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Abstract	

BACKGROUND:	 A	 persistently	 low	 CD4/CD8	 ratio	 has	 been	 reported	 to	 inversely	

correlate	with	 the	 risk	of	 non-AIDS	defining	 cancer	 in	people	 living	with	HIV	 (PLHIV)	

efficiently	 treated	 by	 combination	 antiretroviral	 therapy	 (cART).	 We	 evaluated	 the	

impact	 of	 the	 CD4/CD8	 ratio	 on	 the	 risk	 of	 Kaposi	 sarcoma	 (KS)	 or	 non-Hodgkin	

lymphoma	(NHL),	still	among	the	most	frequent	cancers	in	treated	PLHIV.		

METHODS:	 PLHIV	 from	 the	 Collaboration	 of	 Observational	 HIV	 Epidemiological	

Research	 Europe(COHERE)	 were	 included	 if	 they	 achieved	 virological	 control	 (viral	

load≤500	copies/mL)	within	nine	months	following	cART	and	without	previous	KS/LNH	

diagnosis.	Cox	models	were	used	to	identify	factors	associated	with	KS	or	NHL	risk,	in	all	

participants	 and	 those	 with	 CD4≥500/mm3	 at	 virological	 control.	 We	 analyzed	 the	

CD4/CD8	 ratio,	 CD4	 count	 and	 CD8	 count	 as	 time-dependent	 variables,	 using	 spline	

transformations.	

RESULTS:	We	included	56	708	PLHIV,	enrolled	between	2000	and	2014.	At	virological	

control,	 the	 median[IQR]	 CD4	 count,	 CD8	 count	 and	 CD4/CD8	 ratio	 were	 414[296-

552]/mm3,	936[670-1304]/mm3,	and	0.43[0.28-0.65]	respectively.	Overall,	221	KS	and	

187	NHL	were	diagnosed,	 9[2-37]	 and	18[7-42]	months	 after	 virological	 control.	 Low	

CD4/CD8	 ratios	 were	 associated	 with	 KS	 risk	 (HR=2.02(95%CI=1.23-3.31))	 when	

comparing	CD4/CD8=0.3	to	CD4/CD8=1),	but	not	with	NHL	risk.	High	CD8	counts	were	

associated	 with	 higher	 NHL	 risk	 (HR=3.14(95%CI=1.58-6.22))	 when	 comparing	

CD8=3000/mm3	 to	CD8=1000/mm3).	 Similar	 results	with	 increased	associations	were	

found	in	PLHIV	with	CD4≥500/mm3	at	virological	control	(HR=3.27(95%CI=1.60-6.56)	

for	KS;	HR=5.28(95%CI=2.17-12.83)	for	NHL).	

CONCLUSION:	Low	CD4/CD8	ratios	and	high	CD8	counts	despite	effective	cART,	were	

associated	with	increased	KS/NHL	risks	respectively,	especially	when	CD4≥500/mm3.	
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Introduction	

Despite	 the	 widespread	 use	 of	 effective	 combination	 antiretroviral	 therapy	

(cART),	 a	 higher	 incidence	 of	 AIDS-	 and	 non-AIDS-defining	 events	 persist	 in	 people	

living	with	HIV	(PLHIV),	compared	to	the	general	population	[1–3].	These	appear	to	be	

driven	by	persistent	immune	activation,	including	inflammation,	despite	long-term	viral	

suppression	and	CD4	restoration	thanks	to	effective	cART	[4–6].		

The	 CD4/CD8	 ratio	 is	 considered	 as	 a	 reliable	 marker	 of	 systemic	 immune	

activation	during	successful	cART	[7,8].	Low	CD4/CD8	ratios	are	associated	with	higher	

CD4	 and	 CD8	 T-cell	 activation,	 exhaustion	 and	 senescence,	 as	 well	 as	 with	 increased	

innate	 immune	 activation	 such	 as	 monocyte	 activation,	 even	 in	 individuals	 with	

undetectable	 viremia	 and	 CD4≥500/mm3	 [9,10].	 Furthermore,	 in	 PLHIV	 receiving	

efficient	 cART,	 the	 CD4/CD8	 ratio	 inversely	 correlates	 with	 the	 risk	 of	 AIDS-related	

mortality,	 and	 the	 risk	 of	 non-AIDS-defining	 events,	 especially	 non-AIDS-defining	

cancers	[11–14].	However,	the	impact	of	the	CD4/CD8	ratio	on	the	risk	of	AIDS-defining	

cancers,	 such	 as	 Kaposi	 sarcoma	 (KS)	 and	 non-Hodgkin	 lymphoma	 (NHL),	 has	 never	

been	studied.	

