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Summary
Background While a low CD4/CD8 ratio during HIV treatment correlates with immunosenescence, its value in
identifying patients at an increased risk for clinical events remains unclear.

Methods We analyzed data from the CoRIS cohort to determine whether CD4 count, CD8 count, and CD4/CD8 ratio
at year two of antiretroviral therapy (ART) could predict the risk of serious non-AIDS events (SNAEs) during the next
five years. These included major adverse cardiovascular events, non-AIDS-defining malignancies, and non-accidental
deaths. We used pooled logistic regression with inverse probability weighting to estimate the survival curves and
cumulative risk of clinical events.

Findings The study included 4625 participants, 83% male, of whom 200 (4.3%) experienced an SNAE during the
follow-up period. A CD4/CD8 ratio <0.3 predicted an increased risk of SNAEs during the next five years (OR 1.63,
95% CI 1.03–2.58). The effect was stronger at a CD4/CD8 ratio cut-off of <0.2 (OR 3.09, 95% CI 1.57–6.07).
Additionally, low CD4 count at cut-offs of <500 cells/μL predicted an increased risk of clinical events. Among
participants with a CD4 count ≥500 cells/μL, a CD8 count ≥1500 cells/μL or a CD4/CD8 ratio <0.4 predicted
increased SNAE risk.

Interpretation Our results support the use of the CD4/CD8 ratio and CD8 count as predictors of clinical progression.
Patients with CD4/CD8 ratio <0.3 or CD8 count ≥1500/μL, regardless of their CD4 count, may benefit from closer
monitoring and targeted preventive interventions.
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Research in context

Evidence before this study
We searched Google Scholar without language restrictions
using the terms “HIV”, “non-AIDS events”, “mortality”, “CD8”,
and “CD4/CD8 ratio” for articles published through March 6,
2023. We selected studies in which the association of the
CD4/CD8 ratio and/or CD8 counts with the incidence of non-
AIDS events, including mortality, was reported. The data
originated mainly from observational cohort studies, with
inconsistent results. The studies presented heterogeneity in
the cutoff points studied, the time of measurement, and the
methodology employed. Therefore, it remains controversial
whether the CD4/CD8 ratio or CD8 count provides additional
value to CD4 count in predicting non-AIDS events.

Added value of this study
Our study supports the use of a CD4/CD8 ratio cutoff point of
<0.3, independent of CD4 count, to identify individuals with
HIV at excess risk for cardiovascular events, non-AIDS-

defining malignancies, and all-cause mortality. The predictive
ability of CD4/CD8 was maintained even in individuals with
CD4 count >500 cells/μL, in whom CD4 no longer predicted
an increased risk of non-AIDS events. Here, we used landmark
analysis and measured our predictor variable at year two from
ART initiation. Therefore, the results are easily interpretable
and reproducible. Moreover, we reported mid-term events,
that are informative for clinicians. Subjects found to be at an
increased risk of adverse outcomes may benefit from closer
follow-up and targeted preventive interventions.

Implications of all the available evidence
The CD4/CD8 ratio has been repeatedly shown to be an
indicator of immunosenescence. However, data on its ability
to predict non-AIDS events, beyond that of CD4, are
inconclusive. The use of an easily interpretable methodology
will aid decision-making in routine clinical practice.
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Introduction
People living with HIV (PWH) continue to have a
higher risk of mortality and severe clinical events than
people without HIV, despite the efficacy of current an-
tiretroviral therapy (ART).1–3 In this population, CD4
count normalization does not reflect a complete return-
to-health state. Persistent residual immune dysfunction
contributes to an increased risk of serious non-AIDS
events (SNAEs).4,5

The CD4/CD8 ratio has emerged as a useful indi-
cator of immune dysfunction in PWH. It can be easily
monitored in routine clinical practice and correlates
with markers of immunosenescence and inflammation,
which are technically difficult to measure and too vari-
able to be used at an individual level.6,7 PWH with a low
CD4/CD8 ratio exhibit increased inflammation and
immunosenescence despite successful ART (i.e., having
achieved a CD4 count >500 cells/μL).8

