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Abstract
Background

Incidence and risk factors of HIV-associated non-Hodgkin lymphoma (NHL) are not well defined in the era of combination
antiretroviral therapy (CART).

Methods

56,305 adult HIV-1 infected patients who started cART in one of 22 prospective studies in Europe were included. Weibull
random-effects models wer e used to estimate hazard ratios (HRs) for developing systemic NHL, including CD4 cell counts and viral
load astime-updated variables.

Results

During 212,042 person-years of follow-up, 521 patients were diagnosed with systemic NHL and 62 with primary brain lymphoma
(PBL). The incidence rate of systemic NHL was 463 per 100,000 person-years not on cCART and 205 per 100,000 person-years in
treated patients, for arateratio of 0.44 (95% confidence interval [Cl] 0.37 to 0.53). The corresponding incidence rates of PBL were 57
and 24 per 100,000 person-years (rate ratio 0.43; 95% Cl 0.25 to 0.73). Suppression of HIV-1 replication on cART (HR 0.60, 95% CI
0.44-0.81, comparing <500 with 10,000-99,999 viral copies/ml) and increasesin CD4 counts (HR 0.30, 0.22-0.42, comparing =350 with
100-199 cellg/uL) were protective; a history of Kapos sarcoma (HR 1.70, 1.08-2.68, compared to no history of AIDS), transmission
through sex between men (HR 1.57, 1.19-2.08, compar ed to heter osexual transmission) and older age (HR 3.72, 2.38-5.82, comparing
>50 with 16-29 years) wererisk factorsfor systemic NHL.

Conclusions

Theincidencerates of both systemic NHL and PBL are substantially reduced in patients on cCART. Timely initiation of therapy iskey
tothe prevention of NHL in the era of CART.

Author Keywor ds non-Hodgkin lymphoma ; cohort studies ; antiretroviral therapy ; Kaposi sarcoma ; immunodeficiency ; viral load ; Europe

I ntroduction

Human immunodeficiency virus (HIV)-infected patients are at increased risk of developing non-Hodgkin Lymphoma (NHL) when
compared to the general population [1, 2 1. In the 1980s the risk of NHL within three years of an AIDS diagnosis was increased 165-fold
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when compared to people without AIDS [3 ]. Following its introduction in 1996, combination antiretroviral therapy (CART) has led to a
substantial reduction in HIV-associated morbidity and mortality; however, cohort studies have shown that the decline in the incidence of
NHL in the cART erawas less pronounced than that observed for Kaposi’s Sarcoma (KS) or opportunistic infections [4 -7 ]. Consequently
NHL has become one of the most frequent AIDS-defining eventsin recent years [8 ] and the most common cancer associated with HIV in
the USA [7]. In HIV-infected patients NHL poses particular therapeutic challenges [9 ] and continues to be an important cause of death in
the eraof CART [10].

Previous studies showed that the risk of NHL in HIV-infected persons is increased in older patients [11 -14 ], in patients with more
advanced immunodeficiency [11 -15 ] and patients with high HIV-1 vira loads [11 , 14 ]. Many of these studies were, however, from the
pre-cART era or lacked information on CART at the patient level [16 ]. Only a few, relatively small studies specifically addressed risk
factorsfor NHL in patientsreceiving cCART [11, 13, 14].

We analyzed the database of the Collaboration of Observational HIV Epidemiological Research Europe (COHERE) to examine the
incidence and risk factors of NHL in the CART era.

