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Abstract

Objectives: Lymphomas remain among the most frequent HIV-associated
malignancies, with risk persisting despite effective virological control.

This study describes the clinical, epidemiological and prognostic characteristics
of lymphomas (both Hodgkin [HL] and non-Hodgkin [NHL]) in people living
with HIV (PLWH), according to virological suppression at diagnosis and
assesses lymphoma-related mortality at 1 year and overall survival at 5 years.
Methods: We conducted a multicentre retrospective study including PLWH
from the Spanish CoRIS cohort, who were diagnosed with lymphoma between
2004 and 2022 and had HIV viral load data at diagnosis. Virological suppres-
sion was defined as HIV-1 RNA <100 copies/mL within the 6 months prior to
and 1 month following lymphoma diagnosis.

Results: Among 18 573 PLWH included in CoRIS, 291 developed lymphoma,
with virological data available for 245 individuals, of whom 49 (20%) had viro-
logical suppression. People with detectable HIV viral load had lower CD4
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INTRODUCTION

The association between HIV infection and an increased
risk of lymphoma has been recognized since the early years
of the AIDS pandemic [1-3]. Much of the current knowl-
edge regarding lymphoma in people living with HIV
(PLWH) is derived from studies conducted before the wide-
spread use of combination antiretroviral therapy (ART)
[4, 5]. Compared with lymphomas occurring in the general
population, HIV-associated lymphomas have historically
been characterized by more aggressive clinical behaviour, a
higher frequency of extranodal involvement, poorer progno-
sis and a stronger association with oncogenic viral co-
infections, particularly Epstein—Barr virus (EBV) [6].

The introduction of ART in 1996, and the subsequent
control of HIV replication, has profoundly modified the
natural history of HIV infection. Nevertheless, the occur-
rence of lymphomas has not been eliminated, and cases
continue to be diagnosed even among individuals with
sustained virological suppression. At present, cancer rep-
resents one of the leading causes of morbidity and mor-
tality in PLWH, with lymphoproliferative disorders
remaining among the most frequent malignancies [7, 8].

Regarding non-Hodgkin lymphoma (NHL), its inci-
dence markedly declined during the initial years following
ART introduction and appears to have stabilized thereaf-
ter. Notably, certain lymphoma subtypes not strictly asso-
ciated with advanced immunosuppression, such as Burkitt
lymphoma, have shown a relative increase in incidence
[9-12]. In parallel, Hodgkin lymphoma (HL), which was
rarely observed in PLWH during the pre-ART era, has
experienced a substantial rise in incidence since the
advent of combination ART [13, 14].

Understanding the mechanisms underlying lympho-
magenesis in PLWH with effective virological control
remains a major challenge. In individuals with

5-year overall survival.

counts (median 180 cells/mm? [IQR 80-330] vs. 371 cells/mm® [IQR 202-583],
p < 0.001) and more advanced Ann Arbor stage (stage III-1V: 82.0% vs. 64.1%,
p = 0.027) compared with those with virological suppression. Despite this,
they showed similar treatment response (complete remission: 67.1% vs. 76.2%)
and relapse rates (16.3% vs. 18.4%, p = 0.779). Furthermore, virological sup-
pression was not independently associated with 1-year lymphoma-specific or

Conclusions: In PLWH diagnosed with lymphoma, prognosis is independent
of HIV virological status at diagnosis. These findings support that lymphoma
management in PLWH should be guided by standard oncological criteria,
alongside antiretroviral therapy, regardless of HIV viral suppression status.

HIV-associated malignancies, lymphoma, survival, virological suppression

suppressed HIV viral load, it is plausible that persistent
immune dysregulation, chronic immune activation, sys-
temic inflammation and residual immunosuppression
play a central role [15, 16]. However, the precise patho-
physiological pathways involved have not yet been fully
elucidated. Although survival and response to oncologi-
cal treatment in PLWH with lymphoma have improved
considerably in recent years, outcomes remain inferior to
those observed in the HIV-negative population [17, 18].

Consequently, there is a need to further characterize
lymphomas in PLWH, including their epidemiology, clinical
presentation, response to treatment and survival, beyond the
sole consideration of HIV virological control. In this context,
the aim of the present study was to describe and analyse the
characteristics of HL and NHLs in PLWH according to HIV
viral load status during the 6 months preceding lymphoma
diagnosis. In addition, we aimed to explore overall and
lymphoma-specific survival in relation to both HIV virologi-
cal status and malignancy-related factors.

METHODS
Study design

This was a multicentre, retrospective, non-interventional
study nested within the Spanish HIV Cohort (CoRIS). The
CoRIS cohort is an open, prospective, multicentre cohort
of adult subjects with confirmed HIV infection, naive to
ART at study entry, recruited in 48 centres from 14 to
17 Autonomous Regions in Spain from 2004 onwards.
Data are organized and standardized following the HIV
Cohorts Data Exchange Protocol (HICDEP) for data col-
lection (details at https://hicdep.org/) and adhere to inter-
nal strict annual quality controls. The CoRIS database
collects baseline and follow-up socio-demographic,
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immunological and clinical data. Participants are followed
periodically according to routine clinical practice. The
CoRIS cohort has been described in detail elsewhere [19].

Study population and data collection

The study population comprised all CoRIS participants
aged >18 years who were diagnosed with lymphoma—
HL or NHL—between 1 January 2004 and 30 November
2022, and who had available HIV viral load data at the
time of lymphoma diagnosis.

Participants were considered to have achieved
virological suppression if they were on ART and had
an HIV-1 RNA viral load <100 copies/mL during the
6 months preceding lymphoma diagnosis and up to
1 month after diagnosis in all available measurements
during the same period. Only participants who clearly
fulfilled this definition based on the available data—
including viral load determinations and information
on initiation or continuation of ART—were included
in the group with virological suppression. The thresh-
old of 100 copies/mL was selected because lower limits
of detection were not consistently available during the
earlier years of the study period for technical reasons.

Clinical data were collected during the 6 months pre-
ceding lymphoma diagnosis and up to 1 month after
diagnosis. People with unknown lymphoma histology
were excluded from all survival analyses.

Overall survival was defined as the time from lym-
phoma diagnosis to death from any cause. Lymphoma-
specific survival was defined as time from diagnosis to
death attributable to lymphoma; individuals who died
from other causes were censored at the time of death. For
lymphoma-specific survival, participants were adminis-
tratively censored at 12 months (1-year analyses) and for
overall survival at 60 months (5-year analyses).

Statistical analysis

Continuous variables are presented as medians with
interquartile ranges (25th-75th percentiles), while cate-
gorical variables are reported as frequencies and percent-
ages. Data distribution was assessed using frequency
histograms and the Kolmogorov-Smirnov test.

Comparisons between groups were performed using
parametric tests (Student's t-test or analysis of variance)
or non-parametric tests (Mann-Whitney U-test or
Kruskal-Wallis test), as appropriate, based on data distri-
bution and sample size. Associations between categorical
variables were evaluated using Pearson's chi-square test
or Fisher's exact test, as appropriate.

Overall and lymphoma-specific survival were estimated
using the Kaplan-Meier method and compared between
groups using the log-rank test. Multivariable Cox propor-
tional hazards models were fitted to estimate adjusted haz-
ard ratios, including virological suppression status, age (per
10-year increase), CD4 cell count at diagnosis, lymphoma
type and duration of HIV infection (per 10-year increase) as
covariates. Results are presented as hazard ratios (HRs)
with corresponding 95% confidence intervals (CIs).

All statistical analyses were performed using IBM
SPSS Statistics for Windows, version 25.0 (IBM Corp.,
Armonk, NY, USA) and R, version 4.5.3. All tests were
two-sided, and p-values <0.05 were considered statisti-
cally significant.

Sensitivity analysis

Sensitivity analyses were performed to evaluate the
robustness of the results. First, the definition of virologi-
cal suppression to viral load measurements was obtained
prior to lymphoma diagnosis. Additionally, analyses were
repeated excluding participants with unknown lym-
phoma histology.

Ethics statement

The study protocol (code MICRO.HGUGM.2022-017) was
approved by the Ethics Committee of Hospital General
Universitario Gregorio Marafién on 12 September 2022
(meeting record 17/2022).

Each CoRIS participant provided their written
informed consent prior to enrolling in this study. The
CoRIS cohort was approved by the Research Ethic Com-
mittee of the Gregorio Marafidn Hospital.