Several studies have investigated whether the CD4/
CD8 ratio predicts the risk of SNAEs or mortality in
PWH. However, results are conflicting, with variations
in study designs, timing of ratio measurement, ratio
thresholds, and endpoints. While some studies have
found a significant association between a low CD4/CD8
ratio and an increased risk of SNAEs or mortality,7–12

others have failed to find this association.13,14 This lack
of consensus has led to discrepancies in clinical guide-
lines regarding the appropriateness of monitoring the
CD4/CD8 ratio.15,16 Most evidence linking this marker to
clinical outcomes has been generated in retrospective
cohort studies, which may be limited by the lack of data
on CD8 count, high rates of loss to follow-up, and
inability to adjudicate clinical events.8,9,14,17,18 The most
informative cut-off values are still unclear, as are the
type of events that these markers can predict, and the
timing of the measurement relative to ART
initiation.8,9,12,13,17,19 Furthermore, extracting the inde-
pendent impact of CD8 count is difficult, as their in-
crease may be a homeostatic response to a low CD4
count.19

In this study, we aimed to assess whether the CD4/
CD8 ratio and CD8 count provide additional prognostic
information to CD4 count when measured at year two of
ART and to determine the most discriminative thresh-
olds in a large prospective cohort of PWH with long-
term follow-up.
Methods
Study population
We used data from CoRIS, a prospective multicenter
cohort of treatment-naïve adults with HIV, with stan-
dardized data collection since 2004. CoRIS collects data
from 45 Spanish hospitals. In addition to demographic
and clinical data, blood samples are collected and stored
in a centralized biobank for the entire cohort. A baseline
sample is collected before ART initiation and a follow-up
sample is collected annually thereafter. Internal quality
controls are performed annually, and 10% of the data
are externally audited every two years.20 We included
individuals with ART initiation up to December 2014 (to
allow for a 7-year follow-up) and HIV-RNA <50 copies/
mL after two years of ART. We excluded participants
with a history of SNAEs, and those with a CD4/CD8
ratio not measured at year two of ART (±3 months).

Prognostic variables, follow-up, and outcomes
We set the index date (baseline) as the visit occurring
two years (±3 months) after ART initiation. Follow-up
ended at the earliest loss to follow-up (last date with
www.thelancet.com Vol 95 September, 2023
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data update in CoRIS), ART discontinuation for more
than 28 days, or administrative end of follow-up.

We explored different prognostic variables at base-
line, including (i) reaching a CD4 count above 200, 350,
500 and 750 cells/μL and (ii) reaching a CD4/CD8 ratio
above the cut-off values of 0.2, 0.3, 0.4, and 0.5. These
thresholds were selected before analysis and were based
on previous studies.8,9,12,13,17 Furthermore, we assessed
the ability of CD8+ count (at 800, 1000, and 1500 cells/
μL cut-offs)13,19 and CD4/CD8 ratio to predict the
outcome in the subpopulation of participants with a
CD4+ count >500 cells/μL at year two.

The primary outcome was the cumulative incidence
of the SNAEs (major adverse cardiovascular event
-MACE-, non-AIDS-defining malignancy -NADM-, or
non-accidental death as a composite event) during the
subsequent five years. The secondary outcomes
included the cumulative incidence of (i) MACE, (ii)
NADM, and (iii) nonaccidental death. MACE was a
composite of nonfatal myocardial infarction, nonfatal
stroke, and cardiovascular death.

Statistical methods
We estimated the five-year risk of experiencing a clinical
event using a pooled logistic regression with inverse
probability weighting. Each odds ratio required a sepa-
rate propensity score calculated depending on the cate-
gories being compared. Additionally, we computed
survival curves by introducing a time-varying intercept,
adding the product terms between time and CD4/CD8
ratio. These product terms allowed the hazard ratio to
vary over time.