Methods

COHERE is a collaboration of 33 observational cohort studiesin 30 European countries [17 ]. COHERE was established in 2005 with
the objective of conducting hypothesis-driven research on the prognosis and outcome of HIV-infected individuals across Europe. All
cohorts have been approved by local ethics committees or institutional review boards, use standardized methods of data collection, and
schedule follow-up visits at least once every 6 months. Each cohort submits information using the standardized HIV Collaboration Data
Exchange Protocol (HICDEP) [18 ] to co-ordinating centres at the Copenhagen HIV Program (CHIP), Copenhagen, Denmark, or the
Institut de Santé Publique d’Epidémiologie et de Développement (ISPED), Bordeaux, France. Data collected include information on
patient demographics, use of CART, CD4 cell counts and percentages, HIV-1 RNA concentrations (viral loads), AIDS and deaths. Further
information is given at http://www.chip.dk/COHERE/tabid/295/Default.aspx and http://etudes.isped.u-bordeaux2.fr/cohere/ . Twenty-two
cohorts from ten countries contributed data to the present analyses.

Inclusion criteria and definitions

We included all adult (aged 16 years or older) antiretroviral treatment-naive HIV-infected patients enrolled in COHERE cohorts who
started CART at some point after 1 January 1998, at a time when cART had become well established and widely used in Europe. All
patients had to have at least one CD4 cell measurement after enrolment and before starting cCART. In patients developing NHL, the CD4
count had to be measured before the diagnosis of NHL. Baseline CD4 cell count was defined as the first CD4 count measured during a
visit after 1 January 1998. The baseline HIV-1 RNA was taken as the measurement closest to the baseline CD4 cell count, within a
window of plus or minus 30 days not on cART. The nadir CD4 cell count was defined as the lowest ever measured CD4 cell count up to
seven days after starting CART. In patients who developed NHL before starting CART, the nadir CD4 count had to be measured before the
diagnosis of NHL. We defined cART as a regimen with at least 3 antiretroviral drugs from any drug class, including protease inhibitors
(Pls), nucleoside reverse transcriptase inhibitors (NRTIS), non-nucleoside reverse transcriptase inhibitors (NNRTIs) and fusion inhibitors.
Data were merged on 31 July 2006.

The diagnosis of NHL was made on the basis of the 1993 CDC (Centers for Disease Control and Prevention) histology criteria [19 ].
Burkitt's lymphoma, immunoblastic lymphoma and primary brain lymphoma (PBL) are included in the CDC definition. We included al
subtypes of NHL including unspecified and other types in our analysis. However, information on subtypes was incomplete in many
cohorts, except for the distinction between PBL and systemic NHL. We therefore restricted the analysis to comparisons between PBL and
systemic NHL. For patients in clinical CDC stage C (AIDS) at baseline we distinguished between patients with a history of Kaposi
Sarcoma and patients with a history of another AIDS-defining illness: Kaposi Sarcoma may be associated with an increased risk of some
subtypes of NHL in HIV-infected patients [20 -22 ].

Statistical analysis

The incidence rate of systemic NHL and PBL was calculated by dividing the number of patients developing the disease by the number
of person-years at risk. In patients not on CART we measured time from the date of the first visit with a CD4 cell count after 1 January
1998 (baseline) until the date of NHL diagnosis, start of CART or the last follow-up visit, whichever came first. In patients on CART we
measured time from the start of CART until the diagnosis of NHL or the last follow-up visit. We used an intent-to-continue-treatment
approach and thus ignored subsequent changes to treatment, including treatment interruptions and terminations. Prevalent cases, i.e.
patients with NHL at baseline, were excluded.

We identified risk factors for developing systemic NHL using Weibull models, with random-effects to account for heterogeneity
between cohort studies. The number of PBL cases was too small to allow meaningful analyses. Multivariable models included age and
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CDC clinical stage (at baseline or at start of CART), sex, transmission risk group, and nadir CD4 counts. Variables were included in the
model based on biological and statistical reasoning; no automated selection procedure was applied. The effect of changes in CD4 cell
counts and plasma HIV-1 RNA load over time were explored in time-updated models. Results are presented as medians with interquartile
ranges (IQR), incidence rates per 100,000 person-years with 95% confidence intervals (Cls), Kaplan-Meier estimates of the cumulative
incidence of NHL and crude and adjusted hazard ratios (HRs) with 95% Cls. All statistical analyses were done in Stata (version 10,
StataCorp, College Station, Texas).

