, adjusted odds ratio (“aOR”) 190 

3.45, 95%CI 1.30-9.11] and rituximab use (p=0.014, aOR 3.52, 95%CI 1.28-9.66) were 191 

independently associated with the occurrence of infection, in a multivariate Cox-proportional hazards 192 

model. 193 

CMV reactivation emerged 53 days (13-156) after the lymphoma diagnosis, with a median CMV 194 

DNA of 10357 copies/mL (4350-31076): 5 cases of end-organ disease were diagnosed (4 retinitis, 1 195 

gastrointestinal). The same factors were investigated as predictors for CMV reactivation: at univariate 196 

analysis a CD4+ cell count below 100/uL at diagnosis (p=<0.001, OR 15, 95%CI 4.2-53.4), HAART 197 

use before diagnosis (p=0.001), viral load below 50 copies/mL at diagnosis (p=0.03), prolonged 198 

neutropenia (p=0.004) and rituximab use (p=0.03) were associated with the occurrence of infection. 199 
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At multivariate analysis the only independent predictor of CMV reactivation was a CD4 cell count 200 

below 100/uL at diagnosis (p=0.001, aOR 23.5, 95%CI 3.70-147.00). 201 

 202 

Survival 203 

Sixty-five patients (63.1%) survived: five year survival was higher for HL (78.1%) versus NHL 204 

(58.6%) and BL (50%) (p=0.023, log-rank test). Median overall survival was 1430 days (196-2786): 205 

it was longer for HL 1781 days (720-3839) versus NHL 1540 days (191-2845) and BL 482 days (52-206 

2847) (log-rank test p=0.001, figure 2a).  207 

Univariate (log-rank test) and multivariate analysis (Cox proportional hazard model) are described in 208 

table 3. Once corrected a IPI/IPS score above 2 (p=0.004, aOR 6.549, 95% CI 1.80-23.85) and CMV 209 

reactivation (p=0.032, aOR 2.74, 95% CI 1.090-6.87) were independently associated with increased 210 

mortality risk (figure 2b and 2c). 211 

 212 
Discussion 213 

In this retrospective study of HIV-positive patients diagnosed with lymphoproliferative disorders a 214 

significant incidence of infections (16.3 case for 100 person-years) was observed; nevertheless overall 215 

survival was similar to other case-series (and better for Hodgkin’s lymphomas). [16,17] 216 

This study has several limitations: its retrospective design, the heterogeneous histopathologic patterns 217 

and antineoplastic chemotherapies used, the large time frame (11 years with different treatment 218 

possibilities), varied combinations of antiretroviral therapies as well as the different management of 219 

incident infections. One of the major limitations of the study is the small sample size with limited 220 

power for assessing secondary objectives (evidenced by wide confidence intervals at multivariate 221 

analysis). It should be taken into consideration that routine hospital admission for antineoplastic 222 

chemotherapies may have increased the incidence of bacterial and fungal infections (often health 223 

care-associated); on the other hand patients had no antimicrobial prophylaxis except for co-224 

trimoxazole as primary prevention of Pneumocystis pneumonia. We should also acknowledge that 225 
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additional factors (unreported comorbidities or medications, chemotherapy delays or modified 226 

dosing, etc.), not taken into account, might have influenced the observed results.  227 

The emergence of HIV-associated infections (such as toxoplasmosis, Pneumocystis pneumonia and 228 

CMV reactivation) suggests that specific guidelines for the management and prophylaxis of 229 

opportunistic infections in this cohort are warranted. Antibacterial prophylaxis in patients treated for 230 

lymphomas is generally recommended following evidence from systematic reviews [11], and it may 231 

be applied to HIV-positive patients. Some experts advise caution in this approach due to the possible 232 

selection of resistant strains: we did not have complete data on antimicrobial sensitivity (apart from 233 

one case of multi-resistant Pseudomonas aeruginosa and one Acinetobacter baumannii, and one 234 

methicillin-resistant Staphylococcus aureus). Infections were less common in patients establishedon 235 

HAART before lymphoma diagnosis and with no rituximab in their antineoplastic regimens.  236 

A multi-centre clinical trial assessing the addition of rituximab to CHOP [18] on 105 HIV-positive 237 

patients with NHL reported an increased risk of death in the group randomized to rituximab plus 238 