We used inverse probability weighting to control for
confounding variables. In addition, we applied inverse
probability of censoring weighting (IPCW) for partici-
pants who did not remain in follow-up through year
five, to address informative censoring. Participants
accumulated weights until their event or the end of
follow-up, whichever occurred first. Then, standard-
ized weights were created by multiplying the two sets
of weights. The estimated weights were truncated at
their 99th percentile to prevent outliers from affecting
the analyses. The IPCW maintains a constant effective
sample size (N = 4625 at ART year 2) for each year of
follow-up, transferring the statistical weight of lost or
censored participants to those remaining under
observation.21

Covariates included in the pooled logistic regressions
for estimating the weights were age, sex, date of enrol-
ment, mode of HIV transmission, education level,
geographical origin, AIDS diagnosis, HIV RNA at
diagnosis, type of ART regimen used (a boosted prote-
ase inhibitor regimen, a non-nucleoside reverse tran-
scriptase inhibitor, or an integrase inhibitor), and nadir
CD4 count. We also included CD8 count at baseline as a
covariate in the models for CD4 count. The final models
were performed without adding covariates and
www.thelancet.com Vol 95 September, 2023
considering the previously estimated weights. Because
the regression coefficients of the covariates are not
informative, only the effect estimates for the main var-
iables are reported.

To assess whether the prediction varied for different
types of events, we separately conducted analyses on
MACE, NADM, and non-accidental death. In a second-
ary analysis, we performed an on-treatment analysis. We
assumed that patients who discontinued ART might
have remained on treatment had they known of the
potential adverse consequences of discontinuing ART.
Therefore, censoring due to discontinuation of ART was
not considered in these analyses and only censoring due
to loss to follow-up was included. We performed all
analyses using Stata v.17 (StataCorp LP, College Station,
TX, USA).

Role of funders
The Funders had no role in study design, data collec-
tion, data analyses, interpretation, or writing of report.

Ethics
This study was approved by the Institutional Review
Boards of the Carlos III Health Institute located in
Madrid, Spain and by the Ethics Committee at Univer-
sity Hospital Ramón y Cajal (ceic.hrc@salud.madrid.
org, approval number 225–16). All participants
included in CoRIS gave their informed consent. This
work has been carried out in compliance with ethical
approval.
Results
We included 4625 participants. The study flowchart is
shown in Figure S1. The median age was 37 years (IQR
31–44), 3852 (83%) were male, and the median CD4/
CD8 ratio at ART initiation was 0.29 (IQR 0.17, 0.46).
Participants who had an event during follow-up showed
a higher percentage of intravenous drug use as a risk
factor for HIV transmission, lower educational level,
lower nadir CD4 count, and lower CD4/CD8 ratio
(Table 1).

Two years after ART initiation, 3599 (78%), 3301
(71%), 2931 (63%), and 2455 (53%) of the participants
had a CD4/CD8 ratio ≥0.2, ≥0.3, ≥0.4, and ≥0.5,
respectively. Similarly, 3586 (78%), 3099 (67%), 2292
(50%), and 986 (21%) reached a CD4 count ≥200, 350,
500, and 750 cells/μL. Twelve percent were censored
because of loss to follow-up (n = 401, 9%) or ART
discontinuation (n = 150, 3%).

During the five-year follow-up, 4.3% had a SNAE: 48
(1%) had a MACE, 105 (2.3%) were diagnosed with a
NADM, and 47 (1%) had non-accidental death, as shown
in Table 2. Figure S2 show the unadjusted estimates
(Kaplan–Meier curves and log-rank test). Fig. 1 shows
the adjusted survival curves and odds ratios (OR) for the
event during follow-up for the CD4/CD8 models. A
3
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Baselinea characteristics Event (n = 200) No event (n = 4425)

Age, median (IQR) 47 (39, 54) 37 (30, 43)

Sex, male, n (%) 165 (83) 3687 (83)

Mode of transmission, n (%)

MSM 75 (38) 2534 (57)

Heterosexual 36 (18) 355 (8)

IDU 81 (41) 1396 (32)

Other 8 (4) 140 (3)

Education level, n (%)

None—Primary 49 (25) 658 (15)

Secondary—High school 92 (36) 2085 (47)

University 28 (14) 99 (22)

Origin, n (%)

Spain 137 (69) 2554 (58)

Latin America 23 (11) 726 (16)

Western Europe 32 (16) 773 (17)

Africa 8 (4) 245 (6)

Other 0 (0) 25 (1)