Results

Characteristics of cohorts and patients

The database included atotal of 67,659 patients, including 1,176 patients who had been diagnosed with NHL. Of note, among patients
with NHL, 660 (56.1%) had been diagnosed while not on cART. A total of 11,354 (16.8%) patients were excluded from the analysis for
the reasons detailed in Figure 1 . The most important reasons for exclusion were missing CD4 counts between 01.01.1998 and the start of
CART or the diagnosis of NHL. Of note, this group included many patients who were diagnosed with NHL and enrolled in the cohort
around the same time, i.e. patients with prevalent NHL. Patients not diagnosed with NHL and excluded because of missing CD4 counts
were more likely to have a history of intravenous drug use (27% versus 17%) and of AIDS compared to included patients (26% versus 18%
); patients were similar with respect to age and gender. Among patients with NHL those who were excluded had more often been
diagnosed with AIDS before devel oping NHL compared to included patients (22% versus 14%), but they were similar with respect to age,
gender and risk group.

A total of 56,305 patients (83%) were included in analyses. The median date of the last follow up was June 1, 2005 (IQR May 11,
2004 to December 21, 2005). The characteristics of the included patients are shown in Table 1 . Median age was 36.1 years, and most
patients were male (n=40,350, 72%). Overall, heterosexual contacts were the most frequent risk factor for HIV transmission, followed by
sex between men and injection drug use. The median baseline CD4 cell count was 192 cells/pL and the median plasma HIV-1 RNA load
75,001 copies/mL. Overall 10,382 (18%) of patients werein CDC clinica stage C at baseline. Among 1,186 patients with a history of KS,
747 (63%) were men who had sex with men (MSM).

During 212,042 person-years of follow-up, 583 patients were diagnosed with NHL, including 62 (11%) cases of PBL and 521 cases
(89%) of systemic NHL. Among the latter, 382 (73%) lymphomas were classified as not specified and 36 (7%) as other; 60 patients (12%)
were diagnosed with a Burkitt's lymphoma and 43 (8%) with a diffuse large cell lymphoma. Twenty-nine patients had a KS diagnosed
prior to the diagnosis of NHL. The median time between the diagnosis of KS and NHL was 293 days (IQR 65 to 679 days). Compared to
patients who did not develop NHL, patients diagnosed with NHL were older, more likely to be male, and more likely to be in more
advanced stages of the infection, with lower CD4 cell counts and higher plasma HIV-1 RNA loads at baseline (Table 1 ). Patients on
CART at the time of systemic NHL diagnosis were more often in advanced clinical stage (26% versus 12% in CDC clinical stage C) and
had lower CD4 cell counts (median 164 cell/uL versus 187 cells/ul) compared to CART naive patients. As expected, patients who had not
been on cART had higher HIV-1 RNA viral loads (Table 4).

Incidence of NHL while not on cCART and on cART

A total of 155 systemic NHL were diagnosed while not on cART and 366 were diagnosed on cART. The incidence rate was 462.6 (95
% Cl 395.3 to 541.5) per 100,000 person-years not on CART and 205.1 (95% CI 185.1 to 227.2) per 100,000 person-years in trested
patients, for arate ratio of 0.44 (95% CI 0.37 to 0.53). There were 19 diagnoses of PBL in patients not on CART and 43 diagnoses of PBL
on cART. The incidence rate was 56.7 (95% CI 36.2 to 88.9) per 100,000 person-years not on CART and 24.1 (95% Cl 17.9 to 32.5) per
100,000 person-years on cCART, for arate ratio of 0.43 (95% Cl 0.25 to 0.73). Overall the median time from the start of observation to the
diagnosis was 81 days (IQR 18 to 707 days) while not on cART, and 287 days (IQR 82-860 days) while on cART. In sensitivity analyses
incidence rates were similar when including the patients with missing CD4 counts, but excluding prevalent cases. Figure 2 shows that
incidence rates for any type of NHL declined with increasing nadir CD4 counts and decreasing baseline HIV-1 RNA viral load. These
trends were particularly pronounced in patients not on CART. Figure 3 shows the cumulative incidence of any NHL (systemic NHL and
PBL) after start of CART by nadir CD4 cell count. Overall 1.21% (95% Cl 1.09% - 1.34%) of patients had developed a systemic NHL or
PBL at five years after starting CART. The cumulative incidence at five years was higher in patients with nadir CD4 cell counts <50 cells/p
L (1.86%, 95% CI 1.53% - 2.25%) compared to patients with nadir CD = 350 cells/uL (0.43%, 95% ClI 0.29% - 0.63%).

