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Introduction

The International Prognostic Index (IPI) was developed in
1993 by the International Non-Hodgkin Lymphoma (NHL)
Prognostic Factors Project to create a prognostic tool for
patients with aggressive NHL treated with doxorubicin-con-
taining chemotherapy.1 Among the aggressive lymphomas
included, diffuse large B-cell lymphoma (DLBCL) was most
common. The IPI categorizes patients into low-, intermedi-
ate- and high-risk groups based on the base-line characteris-
tics of age, ECOG performance status (PS), lactate dehydro-
genase (LDH) level, Ann Arbor stage, and extranodal involve-
ment. The age-adjusted IPI (aaIPI) stratifies prognosis based
on age (< 60 vs. ≥ 60) and relies solely on stage, PS, and LDH.
Both prognostic indices are commonly used to provide prog-
nostic information in immunocompetent patients with newly
diagnosed aggressive NHL, and have been validated in
patients treated with rituximab plus doxorubicin-containing
chemotherapy.2 The IPI is also prognostic for lymphomas
associated with the acquired immunodeficiency syndrome
(AIDS) caused by the human immunodeficiency virus (HIV).
This includes patients diagnosed with lymphoma in the era
of combination antiretroviral therapy (cART).3-6 

Nevertheless, several factors require refinement of the IPI
in patients with AIDS-related lymphomas (ARL). First, ARL
commonly include more aggressive lymphomas than DLBCL,
including Burkitt lymphoma (BL). BL requires more intensive
chemotherapy, which, while feasible, may be less well toler-
ated by HIV-infected patients.7-10 Second, rituximab has been
associated with an increased risk of infectious deaths in
patients with ARL and low base-line CD4 counts.11 Third,
HIV infection is a competing risk that may influence progno-
sis, and may be dependent not only on the base-line CD4
count, but also on other factors. 
We, therefore, sought to develop and independently vali-

date a clinically relevant prognostic index for HIV-positive
patients diagnosed with aggressive NHL and treated in the
rituximab-era by analyzing data from 487 patients with ARL
who were prospectively treated on clinical trials with ritux-
imab plus chemotherapy. In a training set of 236 patients, we
identified the influence of HIV-specific factors in addition to
a variety of lymphoma-specific factors on overall survival
(OS). We then created a new prognostic index called the
“ARL-IPI” which integrated these factors, and validated the
ARL-IPI in a separate validation set of 251 patients. 
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While the International Prognostic Index is commonly used to predict outcomes in immunocompetent patients
with aggressive B-cell non-Hodgkin lymphomas, HIV-infection is an important competing risk for death in patients
with AIDS-related lymphomas. We investigated whether a newly created prognostic score (AIDS-related lym-
phoma International Prognostic Index) could better assess risk of death in patients with AIDS-related lymphomas.
We randomly divided a dataset of 487 patients newly diagnosed with AIDS-related lymphomas and treated with
rituximab-containing chemoimmunotherapy into a training (n=244) and validation (n=243) set. We examined the
association of HIV-related and other known risk factors with overall survival in both sets independently. We
defined a new score (AIDS-related lymphoma International Prognostic Index) by assigning weights to each signif-
icant predictor [age-adjusted International Prognostic Index, extranodal sites, HIV-score (composed of CD4 count,
viral load, and prior history of AIDS)] with three risk categories similar to the age-adjusted International Prognostic
Index (low, intermediate and high risk). We compared the prognostic value for overall survival between AIDS-
related lymphoma International Prognostic Index and age-adjusted International Prognostic Index in the validation
set and found that the AIDS-related lymphoma International Prognostic Index performed significantly better in
predicting risk of death than the age-adjusted International Prognostic Index (P=0.004) and better discriminated
risk of death between each risk category (P=0.015 vs. P=0.13). Twenty-eight percent of patients were defined as
low risk by the ARL-IPI and had an estimated 5-year overall survival (OS) of 78% (52% intermediate risk, 5-year
OS 60%; 20% high risk, 5-year OS 50%).
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ABSTRACT



Methods

Patients and data collection
We performed a systematic review of the literature to identify

prospectively conducted clinical trials that assessed therapeutic
interventions for HIV-associated NHL. A detailed description of
the search strategy has been previously reported12 and is available
in the Online Supplementary Appendix. We limited our dataset to
only patients treated with rituximab-containing chemoim-
munotherapy.