CHOP (RCHOP):  14% of the patients receiving R-CHOP had infective complications secondary to 239 

treatment while 2% in the group randomized to standard CHOP regimen. This is in contrast with a 240 

recent meta-analysis; although the observations did not reach statistical significance an advantage of 241 

rituximab-containing regimes in terms of overall response rate, complete response rate and 2-year 242 

overall survival rate was observed. [6, 19] 243 

Focusing on the incidence of infections and their associated mortality, patients with high IPI/IPS 244 

scores and low CD4+ cell count were found to be at higher risk of developing infectious 245 

complications: in the aforementioned clinical trial 60% of the deaths were in patients with a 246 

lymphocyte CD4+ cell count below 50 cells/uL. [14, 15, 19,20] This is consistent with data from 247 

other studies showing that low CD4+ cell count is associated with an increased risk of bacterial 248 

infections in HIV-positive neutropenic patients, probably due to abnormalities in neutrophil response. 249 

[21,22] Data from a trial (BURKIMAB study) conducted on 118 patients with BL  treated with 250 

intensive immune-chemotherapy (n =37 HIV-positive) showed no statistically significant differences 251 



 

10 

in any response parameters between HIV-positive and negative patients; nevertheless early death 252 

(mainly due to infections) was more frequent in the HIV-positive group. [24] 253 

Seven mycobacterial infections were observed, which further complicated the management of both 254 

antiretroviral and antineoplastic regimens. Interferon-gamma release assays for the detection of latent 255 

tuberculosis in HIV-positive patients [24,25] may be particularly advised in patients with lymphoma, 256 

given the higher risk of mycobacterial reactivation. Nevertheless data on the treatment of latent 257 

tuberculosis in HIV-positive patients with lymphoproliferative disorders are not available. 258 

We observed a high incidence of CMV reactivation (3.5 cases per 100 patient-years), which is a  259 

potential concern. In patients with NHL (considering 17 trials and one single case report) 15 cases of 260 

CMV-associated end-organ disease (on 1566 included patients) emerged: however CMV reactivation 261 

may have been underreported in such studies and in studies on HIV-associated HL. [16,17, 26-38] 262 

Apart from serious end-organ complications (retinitis and gastroenteritis) CMV viremia has been 263 

associated with reduced survival in HIV-positive patients without neoplastic disorders. [39-41] In our 264 

cohort the only predictor of CMV reactivation was a CD4+ cell count below 100 cells/uL at diagnosis, 265 

with an adjusted odds ratio of 15.5. Furthermore the occurrence of CMV reactivation during the 266 

course of chemotherapy was significantly associated with reduced survival. These observations may 267 

warrant prospective studies aimed at identifying the best management of HIV-positive patients with 268 

lymphomas: pre-emptive approaches and primary prophylaxis should be investigated. Furthermore 269 

CMV reactivation may be associated with poor immune recovery and a delay in HIV control: recent 270 

data suggest that an early virological response to antiretroviral treatment is significantly associated 271 

with improved survival. [42] 272 

HIV-positive patients with lymphoproliferative disorders have a high incidence of infections which 273 

has been associated with poor baseline immune status and rituximab use. Given the association 274 

between survival and infections occurrence (specifically of CMV reactivation) clinical practice 275 

guidelines for the prophylaxis and management of infectious episodes during the course of 276 

chemotherapy are warranted. 277 

 278 



 

11 

 279 

Compliance with Ethical Standards: 280 

Funding: No funding was received. 281 

Conflict of Interests: A.C. has received travel grants or speaker’s honoraria from Abbott, Bristol-282 

Myers Squibb (BMS), Merck Sharp & Dome (MSD) and Janssen-Cilag. S.B. has received grants, 283 

travel grants, consultancy fees from Abbott, Boehringer-Inghelheim, BMS, Gilead-Sciences, GSK, 284 

MSD, Pfizer, Janssen-Cilag. G.D.P. has received grants, travel grants, consultancy fees from Abbott, 285 

Boehringer-Inghelheim, BMS, Gilead-Sciences, GSK, MSD, Pfizer, Roche, Tibotec (Johnson 286 

&Johnson). Other authors have nothing to declare 287 

Ethical approval: March 3rd 2014, Comitato Etico Interaziendale Ospedale S.Luigi Gonzaga di 288 

Orbassano 289 

 290 

Informed Consent: not obtained because of the retrospective nature of the study. 291 