Risk factorsfor systemic NHL while not on CART and on CART

In univariable analysis the incidence rate while not on CART was higher in men than in women, higher in men who have sex with men
than in other transmission groups (i.e. injection-drug use and heterosexual contacts) and higher among patients aged 50 years or older,
patients with a history of KS, patients with nadir CD4 cell counts below 100 cells/uL and patients with baseline HIV-RNA plasmaloads of
100,000 copies/mL or greater (Table 2 ). Differencesin the same direction were observed in patients developing NHL on cART.
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In multivariable analyses treating CD4 counts and HIV-1 viral load as time-updated variables (Table 3 ) associations with age, CD4
cell count and HIV-1 viral load remained both for systemic NHL diagnosed while not on cART and for systemic NHL diagnosed on
CART. A history of KS and transmission group men who have sex with men were additional risk factors in patients on CART. There was
little evidence for adifference in risk across cCART regimens (Pl-based, NNRTI-based or NRTIs only).

Discussion

The incidence of HIV-associated NHL in patients receiving CART was lower than in patients not on cART, with reductions in
incidence rate of over 50% both for systemic NHL and PBL. A history of advanced immunodeficiency and older age were associated with
an increased risk of systemic NHL both in patients receiving and not receiving cART. In patients on cCART, a prior diagnosis of KS and
transmission through sex between men was also associated with NHL. Exposure to high plasma HIVV-1 RNA concentrations and low CD4
cell counts were risk factors in patients not receiving CART. Conversely, suppression of HIV-1 replication and immune recovery were
protective factors in patients receiving cCART. Our results thus support the notion that both immunodeficiency and replication of HIV-1
play arolein the development of NHL [13, 14, 23].

Our study has several limitations. The analysis was restricted to patients with CD4 cell counts available before the start of CART and
prior to the diagnosis of NHL. This meant that some patients were excluded from the analysis, although incidence rates were similar when
they were included in sensitivity analyses. In the majority of cases the histological subtype was not specified and we could therefore only
distinguish between systemic NHL and PBL. The number of patients developing PBL was small even in this large collaborative study.
Finally, cCART naive patients who developed NHL and died before starting cCART were not included in the present data set. This may have
lead to an underestimation of the incidence rate of NHL in patients not on CART. On the other hand, our analysis of patients on CART may
have included periods where CART was interrupted, leading to overestimation of the incidence rate of NHL on cART.

Previous studies have shown a decline in the incidence of HIV-related NHL when comparing the pre-cART and cART eras [15, 24 ].
The interpretation of these comparisons is, however, not straightforward because the treatment status of the individual patient was not
known [15, 24]. Asour study shows, the availability of CART does not mean that all patients actually receive CART: in our study about 50
% of patients (before exclusions) were not on cCART when diagnosed with NHL. Similar data were reported both in other cohort studies [25
-271and clinical trials[28].

Our data confirm that exposure to low CD4 cell counts is the main risk factor for developing NHL [11 -15] but within categories of
similar CD4 cell nadirs, CART treated patients had a lower risk of NHL compared to patients not on CART. Of note, a diagnosis of AIDS
was not associated with an increased risk of NHL after adjusting for nadir CD4 cells count. However, we found that a history of KSwas a
significant risk factor in patients on CART, after adjusting for transmission group and other risk factorsin multivariable anaysis.