RESULTS
Study population

Among the 18 573 PLWH included in the CoRIS cohort
up to 2022, 291 (1.57%) were diagnosed with lymphoma,
either HL, NHL, or unknown. HIV viral load data at the
time of lymphoma diagnosis were available for 245 indi-
viduals, who constituted the study population. Baseline
characteristics were comparable between included and
excluded participants (Supplementary Table S1).

Of the overall included population, 49 (20.0%) had
virological suppression at diagnosis.

Among the people diagnosed with lymphoma, 63 had
HL, of whom 25 (39.7%) had virological suppression. A
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total of 157 persons were diagnosed with NHL, and
21 (13.4%) of them had suppressed HIV viral load at the
time of diagnosis. For the remaining 25 individuals
included, no histological data was available. (See Flow-
chart in Figure 1). Table 1 summarizes the characteristics
of the included population according to histological type.

Epidemiological trends

Between 1 January 2004 and 31 December 2009, 62 lym-
phomas were diagnosed in people with detectable HIV
viral load and seven in people with virological suppres-
sion; 47 of the former and four of the latter corresponded
to NHL.

From 1 January 2010 to 31 December 2014, 72 lym-
phoma cases were diagnosed among people with detect-
able HIV viral load, of which 48 were NHL, whereas
12 cases occurred in individuals with virological suppres-
sion, including five NHL cases.

Between 1 January 2015 and 31 December 2019,
53 lymphomas were diagnosed in people with detectable
HIV viral load and 26 in individuals with virological

suppression. Among those with detectable HIV viral load,
35 cases were NHL, while nine NHL cases were identified
among people with virological suppression.

Finally, from 1 January 2020 to 31 December 2022,
nine lymphoma cases were diagnosed in people with
detectable HIV viral load, six of which were NHL, and
four cases were diagnosed in individuals with virological
suppression, including three NHL cases. (Figure 2).

In Figure 3, from the total of lymphoma cases
recorded in CoRIS each year, we reflect the proportion
of those occurring in people with undetectable HIV
viral load.

Baseline characteristics according to
virological suppression

Baseline demographic, clinical, immunological and onco-
logical characteristics of the study population, stratified
by virological suppression, are summarized in Table 2.
No significant differences were observed in sex, age,
or HIV transmission category when comparing people
with detectable versus suppressed HIV viral load. These

4 ~\
CoRIS participants
2004-2021
(n=18,573)

. S/
e ~
Diagnosed with
lymphoma
(n=291)

. S

£\

With available HIV viral
load data at the time of
lymphoma diagnosis

(n=245)
S/
: |
Y ~ .
Hodgkin lymphoma Non-Hodgkin
(HL) lymphoma (NHL) Unknown
(1’1:63) (n:157) (n=25)
> 4 J L

FIGURE 1 Flow chart
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TABLE 1 Clinical characteristics by histological type.

Characteristic
Sex
Male
Female
Age at diagnosis, years
Transmission route
MSM
IDU
Heterosexual
Other/Unknown
Region of origin
Spain
Europe
Sub-Saharan Africa
Latin America
Other/Unknown
Educational level
None or primary education
Upper secondary or university
University or higher
Other/Unknown
Smoking status
Never smoker
Smoker
Ex-Smoker
Unknown
Period of diagnosis
2004-2014
2015-2021
HIV duration, years
CD4 count, cells/pL
Unknown
CD4 count category
<200
>200
Unknown
ART status
ART at diagnosis
No ART prior to diagnosis
Type of HL
Nodular sclerosis
Mixed cellularity
Lymphocyte-depleted
Lymphocyte-rich

Overall N = 245

210 (85.7%)
35 (14.3%)
45.4 (36.1-53.5)

131 (53.5%)
25 (10.2%)
77 (31.4%)
12 (4.9%)

156 (63.7%)
40 (16.3%)
6 (2.4%)

36 (14.7%)
7 (2.9%)

40 (16.3%)
113 (46.1%)
45 (18.4%)
47 (19.2%)

36 (14.7%)
41 (16.7%)
16 (6.5%)
152 (62.0%)

167 (68.2%)

78 (31.8%)

0.7 (0.1-4.7)
207.0 (94.0-381.0)
10

112 (45.7%)
123 (50.2%)
10 (4.1%)

150 (61.2%)
95 (38.8%)

HL N = 63

57 (90.5%)
6 (9.5%)
43.8 (36.3-51.0)

39 (61.9%)
7(11.1%)
15 (23.8%)
2 (3.2%)

39 (61.9%)
12 (19.0%)
1 (1.6%)

8 (12.7%)
3 (4.8%)

10 (15.9%)
35 (55.6%)
14 (22.2%)
4(6.3%)

9 (14.3%)
19 (30.2%)
5(7.9%)
30 (47.6%)

35 (55.6%)

28 (44.4%)

3.5 (0.5-8.0)

210.0 (137.5-355.0)
3

27 (42.9%)
33 (52.4%)
3 (4.8%)

54 (85.7%)
9 (14.3%)

11 (17.4%)
16 (25.4%)
1(1.6%)
3 (4.8%)

NHL N = 157*

133 (84.7%)
24 (15.3%)
45.0 (35.8-53.5)

83 (52.9%)
17 (10.8%)
50 (31.8%)
7 (4.5%)

97 (61.8%)
27 (17.2%)
4(2.5%)
25 (15.9%)
4(2.5%)

27 (17.2%)
72 (45.9%)
25 (15.9%)
33 (21.0%)

24 (15.3%)
20 (12.7%)
10 (6.4%)
103 (65.6%)

113 (72.0%)

44 (28.0%)

0.4 (0.0-3.0)
210.0 (84.0-387.0)
6

71 (45.2%)
80 (51.0%)
6 (3.8%)

87 (55.4%)
70 (44.6%)

Unknown N = 25*

20 (80.0%)
5 (20.0%)
48.8 (40.1-59.0)

9 (36.0%)
1 (4.0%)
12 (48.0%)
3 (12.0%)

20 (80.0%)
1 (4.0%)

1 (4.0%)

3 (12.0%)
0 (0.0%)

3 (12.0%)
6 (24.0%)
6 (24.0%)
10 (40.0%)

3 (12.0%)
2 (8.0%)

1 (4.0%)
19 (76.0%)

19 (76.0%)

6 (24.0%)

0.0 (0.0-1.0)

165.5 (77.5-402.0)
1

14 (56.0%)
10 (40.0%)
1(4.0%)

9 (36.0%)
16 (64.0%)
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TABLE 1 (Continued)

Characteristic Overall N = 245
Unknown
Type of LNH
DLBCL
BL
PCNSL
PL
PEL
Unknown
IPI score
0-2 NA
3-4 NA
Unknown NA
Ann Arbor stage

I-II 37 (15.1%)

II-1v 130 (53.1%)

Unknown 78 (31.8%)
Chemotherapy

No 15 (6.1%)

Yes 182 (74.3%)

Unknown 48 (19.6%)
Radiotherapy

No 159 (64.9%)

Yes 36 (14.7%)

Unknown 50 (20.4%)
Autologous transplant

No 174 (71.0%)

Yes 21 (8.6%)

Unknown 50 (20.4%)

Allogeneic transplant

No 191 (78.0%)
Yes 3(1.2%)
Unknown 51 (20.8%)

No treatment

No 154 (62.9%)

Yes 8 (3.3%)

Unknown 83 (33.9%)
Treatment outcome

Complete remission 136 (55.5%)

Partial remission 8 (3.3%)

1 year Lymphoma-related Mortality 53 (21.6%)

Unknown 48 (19.6%)
Relapse

No 139 (56.7%)

HL N = 63*
32 (50.8%)

NA
NA
NA

15 (23.8%)
39 (61.9%)
9 (14.3%)

5 (7.9%)
50 (79.4%)
8 (12.7%)

38 (60.3%)
16 (25.4%)
9 (14.3%)

52 (82.5%)
2 (3.2%)
9 (14.3%)

53 (84.1%)
1(1.6%)
9 (14.3%)

40 (63.5%)
2 (3.2%)
21 (33.3%)

48 (76.2%)
1(1.6%)

5 (7.9%)

9 (14.3%)

44 (69.8%)

NHL N = 157*

65 (41.4%)
40 (25.5%)
7 (4.4%)
10 (6.4%)
5(3.2%)
30 (19.1%)

38 (24.2%)
37 (23.6%)
82 (52.2%)