AIDS diagnosis, n (%) 66 (33) 790 (18)

Nadir CD4 + (cells/μL), median (IQR) 173 (56, 264) 250 (135, 342)

CD4 + (cells/μL), median (IQR) 424 (266, 663) 569 (404, 761)

CD8 + (cells/μL), median (IQR) 880 (621, 1362) 891 (661, 1198)

CD4/CD8 ratio 0.48 (0.28, 0.81) 0.64 (0.42, 0.92)

ART regimen

NNRTI 92 (46) 2631 (60)

PI 90 (45) 1408 (31)

INSTI 9 (5) 248 (6)

Abbreviations: ART, antiretroviral therapy; IDU, injecting drug use; INSTI, integrase strand transfer inhibitor;
MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease
inhibitor. aBaseline was the visit at month 24 after ART initiation.

Table 1: Baseline characteristics of the study population.

Event N (%)

Nonaccidental death 47 (23.5)

MACE 48 (24)

Myocardial infarction 35 (17.5)

Stroke 13 (6.5)

NADM 105 (52.5)

Anus 19 (9.5)

Hodgkin’s lymphoma 12 (6)

Skin (non-melanoma) 10 (5)

Lung 8 (4)

Liver 7 (3.5)

Colorectal 6 (3)

Non-specified metastasis 6 (3)

Cervical 5 (2.5)

Hematologic 5 (2.5)

Prostate 5 (2.5)

Soft tissue 4 (2)

Head and neck 4 (2)

Bladder 3 (1.5)

Melanoma 2 (1)

Uterus 2 (1)

Breast 1 (0.5)

Brain 1 (0.5)

Pancreas 1 (0.5)

Penis 1 (0.5)

Stomach 1 (0.5)

Testicle 1 (0.5)

Vulva 1 (0.5)

Abbreviations: MACE, major adverse cardiovascular event; NADM, non-AIDS-
defining malignancy.

Table 2: Outcomes during follow-up.
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CD4/CD8 ratio <0.3 at year two of ART predicted an
increased risk of SNAEs during follow-up (OR 1.63
[95% CI 1.03, 2.58]). At the lowest CD4/CD8 ratio cut-
off (<0.2), the effect became stronger (OR 3.09 [95%
CI 1.57, 6.07]). Fig. 2 shows the effect of CD4 count at
year two on SNAE risk. A low CD4 count was associated
with an increased risk of clinical events at cut-offs of
200, 350, and 500 cells/μL, above which the predictive
ability was lost. Among participants with CD4 count
≥500 cells/μL, we found an increased risk of SNAEs at
the 0.3 and 0.4 CD4/CD8 cut-offs (Fig. 3). In analyses
exploring the CD8 count effects in participants with a
CD4 count ≥500 cells/μL, we found that a CD8 count
≥1500 cells/μL, but not the 800 and 1000 cells/μL cut-
offs, predicted an increased risk of subsequent SNAEs
(Figure S3).

Subanalyses according to event type yielded consis-
tent estimates for all outcomes (MACE, NADM, or non-
accidental death). However, they only reached statistical
significance for death and MACE at a CD4/CD8 ratio
cut-off of <0.2. The CD4/CD8 ratio was more predictive
of death or MACE than NADM (OR 3.52, 95% CI
1.03–12.4; OR 4.4, 95% CI 1.4–12.7, and OR 2.4, 95% CI
0.8–6.9, respectively) (Table S1). The on-treatment
secondary analysis showed results similar to those of the
main analysis (Table S2).

The CD4/CD8 ratio correlated with both the CD4
count (Rho 0.53, p < 0.0001) and CD8 count (Rho −0.47,
p < 0.0001). However, among patients with a CD4 count
≥500 cells/μL, the correlation with the CD4 count
became weaker (Rho 0.31, p < 0.0001), while that with
the CD8 count was stronger (Rho −0.63, p < 0.0001)
(Figure S4).

Discussion
In this prospective multicenter cohort of treatment-
naïve PWH, we compared the ability of CD4 count, CD8
count, and CD4/CD8 ratio measured two years after
ART to predict the risk of SNAEs and mortality over the
subsequent five years. The ratio (<0.3) was the only
variable that predicted the risk across the entire range of
CD4 counts.