Pathways that may be involved in the development of lymphomain HIV-infected patients include immunosuppression, chronic B- cell
stimulation and transformation caused by other co-infecting viruses, such as Epstein Barr virus (EBV) and human herpes virus 8 (HHV-8)
[29 -32 1. The association between HHV-8 and K S, and the rare multicentric Castleman disease and primary effusion lymphoma is well
established while a possible association with other lymphoproliferative disorders is a matter of ongoing debate [32 —-37 ]. Results from
previous studies suggested an increased risk of specific subtypes of NHL in HIV-infected patients diagnosed with KS[20, 21, 38 -411.
Our results provide some support for the hypothesis that HHV-8 may contribute to the development of NHL. However, patients with a
malignant disease are generally at increased risk of developing secondary NHL and other malignancies, which may be related to exposure
to chemotherapy and genetic factors [42 ]. Further studies are needed to clarify a possible role of HHV-8 and specific subtypes of
HIV-associated NHL.

The CD4 cell count at which cART should be initiated is a central but unresolved issue in the care of HIV-1 infected patients. The
results of our study are relevant to this debate: the strong relationship between exposure to low CD4 cell counts and the risk of NHL, and
the protective effect of suppressing HIV-1 replication supports the move towards earlier initiation of CART. In the SMART randomized
controlled trial the incidence of malignancies was higher in the drug conservation arm in which CART was stopped if the CD4 cell count
exceeded 350 cells/uL and restarted if it fell to less than 250 cells/uL, compared to the viral suppression arm utilizing continuous CART [43
]. The International AIDS Society USA Panel recommends that antiretroviral therapy is started in individuals whose CD4 count drops
below 350 cellg/uL, and that the decision should be individualized in patients with CD4 counts above 350 cells/uL [44 1. Of note, in our
analysis the risk of NHL was higher in patients with nadir CD4 counts in the range of 200 to 349 cells/pL compared to patients with nadir
counts above 350 cells cellsg/ul. This might be particularly important in patients aged 50 years or older, given their increased risk of NHL,
and slower immune recovery.

In conclusion, the risk of HIV-related NHL is more than halved in patients on cART. Timely initiation of cART followed by
suppression of HIV replication and immune recovery are key factors to prevent NHL in the era of CART. The association with Kaposi
Sarcoma suggests arole of HHV-8 in HIV-associated NHL, which needs further investigation.
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Figurel
Identification of study population

67,659 patients in COHERE data base

66,483 without NHL 1,176 with NHL
(660 cART naive, 516 on cART at diagnosis)

Excluded: 958 aged < 16 years at start of observation

950 without NHL 8 with NHL
(4 cART naive, 4 on cART at diagnosis)

A 4

66,701 patients

Excluded: 1,174 without CD4 cell count after 01.01.1998

v

1,155 without NHL 19 with NHL
(14 cART naive, 5 on cART at diagnosis)

65,527 patients

Excluded: 9,196 without observation time between 01.01.1998 and start
cART or NHL diagnosis

8,630 without NHL 566 with NHL
(467 cART naive, 99 on cART at diagnosis)

A A
56,331 patients

Excluded: 26 patients in small cohorts with no NHL cases

26 without NHL 0 with NHL

v

56,305 patients included in analysis

55,722 without NHL 583 with NHL
(174 cART naive, 409 on cART at diagnosis)
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Figure2
Incidence rate of any type of non-Hodgkin lymphoma (systemic NHL and PBL) across categories of baseline CD4 cell count (upper panel)

and HIV-1 viral load (lower panel) in patients on CART and not on cCART

2500

2
5 g 2000 A —e—Not on cART
o < —o—0On cART
® 3 1500 1
o)
2 §' 1000 -
3o
= O ]

b 0 T I I | D

<50 50-99  100-199 200-349 >350

Nadir CD4 cell count (cells/microliter)