 292 

Acknowledgments: We would like to thank Dr. Gurmit Kaur Jagjit Singh for the manuscript 293 

proofreading and language editing. 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 



 

12 

References: 305 

1) Franceschi S, Lise M, Clifford GM, et al. Changing patterns of cancer incidence in the early- and 306 

late-HAART periods: the Swiss HIV Cohort Study. Br J Cancer. 2010;103(3):416-22.  307 

2) Worm SW, Bower M, Reiss P, et al. Non-AIDS defining cancers in the D:A:D Study - time 308 

trends and predictors of survival: a cohort study. BMC Infect Dis. 2013;13:471. 309 

3) Kaplan LD, Abrams DI, Feigal E, et al. AIDS-associated non-Hodgkin's lymphoma in San 310 

Francisco. JAMA. 1989;261(5):719-24. 311 

4) Antinori A, Cingolani A, Alba L, et al. Better response to chemotherapy and prolonged survival 312 

in AIDS-related lymphomas responding to highly active antiretroviral therapy. AIDS. 313 

2001;15(12):1483-91.  314 

5) Bohlius J, Schmidlin K, Costagliola D, et al. Incidence and risk factors of HIV-related non-315 

Hodgkin's lymphoma in the era of combination antiretroviral therapy: a European multicohort 316 

study. Antivir Ther. 2009;14(8):1065-74.  317 

6) Barta SK, Xue X, Wang D, et al. Treatment factors affecting outcomes in HIV-associated non-318 

Hodgkin lymphomas: a pooled analysis of 1546 patients. Blood. 2013;122(19):3251-62. 319 

7) Lim ST, Karim R, Tulpule A, Nathwani BN, Levine AM. Prognostic factors in HIV-related 320 

diffuse large-cell lymphoma: before versus after highly active antiretroviral therapy. J Clin 321 

Oncol. 2005;23(33):8477-82.  322 

8) Bohlius J, Schmidlin K, Costagliola D, et al. Prognosis of HIV-associated non-Hodgkin 323 

lymphoma in patients starting combination antiretroviral therapy. AIDS. 2009;23(15):2029-37. 324 

9) Cruciani M, Gatti G, Vaccher E, et al. Pharmacokinetic interaction between chemotherapy for 325 

non-Hodgkin's lymphoma and protease inhibitors in HIV-1-infected patients. J Antimicrob 326 

Chemother. 2005;55(4):546-9. 327 

10) Ezzat HM, Cheung MC, Hicks LK, et al. Incidence, predictors and significance of severe toxicity 328 

in patients with human immunodeficiency virus-associated Hodgkin lymphoma. Leuk 329 

Lymphoma. 2012;53(12):2390-6. 330 



 

13 

11) Gafter-Gvili A, Fraser A, Paul M, et al. Antibiotic prophylaxis for bacterial infections in afebrile 331 

neutropenic patients following chemotherapy. Cochrane Database Syst Rev. 2012;1:CD004386. 332 

12) Neumann S, Krause SW, Maschmeyer G, Schiel X, von Lilienfeld-Toal M; Infectious Diseases 333 

Working Party (AGIHO); German Society of Hematology and Oncology (DGHO). Primary 334 

prophylaxis of bacterial infections and Pneumocystis jirovecii pneumonia in patients with 335 

hematological malignancies and solid tumors : guidelines of the Infectious Diseases Working 336 

Party (AGIHO) of the German Society of Hematology and Oncology (DGHO). Ann Hematol. 337 

2013;92(4):433-42. 338 

13) Ng ES, Liew Y, Earnest A, Koh LP, Lim SW, Hsu LY. Audit of fluoroquinolone prophylaxis 339 

against chemotherapy-induced febrile neutropenia in a hospital with highly prevalent 340 

fluoroquinolone resistance. Leuk Lymphoma. 2011;52(1):131-3. 341 

14) Safa G, Darrieux L. Cerebral toxoplasmosis after rituximab therapy. JAMA Intern Med. 342 

2013;173(10):924-6. 343 

15) Kalpoe JS, Kroes ACM, de Jong MD, et al. Validation of Clinical Application of 344 

Cytomegalovirus Plasma DNA Load Measurement and Definition of Treatment Criteria by 345 

Analysis of Correlation to Antigen Detection. J Clin Microbiol. 2004; 42(4):1498-1504. 346 