Clinical variables
We collected individual patient information for the following

variables: age, sex, ECOG PS, CD4 count and viral load (VL) at
diagnosis, history of any AIDS-defining illness prior to NHL diag-
nosis (h/o AIDS), type of lymphoma, Ann-Arbor stage, LDH,
number of involved extranodal sites (ENS), and type of
chemotherapy. Complete response (CR) was defined as per the
individual study protocol. Overall survival was defined as time
from enrollment to death from any cause; progression-free sur-
vival (PFS) was time to progression, relapse or death from any
cause. The Albert Einstein College of Medicine institutional
review board approved the study.

Statistical analysis
Patients’ demographic, lymphoma, treatment, and HIV charac-

teristics were summarized. CD4 count at diagnosis was classified
as an ordinal variable (<50; 50-199; 200-499; ≥500cells/mL); similar-
ly, the variable VL at diagnosis was examined as an ordinal vari-
able (<400; 400-9,999; ≥10,000 copies/mL). The categorizations
for ordinal variables were based on clinically and biologically rele-
vant cut-off points following discussion with HIV experts and
review of the IDSA guidelines.13 As the lowest limit of detection
of the viral load assays varied between the studies, we chose viral
load less than 400 copies/mL as the lowest value instead of ‘unde-
tectable’ or less than 50 copies/mL. IPI and age-adjusted IPI were
calculated in our dataset for each patient from the available data.
To assess the overall effect of HIV-related immunodeficiency on

lymphoma prognosis among HIV-positive patients, we defined an
HIV-score as a combination of individual risk factors. The weight
of each variable was determined by examining univariate associa-
tion with OS. 
A random sample splitting method was used in which the prog-

nostic indices (HIV score, IPI, and aaIPI) were examined by using
half the data (training set). Specifically, the association of the HIV
score in addition to patients’ and lymphoma characteristics with
OS was examined in the training set using a Cox proportional haz-
ard model. A new index, the ARL-IPI, was developed by assigning
appropriate weight to each significant predictor, depending on the
estimated strength of association in the Cox model. The perform-
ance of these indices was then examined using the remaining half
of the data (validation set).  Details are described in the Online
Supplementary Appendix.
To verify the random splitting of training and validation sets, the

two sets were compared descriptively for patients’ characteristics. 
For all statistical models assumptions were evaluated; none

were found violated. P<0.05 was considered statistically signifi-
cant; all statistical tests were two-sided. We quoted 95% confi-
dence intervals (95% CI) whenever applicable. We used SAS soft-
ware, v.9.2 (SAS Institute Inc., Cary, NC, USA) for statistical analy-
sis. For continuous variables such as VL and ENS, which had 30-
40% missing data, we imputed the missing data using multiple
imputations and P-values were generated with the MIANALYZE
procedure in SAS. 

Results

Patients’ characteristics
Patient data for 1546 patients from 19 trials were collect-

ed. Of the original dataset, 1059 patients were excluded as
they had not received rituximab-containing chemoim-
munotherapy (Figure 1). Thus, 487 patients from 8 clinical
trials (Online Supplementary Table 1S) were available for
analysis. These patients were randomly divided into train-
ing (n=236) and validation (n=251) sets. Base-line patients’
characteristics between both sets were well balanced (Table
1). Deaths were observed in 176 patients. The most com-
mon cause of death was progressive or relapsed disease
(n=77), followed by treatment-related deaths (n=48) and
complications of HIV (n=23). After a median follow up of
2.3 years, median survival for all patients had not been
reached.

Definition of HIV score
CD4 count, HIV VL and AIDS history were each individ-

ually correlated with OS. Their estimated log of the hazard
ratio (HR) did not differ from each other by more than
150% (Table 2). For ease of clinical use, equal weight was
assigned to each individual variable, i.e. the points from
each variable were simply added together to achieve an
HIV-score, resulting in a possible maximum score of 6. Each
level increase in this HIV-score resulted in a HR of 1.42
(95%CI: 1.17-1.71) in univariate analysis, where one level
increase in HIV score can be a result of one level decrease in
CD4, one level increase in VL, or with prior history of
AIDS. 