3000 —
0
 ® 2500 H~
Qo O
o >
o < 2000 A
*&:‘ g L 4
o © 1500 -
83 !
iy | 1
8 8 1000
5 <S
€9 500 - 3
—_ O
0 T T T T
00 00 ) 99 500
- 500 !0 0'600 Q - 99 agg 500‘9 |g <

A00 9000 000

HIV-1 RNA viral load (copies/mL) at

baseline
Figure3
Cumulative incidence of any type of non-Hodgkin lymphoma (systemic NHL and PBL) in patients on cCART by nadir CD4 cell count
= 4
< CD4 <50 cellsipl
----- CD450-98 cellsiulL
0| e CD4 100-199 cellsiuL
T —_—— CD4 200-349 cells/uL
= o — — — CD432350 celsiuL
N o~ -
(=] [Sp]
8
| =
@
2 .
[T g
£
@
=
°
E =4
S <
(&)
.
=)

Follow-up time since start of cART (years)
Number at risk
CD4 =50 cellsfulL 2631 6113 3846 1746 72
CD4 50-99 cellsipl 1551 3848 2496 1147 57
CD4 100-199 cells/ul 2514 7287 5039 2477 109

CD4 200-349 cells/iyl 3027 9646 6911 3632 21
CD4 =350 cells/pl 3190 7428 5482 3010 181

Page 7/11
Antivir Ther . Author manuscript



Tablel
Patient characteristics at baseline

Patients diagnosed with NHL (n=583) Patients not diagnosed with NHL (n=55,722) P
Type of NHL
Systemic NHL 521 (89%) =
PBL 62 (11%) =
Age (years) at baseline <0.0001
Median (IQR) 39.3(34.0t047.5) 36.1 (30.9t0 42.4)
16-29 62 (11%) 11,818 (21%)
30-39 240 (41%) 25,606 (46%)
40-49 160 (27%) 12,061 (22%)
250 121 (21%) 6,237 (11%)
Sex <0.0001
Women 109 (19%) 15,846 (28%)
Men 474 (81%) 39,876 (72%)
Transmission risk group <0.0001
Injection-drug use 89 (15%) 9,377 (17%)
MSM 242 (42%) 18,249 (33%)
Heterosexual 196 (34%) 22,707 (41%)
Other / unknown 56 (10%) 5,389 (10%)
CDC clinical stage
Stage A /B 446 (77%) 45,477 (82%) <0.0001
Stage C without KS 108 (19%) 9,088 (16%)
Stage C withKS 29 (5%) 1,157 (2%)
Nadir CD4 cell count (cells/uL) <0.0001
Median (IQR) 111 (43 to0 217) 193 (82 to 308)
<50 161 (28%) 9,678 (17%)
50-99 103 (18%) 6,249 (11%)
100-199 149 (26%) 12,705 (23%)
200-349 118 (20%) 16,424 (29%)
=350 52 (9%) 10,666 (19%)
PlasmaHIV-1 RNA (copies/mL) <0.0001
Median (IQR) 109,900 (30,550 to 327,000) 75,000 (19,800 to 230,000)
> 500,000 88 (15%) 6,131 (11%)
100,000-499,999 175 (30%) 14,568 (26%)
10,000-99,999 181 (31%) 19,000 (34%)
501-9,999 51 (9%) 7,117 (13%)
<500 2 (0.3%) 490 (1%)
Missing 86 (15%) 8,416 (15%)
NHL, Non Hodgkin Lymphoma; PBL, Primary Brain Lymphoma; KS, Kaposi Sarcoma; baseline relates to the first examination after 1.1.1998. P-values from chi-squared tests.
Page 8/11

Antivir Ther . Author manuscript



Table2

Incidence rate of systemic non-Hodgkin lymphoma overall and stratified by potential risk factors

Not on CART

No. of NHL Person-yearsat risk

Incidence rate per 100,000 per son-years (95% Cl)

No. of NHL Person-yearsat risk

Incidencerate per 100,000 person-years (95% Cl)