16) Mounier N, Spina M, Gabarre J, et al. AIDS-related non-Hodgkinlymphoma: finalanalysis of 347 

485 patientstreatedwithrisk-adapted intensive chemotherapy. Blood. 2006;107(10):3832-40. 348 

17) Barta SK, Lee JY, Kaplan LD, Noy A, Sparano JA. Pooled analysis of AIDS malignancy 349 

consortium trials evaluating rituximab plus CHOP or infusional EPOCH chemotherapy in HIV-350 

associated non-Hodgkin lymphoma. Cancer. 2012;118(16):3977-83. 351 

18) Kaplan LD, Lee JY, Ambinder RF, et al. Rituximab does not improve clinical outcome in a 352 

randomized phase 3 trial of CHOP with or without rituximab in patients with HIV-associated 353 

non-Hodgkin lymphoma: AIDS-Malignancies Consortium Trial 010. Blood. 2005;106(5):1538-354 

43. 355 

19) Castillo JJ, Echenique IA. Rituximab in combination with chemotherapy versus chemotherapy 356 

alone in HIV-associated non-Hodgkin lymphoma: a pooled analysis of 15 prospective studies. 357 



 

14 

Am J Hematol.2012;87(3):330-3. 358 

20) Navarro JT, Ribera JM, Oriol A, et al. International prognostic index is the best prognostic factor 359 

for survival in patients with AIDS-related non-Hodgkin's lymphoma treated with CHOP.  A 360 

multivariate study of 46 patients. Haematologica. 1998;83(6):508-13. 361 

21) Moore DA, Benepal T, Portsmouth S, Gill J, Gazzard BG. Etiology and natural history of 362 

neutropenia in human immunodeficiency virus disease: a prospective study. Clin Infect Dis. 363 

2001;32(3):469-75. 364 

22) Borg C, Ray-Coquard I, Philip I, et al. CD4 lymphopenia as a risk factor for febrile neutropenia 365 

and early death after cytotoxic chemotherapy in adult patients with cancer. Cancer. 366 

2004;101(11):2675-80. 367 

23) Ribera JM, García O, Grande C, et al. Dose-intensive chemotherapy including rituximab in 368 

Burkitt's leukemia or lymphoma regardless of human immunodeficiency virus infection status: 369 

final results of a phase 2 study (Burkimab). Cancer. 2013;119(9):1660-8.  370 

24) Person AK, Sterling TR. Treatment of latent tuberculosis infection in HIV: shorter or longer? 371 

Curr HIV/AIDS Rep. 2012;9(3):259-66. 372 

25) Dierberg KL, Chaisson RE. Human immunodeficiency virus-associated tuberculosis: update on 373 

prevention and treatment. Clin Chest Med. 2013;34(2):217-28. 374 

26) Boué F, Gabarre J, Gisselbrecht C, et al. Phase II trial of CHOP plus rituximab in patients with 375 

HIV-associated non-Hodgkin's lymphoma. J ClinOncol. 2006;24(25):4123-8.  376 

27) Hernàndez DE, Hernàndez AE. Human immunodeficiency virus-associated diffuse non-377 

Hodgkin's lymphoma in Venezuelan patients: treatment with full-dose cyclophosphamide-378 

doxorubicin-vincristine-prednisone without routine use of granulocyte-colony stimulating factor. 379 

Eur J Cancer Care (Engl). 2006;15(5):493-6. 380 

28) Levine AM, Tulpule A, Espina B, et al. Liposome-encapsulated doxorubicin in combination with 381 

standard agents (cyclophosphamide, vincristine, prednisone) in patients with newly diagnosed 382 

AIDS-related non-Hodgkin's lymphoma: results of therapy and correlates  of response. J 383 

ClinOncol. 2004;22():2662-70. 384 



 

15 

29) Levine AM, Noy A, Lee JY, et al. Pegylated liposomal doxorubicin, rituximab, 385 

cyclophosphamide, vincristine, and prednisone in AIDS-related lymphoma: AIDS Malignancy 386 

Consortium Study 047. J ClinOncol. 2013;31(1):58-64. 387 

30) Little RF, Pittaluga S, Grant N, et al. Highly effective treatment of acquired immunodeficiency 388 

syndrome-related lymphoma with dose-adjusted EPOCH: impact of antiretroviral therapy 389 

suspension and tumor biology. Blood. 2003;101(12):4653-9. 390 

31) Ratner L, Lee J, Tang S, et al. Chemotherapy for human immunodeficiency virus-associated non-391 