	 KS	and	NHL	remain	among	 the	most	 frequent	cancers	 in	PLHIV	receiving	cART	

[15,16].	 KS	 is	 an	 angioproliferative	 malignancy	 associated	 with	 human	 herpesvirus-8	

(HHV-8),	whereas	NHL	 can	be	 induced	by	 either	Epstein–Barr	 virus	 (EBV),	HHV-8,	 or	

Human	T-cell	leukemia/lymphoma	virus	type	1	(HTLV-1),	or	it	may	not	be	viro-induced,	

depending	 on	 subtypes.	 A	 previous	 cohort	 study	 conducted	 in	 the	 French	 Hospital	

Database	on	HIV	(FHDH-ANRS	CO4)	found	a	35-fold	increased	KS	risk	in	PLHIV	relative	

to	 that	 of	 the	 general	 population,	 although	 viremia	 was	 suppressed	 and	 CD4	 counts	

restored	to	>500/mm3	for	≥two	years.	For	NHL,	the	risk	was	9-fold	higher	in	PLHIV	than	

the	 general	 population	 but	 dropped	 to	 that	 observed	 in	 the	 general	 population	when	
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including	only	PLHIV	with	suppressed	viremia	and	a	stably	restored	CD4	count	[3].		

Using	 data	 from	 a	 large	 collaboration	 of	 European	 cohort	 studies	 of	 PLHIV	

(COHERE,	 Collaboration	 of	 Observational	 HIV	 Epidemiological	 Research	 Europe),	 we	

aimed	to	evaluate	the	impact	of	CD4/CD8	ratio	restoration	on	KS	or	NHL	risk	in	PLHIV	

on	 efficient	 cART,	 particularly	 whether	 the	 CD4/CD8	 ratio	 provides	 additional	

information	 to	 the	 CD4	 count,	which	 is	 the	 usual	 immunological	 predictor	 for	KS	 and	

NHL.	As	 initiating	 cART	with	high	CD4	count	 is	becoming	 increasingly	 frequent	 in	 the	

era	of	early	cART	recommendations,	a	secondary	analysis	was	conducted	in	PLHIV	with	

CD4≥500/mm3	at	virological	control	[17].		

	

Methods	

The	 COHERE	 in	 EuroCoord	 (www.cohere.org)	 is	 a	 European	 collaboration	 of	

cohorts	of	people	living	with	HIV	(PLHIV)	in	routine	clinical	care.	A	detailed	description	

of	 COHERE	has	 been	 previously	 published	 [18,19].	 For	 the	 current	 project,	 data	were	

merged	in	2015	in	COHERE	in	EuroCoord	and	27	European	cohorts	provided	data	from	

149	028	PLHIV	aged	≥16	years.	

	

Inclusion	Criteria	and	Definitions	

HIV-1	 infected	 adults	 who	were	 ≥16	 years	 old,	 initiated	 cART	 between	 1	 January	

2000	(when	cART	became	available	in	all	parts	of	Europe)	and	31	December	2014,	and	

achieved	virological	control	within	nine	months	following	cART	initiation	were	included.	

Virological	control	was	defined	as	the	first	plasma	HIV-1	RNA≤500	copies/mL.	We	used	

a	threshold	at	500	copies/mL	to	account	for	the	heterogeneity	of	the	limit	of	detection	

used	 in	methods	measuring	 plasma	HIV-1	 RNA	 during	 the	 study	 period	 and	 between	

participating	 cohorts.	 At	 least	 one	 CD4/CD8	 measurement	 was	 required	 within	 6	
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months	after	virological	control.	Cohorts	were	eligible	if	CD8	count	measurements	were	

reported	 for	 ≥70%	 of	 blood	 samples	 used	 to	 measure	 the	 CD4	 count,	 to	 avoid	 the	

selection	 of	 populations	 where	 CD8	 measurements	 would	 have	 been	 performed	 for	

medical	 reason,	 which	 could	 have	 led	 to	 a	 selection	 bias.	 Overall,	 20	 of	 the	 27	

participating	cohorts	COHERE	were	selected.	