All
Age (years)
16-29
30-39
40-49
=50
Sex
Women
Men
Transmission risk group
Injection-drug use
MSM
Heterosexual
Other / unknown
CDC clinical stage
Stage A/B
Stage C without KS
Stage C with KS

Nadir CD4 count (cells/pL)

<50
50-99
100-199
200-349
> 350

HIV-1 RNA (copies/mL)
> 500,000
100,000-499,999
10,000-99,999
501-9,999
<500

155

23
53
48
31

31
124

22
65
49
19

136
16

29
31
32
40
23

15
42
51
23
0

33,503

8,436
16,091
6,358
2,618

9,759
23,743

7,029
12,103
11,641
2,730

31,517
1,819
167

2,576
2,572
9,193
13,948
5,214

1,044
4,163
12,789
9,253

462.6 (395.3 t0 541.5)

272.6 (181.2 10 410.3)
329.4 (251.6 10 431.2)
754.9 (568.9 to 1,001.8)
1,183.9 (832.6 to 1,683.5)

317.6 (223.4 10 451.7)
522.3 (438.0 t0 622.8)

313.0 (206.1 to 475.3)

537.0 (421.1 to 684.8)

420.9 (318.1 t0 556.9)
696.1 (444.0 t0 1,091.3)

431.5 (364.8 t0 510.5)
879.7 (538.9 t0 1,435.9)
1,797.4 (579.7 t0 5,573.0)

1,125.9 (782.4 t0 1,620.2)
1,205.4 (847.7 to 1,714.0)
348.1 (246.2 t0 492.2)
286.8 (210.4 to 391.0)
441.1 (293.1 t0 663.8)

1,436.9 (866.2 to 2,383.4)
1,009.0 (745.6 to 1,365.3)
398.8 (303.1 t0 524.7)
248.6 (165.2 to 374.1)

366

28
159
100

79

302

63
149
121

33

271
73
22

100
65
101
73
27

68
119
99
26
7

178,475

33,163
85,139
39,550
20,622

48,389
130,085

34,850
57,575
70,274
15,776

144,738
29,752
3,985

31,338
19,821
37,866
49,849
39,601

21,085
51,190
61,130
18,595
3,502

CART, combination antiretroviral therapy; NHL, Non Hodgkin Lymphoma; KS Kaposi Sarcoma. Incidence rates from Poisson regression models.

All variables except nadir CD4 count were measured at baseline for the analysis of patients not on CART and at the start of CART for the analysis of patients on cART.
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205.1 (185.1t0 227.2)

84.4 (58.3 10 122.3)
186.8 (159.9 to 218.2)
252.8 (207.8 to 307.6)
383.1 (307.3 t0 477.6)

132.3 (103.5t0 169.0)
232.2 (207.4 10 259.9)

180.8 (141.2 to 231.4)
258.8 (220.4 to 303.9)
172.2 (144.1 t0 205.8)
209.2 (148.7 t0 294.2)

187.2 (166.2 t0 210.9)
245.4 (195.1 to 308.6)
552.1 (363.5 t0 838.5)

319.1 (262.3 10 388.2)
327.9 (257.2 10 418.2)
266.7 (219.5 t0 324.2)
146.4 (116.4 to 184.2)
68.2 (46.8 t0 99.4)

322.5 (254.3 t0 409.0)
232.5(194.2t0 278.2)
161.9 (133.0 0 197.2)
139.8 (95.2 to 205.4)
199.9 (95.3 t0 419.3)
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Table3

Adjusted hazard ratios for systemic non-Hodgkin lymphoma from multivariable models

Not on CcART

On cART

Adjusted HR (95% Cl)

Adjusted HR (95% CI)