22 (14.0%)
90 (57.3%)
45 (28.7%)

10 (6.4%)
130 (82.8%)
17 (10.8%)

119 (75.8%)
20 (12.7%)
18 (11.5%)

120 (76.4%)
19 (12.1%)
18 (11.5%)

136 (86.6%)
2 (1.3%)
19 (12.1%)

112 (71.3%)
6 (3.8%)
39 (24.8%)

86 (54.8%)
7 (4.5%)

47 (29.9%)
17 (10.8%)

94 (59.9%)

Unknown N = 25*

0 (0.0%)
0 (0.0%)
25 (100.0%)

0 (0.0%)
1(4.0%)
24 (96.0%)

0 (0.0%)
2 (8.0%)
23 (92.0%)

2 (8.0%)
0 (0.0%)
23 (92.0%)

2 (8.0%)
0 (0.0%)
23 (92.0%)

2 (8.0%)
0 (0.0%)
23 (92.0%)

2 (8.0%)
0 (0.0%)
23 (92.0%)

2 (8.0%)
0 (0.0%)
1(4.0%)
22 (88.0%)

1(4.0%)

(Continues)
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TABLE 1 (Continued)

Characteristic
Yes
Unknown

Time to relapse, years

“n (%); Median (Q1-Q3).

80
70

60

ul
o

N
o

Number of cases

w
o

20

10

2004-2009

Overall N = 245
20 (8.2%)

86 (35.1%)

1.6 (0.6-3.2)

Lymphomas by Period and Viral Load

HL N = 63*
8 (12.7%)

11 (17.5%)
3.2(2.2-4.0)

2010-2014

NHL N = 157 Unknown N = 25
11 (7.0%) 1 (4.0%)

52 (33.1%) 23 (92.0%)

0.8 (0.4-1.3) 9.3(9.3-9.3)

W Total - Detectable

B Total - Undetectable

mmm Hodgkin - Detectable
Hodgkin - Undetectable

= Non-Hodgkin - Detectable

B Non-Hodgkin - Undetectable

2015-2019

FIGURE 2 Number of lymphomas according to HIV virological status. Number of lymphoma cases among people living with HIV,
overall and stratified by Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL), according to HIV virological status at diagnosis

(HIV-1 RNA <100 vs. >100 copies/mL).

Proportion of lymphoma cases with undetectable viral load at lymphoma diagnosis

100

75

50

25

% with HIV11 RNA <100 copies/mL

2005

2010

Calendar year

2015

2020

FIGURE 3 Proportion of lymphoma cases diagnosed in people living with HIV with virological suppression over time. Proportion of
Hodgkin and non-Hodgkin lymphoma cases diagnosed in people living with HIV with HIV-1 RNA < 100 copies/mL at the time of

lymphoma diagnosis, by calendar year.
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TABLE 2 Clinical characteristics by HIV-1 viral load status at lymphoma diagnosis.
HIV-1 RNA at diagnosis
Characteristic HIV-1 detectable N = 196° HIV-1 undetectable N = 49° p-value®
Sex 1
Male 168 (85.7%) 42 (85.7%)
Female 28 (14.3%) 7 (14.3%)
Age at diagnosis, years 45.3 (35.4-53.0) 45.5(39.1-55.1) 0.392
Transmission route 0.37
MSM 103 (52.6%) 28 (57.1%)
IDU 20 (10.2%) 5(10.2%)
Other/Unknown 12 (6.1%) 0 (0.0%)
Heterosexual 61 (31.1%) 16 (32.7%)
Region of origin 0.616
Spain 127 (64.8%) 29 (59.2%)
Europe 31 (15.8%) 9 (18.4%)
Sub-Saharan Africa 6 (3.1%) 0 (0.0%)
Other/Unknown 5(2.6%) 2 (4.1%)
Latin America 27 (13.8%) 9 (18.4%)
Educational level 0.327
None or primary education 31 (15.8%) 9 (18.4%)
Upper secondary or university 87 (44.4%) 26 (53.1%)
University or higher 36 (18.4%) 9 (18.4%)
Other/Unknown 42 (21.4%) 5(10.2%)
Smoking status 0.564
Never smoker 29 (42.0%) 7 (29.2%)
Smoker 29 (42.0%) 12 (50.0%)
Ex-Smoker 11 (15.9%) 5(20.8%)
Unknown 127 25
Period of diagnosis 5.49e-05
2004-2014 146 (74.5%) 21 (42.9%)
2015-2021 50 (25.5%) 28 (57.1%)
HIV duration, years 0.3 (0.0-2.8) 5.2 (2.1-8.9) 3.57e-11
CD4 count, cells/pL 180.0 (80.0-330.0) 370.5 (202.0-583.0) 1.46e-06
Unknown 7 3
CD4 count category 4.56e-04
<200 101 (53.4%) 11 (23.9%)
>200 88 (46.6%) 35 (76.1%)
Unknown 7 3
ART status 1.57e-12
ART at diagnosis 101 (51.5%) 49 (100.0%)
No ART prior to diagnosis 95 (48.5%) 0 (0.0%)
IPI score 0.262
0-2 32 (47.8%) 6 (75.0%)
3-4 35 (52.2%) 2 (25.0%)
Unknown 69 13
(Continues)
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TABLE 2 (Continued)

HIV-1 RNA at diagnosis

Characteristic HIV-1 detectable N = 196° HIV-1 undetectable N = 49° p-value®

Ann Arbor stage 0.027
I-1I 23 (18.0%) 14 (35.9%)
mI-1v 105 (82.0%) 25 (64.1%)
Unknown 68 10

Chemotherapy 143 (92.3%) 39 (92.9%) 1
Unknown 41 7

Radiotherapy 23 (15.0%) 13 (31.0%) 0.025
Unknown 43 7

Autologous transplant 20 (13.1%) 1(2.4%) 0.051
Unknown 43 7

Allogeneic transplant 2 (1.3%) 1(2.4%) 0.521
Unknown 44 7

No treatment 7 (5.2%) 1(3.6%) 1
Unknown 62 21

Treatment outcome 0.291
Complete remission 104 (67.1%) 32 (76.2%)
Partial remission 8 (5.2%) 0 (0.0%)
1 year Lymphoma-related Mortality 43 (27.7%) 10 (23.8%)
Unknown 41 7

Relapse 15 (12.2%) 5(13.9%) 0.779
Unknown 73 13

Time to relapse, years 1.3 (0.4-2.9) 3.1(1.2-4.0) 0.095

*Fisher's exact test; Kruskal-Wallis rank sum test.
®n (%); Median (Q1-Q3).

findings remained consistent when analyses were restri-
cted to HL or NHL subgroups (Table 3). HL was more
frequent among individuals with undetectable HIV viral
load and, within subtypes, those with undetectable viral
load more often had the nodular sclerosis histological
subtype; however, the sample size is very small. Never-
theless, no significant differences were observed in the
distribution of histological subtypes for NHL according to
HIV virological status at diagnosis.

In bivariate analyses, people with detectable HIV viral
load at the time of lymphoma diagnosis had significantly
lower CD4 cell counts compared with people with viro-
logical suppression (median 180 cells/mm’ [IQR 80-330]
vs. 370.5 cells/mm® [IQR 202-583], p < 0.001). As
expected, they also had a shorter duration of known HIV
infection (median 0.3 years [IQR 0.0-2.8] vs. 5.2 years
[IQR 2.1-8.9], p < 0.001).

People with detectable HIV viral load were more
frequently diagnosed at advanced Ann Arbor stages

(stage II-IV: 82% vs. 64.1%, p =0.03), indicating a
greater extent of disease at presentation. Consistent with
this finding, differences were observed in treatment
approaches: people with detectable HIV viral load more
often underwent autologous stem cell transplantation
(13.1% vs. 2.4%, p = 0.05), whereas people with virologi-
cal suppression more frequently received radiotherapy
(31% vs. 15%, p = 0.02), which is typically indicated in
less advanced disease.