For	both	the	main	and	secondary	analyses,	 the	baseline	was	defined	as	 the	 time	of	

the	first	CD4/CD8	ratio	measurement	within	six	months	after	virological	control.	In	the	

secondary	analysis,	the	CD4	count	of	the	first	ratio	measurement	had	to	be	≥500/mm3.	

PLHIV	 with	 a	 diagnosis	 of	 Kaposi	 sarcoma	 (KS)	 or	 non-Hodgkin	 lymphoma	 (NHL)	 at	

baseline	or	before,	were	excluded.		

	

Statistical	analyses	

Continuous	variables	are	expressed	as	medians	and	interquartile	ranges	(IQR),	

and	categorical	variables	as	counts	and	percentages.	

	 We	used	separate	Cox	analyses	stratified	by	cohort,	to	identify	factors	associated	

with	 KS	 or	 NHL	 risk	 in	 the	 study	 population.	 Follow-up	 was	 censored	 at	 the	 date	 of	

patient’s	last	clinic	visit.		

Sociodemographic	 characteristics,	 baseline	 characteristics	 and	 immune-

virological	 factors	 were	 included	 in	 univariable	 analyses.	 i)	Sociodemographic	

characteristics	 were	 age	 at	 baseline	 and	 a	 composite	 variable	 combining	 sex,	 HIV	

exposure	 risk	 and	geographical	 origin,	 consisting	of	 six	 categories:	Men	who	have	 sex	

with	men	regardless	of	geographical	origin	(MSM),	intravenous	drug	users	regardless	of	

geographical	 origin	 (IDU),	 Sub-Saharan	 women,	 Heterosexual	 Sub-Saharan	men,	 non-

Sub-Saharan	 women,	 and	 Heterosexual	 non-Sub-Saharan	 men.	 ii)	Baseline	

characteristics	were	clinical	Center	for	Disease	Control	(CDC)	stage	C,	Hepatitis	B	(HBV)	



	 7	

coinfection	(defined	by	positive	HBs	antigen),	Hepatitis	C	(HCV)	coinfection	(defined	by	

positive	 anti-HCV	 IgG	 antibodies),	 and	 calendar	 period	 of	 cART	 introduction	 (2000-

2004;	 2005-2009;	 2010-2014).	 iii)	Immune-virological	 factors	 were	 CD4	 count,	 CD8	

count,	 CD4/CD8	 ratio,	 and	 virological	 failure.	 These	 factors	were	 considered	 as	 time-

dependent	variables	for	the	analyses.	To	that	end,	time	was	divided	into	successive	six-

month	 periods	 during	 the	 first	 three	 years	 of	 follow-up,	 and	 twelve-month	 periods	

thereafter.	Indeed,	after	three	years	of	follow-up,	the	time	between	visits	was	>6	months	

for	 25%	 of	 PLHIV.	 For	 each	 period,	 we	 used	 the	 first	 value	 of	 the	 CD4/CD8	 ratio,	

corresponding	CD4	and	CD8	counts,	and	maximal	plasma	HIV-1	RNA	value.	Virological	

failure	was	defined	as	plasma	HIV-1	RNA>500	copies/mL.		

We	 analyzed	 the	 CD4/CD8	 ratio,	 CD4	 count,	 and	 CD8	 count	 as	 continuous	

variables,	using	spline	transformations,	in	order	to	capture	non-linear	associations	with	

KS	or	NHL	 risk.	 The	knots	 for	 the	 restricted	 cubic	 splines	were	positioned	by	default,	

using	Harrell	recommended	percentiles	[20,21].	We	used	tertiles	of	0.43,	0.64,	0.91	for	

the	CD4/CD8	ratio,	404,	536,	700/mm3	for	the	CD4	count,	and	621,	854,	1165/mm3	for	

the	CD8	count,	in	the	main	analysis;	For	the	secondary	analysis,	tertiles	were	0.55,	0.79,	

1.10	 for	 the	 CD4/CD8	 ratio,	 568,	 704,	 881/mm3	 for	 the	 CD4	 count,	 and	 669,	 916,	

1246/mm3	for	the	CD8	count.	Other	knots	based	on	clinical	cut-offs	were	also	tested	and	

gave	similar	results.	