Development of the ARL-IPI 
In the multivariate model, the estimated HR for OS asso-

ciated with the HIV score was 1.32 (95%CI: 1.05-1.67), 1.20
(95%CI: 0.88-1.64) for ENS, and 1.68 (95%CI: 1.21-2.34) for
aaIPI (Table 2). The magnitude of the estimated log of HR
was used as the base for assigning weights for each variable
(details available in Online Supplementary Methods). We,
therefore, assigned weight=1 for both the HIV score and
ENS, and weight=2 for the aaIPI in defining the ARL-IPI.  In
particular, the ARL-IPI score is composed as follows: points
assigned to the aaIPI (LDH abnormal, stage >2, ECOG PS>1
each 1 point) multiplied by two, plus the number of ENS
(ENS=0, 1 ENS=1, 2 ENS=2, 3 or more ENS=3) and the HIV
score (Online Supplementary Table 2S).

Assessment of contribution from each individual 
component of ARL-IPI
First, we created a basic model (model 1) consisting only

of the known biologically relevant factors of age, sex and
histology in order to adjust for confounding variables in the
subsequent models. We then added the age-adjusted IPI
(model 2; “aaIPI model”), followed by number of extranodal
sites (ENS) mimicking the actual IPI [model 3, “IPI model”
(age already included in model 1)], and lastly the HIV-score
(model 4, ARL-IPI). We assessed the models in the valida-
tion set and found that the aaIPI was significantly better at
predicting OS than the basic model alone (LR-χ2 7.10;
P=0.023), while further adding ENS did not improve the
model’s fit (Table 3). However, OS was most accurately pre-
dicted by adding the HIV-score to the aaIPI and ENS result-
ing in the ARL-IPI model, (LR-χ2 15.36; P<0.001). Although
the ARL-IPI as a continuous variable predicted PFS and CR,
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and was associated with a significantly higher risk of pro-
gression and lack of CR in the high risk group (score >10),
we failed to demonstrate that the HIV score provided addi-
tional prognostic value on CR rate or PFS after adjusting for
the aaIPI (data not shown). Thus we could not conclude
that the ARL-IPI predicted CR rate or PFS better than the
aaIPI.  

Comparison between ARL-IPI and aaIPI
The newly composed ARL-IPI was applied to the vali-

dation set. We created three risk groups similarly to the
aaIPI: low (LR; score 0-6), intermediate (IR; score 7-10)
and high risk (HR; score 11-15). Distribution of these
groups is described in Online Supplementary Table 3S. The
IR group was not further subdivided into low-intermedi-
ate and high-intermediate risk because of low numbers.
We then examined the difference in OS for the three risk
groups. When we compared the prognostic value of the
ARL-IPI with that of the aaIPI (LR=0; IR=1 or 2; HR=3)
by predicting OS across the three risk groups, we found
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Table 1. Patients’ characteristics.
All patients (n=487) Training set Validation set P

(n=236) (n=251)

General
Age (Median; IQR) 42 (36-48) 41 (36-49) 42 (37-48) 0.45
Male (N; %) 376 (77) 185 (78) 191 (76) 0.55
Median follow up (years; IQR) 2.3 (0.6-4.7) 2.4 (0.6-4.7) 2.4 (0.7-4.7) 0.71
Number of deaths, n. (%) 176 (36) 81 (34) 95 (38) 0.45
Median survival (years; IQR) NR (0.77-NR) NR (0.78-NR) NR (0.77-NR) -
Lymphoma-specific
Type of lymphoma, n. (%)
BL/BLL 140 (29) 74 (31) 66 (26) 0.10
DLBCL 334 (69) 159 (67) 175 (70)
Other B-cell lymphomas* 13 (3) 3 (1) 10 (4)
Extranodal sites, n. (%)
0 85 (25) 49 (29) 36 (20) 0.10
1 137 (40) 60 (36) 77 (44)
2 64 (19) 35 (21) 29 (16)
3 or more 58 (17) 24(14) 34 (19)
IPI (median; IQR) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.55
Age-adjusted IPI (median; IQR) 2.0 (1.0-2.0) 2.0 (1.0-2.0) 2.0 (1.0-2.0) 0.70
aaIPI risk category (points)
Low (0) 45 (11) 21 (10) 24 (11) 0.64
Intermediate (1, 2) 287 (69) 136 (68) 151 (71)
High (3) 83 (20) 44 (22) 39 (18)
HIV-specific
CD4 count (cells/�L; median; IQR) 174  (72-330) 195  (86-342) 165 (69-308) 0.17
Viral load (copies/mL; median; IQR) 23,801  (955-182,000) 23,428(766-155,000) 24,260(1010-212,668) 0.70
History of AIDS (N;%) 169 (40) 83 (40) 86 (41) 0.77
HIV-score† (median; IQR) 3 (2-4) 3 (2-5) 3 (2-4) 0.71
Patients on concurrent cART (N;%) 317 (65) 167 (71) 150 (60) 0.52
Treatment-specific
Type of chemotherapy, n. (%)
GMALL 78 (16) 39 (17) 39 (16) 0.84
CHOP 241 (49) 120 (51) 121 (48)
EPOCH 94 (19) 42 (18) 52 (21)
CDE 74 (15) 35 (15) 39 (16)
ARL-IPI‡