Despite these differences in clinical presentation and
treatment intensity, no significant differences were
observed between people with detectable HIV viral load
and those with virological suppression in terms of treat-
ment response, mortality, or relapse rates. Complete
remission was achieved in 67% of people with detectable
HIV viral load and 76% of people with virological sup-
pression. Lymphoma-related mortality at 1year was
27.7% and 23.8%, respectively (p = 0.65), and relapse
occurred in 13.9% and 12.2% of individuals, respectively
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TABLE 3 Clinical characteristics by HIV-1 viral load status at lymphoma diagnosis stratified by lymphoma type.
HL NHL
HIV-1 HIV-1 HIV-1 HIV-1
detectable undetectable detectable undetectable
Characteristic N =38* N =25 p-value® N =136 N=21* p-value®
Sex 1 1
Male 34 (89.5%) 23 (92.0%) 115 (84.6%) 18 (85.7%)
Female 4(10.5%) 2 (8.0%) 21 (15.4%) 3 (14.3%)
Age at diagnosis, years 44.1 (36.3-51.0) 43.8 (37.3-49.9) 0.779 44.6 (35.1-53.0) 49.2 (41.8-55.6) 0.137
Transmission route 0.217 0.231
MSM 20 (52.6%) 19 (76.0%) 75 (55.1%) 8 (38.1%)
IDU 6 (15.8%) 1 (4.0%) 13 (9.6%) 4(19.0%)
Other/Unknown 2(5.3%) 0 (0.0%) 7 (5.1%) 0 (0.0%)
Heterosexual 10 (26.3%) 5(20.0%) 41 (30.1%) 9 (42.9%)
Region of origin 0.099 0.917
Spain 27 (71.1%) 12 (48.0%) 82 (60.3%) 15 (71.4%)
Europe 7 (18.4%) 5(20.0%) 23 (16.9%) 4 (19.0%)
Sub-Saharan Africa 1(2.6%) 0 (0.0%) 4(2.9%) 0 (0.0%)
Other/Unknown 1(2.6%) 2 (8.0%) 4(2.9%) 0 (0.0%)
Latin America 2 (5.3%) 6 (24.0%) 23 (16.9%) 2(9.5%)
Educational level 0.546 0.259
None or primary 5(13.2%) 5(20.0%) 24 (17.6%) 3(14.3%)
education
Upper secondary 24 (63.2%) 11 (44.0%) 58 (42.6%) 14 (66.7%)
or university
University or higher 7 (18.4%) 7 (28.0%) 23 (16.9%) 2 (9.5%)
Other/Unknown 2(5.3%) 2 (8.0%) 31 (22.8%) 2(9.5%)
Smoking status 0.157 0.109
Never smoker 3(16.7%) 6 (40.0%) 23 (50.0%) 1(12.5%)
Smoker 13 (72.2%) 6 (40.0%) 15 (32.6%) 5 (62.5%)
Ex-Smoker 2 (11.1%) 3 (20.0%) 8 (17.4%) 2 (25.0%)
Unknown 20 10 90 13
Period of diagnosis 0.069 0.003
2004-2014 25 (65.8%) 10 (40.0%) 104 (76.5%) 9 (42.9%)
2015-2021 13 (34.2%) 15 (60.0%) 32 (23.5%) 12 (57.1%)
HIV duration, years 1.1 (0.2-7.6) 5.3 (3.5-8.9) 0.003 0.2 (0.0-2.2) 3.1 (1.8-8.9) 4.87e-06
CD4 count, cells/pL 157.0 (91.0-276.0)  336.0 (190.0-608.0)  0.002 189.5 (76.0-356.0)  440.0 (323.0-540.0)  1.27e-04
Unknown 1 2 6 0
CD4 count category 0.032 0.008
<200 21 (56.8%) 6 (26.1%) 67 (51.5%) 4 (19.0%)
>200 16 (43.2%) 17 (73.9%) 63 (48.5%) 17 (81.0%)
Unknown 1 2 6 0
ART status 0.009 1.44e-06
ART at diagnosis 29 (76.3%) 25 (100.0%) 66 (48.5%) 21 (100.0%)
No ART prior 9 (23.7%) 0 (0.0%) 70 (51.5%) 0 (0.0%)
to diagnosis
(Continues)
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TABLE 3 (Continued)

Characteristic
Type of HL
Nodular sclerosis
Mixed cellularity
Lymphocyte-depleted
Lymphocyte-rich
Unknown
Type of NHL
DLBCL
BL
PCNSL
PL
PEL
Unknown
IPI score
0-2
3-4
Unknown
Ann Arbor stage
I-1I
II-1v
Unknown
Chemotherapy
Unknown
Radiotherapy
Unknown
Autologous transplant
Unknown
Allogeneic transplant
Unknown
No treatment
Unknown
Treatment outcome
Complete remission
Partial remission

1 year
Lymphoma-related
Mortality

Unknown
Relapse

Unknown

HL NHL
HIV-1 HIV-1 HIV-1 HIV-1
detectable undetectable detectable undetectable
N =38* N =25 p-value® N =136 N=21* p-value®
0.006
3 (14.3%) 8 (80.0%)
15 (71.4%) 1 (10.0%)
1(4.8%) 0 (0.0%)
2(9.5%) 1 (10.0%)
17 15
0.67
60 (52.2%) 5 (41.7%)
36 (31.3%) 4(33.3%)
7 (6.1%) 0 (0.0%)
8 (7.0%) 2(16.7%)
4 (3.5%) 1(8.3%)
21 9
0.262
NA NA 32 (47.8%) 6 (75%)
NA NA 35(52.2%) 2 (25%)
136 21
0.369 0.073
7 (22.6%) 8 (34.8%) 16 (16.5%) 6 (40.0%)
24 (77.4%) 15 (65.2%) 81 (83.5%) 9 (60.0%)
7 2 39 6
29 (90.6%) 21 (91.3%) 1 113 (92.6%) 17 (94.4%) 1
6 2 14 3
7 (22.6%) 9 (39.1%) 0.235 16 (13.2%) 4(22.2%) 0.294
7 2 15 3
1(3.2%) 1(4.3%) 1 19 (15.7%) 0 (0.0%) 0.133
7 2 15 3
0 (0.0%) 1(4.3%) 0.426 2 (1.7%) 0 (0.0%) 1
7 2 16 3
2 (7.4%) 0 (0.0%) 0.53 5(4.7%) 1(8.3%) 0.482
11 10 30 9
1 0.559
27 (87.1%) 21 (91.3%) 76 (62.3%) 10 (55.6%)
1(3.2%) 0 (0.0%) 7 (5.7%) 0 (0.0%)
3(9.7%) 2(8.7%) 39 (32.0%) 8 (44.4%)
7 2 14 3
4 (13.3%) 4 (18.2%) 0.708 10 (10.9%) 1(7.7%) 1
8 3 44 8
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TABLE 3 (Continued)
HL NHL
HIV-1 HIV-1 HIV-1 HIV-1
detectable undetectable detectable undetectable
Characteristic N =38* N =25 p-value® N =136 N=21* p-value®
Time to relapse, years 2.9 (2.1-3.3) 3.7 (3.1-4.0) 0.251 0.6 (0.3-1.4) 1.0 (0.8-1.2) 0.655

Abbreviations: BL, burkitt lymphoma; DLBCL, diffuse large B-cell lymphoma; HIV, human immunodeficiency virus; HL, Hodgkin lymphoma; IDU, injecting
drug use; IQR, interquartile range; MSM, men who have sex with men; NHL, non-Hodgkin lymphoma; PCNSL, primary central nervous system lymphoma;

PEL, primary effusion lymphoma; PL, plasmablastic lymphoma.
%n (%), Median (Q1-Q3).

“Fisher's exact test; Kruskal-Wallis rank sum test; Fisher's Exact Test for Count Data with simulated p-value (based on 10000 replicates).

(p = 0.779). These findings were consistent in the overall
cohort and when analyses were stratified by HL and
NHL (Table 3).

Survival analysis

Among the 220 participants diagnosed with either NHL
or HL and followed for up to 5 years, the overall mortal-
ity rate was 0.96 per 100 person-years (95% CI 0.76-1.21)
(Figure 4). In multivariable analyses, HIV virological sup-
pression at the time of lymphoma diagnosis was not inde-
pendently associated with 5-year mortality. The hazard of
death increased by 28% for each 10-year increase in age
at diagnosis and by 35% for each additional 10 years of
known HIV duration. Year of lymphoma diagnosis was
not associated with overall survival in the fully adjusted
model.

A CD4 cell count >200 cells/pL was associated with a
44% lower hazard of death over the 5-year follow-up
period. Additionally, 5-year mortality was 70% lower
among individuals with HL compared with those with
NHL (Table 4).