Three	models	were	tested	to	better	understand	the	impact	of	immune	factors	on	

KS	and	NHL	risk.	The	first	(MV1)	was	adjusted	for	the	CD4/CD8	ratio,	the	second	(MV2)	

for	both	CD4	count	and	CD8	count,	and	the	third	(MV3)	for	both	the	CD4/CD8	ratio	and	

CD4	count.	All	three	models	were	additionally	adjusted	for	variables	with	a	univariable	p	

value<0.20,	 namely	 age	 at	 baseline,	 sex,	 group	 of	 HIV	 exposure	 risk,	 origin,	 calendar	

period	 of	 cART	 introduction,	 and	 virological	 failure.	 A	 p-value<0.05	 was	 considered	
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significant.	Akaike’s	information	criterion	(AIC)	was	used	to	compare	the	fit	of	the	three	

statistical	models:	the	 lower	the	AIC	value,	the	better	the	fit.	A	secondary	analysis	was	

conducted	 in	 PLHIV	 with	 CD4≥500/mm3	 at	 baseline.	 To	 test	 the	 robustness	 of	 our	

results	 in	 PLHIV	 without	 virological	 failure,	 post-hoc	 analyses	 were	 performed	 with	

censored	 follow-up	 not	 only	 at	 patient’s	 last	 clinic	 visit	 but	 also	 at	 virological	 failure.	

Other	post-hoc	analyses	restricted	to	patients	starting	cART	from	2005,	where	the	limit	

of	HIV-RNA	assay	was	50	 copies/mL	or	 lower	 in	99%	of	measurements,	were	 carried	

out	to	evaluate	the	impact	of	low	viremia	(]50-500]	copies/mL)	on	KS/NHL	risks.	

	 SAS	statistical	software	version	9.4	(SAS	Institute,	Inc.,	Cary,	North	Carolina,	USA)	

was	used	for	all	analyses.		

	

Results	

Study	population		

Overall,	56	708	PLHIV	from	20	cohorts	 in	12	countries	(France,	Austria,	Greece,	

the	 Netherlands,	 Germany,	 Italy,	 Spain,	 Denmark,	 Switzerland,	 Belgium,	 Sweden,	 and	

United	 Kingdom)	 were	 eligible	 for	 the	 current	 analyses.	 Figure	 1	 shows	 the	 study	

flowchart.	 The	 main	 reasons	 for	 excluding	 patients	 were	 being	 enrolled	 in	 cohorts	

where	CD8	count	measurements	were	recorded	in	<70%	of	samples	used	for	CD4	count	

measurements	(n=21	024),	having	started	cART	before	2000	(n=36	126),	and	achieving	

virological	control	after	9	months	following	cART	introduction	(n=21	127).	In	addition,	

1	600	PLHIV	with	a	KS	or	NHL	diagnosis	at	baseline	or	before,	were	excluded.	

	 Baseline	characteristics	are	shown	in	Table	1.	Overall,	27	540	(49%)	were	MSM,	

and	 14	259	 (25%)	were	women.	Most	 PLHIV	were	 of	 European	 origin	 or	 from	 other	

western	 countries	 (including	 Australia	 and	 New	 Zealand)	 (n=39	002;	 69%),	 whereas	

8	461	 (15%)	were	of	Sub-Saharan	origin.	The	median	 time	 from	cART	 introduction	 to	
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baseline	 was	 2.5	 months	 (IQR=1.2-4.0).	 At	 baseline,	 participants	 had	 a	 median	 CD4	

count	of	414/mm3	 (IQR=296-552),	a	median	CD8	count	of	936/mm3	 (IQR=670-1304),	

and	a	median	CD4/CD8	ratio	of	0.43	(IQR=0.28-0.65).	Only	8%	of	the	study	population	

had	a	CD4/CD8	ratio	≥1,	whereas	59%	had	a	very	low	CD4/CD8	ratio	(<0.5)	at	baseline,	

and	19	133	(34%)	PLHIV	had	a	CD4	count	of	≥500/mm3.		

Overall,	 participants	were	 followed-up	 for	 a	median	of	59	 (IQR=30-96)	months	

from	baseline,	 accounting	 for	 307	700	 person-years	 (py).	 The	median	 number	 of	 CD4	

count,	 CD8	 count	 and	CD4/CD8	 ratio	measurements	per	patient	were	15(8-25),	 14(7-

24)	and	14(7-24)	respectively.	The	cumulative	 incidence	of	CD4/CD8	ratio	restoration	

≥1	from	baseline	was	28%	(95%	confidence	interval	(CI)	27-28)	at	two	years	and	45%	

(95%CI	 44-46)	 at	 five	 years.	 The	 corresponding	 cumulative	 incidence	 among	 PLHIV	

with	 CD4≥500/mm3	 at	 baseline,	 was	 46%	 (95%CI	 45-47)	 and	 63%	 (95%CI	 62-64)	

respectively.	