ARL-IPI‡ (median; IQR) 9 (7-11) 9 (7-11) 9 (7-11) 0.64
ARL-IPI‡ risk category (points)
Low (0-6) 91 (28) 50 (30) 41 (27) 0.54
Intermediate (7-10) 168 (52) 83 (49) 85 (55)
High (11-15) 64 (20) 36 (21) 28 (18)

IQR: interquartile range; NR: not reached; BL/BLL: Burkitt or Burkitt-like lymphoma; DLBCL: diffuse large B-cell lymphoma; IPI: international prognostic index; aaIPI: age-adjusted IPI;
GMALL: German Multicenter Study Group for the Treatment of Adult Acute Lymphoblastic Leukemia protocol; CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone; EPOCH:
infusional etoposide, prednisone, infusional vincristine, infusional doxorubicin, cyclophosphamide; CDE: infusional cyclophosphamide, doxorubicin, etoposide; ARL-IPI: AIDS-related
lymphoma IPI; ENS: number of extranodal sites. *Other B-cell lymphomas include high-grade, not otherwise specified (8), polymorphic B-cell (2), mixed histology (1), primary effu-
sion lymphoma(1), and missing (1). †HIV-score (0-6): composite score of A+B+C, where A) base-line CD4 count (cells/uL): <50 =3, 50-199=2, 200-499=1, ≥500=0; B) HIV viral load
(copies/mL): <400=0; 400-9,999=1, ≥10,000=2; and C) prior history of AIDS=1. ‡ARL-IPI=([aaIPI]x2)+[ENS]+[HIV-score]=0-15.



that the ARL-IPI was significantly more accurate in dif-
ferentiating risk of death (Table 3 and Figure 2). OS rates
differed significantly between the risk groups with an
estimated 5-year OS of 78% for the LR group, 60% for
the IR group, and 50% for the HR group (Table 4). In
addition, the ARL-IPI identified more patients (28%) as
LR (IR 52%; HR 20%), while the aaIPI identified most

patients as IR (69%) and only 11% as LR (HR 20%).
Moreover, the Dxy between ARL-IPI and OS was 0.40
(95%CI: 0.26-0.54) while only 0.24 (95%CI: 0.16-0.34)
for the age-adjusted IPI. The Dxy is a concordance coef-
ficient varying between -1 and +1, with 0 representing
no predictive power and 1 perfect concordance of
ascribed risk and survival.14
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Figure 1. CONSORT diagram documenting
the flow of information through the different
phases of the systematic review as per the
PRISMA statement.  

Table 2. Association of prognostic factors with overall survival in the training set (n=236).

                                                            Overall Survival                                                       Weight assigned for 
                                                                                                                                           the prognostic scores
                                                                                 Univariate analysis                     Multivariate Analysis‡                                     
                                                                                      Hazard Ratio                                Hazard Ratio                             Weight (maximum 
                                                                                       (95% CI; P)                                   (95% CI; P)                           total points per factor)