Lymphoma-specific mortality was evaluated exclu-
sively during the first year of follow-up. The lymphoma-
specific mortality rate during this period was 2.00 per
100 person-years (95% CI 1.44-2.71) (Figure 5). In multi-
variable analyses of 1-year lymphoma-specific survival,
HIV virological suppression at the time of lymphoma
diagnosis was not independently associated with mortal-
ity. The hazard of lymphoma-specific death increased by
36% for each 10-year increase in age at diagnosis,
whereas a CD4 cell count >200 cells/puL. was associated
with a 37% reduction in the hazard of death. Consistent
with findings for overall survival, lymphoma-specific
mortality within the first year was lower among individ-
uals with HL than among those with NHL (Table 4).

Sensitivity analyses restricting the definition of
virological suppression to pre-diagnosis HIV-1 RNA

measurements yielded consistent results with the pri-
mary analysis. No significant association was observed
between virological suppression and 5-year overall sur-
vival. The direction and magnitude of the associations for
age, CD4 cell count and lymphoma subtype remained
unchanged. Detailed results are provided in Supplemen-
tary Tables S2-S4 and Figures S1 and S2.

DISCUSSION

This study confirms that lymphoproliferative disorders
remain a relevant clinical problem in PLWH despite
effective ART and sustained virological suppression. Prior
studies have demonstrated that the incidence of both HL
and NHL remains higher than that observed in the gen-
eral population [20]. In our work, we observed a progres-
sive increase over time in the number and the proportion
of lymphoma cases occurring in individuals with sup-
pressed HIV viral load. As expected, lymphoma cases
among individuals with suppressed HIV viral load have
become more frequent in recent years, likely reflecting
earlier initiation of ART. As the proportion of PLWH
with virological suppression increases, lymphoma is pro-
gressively shifting from a complication of uncontrolled
HIV to a malignancy occurring despite optimal HIV man-
agement. The increasing proportion of people with viro-
logical suppression among lymphoma cases over time
likely reflects improvements in HIV care at the cohort
level, rather than a direct association between viral sup-
pression and lymphoma risk. In our study, this trend was
evident until 2020, after which a potential change in epi-
demiological patterns was observed. Whether this reflects
a true shift related to earlier initiation of ART or, alterna-
tively, the impact of the SARS-CoV-2 pandemic on
healthcare access and cancer diagnosis warrants further
investigation.

Historically, immunosuppression and uncontrolled
HIV replication have been considered the main drivers of
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5-year overall survival after ymphoma diagnosis (N = 495)

Stratified by HIV-1 RNA at diagnosis
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FIGURE 4 5-year overall survival.

lymphoma development in PLWH [21, 22]. However,
despite the fact that currently most PLWH maintain an
undetectable HIV viral load, cases still occur, as observed
in our cohort, suggesting that additional mechanisms
may contribute to the persistent risk of lymphomagen-
esis even under optimal immunovirological conditions.
In our study, the predominant histology in individuals
with suppressed viral load is HL, and within this, the
nodular sclerosis subtype, as is typically observed [23].
But importantly, the distribution of the most prevalent
histological subtypes of NHL in our study—distinct
from that observed in the HIV-negative population—
did not differ according to HIV detectability. This
observation is consistent with findings from a recent
cohort of PLWH with lymphoma in Malawi [24] and
with earlier studies conducted in people with virologi-
cal suppression [25]. These results suggest the exis-
tence of HIV-associated lymphomagenic mechanisms
that persist beyond virological control.

When comparing lymphomas diagnosed in people
with detectable versus suppressed HIV viral load, we
found that individuals with ongoing viral replication pre-
sented with more advanced disease at diagnosis, as
reflected by higher Ann Arbor stage. Nevertheless,
despite differences in disease extent and treatment inten-
sity, overall and lymphoma-specific survival and relapse
rates were similar between both groups, and HIV

virological status was not an independent predictor of
survival. For several years, PLWH have been treated for
lymphoma using the same oncological regimens as HIV-
negative persons, in combination with ART [26-28] Our
findings reinforce the current evidence indicating that, in
the contemporary ART era, HIV-related factors—
including ongoing viral replication—do not indepen-
dently determine lymphoma prognosis. Rather, the
excess risk associated with certain histological subtypes
appears to be largely mediated by tumour burden at diag-
nosis. So, HIV replication may influence disease burden
at presentation but not treatment efficacy or survival
once standard oncological therapy is delivered.

With the application of standard oncological treat-
ment strategies alongside effective ART, survival out-
comes comparable to those observed in individuals with
virological suppression can be achieved, even in people
with detectable HIV viral load at diagnosis. This concept
had already been suggested in earlier studies assessing
chemotherapy response in PLWH, which demonstrated
that prognosis depended predominantly on tumour-
related factors rather than HIV-specific variables [29, 30].
Although subsequent research proposed prognostic
models incorporating HIV-related parameters [31], our
results—derived from a contemporary cohort—provide
robust evidence supporting the primacy of standard onco-
logical determinants in guiding treatment and prognosis.
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TABLE 4 Multivariable Cox regression for 5-year overall survival and 1-year lymphoma-specific survival.

5-year overall survival 1-year lymphoma-specific survival
Characteristic HR?* 95% CI p-value HR? 95% CI p-value
HIV-1 RNA (ref: Detectable) 0.85 0.42,1.74 0.658 1.03 0.39, 2.73 0.959
Age (per 10-year increase) 1.28 1.03, 1.59 0.026 1.36 1.02, 1.81 0.038
CD4 count (ref: <200 cells/pL)

<200 - - - -

>200 0.56 0.35, 0.91 0.019 0.63 0.34,1.19 0.158

Unknown 0.41 0.10, 1.71 0.222 0.00 0.00, Inf 0.996

Lymphoma type (ref: NHL)

NHL - - - -

HL 0.31 0.16, 0.62 7.49¢-04 0.17 0.05, 0.56 0.004

Unknown
HIV duration (per 10-year increase) 1.35 0.96, 1.91 0.089

Year of lymphoma diagnosis = -
2004-2014 = = 0.90 0.45,1.83 0.776
2015-2021 1.20 0.71, 2.01 0.497 1.09 0.65, 1.82 0.756

Abbreviations: CI, confidence interval; HR, hazard ratio.
*Models adjusted for all variables shown.

1-year lymphoma-specific survival after ymphoma diagnosis (N = 495)
Stratified by HIV-1 RNA at diagnosis
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FIGURE 5 1-year lymphoma-specific survival

The favourable outcomes observed in people with overlapping toxicity with antineoplastic therapies.
detectable HIV viral load may, at least in part, This allows for safe coadministration without treat-
be explained by the improved safety profile of ment interruptions or delays in chemotherapy
modern antiretroviral agents, which have minimal regimens [32].
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A study published by Gopal et al. in 2013 reported
higher mortality among people with detectable HIV vir-
aemia at lymphoma diagnosis, particularly among those
with longer duration of HIV infection [33]. In contrast, in
our cohort, HIV viral load was not associated with mor-
tality, and people with detectable HIV viral load had, on
average, a shorter duration of known HIV infection than
individuals with virological suppression. This finding
likely reflects current clinical practice, in which ART is
initiated promptly after HIV diagnosis, in accordance
with contemporary treatment guidelines. Moreover, a
recent study from China similarly found that virological
factors did not significantly influence lymphoma out-
comes in PLWH [34].

In our survival analyses, immunosuppression—
reflected by CD4 cell counts below 200 cells/mm*—
emerged as a strong predictor for survival, in agreement
with previous studies [34, 35]. Age and lymphoma type
were also associated with worse outcomes, consistent
with well-established prognostic factors in oncohaemato-
logical diseases, regardless of HIV status. These findings
suggest that, in the current ART era, lymphoma progno-
sis in PLWH is primarily driven by host immune status
and lymphoma-related factors, rather than HIV viral rep-
lication itself.