A	total	of	221	KS	and	187	NHL	were	diagnosed	after	baseline,	corresponding	to	

incidence	rates	of	72/100	000	py	(95%CI	55-89)	for	KS	and	61/100	000	py	(95%CI	46-

76)	 for	 NHL.	 KS	 were	 diagnosed	 9	 (IQR=2-37)	 months	 after	 baseline,	 whereas	 NHL	

diagnoses	occurred	18	(IQR=7-42)	months	after	baseline.	KS	and	NHL	occurred	 in	 the	

context	of	virological	failure	for	33/221	(15%)	and	23/187	(12%)	PLHIV,	respectively.		

The	secondary	analysis	included	19	133	PLHIV-1	with	CD4≥500/mm3	at	baseline,	

of	whom	65	presented	with	KS	and	50	with	NHL.	KS	and	NHL	occurred	in	the	context	of	

virological	failure	for	14	(21%)	and	11	(22%)	PLHIV,	respectively.		

	

Factors	associated	with	the	risk	of	Kaposi	sarcoma	(Table	2)	

	 Immune-virological	 factors	 associated	 with	 KS	 risk	 in	 the	 three	 different	

multivariable	models	MV1,	MV2,	and	MV3	are	presented	in	Table	2.	Virological	failure	
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was	the	strongest	factor	associated	with	KS	risk	in	all	three	models,	with	a	nearly	three-

fold	higher	risk.		

In	 MV1,	 adjusted	 for	 CD4/CD8	 ratio	 as	 the	 only	 immune	 factor,	 the	 lower	 the	

CD4/CD8	ratio	the	higher	the	KS	risk	(HR	from	1.25	for	PLHIV-1	with	CD4/CD8=0.8,	to	

2.56	for	those	with	CD4/CD8=0.3,	when	compared	to	CD4/CD8=1).		

In	 MV2,	 which	 included	 the	 CD4	 and	 CD8	 counts	 separately,	 without	 the	

CD4/CD8	ratio,	both	 immune	parameters	(low	CD4	counts	and	high	CD8	counts)	were	

independently	associated	with	KS	risk.	

MV3	 was	 adjusted	 for	 both	 CD4	 count	 and	 CD4/CD8	 ratio,	 and	 confirmed	

independent	 associations	 of	 both	 parameters	 with	 KS	 risk:	 CD4	 restoration	 was	

associated	 with	 decreased	 KS	 risk,	 even	 for	 CD4>500/mm3	 [HR=1.57	 when	

CD4=350/mm3	 to	HR=0.71	when	CD4=650/mm3,	when	comparing	 to	CD4=500/mm3].	

Furthermore,	the	CD4/CD8	ratio	was	gradually	associated	with	KS	risk		(HR	from	1.18	in	

PLHIV	 with	 CD4/CD8=0.8,	 to	 2.02	 for	 those	 with	 CD4/CD8=0.3,	 when	 comparing	 to	

CD4/CD8=1).	According	to	the	AIC	value,	MV3	was	the	most	accurate	model	(Table	2).		

Other	 independent	 factors	 associated	with	higher	KS	 risk	were	being	MSM	and	

being	older	(Supplementary	Table	1).	

In	 PLHIV	 with	 CD4≥500/mm3	 at	 baseline,	 the	 inverse	 association	 between	

CD4/CD8	 ratio	 and	 KS	 risk	 was	 stronger	 than	 that	 observed	 in	 the	 entire	 study	

population.	This	 is	 illustrated	by	Figure	2A	 (overall	analysis)	and	Figure	2B	 (analysis	

restricted	 to	 PLHIV	with	 CD4≥500/mm3	at	 baseline)	 showing	 the	 impact	 of	 CD4/CD8	

ratio	 on	 KS	 risk	 according	 to	 the	 most	 accurate	 model	 adjusted	 for	 both	 CD4	 and	

CD4/CD8	ratio	(MV3).	
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Factors	associated	with	the	risk	of	non-Hodgkin	lymphoma	(Table	3)			

As	observed	with	KS,	 virological	 failure	was	 strongly	 associated	with	NHL	 risk,	

with	a	two-fold	higher	risk	in	all	multivariable	models.	