Age                                                                                            1.01 (0.99-1.04; 0.21)                           1.02 (0.98-1.05; 0.37)                                             -
Sex                                                                                            1.04 (0.62-1.74; 0.89)                           1.03 (0.56-1.88; 0.94)                                             -
CD4 count*†                                                                         1.66 (1.30-2.13; < 0.001)                                         -                                                            1 (3)
Viral load¶†                                                                               1.63 (1.03-2.58; 0.05)                                            -                                                            1 (2)
History of AIDS†                                                                     1.20 (0.75-1.93; 0.45)                                            -                                                            1 (1)
HIV-score§                                                                            1.42 (1.17-1.71; <0.001)                        1.32 (1.05-1.67; 0.02)                                          1 (6)  
Histology                                                                                                                                                                                                                                     -
DLBCL                                                                                                      1.0                                                           1.0                                                              -
BL/BLL                                                                                     0.86 (0.53-1.39; 0.53)                           1.24 (0.70-2.22; 0.46)                                             -
Other B-cell lymphomas                                                     1.35 (0.19-9.73; 0.77)                           7.20 (0.84-61.3; 0.07)                                             -
Age-adjusted IPI                                                                 1.70 (1.29-2.23; < 0.001)                       1.68 (1.21-2.34; 0.002)                                         2  (6)
Extranodal sites [ENS]#                                                     1.37 (1.09-1.73; 0.007)                          1.20 (0.88-1.64; 0.24)                                          1 (3)

CI: confidence interval; DLBCL: diffuse large B-cell lymphoma; BL/BLL: Burkitt or Burkitt-like lymphoma; IPI: international prognostic index *CD4 count analyzed as ordinal 
variable: <50, 50-199, 200-499, and ≥500 cells/mL. †Factor is a component of the HIV-score ‡Variables included are age, sex, HIV-score, histology, aaIPI and ENS. ¶Viral load as ordinal
variable: <400, 400-9,999, ≥10,000 copies/mL. §HIV-score (0-6): composite score of: a) base-line CD4 count (cells/mL): <50=3, 50-199=2, 200-499=1,  
≥500=0; b) HIV viral load (copies/mL): <400=0; 400-9,999=1, ≥10,000=2; and c) prior history of AIDS yes=1, no=0. #ENS as ordinal variable: 0, 1, 2, ≥3.

Training set (236 patients) Validation set (251 patients)

Number of trials excluded as did no rituximab-
containing therapy n=11 (1059 patients)

Number of records excluded based on
title or abstract: n=3551

Number of records identified through database
searching: 
PubMed n=3090
Embase n=456

Number of additional records identified through 
other sources: 
Cochrane Review: n=26
Conference Abstracts: n=13
Bibliography: n=8

Number of records screened:  n=3593

Number of full-text articles assessed
for eligibility; n=42

Number of full-text articles excluded:
Duplicate patient data: n=1
Unabale to obtain primary patient data: n=22

Number of trials included this analysis 
n=8 (487 patients)

Number of trials included in the complete 
analysis n=19 (1,546 patients)



Discussion

Not only patient- and lymphoma-related characteristics,
but also HIV-associated factors have been demonstrated to
have prognostic significance in patients with ARL.3,4,15,16
Composite scores that involve HIV-specific factors in addi-
tion to the commonly used prognostic indices for
immunocompetent patients with NHL (IPI or aaIPI) have
been developed to predict outcomes in HIV-positive
patients with ARL.4,17 However, these prognostic indices: i)
were developed for patients treated exclusively with non-
rituximab containing chemotherapeutic regimens in the
early era of cART; ii) can be cumbersome to calculate; and
iii) have not been adopted in clinical practice. The aim of

this study was to develop a user-friendly score that incor-
porates readily available information to better discrimi-
nate survival for patients with ARL treated in the current
era. We found that the newly developed ARL-IPI was able
to more accurately predict OS and better discriminate risk
groups compared to the aaIPI, especially for low-risk
patients.
The ARL-IPI consists of three components: aaIPI, num-

ber of involved extranodal sites, and an HIV score that
incorporates base-line CD4 count, VL and prior history of
AIDS. We incorporated the aaIPI rather than the IPI in the
ARL-IPI as the median age for patients with ARL ranges
between 37-42 years11,17 and age was not significantly
associated with OS in our dataset. In addition, we includ-
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Table 3. Comparison of the prognostic models.
Model                                                 Factors included                           LR-χ2           Comparison (models)                             P

1 (Basic)                                                    Age, sex, histology                                 1·90                                  -                                                      -
2 (age-adjusted IPI)                      Model 1 plus LDH, PS, stage                        7·10                              2 vs. 1                                              0·023
3 (IPI equivalent)                                     Model 2 plus ENS                                 8·51                              3 vs. 1                                              0·010
                                                                                                                                                                              3 vs. 2                                               0.25
4 (ARL-IPI)                                           Model 3 plus HIV-score                           15·36                             4 vs. 1                                             <0·001
                                                                                                                                                                              4 vs. 2                                              0·004
                                                                                                                                                                              4 vs. 3                                              0·009
LR: likelihood ratio; IPI: international prognostic index; PS: ECOG performance status; ENS: extranodal sites involved; ARL-IPI: AIDS-related IPI.