This study has several limitations. From a methodo-
logical point of view, first, missing virological data led to
the exclusion of a proportion of cases, although no major
differences were observed between included and
excluded individuals. Second, lymphoma histology was
unavailable for some participants, although sensitivity
analyses yielded consistent results, and some important
lymphoma-related information, such as Ann Arbor stage,
was only available for a few patients and therefore could
not be included in the multivariable analysis. Third, the
definition of virological suppression included measure-
ments shortly after diagnosis, which may introduce mis-
classification; however, sensitivity analyses confirmed the
robustness of our findings. Also, we did not include a
comparator population without HIV infection. We were
unable to assess immunological and inflammatory bio-
markers that may influence lymphomagenesis, as sug-
gested by previous research [36, 37]. Additionally, we did
not account for co-infection with oncogenic viruses such
as EBV or human herpesvirus 8, which play an important
pathophysiological role in HIV-associated lymphomas
[35, 38]. Despite these limitations, our study includes a
large number of cases and spans an extended time
period, providing relevant clinical insight into lympho-
mas in PLWH in the contemporary ART era. From a
purely clinical perspective, our findings do not support
concerns that ART or virological suppression nega-
tively influence lymphoma management or outcomes,

unlike emerging hypotheses suggesting potential inter-
actions between prior ART exposure and tumour
biology [39].

CONCLUSIONS

Although PLWH diagnosed with lymphoma who have
detectable HIV viral load are more frequently present
with advanced-stage disease, lymphoma prognosis is
independent of HIV virological status at diagnosis. These
findings support that the management of Hodgkin and
NHLs in PLWH should be primarily guided by standard
oncohaematological criteria, with concomitant ART,
regardless of HIV viral suppression status.
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de Enfermedades Infecciosas, Madrid, Spain

®Medicine Hospital Universitario Ramén y Cajal,
University Hospital Ramén y Cajal Universidad de
Alcala/Alcala University, Madrid, Spain

"HIV Unit. Internal Medicine Department, Hospital
Universitario La Paz-Carlos 111, IdiPAZ, Madrid, Spain
8Unidad de Enfermedades Infecciosas Hospital
Universitario y Politécnico La Fe, Instituto de
Investigacion Sanitaria La Fe, Valencia, Spain
9Especialista en Medicina Interna/E. Infecciosas,
Hospital Universitario de La Princesa, Madrid, Spain
'HIV Unit. Internal Medicine Service Hospital
Universitario Central de Asturias (HUCA), Oviedo
University School of Medicine, Investigator,
Microbiology and Infectious Diseases Group, ISPA-
FINBA, Oviedo, Spain

"Unidad de VIH-UNITS, Hospital Universitario Virgen
de la Arrixaca, Murcia, Spain

12gervicio de Enfermedades Infecciosas, Hospital
Universitario Reina Sofia, Instituto Maimonides de
Investigacion Biomédica de Cérdoba (IMIBIC),
Universidad de Cérdoba (UCO), Cérdoba, Spain
3Centro de Investigacién Biomédica en Red (CIBER) -
Enfermedades Infecciosas (CIBERINFEC), Instituto de
Salud Carlos III (ISCIII), Madrid, Spain
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“Divisién de Enfermedades Infecciosas, Hospital
Universitario Fundacion Jiménez Diaz. Instituto de
Investigacion Sanitaria Fundacién Jiménez Diaz (IIS-
FID, UAM), Madrid, Spain

1Servicio de Medicina Interna, Hospital Universitari Son
Espases, Mallorca, Spain

'®Servicio de Enfermedades Infecciosas, Hospital
Universitario Donostia. IIS BioGipuzkoa. Departamento
de Medicina; EHU-Universidad del Pais Vasco, San
Sebastian, Spain

"Fundacién Rioja Salud CIBIR, Logrofio, Spain
"®Hospital Universitario de Canarias, San Cristébal de La
Laguna, Spain

“Department of Health Psychology, University of
Alicante, Alicante, Spain

2OAlicante Institute for Health and Biomedical Research
(ISABIAL), Alicante, Spain

*Infectious Diseases Unit, Department of Internal
Medicine, Alicante University General Hospital,
Alicante, Spain

*?Hospital Universitari Joan XXIII de Tarragona,
Tarragona, Spain

*Institut d'Investigacio Sanitaria Pere Virgili (IISPV),
Tarragona, Spain

**Centro de Investigaciéon Biomedica en Red de
Enfermedades Infecciosas (CIBERINFEC), Instituto de
Salut Carlos III (ISCIII), Madrid, Spain

*>Universitat Rovira i Virgili (URV), Tarragona, Spain
**Servicio de Medicina Interna, Hospital Universitario
Infanta Sofia, FIIB HUIS HHEN, San Sebastian de los
Reyes, Spain

*’Department of Medicine. Faculty of Medicine, Health
and Sports, Universidad Europea de Madrid, Madrid,
Spain

*Unidad de Enfermedades Infecciosas, Hospital General
Universitario De Elche & Universidad Miguel
Hernédndez, Alicante. CIBERINFEC, Carlos III Health
Institute, Madrid, Spain

*Unidad de Infecciosas de Medicina Interna del hospital
Clinico San Carlos de Madrid. CIBERINFEC con cddigo
CB 21/1300126, Carlos III Health Institute, Madrid,
Spain

*HIV and STI Unit, Department of Infectious Diseases,
Bellvitge University Hospital, Bellvitge Biomedical
Research Institute (IDIBELL), University of Barcelona,
L'Hospitalet de Llobregat, Spain

*IServicio de Medicina Interna, Hospital Universitario
Principe de Asturias Alcald de Henares. Madrid.
Conlflictos de interés: I report personal fees from Gilead
Sciences, ViiV, MSD and Janssen for developing
educational presentations, Alcald de Henares, Spain
32Unidad de Enfermedades Infecciosas, Valencia, Spain

33Hospital Universitario y Politécnico La Fe, Valencia,
Spain

**Instituto de Investigacién Sanitaria - IIS La FE,
Universidad de Valencia, Valencia, Spain

35CoRIS coordination unit, Carlos III Health Institute
and CIBERINFEC, Carlos III Health Institute, Madrid,
Spain
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GROUP AUTHORSHIP
CoRIS Executive committee:

Santiago Moreno, Inma Jarrin, David Dalmau, M
Luisa Navarro, Federico Garcia, Eva Poveda, Jose Anto-
nio Iribarren, Félix Gutiérrez, Francesc Vidal, Juan
Berenguer, Juan Gonzalez.

Centres and investigators involved in the CoRIS
cohort are listed below:

CoRIS Coordination Unit.

Inma Jarrin, Cristina Moreno, Marta Rava, Rebeca
Izquierdo, Cristina Marco-Sanchez, Teresa GOmez-
Garcia.

BioBanK HIV Hospital General Universitario
Gregorio Marafion.

José Luis Jiménez.

Hospital General Universitario Dr Balmis
(Alicante).

Sergio Reus, Irene Portilla, Esperanza Merino, Gema
Garcia, José Sanchez-Paya, Juan Carlos Rodriguez, Livia
Giner, Joaquin Portilla, Vicente Boix, Diego Torrus, Julia
Portilla-Tamarit, Héctor Pinargote.

Hospital Universitario de
Cristobal de la Laguna).

Maria Remedios Alemdn, Nereyda Tosco-Garcia, Ana
Lopez Lirola, Dacil Garcia, Felicitas Diaz-Flores, Maria
del Mar Alonso, Ricardo Pelazas, Maria Inmaculada
Hernéandez, Lucia Romero-Acevedo, Abraham

Canarias (San
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Bethencourt-Padilla, Daniel Rodriguez-Diaz, Ana Maria
Godoy-Reyes.

Hospital Universitario Central de Asturias
(Oviedo).

Victor Asensi, Rebeca
Fernandez, Javier Diaz-Arias.
Hospital Universitario 12 de Octubre (Madrid).

Federico Pulido, Rafael Rubio, M Asunciéon Her-
nando, Otilia Bisbal, David Rial-Crestelo, Maria de
Lagarde, Laura Bermejo, Mireia Santacreu, Juan Martin
Torres, Belén Sanchez-Lopez.

Servicio de Enfermedades Infecciosas. Hospital
Universitario Donostia. Instituto de Investigacion
Sanitaria BioGipuzkoa (Donostia-San Sebastian).

José Antonio Iribarren, Xabier Kortajarena, Claudia
Nevado Pavén, Xabier Camino, Miguel Angel Goenaga,
M Jests Bustinduy, Harkaitz Azkune, Maialen Ibarguren,
Ignacio Alvarez—Rodriguez, Leire Gil-Alonso, Francisco
Carmona-Torre, Ana Bayona Carlos, Maialen Lekuona
Sanz, Leire Balerdi Sarasola, Ander Goyache Moreno.

Hospital General Universitario De Elche (Elche).