Age at start CART (years)
16-29
30-39
40-49
=50

Sex
Women
Men

Transmission risk group
Injection-drug use
MSM
Heterosexual
Other/unknown

CDC clinical stage
Stage A/B
Stage C without KS
Stage C with KS

CD4 count (cells/uL)
<50
50-99
100-199
200-349
= 350

HIV-1 RNA (copies/mL)
> 500,000
100,000-499,999
10,000-99,999
501-9,999
<500

1
0.97 (0.59 to 1.61)
1.94 (1.16 to 3.25)
2.84 (1.61 0 4.99)

1
1.12 (0.70 to 1.80)

0.82 (0.45 to 1.48)
1.23 (0.79 to 1.92)
1
1.49 (0.85 t0 2.63)

1
0.78 (0.43 to 1.43)
1.00 (0.24 to 4.14)

1.15 (0.53 t0 2.48)
2.72 (1.46 0 5.04)
1
0.70 (0.41 to 1.22)
0.42 (0.24 0 0.74)

2.16 (1.21t0 3.87)
1.75 (1.16 to 2.65)
1
1.05 (0.64 t0 1.72)

HR, hazard ratio; Cl, confidence interval; cCART, combination antiretroviral therapy; KS Kaposi Sarcoma.

Modelsincluded CD4 count and HIV-1 RNA astime-updated variables and age, sex, transmission risk group and CDC clinical stage at baseline or start CART.
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1
1.98 (1.31 t0 2.99)
2.35 (1.52t0 3.62)
3.72(2.38105.82)

1
1.17 (0.86 to 1.59)

1.10 (0.77 to 1.55)
1.57 (1.19 to 2.08)
1
1.01 (0.67 to 1.51)

1
0.86 (0.65 to0 1.13)
1.70 (1.08 to 2.68)

1.76 (1.20 to 2.58)
1.48 (1.02 to 2.15)
1
0.60 (0.4 to 0.81)
0.30 (0.22 t0 0.42)

1.55 (0.96 to 2.49)
0.99 (0.66 to 1.48)
1
1.11 (0.77 to 1.60)
0.60 (0.44 to 0.83)
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Table4

Characteristics of patients with systemic non-Hodgkin lymphoma on cART and not on cART at diagnosis

Not on CART On cART P
Number of patients 155 366
Age (years) at NHL diagnosis 0.043
Median (IQR) 41.1(34.3t048.9) 41.3(36.1t049.3)
16-29 18 (12%) 19 (5%)
30-39 49 (32%) 143 (39%)
40-49 53 (34%) 118 (32%)
> 50 35 (23%) 86 (24%)
Sex 0.497
Women 31 (20%) 64 (17%)
Men 124 (80%) 302 (83%)
Transmission risk group 0.601
Injection-drug use 22 (14%) 63 (17%)
MSM 65 (42%) 149 (41%)
Heterosexual 49 (32%) 121 (33%)
Other / unknown 19 (12%) 36 (9%)
CDC clinical stage at baseline
Stage A /B 136 (88%) 271 (74%) 0.002
Stage C without KS 16 (10%) 73 (20%)
Stage C with KS 3(2%) 22 (6%)
CD4 cell count (cells/uL) at NHL diagnosis 0.002
Median (IQR) 187 (70 to 320) 164 (80 to 280)
<50 20 (13%) 38 (10%)
50-99 25 (16%) 36 (10%)
100-199 20 (13%) 69 (19%)
200-349 32 (21%) 54 (15%)
> 350 28 (18%) 43 (12%)
Missing 30 (19%) 126 (34%)
PlasmaHIV-1 RNA (copiemL) at NHL diagnosis <0.0001
Median (IQR) 99,150 (16,450 to 315,650) 400 (50 to 12,048)
>500,000 18 (12%) 12 (3%)
100,000-499,999 38 (25%) 19 (5%)
10,000-99,999 36 (23%) 28 (8%)
501-9,999 17 (11%) 45 (12%)
< 500 3(2%) 115 (31%)
Missing 43 (28%) 147 (40%)
NHL, Non Hodgkin Lymphoma, KS, Kaposi Sarcoma; baseline relates to the first examination after 1.1.1998. P-values from chi-squared tests.
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