Was the association of the CD4/CD8 ratio with the
risk of SNAE driven by CD4 count, CD8 count, or both?
Interestingly, both the CD4 and CD8 count contributed
to the risk prediction, but the extent of immune sup-
pression influenced their contribution. In patients with
www.thelancet.com Vol 95 September, 2023
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Fig. 1: Survival curves for each CD4/CD8 cut-off. Survival probability and odds ratio (95% CI) for each subgroup of participants. The outcome
studied is the cumulative incidence of serious non-AIDS events. The baseline visit (month 0 of follow-up) corresponds to 24 months after
antiretroviral therapy initiation. The OR of presenting a clinical event corresponds to the five-year follow-up period.
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Fig. 2: Survival curves for each CD4+ cut-off. Survival probability and odds ratio (95% CI) for each subgroup of participants. The outcome
studied is the cumulative incidence of serious non-AIDS events. The baseline visit (month 0 of follow-up) corresponds to 24 months after
antiretroviral therapy initiation. The OR of presenting a clinical event corresponds to the five-year follow-up period.
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Fig. 3: Survival curves for each CD4/CD8 cut-off among participants with CD4+ count ≥500 cells/μL. Survival probability and odds ratio
(95% CI) for each subgroup of participants. The outcome studied is the cumulative incidence of serious non-AIDS events. The baseline visit
(month 0 of follow-up) corresponds to 24 months after antiretroviral therapy initiation. The OR of presenting a clinical event corresponds to
the five-year follow-up period.
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a CD4 count <500/μL, the association between a low
CD4/CD8 ratio and SNAE risk is mainly driven by CD4
count. Conversely, in patients with a higher CD4 count,
the association depends on the CD8 count, consistent
with our previous findings in a different cohort.8 These
results suggest that, in patients with a low CD4 count,
much of the risk associated with a low ratio is driven by
immunodeficiency. In contrast, the risk associated with
a low ratio in those with a higher CD4 count is driven by
inflammation and immunosenescence (reflected as a
high CD8 count). Both mechanisms seem to be
www.thelancet.com Vol 95 September, 2023
captured by the CD4/CD8 ratio across the entire CD4
spectrum, although the CD4/CD8 ratio predictive ca-
pacity becomes stronger as the CD4 count increases.

The most predictive CD4/CD8 ratio and CD8 count
cut-off values represent an area of controversy. In this
study, the most extreme CD4 count, CD8 count, and
CD4/CD8 ratio cut-off values (<200 cells/μL,
≥1500 cells/μL, and <0.2, respectively) predicted the
most significant SNAEs risk. However, the association
disappeared at values far outside their normal range in
the general population (≥500 cells/μL, <1000 cells/μL,
5
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and ≥0.5, respectively). While a CD4/CD8 ratio <1 is
considered abnormal in the general population22 and an
independent predictor of mortality,23,24 the finding that
the CD4/CD8 ratio cut-off for predicting SNAEs risk in
PWH on ART is much lower (0.4) is consistent with
some previous studies.8,9,25,26 In this regard, it is impor-
tant to note the differences in age between the different
studies published in the general population and the
population with HIV, which could lead to confusion,
especially when analyzing clinical events. For CD8
count, to the best of our knowledge, no studies have
investigated the most discriminative cut-off values.
Consistent with our findings, two previous studies have
reported that a CD8 count >1500 cells/μL predicted
SNAEs. In the Copenhagen cohort, a CD8 count
>1500 cells/μL measured after ten years of ART pre-
dicted an 80% increased risk of non-AIDS-associated
mortality compared to a lower CD8 count.19 In the
AIDS clinical trials group longitudinal linked random-
ized trials (ALLRT) cohort, a CD8 count >1500 cells/μL
at year two of ART predicted a 75% increased risk of
AIDS and non-infectious non-AIDS events during the
following five years of treatment.13