Félix Gutiérrez, Catalina Robledano, Mar Masid, Ser-
gio Padilla, Rafael Pascual, Marta Fernandez, Antonio
Galiana, José Alberto Garcia, Xavier Barber, Javier Gar-
cia Abellan, Guillermo Telenti, Angela Botella, Paula
Mascarell, Lidia Garcia-Sanchez, Nuria Ena, Leandro
Lépez, Jennifer Vallejo, Nieves Gonzalo-Jiménez, Mont-
serrat Ruiz, Christian Ledesma, Santiago Ldpez, Maria
Espinosa-Pérez, Ana Quiles, Maria del Mar Alcalde-
Encinas, José Garcia-Garcia, Rosario Hernandez-Ros,
José Carlos Escribano, Marouane Menchi-Elanci, Maria
del Mar Garcia Navarro, Melissa Bello Pérez.

Hospital Universitari Germans Trias i Pujol
(Can Ruti) (Badalona).

Roberto Muga, Daniel Fuster.

Hospital General Universitario
Marafon (Madrid).

Cristina Diez, Isabel Gutiérrez, Juan Berenguer, Marga-
rita Ramirez, Teresa Aldamiz-Echevarria, Francisco Tejer-
ina, Leire Pérez-Latorre, Chiara Fanciulli, Saray Corral.

Hospital Universitari de Tarragona Joan XXIII
(Tarragona).

Joaquim Peraire, Anna Rull, Anna Marti, Consuelo
Viladés, Beatriz Villar, Lluisa Guillem, Silvia Chafino,
Marina Flores, Francesc Vidal.

Hospital Universitario y Politécnico de La Fe
(Valencia).

Marta Montero-Alonso, Maria Tasias-Pitarch, Eva
Calabuig-Mufioz, Miguel Salavert-Lleti, Juan Ferndan-
dez-Navarro, Rosa Blanes-Hernandez, Jennifer
Sanchez-Guevara.

Hospital Universitario La Paz/IdiPAZ (Madrid).

Juan Gonzélez-Garcia, José Ignacio Bernardino, Ana
Delgado-Hierro, José Ramén Arribas, Victor Arribas,

Cabo-Magadan, Lorena

Gregorio

Juan Miguel Castro, Luis Escosa, Iker Falces, Pedro
Herranz-Pinto, Alicia Gonzdlez-Baeza, Maria Luz Mar-
tin-Carbonero, Rafael Micdn, Rocio Montejano, Maria
Luisa Montes, Luis Ramos-Ruperto, Berta Rodés Solde-
vila, Talia Sainz, Elena Sendagorta, Carmen Busca,
Joanna Cano-Smith, Rosa de Miguel, Maria del Mar
Arcos-Rueda, Alejandro de Gea-Grela, Nerea Iniesta-
Arandia, Alejandro Diez-Vidal, Maria Jestis Roldan-Cab-
rales, Carlos Ofioro-Lopez, Jara Llenas Garcia, Laura
Lucia Checa Daimiel.

Hospital San Pedro Centro de Investigacion Bio-
médica de La Rioja (CIBIR) (Logroiio).

José Ramon Blanco, Laura Pérez-Martinez, Valvanera
Ibarra, Luis Metola, Mercedes Sanz, Estrella Melus.

Hospital Universitario Miguel Servet (Zaragoza).

Rosa Martinez-Alvarez, Desiré Gil-Pérez, Valentina
Novarese, Ruth Caballero-Asensio, Maria Aranzazu
Caudevilla-Martinez, Maria Espuelas-Monge.

Hospital Universitari Mutua Terrassa (Terrassa).

David Dalmau, Marina Martinez, Angels Jaén, Mireia
Caird, Javier Martinez-Lacasa, Roser Font, Laura Gisbert.

Hospital Universitario de Navarra (Pamplona).

Maria Rivero, Carlos Ibero-Esparza, Estela Moreno
Garcia, Fernando Baigorria Feltrin, Ana Miqueleiz Zapa-
tero, Patricia Moreira Escriche, Andrés Enrique Blanco di
Matteo, Victoria Duro Sudrez.

Parc Tauli Hospital Universitari (Sabadell).

Gemma Navarro, Sonia Calzado Isbert, Marta Navarro
Vilasaro, Juan Francisco Delgado, Germa Julia Agulld.

Hospital Universitario de La Princesa (Madrid).

Ignacio de los Santos, Alejandro de los Santos, Lucio
Garcia-Fraile, Enrique Martin-Gayo, Ildefonso Sdnchez-
Cerrillo, Angela Gutiérrez, Carmen Saez, Ana Barrios
Blandino, Azucena Bautista, Marianela Ciudad, Maria
Aguilera Garcia, Violeta Sampériz Rubio, Javier Pérez
Serrano, Isabel Belmonte Martin de Santa Olalla.

Hospital Universitario Ramon y Cajal (Madrid).

Santiago Moreno, Santos del Campo, José Luis
Casado, Fernando Dronda, Ana Moreno, Maria Jesus
Pérez-Elias, Sergio Serrano-Villar, Maria Jests Vivancos-
Gallego, Javier Martinez-Sanz, Alejandro Vallejo Tiller,
Matilde Sanchez-Conde, José Antonio Pérez-Molina, José
Manuel Hermida, Erick De La Torre Tarazona, Elena
Moreno del Olmo, Laura Martin Pedraza, Claudio Diaz
Garcia, Jorge Diaz Alvarez, Alejandro Garcia-Garcia,
Raquel Ron-Gonzalez, Sergio Calderén Vicente, Roser
Navarro Soler, Sara Saiz-Baggetto, Ana del Amo-de Pala-
cios, Laura Luna, Miguel Ant6n Amez Segovia, Sara Mar-
tin Colmenarejo, Cristina Chica.

Hospital General Universitario Reina Sofia
(Murcia).

Enrique Bernal, Maria Dolores Herndndez, Antonia
Alcaraz, Joaquin Bravo, Angeles Mufioz Pérez, Cristina
Tomas Jimenez, Salvador Valero Cifuentes, Eva Garcia-
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Villalba, Roman Gonzalez Hipdlito, Elena Guijarro-
Westermeyer, Rodrigo Martinez-Rodriguez, José Miguel
Goémez Verda.

Hospital Universitario Clinico San Cecilio
(Granada).

Federico Garcia, Clara Martinez, Maite Laperal, Leo-
poldo Mufioz Medina, Marta Alvarez-Estevez, Natalia
Chueca-Porcuna, David Vinuesa-Garcia, Adolfo de Salazar-
Gonzilez, Ana Fuentes-Lopez, Emilio Guirao, Andrés
Ruiz-Sancho, Francisco Anguita, Naya Faro, Lucia Chaves,
Marta Illescas, Paloma Mufioz-Baez, Lucia Pérez, Ana
Alberola Romano, Alberto Vazquez Blanquifio, Lucia Guil-
1én-Zafra, Javier Martinez de Victoria-Carazo.

Centro Sanitario Sandoval (Madrid).

Jorge Del Romero-Guerrero, Montserrat Raposo,
Teresa Puerta-Lopez, Mar Vera, Juan Ballesteros, Begofia
Baza, Laura Dans Villan, Ruben Linares Navarro, Ines
Armenteros Yeguas, Eva Orviz-Garcia, Santiago Ferndn-
dez Castelao.

Hospital Clinico Universitario de Santiago
(Santiago de Compostela).

Antonio Antela, Sandra Daponte, Elena Losada.

Hospital Universitario Son Espases (Palma de
Mallorca).

Melchor Riera, Antonio Vanrell, Maria Pefiaranda, M*
Angels Ribas, Antoni A. Campins, Mercedes Garcia-
Gasalla, Francisco J Fanjul, Javier Murillas-Angoiti, Luisa
Martin-Pena, Francisca Artigues, Sophia Pinecki, Adridn
Ferre.

Hospital Universitario Virgen de la Victoria
(Malaga).

Jesis Santos, Maria Lépez-Jodar, Cristina Gdémez-
Ayerbe, Isabel Viciana, Rosario Palacios.

Hospital Universitario Virgen del Rocio (Sevilla).

Luis Fernando Lopez-Cortés, Silvia Llaves-Flores,
Inmaculada Rivas Jeremias, Nuria Espinosa, Cristina
Roca-Oporto, Marta Herreros-Romero, César Sotomayor
de la Piedra, Abraham Saborido Alconchel, Manuel Fran-
cisco Liroa, Jesus Fernandez Plaza.

Hospital Universitario de Bellvitge (Hospitalet
de Llobregat).