Hodgkin's lymphoma in combination with highly active antiretroviral therapy. J ClinOncol. 392 

2001;19(8):2171-8. 393 

32) Ribera JM, Oriol A, Morgades M, et al.Safety and efficacy of cyclophosphamide, adriamycin, 394 

vincristine, prednisone and rituximab in patients with human immunodeficiency virus-associated 395 

diffuse large B-cell lymphoma: results of a phase II trial. Br J Haematol. 2008;140(4):411-9 396 

33) Sparano JA, Lee S, Chen MG, et al. Phase II trial of infusional cyclophosphamide, doxorubicin, 397 

and etoposide in patients with HIV-associated non-Hodgkin's lymphoma: an Eastern Cooperative 398 

Oncology Group Trial (E1494). J ClinOncol. 2004;22(8):1491-500. 399 

34) Spina M, Jaeger U, Sparano JA, et al. Rituximab plus infusional cyclophosphamide, doxorubicin, 400 

and etoposide in HIV-associated non-Hodgkin lymphoma: pooled results from 3 phase 2 trials. 401 

Blood. 2005;105(5):1891-7. 402 

35) Sparano JA, Lee JY, Kaplan LD et al. Rituximab plus concurrent infusional EPOCH 403 

chemotherapy is highly effective in HIV-associated B-cell non-Hodgkin lymphoma. Blood. 404 

2010;115(15):3008-16. 405 

36) Vaccher E, Spina M, di Gennaro G, et al. Concomitant cyclophosphamide, doxorubicin, 406 

vincristine, and prednisone chemotherapy plus highly active antiretroviral therapy in patients 407 

with human immunodeficiency virus-related, non-Hodgkin lymphoma. Cancer. 2001;91(1):155-408 

63. 409 

37) Polprasert C, Wongjitrat C, Wisedopas N. Case report: severe CMV colitis in a  patient with 410 

follicular lymphoma after chemotherapy. J Med Assoc Thai. 2011;94(4):498-500. 411 



 

16 

38) Weiss R, Mitrou P, Arasteh K, et al. Acquired immunodeficiency syndrome-related lymphoma: 412 

simultaneous treatment with combined cyclophosphamide, doxorubicin, vincristine, and 413 

prednisone chemotherapy and highly active antiretroviral therapy is safe and improves survival-414 

-results of the German Multicenter Trial. Cancer. 2006;106(7):1560-8. 415 

39) Erice A, Tierney C, Hirsch M, et al. Cytomegalovirus (CMV) and human immunodeficiency 416 

virus (HIV) burden, CMV end-organ disease, and survival in subjects with advanced HIV 417 

infection (AIDS Clinical Trials Group Protocol 360). Clin Infect Dis 2003; 37:567–78. 418 

40) Deayton JR, Prof Sabin CA, Johnson MA, et al. Importance of cytomegalovirus viraemia in risk 419 

of disease progression and death in HIVinfected patients receiving highly active antiretroviral 420 

therapy. Lancet 2004; 363:2116–21. 421 

41) Wohl DA, Zeng D, Stewart P, et al. Cytomegalovirus viremia, mortality, and end-organ disease 422 

among patients with AIDS receiving potent antiretroviral therapies. J Acquir Immune 423 

DeficSyndr2005; 38:538–44. 424 

42) Gopal S, Patel MR, Yanik EL, et al. Association of early HIV viremia with mortality after HIV-425 

associated lymphoma. AIDS. 2013;27(15):2365-73. 426 

 427 
 428 

 429 
 430 
 431 
 432 
 433 
 434 
 435 
 436 
 437 
 438 
 439 
 440 
 441 
 442 
 443 
 444 
 445 
Figure legends 446 

 447 



 

17 

Figure 1.Emergence of incident infections over time (Log10 days). Central line and brackets 448 

represent medians and interquartile ranges. Symbols on the y axis represent patients presenting with 449 

concomitant infections and lymphomas. 450 

 451 

Figure 2.Kaplan Meier curves stratified according to lymphoma type (I), reactivation of CMV (II) 452 

and IPI/IPS score at baseline (III). 453 

 454 