Figure 2. Kaplan-Meier overall sur-
vival curves for validation sample
according to the prognostic indices
a) aaIPI and b) ARL-IPI.  IPI: interna-
tional prognostic index; ARL-IPI:
AIDS-related lymphoma IPI.  

Table 4. Overall survival as per risk category for the age-adjusted IPI and the ARL-IPI in the validation set (n=251).
Outcome                                                                 Risk category                          Age-adjusted IPI                                       ARL-IPI  

2-year OS in years (95% CI)                                                   Low                                            83% (61-93%)                                             87% (57-97%)
                                                                                                Intermediate                                   64% (55-71%)                                             60% (40-75%)
                                                                                                        High                                           60% (43-74%)                                             50% (23-72%)
5-year OS in years  (95% CI)                                                  Low                                            83% (61-93%)                                             78% (46-93%)
                                                                                                Intermediate                                   59% (50-67%)                                             60% (40-75%)
                                                                                                        High                                           55% (37-69%)                                             50% (23-72%)
Hazard Ratio for OS (95% CI; p-value)                                Low                                               Reference                                                  Reference
                                                                                                Intermediate                             2.18 (0.96-6.27; 0·10)                                 2.48 (1.07-5.75; 0.04)
                                                                                                        High                                     2.84 (1.12-8.66; 0.04)                           7·03 (3.36 (1.32-8.55; 0.01)

IPI: international prognostic index; ARL-IPI: AIDS-related lymphoma IPI; CI: confidence interval.

a) Age-adjusted PI b) ARL-IPI

(P=0.13; χ2=3.8, 2df; log-rank test) (P=0.015; χ2=8.7, 2df; log-rank test)

Ov
er
al
l s
ur
vi
va
l

Ov
er
al
l s
ur
vi
va
l

100%

80%

60%

40%

100%

80%

60%

40%0 1 2 3 4 5 6 7 8 9 10 11 12 13 0 1 2 3 4 5 6 7 8
Time to death in years

Low risk High risk Low riskIntermediate 
risk

High riskIntermediate 
risk

Time to death in years



ed the actual number of involved extranodal sites (ENS)
rather than extranodal involvement per the IPI (extranodal
sites ≤1 vs. >1) as the association with OS was stronger for
ENS compared to ENS ≤1 versus >1. 
Although in our data set each of the three examined

HIV-specific factors were not individually associated with
OS, the composite HIV score was associated with an
increased risk of death (HR 1.32; 95%CI: 1.05-1.67;
P=0.02). Other studies also describe conflicting results
with regards to the prognostic importance of HIV-associ-
ated factors on outcomes in the cART era. The
Collaboration of Observational HIV Epidemiological
Research Europe (COHERE) study group found that for
patients with ARL diagnosed between 1998 and 2006, a
low CD4 count at diagnosis was an independent risk fac-
tors for death.16 Similarly, Bower et al.4 observed that low
base-line CD4 count was prognostic for survival in both
the pre-cART and cART era, while a prior history of AIDS
was associated with worse survival only in the pre-cART
era. On the other hand, Lim and colleagues,3,18 as well as a
review of the Spanish Grupo de Estudio del SIDA (GESI-
DA) registry,5 noted that only patient- and lymphoma-
related, but not HIV-related factors remained predictive of
poor outcome in the cART era. Levels of measurable HIV-
RNA viral load and its impact on outcomes in ARL have
not been studied systematically. While some studies are
indicative of worse outcomes with high HIV-viral lev-
els,19,20 others found no such associations.21,22 Because of dif-
ferences in the lowest detection limit of HIV viral load
assays between studies, we most likely grouped patients
with truly undetectable HIV viral load levels with patients
who had persistent very low-level viremia (<400
copies/mL). The ability to separate patients with absent
viral replication from patients with ongoing HIV replica-
tion might have allowed us to even more accurately define
prognosis. Nevertheless, our findings suggest that a single
measure, such as CD4 count, VL or prior AIDS alone,
might not be sufficient to adequately describe the immune
deficit caused by the HIV in patients with lymphoma. A
more comprehensive assessment such as the HIV score
might be better able to capture the HIV-related impact on
the immune system.
The IPI categorizes patients treated in the rituximab era