Juan Manuel Tiraboschi, Camila Soledad Piatti,
Arkaitz Imaz, Maria Saumoy, Analuz Fernandez, Jaime
Vega Costa, Daniel Medina Gamito.

Hospital Universitario Valle de
(Barcelona).

Adrian Curran, Viceng Falcd, Jordi Navarro, Joaquin
Burgos, Paula Suanzes, Jorge Garcia, Vicente Descalzo,
Patricia Alvarez, Bibiana Planas, Marta Sanchiz, Arnau
Monforte.

Hospital Costa del Sol (Marbella).

Julian Olalla, Javier Pérez, Alfonso del Arco, Javier de
la Torre, Francisca Ruiz.

Hebron

Hospital General Universitario Santa Lucia
(Cartagena).

Onofre Juan Martinez, Lorena Martinez, Francisco
Jesus Vera, Josefina Garcia, Begofia Alcaraz, Sergio Guil-
1én Martinez, Patricia Carles Garcia.

Complejo Hospitalario Universitario a Corufia
(CHUAC) (A Coruna).

Alvaro Mena de Cea, Brais Castelo, Pilar Vazquez-
Rodriguez, Soledad Lopez-Calvo, Veronica
Pazos Lopez.

Hospital Universitario Basurto (Bilbao).

Sofia Ibarra-Ugarte, Guillermo Garcia, Josu Mirena,
Oscar Luis Ferrero, Mireia de la Pefia, Miriam Ldpez,
Inigo Loépez-Azkarreta, Itxaso Lombide-Aguirre, Victor
Polo, Joana de Miguel, Beatriz Ruiz-Estevez, Maite
Ganchegui-Aguirre, Maria Jests Barbera-Gracia, Mdnica
Vélez Tobarias, Isabel Izuzquiza-Avanzini, Jimena Var-
ona Pérez, Maria Iriarte-Ibarraran.

Hospital Universitario Virgen de la Arrixaca
(El Palmar).

Carlos Galera, Marian Fernandez, Helena Albendin,
Antonia Castillo, Asunciéon Iborra, Antonio Moreno,
Maria Angustias Merlos, Almudena Ortufio.

Hospital de la Marina Baixa (La Vila Joiosa).

Concha Amador, Francisco Pasquau, Concepcion Gil,
José Tomas Algado.

Hospital Universitario
Sebastian de los Reyes).

Inés Suarez-Garcia, Eduardo Malmierca, Patricia
Gonzalez-Ruano, M* Pilar Ruiz, Luz Balsalobre, Angela
Somodevilla, Rebeca Fuerte Martinez.

Hospital Universitario de Jaén (Jaén).

Maria de la Villa Lopez, Mohamed Omar, Carmen
Herrero.

Hospital Universitario San Agustin (Avilés).

Miguel Alberto de Zarraga, Desirée Pérez, Carlos Tar-
razo, Juan Valdes Becares.

Hospital Clinico San Carlos (Madrid).

Vicente Estrada, Nieves Sanz, Noemi Cabello-Clotet,
Maria José Nuiiez, Ana Mufioz, Juncal Pérez-Somarriba,
Reynaldo Homen, Rafael Rubio-Martin, Susana Olmedo,
Julia Barrado.

Hospital Universitario Fundacion Jiménez Diaz
(Madrid).

Miguel Goérgolas, Alfonso Cabello, Cristina Algar Aré-
valo, Beatriz Alvarez, Laura Prieto, Aws Al-Hayani, Irene
Carrillo, Marta Lépez de las Heras.

Hospital Universitario Principe de Asturias
(Alcala de Henares).

José Sanz, Cristina Hernandez Gutiérrez, Maria
Novella-Mena.

Hospital Clinico Universitario de Valencia
(Valencia).

Infanta Sofia (San
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Maria José Galindo, Sandra Pérez GOmez, Ana Ferrer,
Anais Corma Goémez.

Hospital Reina Sofia (Cordoba).

Antonio Rivero-Roman, Laura Ruiz-Torres, Antonio
Rivero-Judrez, Pedro Lopez-Lopez, Mario Frias-Casas,
Angela Camacho, Ignacio Pérez, Diana Corona, Javier
Manuel Caballero, Marina Gallo Marin, Maria Casares,
Lucia Rios-Muiioz, Claudia Ferreira-Tata, Maria
Carrasquilla.

Hospital Universitario Severo Ochoa (Leganés).

Rafael Rodriguez-Rosado Martinez-Echevarria.

Hospital Universitario Virgen de Valme
(Sevilla).

Juan Macias Sanchez, Pilar Rincén, Luis Miguel Real,
Jésica Martin-Carmona.

Hospital Alvaro Cunqueiro (Vigo).

Eva Poveda, Alexandre Pérez, Luis Morano, Celia
Miralles, Antonio Ocampo, Jacobo Alonso, Inés Marti-
nez, Aida Lopez-Lopez.

Hospital Clinico Universitario de Valladolid
(Valladolid).

Carlos Duefias, Pablo Telleria, Laura Rodriguez-
Fernandez, Marta de la Fuente Lopez, Marina Garcia de
Vicuiia, Sara Gomez Garcia, Alberto Rodriguez-Iglesias.

Hospital del Mar (Barcelona).

Roberto Giierri Ferndndez, Angela Requena Com-
pany, Juan Du, Agustin Marcos Blanco, Itziar Arrieta
Aldea, Esperanza Cafias-Ruano, Cecilia Canepa, Natalia
Garcia Giralt, Jade Soldado, Irene Carbonell, Maria José
Fernandez Quiroga.

Hospital de Dénia (Dénia).

Carlos de Andrés David, Karenina Antelo Cuéllar,
Inmaculada Poquet Catald, Maria Josefa de la Asuncién
Villaverde, Laira Navarro Peiro.

Hospital Universitario Virgen de la Macarena
(Sevilla).

Jorge Sanchez Villegas, Virginia Palomo Jiménez,
Aurora Alemén Rodriguez, Lola Cubero Aranda.

Hospital Universitario Marqués de Valdecilla
(Santander).

M Carmen Farifias Alvarez, Claudia Gonzalez Rico,
Noelia Ruiz Alonso, Carlos Armifianzas Castillo, Fran-
cisco Arnaiz de las Revillas Almajano, Manuel Gutiérrez
Cuadra, Raul Parra Farifias, Paula Runza Buznego, Aitzi-
ber Illaro Uranga.

Hospital Clinic de Barcelona (Barcelona).

José Luis Blanco Arévalo, Pilar Callau Cabrera, Josep
Mallolas Masferrer, José Alcami Pertejo, Sonsoles
Sanchez-Palomino, Nuria Climent, Ana Gonzalez-
Cordén, Montse Laguno Centeno, Maria Martinez-Rebol-
lar, Juan Ambrosioni, Berta Torres, Lorena de la Mora,
Alexy Inciarte, Esteban Martinez, José Maria Mird, Abiu
Sempere, Julia Calvo, Ivan Chivite, David Garcia, Alberto

Foncillas, Daniela Malano, Montse Plana, Roger Llobet,
Estela Solbes, Octavi Roman, Rona Sagarra, Vanesa Gui-
lera, Gemma Olmeda, Paula Arreba, Maria José Rodri-
guez, Emma Fernandez, Ana Rodriguez, Alba ortega,
Sergi Anguera, Raquel Aguild, Laura Novell.

Centro Nacional de Microbiologia (Majadahonda).

Luis Miguel Bedoya Del Olmo, Manuela Beltran Vice-
nte, Mercedes Bermejo Herrero, Maria Esther Calonge
Errejon, Laura Capa Mufioz, Maria Teresa Coiras Lopez,
Francisco Diez Fuertes, Javier Garcia Perez, Nuria Gon-
zalez Fernandez, Elena Mateos De Las Moreras, Maria
Teresa Perez Olmeda, Victor Sanchez Merino,
Maria Eloisa Yuste Herranz.

Centro Nacional de Biotecnologia. Consejo Supe-
rior de Investigaciones Cientificas (CSIC) (Madrid).

Carmen Elena Gomez Rodriguez, Juan Francisco
Garcia Arriaza, Laura Sin Diaz, Beatriz Perdiguero de la
Torre, Laura Marcos Villar, Patricia Perez Ramirez, Enri-
que Alvarez Coruiia, David Astorgano Lopez, Cristina
Sanchez Corzo.
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