In addition to the different CD4/CD8 ratios and CD8
counts used in previous literature to define associations
with SNAEs risk, another important source of hetero-
geneity across studies is the timing of CD4 and CD8
measurements relative to ART initiation, including
time-varying variables11,12,14,27,28 These variables are less
interpretable and more challenging to translate to the
clinic.29 Furthermore, measurements taken proximal to
the event can make the role of the CD4/CD8 as a pre-
dictor less clear.17,25,30 Instead, we used a landmark
analysis, that is, we measured our predictor variable at
year two from ART initiation. Landmark analysis offers
several advantages: (i) Simplicity: the results are more
interpretable for clinicians. Our analysis provides in-
formation on SNAEs predicted by the CD4/CD8 ratio or
CD8 lymphocytes measured at a time when most im-
mune activation markers are in a plateau phase31,32; (ii)
Methodological: a time-updated CD4/CD8 ratio would
be affected by the CD4 drop known to occur before the
development of SNAEs33; iii) Consistency and repro-
ducibility with subsequent work: landmark analysis fa-
cilitates comparison of the effects across studies13,34,35;
and iv) Time horizon, as this strategy allowed us to
predict the mid-term risk of clinical progression
(through years 3–7), which will be more informative for
clinicians.

The major strength of this study is that, in contrast to
other studies, the statistical methodology we followed
allowed us to simultaneously control for confounding
and possible selection bias due to informative
censoring, an issue that should be considered especially
in cohort studies with prolonged follow-up. The use of
adjusted survival curves overcomes the shortcomings of
using the hazard ratio as a measure of effect, which can
sometimes be uninformative, as it is a weighted average
of the time-specific hazard ratios.36 In contrast, survival
and risks are presented as depending on time, e.g., the
5-year survival. In addition, we used a robust definition
of SNAEs, which were prospectively adjudicated in
CoRIS. Specifically, we included MACEs and NADMs,
as these are the SNAEs that have demonstrated a more
consistent association with the CD4/CD8 ratio in prior
research.7,9–12,25 With respect to the reported incidences
of events, it should be noted that this study only
included events that occurred between years three and
seven of ART initiation.

Certain limitations of this study must be considered.
First, although we used a prospective multicenter cohort
with a large sample size and long follow-up, as in any
observational study, there is a risk of unmeasured con-
founding. Some potentially confounding lifestyle-related
variables are not collected in the cohort, as is CMV
seropositivity. However, this covariate should not
represent a significant source of bias in our study, given
the high seroprevalence of CMV antibodies in adult
PWH.37 In addition, this cohort has a small represen-
tation of women and certain ethnic groups, as well as
INSTI-based first-line ART, the therapy currently rec-
ommended in clinical guidelines,15,16 contrary to when
the study participants started ART.

We believe that the field needs to unify the criteria
for CD4/CD8 and CD8 evaluation, and we propose
using landmark analysis, as in this study. This could
help in systematic review evaluations and allow
external validation of the results. A future direction is
to understand whether these altered immune profiles
(low CD4/CD8 ratio or high CD8 count) protect
against certain non-AIDS events, such as the risk of
bacterial infections, as suggested in a previous study.13

In addition, it is possible that the CD4/CD8 ratio and
CD8 count are linked to some, but not all, types of
non-AIDS events. In our study, their association with
the risk of non-accidental mortality and MACE was
stronger than that with the risk of NADM. The results
of this work will help to identify PWH at higher risk of
clinical events that require closer monitoring, and also
to select the population most susceptible to study
strategies to improve CD4/CD8, such as physical ac-
tivity.38 Future studies should investigate which types
of events are more strongly associated with the CD4/
CD8 ratio and CD8 count, and explore the potential
mechanisms.

In summary, the results of this large prospective
cohort support the use of a CD4/CD8 ratio cut-off of
<0.3, regardless of CD4 count, to identify PWH with an
excess risk of cardiovascular events, non-AIDS-defining
malignancies, and all-cause mortality. A CD8 count of
≥1500 cells/μL also predicts an increased risk, but the
CD4 count does not add prognostic information beyond
500 cells/μL. In addition to identifying PWH that might
benefit from closer monitoring, our results encourage
www.thelancet.com Vol 95 September, 2023
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the evaluation of the CD4/CD8 ratio and CD8 count as
surrogate endpoints for new therapies for PWH.
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