into four prognostic groups based on risk factors present:
low (0-1 risk factors; 3-year OS 91%), low-intermediate
(2; 3-year OS 81%), high-intermediate (3; 3-year OS 65%)
and high risk (4-5; 3-year OS 59%). In our dataset, we col-
lapsed the low-intermediate and high-intermediate risk
groups into one category because of low numbers. The 2-
year OS for each risk group as defined by the ARL-IPI in
our dataset are comparable to the outcomes for immuno-
competent patients with aggressive B-cell NHL treated
with R-CHOP. This confirms the observation of other
studies that outcomes for patients with ARL in the cART
era are approaching those for HIV-negative patients.23
Although the ARL-IPI did not perform better than the
aaIPI in predicting CR rate and PFS, it more accurately pre-
dicted OS. This inability to better discriminate response
and progression might be routed in inadequate statistical
power secondary to the relatively small sample size.
Alternatively, survival in HIV-positive patients is not only
determined by adequate lymphoma control, but also by
HIV-related risk factors for death. Therefore, survival
might be more impacted by HIV factors than the lym-
phoma-related outcomes. 

While we acknowledge that at the moment, the ARL-IPI
by itself has limited utility in informing treatment deci-
sions, the same can be said for the aaIPI. Nevertheless,
high HIV scores as defined in our study might give an
enhanced measure of immune function in HIV-positive
patients. This could allow a choice to be made between
potentially equivalent more or less intensive treatment
options in some patients (e.g. dose-adjusted EPOCH vs.
CODOX/M-IVAC in BL); this approach must be explored
prospectively. 
There are several strengths in our analysis, including the

large sample size, inclusion of patients receiving state-of-
the art lymphoma and HIV care, and the use of independ-
ent training and validation sets. A limitation of our analy-
sis is the heterogeneity of the patients who had different
histologies and were treated with different regimens.
Additionally there might have been differences in defini-
tions of extranodal involvement and prior history of AIDS
between the included studies. The lack of centralized his-
tological review is another weakness. Also, we used impu-
tations for heavily missing data, which in turn might have
impacted the precision of our estimates. While the IPI was
originally developed in patients with aggressive NHL, its
application has been primarily studied in patients with
DLBCL. In our analysis, we found that there was no dif-
ference in outcomes for patients with DLBCL and BL/BLL,
the two most common forms of ARL, which compro-
mised 97% of all patients in our analysis. Stebbing et al.
found also no impact of histological subtype on outcomes
for patients with ARL in the cART era,24 while Lim and
colleagues observed worse outcomes for patients with BL
than DLBCL if treated with the CHOP-like regimens.18
Outcomes for patients with BL treated with CHOP are
poor.25 In our dataset, the majority of patients with Burkitt
histology were treated either with intensive multi-agent
regimens (n=73, 58%)7,26,27 or infusional EPOCH (n=22,
18%),28,29 both of which are considered highly active for
BL. Therefore, it appears appropriate to apply the ARL-IPI
to any subtype of ARL as long as the lymphoma is being
treated with an adequate regimen. It has to be noted that
many patients included in this analysis have been treated
between 1998 and 2003 and cART has changed dramati-
cally since this period. This might have impacted our
results and the score deserves further validation in the cur-
rent era. 
In conclusion, we propose a new prognostic index for

patients with ARL, who are treated in the current era with
rituximab-containing chemoimmunotherapy. The score
uses readily available clinical information and can be easi-
ly applied to any patient with newly diagnosed ARL irre-
spective of histological subtype to prognosticate OS.
Furthermore, the HIV score could become a promising
tool to assess HIV-related immunodeficiency in patients
undergoing cancer treatment and can be used to stratify
patients for clinical trials in the future. It is worthy of note
and encouraging that survival for patients with ARL in the
current era is approximately that of HIV-negative patients. 
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