Contrary	 to	 KS,	 the	 CD4/CD8	 ratio	 did	 not	 add	 supplementary	 predictive	

information	 to	 the	 CD4	 count	 for	 NHL	 risk.	 However,	 MV2	 showed	 that	 NHL	 risk	

strongly	 increased	 when	 the	 absolute	 CD8	 count	 was	 very	 high	 (HR	 from	 1.61	 for	

CD8=2000/mm3,	to	3.14	for	CD8=3000/mm3,	compared	to	CD8=1000/mm3).	According	

to	 the	 AIC,	MV2,	 adjusted	 for	 both	 CD4	 count	 and	 CD8	 count,	 was	 the	most	 accurate	

model	(Table	3).			

Other	independent	factors	associated	with	higher	NHL	risk	were	being	older	and	

male	sex	(Supplementary	Table	1).	

In	PLHIV	with	CD4≥500/mm3	at	baseline,	 the	positive	association	between	CD8	

count	 and	NHL	 risk	was	 stronger	 than	 that	 observed	 for	 the	 entire	 study	 population.	

This	is	illustrated	by	Figure	3A	(overall	analysis)	and	Figure	3B	(analysis	restricted	to	

PLHIV	with	CD4≥500/mm3	at	baseline),	showing	the	impact	of	CD8	count	on	NHL	risk,	

according	 to	 the	 most	 accurate	 model	 adjusted	 for	 both	 CD4	 count	 and	 CD8	 count	

(MV2).		

Post-hoc	analyses	

	 When	 the	 follow-up	 of	 PLHIV	 was	 censored	 at	 virological	 failure,	 similar	

associations	 were	 found	 between	 the	 CD4/CD8	 ratio	 and	 KS	 risk,	 and	 between	 CD8	

count	 and	NHL	 risk	 (Supplementary	Table	2).	 Analyses	 restricted	 to	 PLHIV	 starting	

cART	 from	2005	 showed	 no	 impact	 of	 low	 viremia	 (]50-500]	 copies/mL)	 on	KS/NHL	

risks	(Supplementary	Table	3).	
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Discussion	

	 In	 this	 large	 European	 clinical	 cohort	 collaboration,	 we	 observed	 a	 differential	

impact	 of	 the	 CD4/CD8	 ratio	 on	 KS	 or	 NHL	 risk,	 both	 AIDS-defining	 cancers.	 A	 low	

CD4/CD8	 ratio	was	 associated	with	KS	 risk,	 even	 after	 adjustment	 for	 CD4	 count	 and	

viral	 load.	 In	 contrast,	 the	 CD4/CD8	 ratio	 was	 not	 associated	 with	 NHL	 risk	 after	

adjustment	 for	CD4	count,	whereas	very	high	CD8	counts	(≥2000/mm3)	were	strongly	

associated	with	NHL	 risk.	 As	 for	 other	HIV–related	morbidities	 virological	 failure	was	

strongly	associated	with	both	KS	and	NHL	risks	[3,13].		

Secondary	analyses	conducted	in	the	subgroup	of	PLHIV	with	CD4≥500/mm3	at	

baseline	showed	a	 stronger	association	of	both	 the	CD4/CD8	ratio	 for	KS	risk	and	 the	

CD8	count	for	NHL	risk.		

	

Strength	and	limitations	

This	is	the	first	study	to	evaluate	the	impact	of	the	CD4/CD8	ratio	on	the	risk	of	

AIDS-defining	cancers.	This	analysis,	based	on	a	large	cohort	collaboration	with	a	long-

term	 follow-up,	 allowed	 the	 study	 of	 rare	 events	 separately,	 in	 the	 setting	 of	 efficient	

cART	 and	CD4≥500/mm3.	 Our	 findings	 confirmed	 the	 importance	 of	 studying	 cancers	

separately,	 since	 the	 association	 between	 CD4/CD8	 ratio	 and	 cancer	 risk	 differed	

between	 the	 two.	 Limitations	 included	 the	 absence	 of	 information	 on	 KS	 clinical	

presentation,	NHL	histological	 subtypes,	 and	viral	 serostatus	associated	with	NHL	 (i.e.	

EBV,	 HHV-8,	 HTLV-1),	 precluding	 analyses	 according	 to	 these	 parameters.	 Evaluating	

the	 association	 between	 CD4/CD8	 ratio	 and	 the	 risk	 of	 immune	 reconstitution	

inflammatory	syndrome	was	limited	since	baseline	started	close	to	3	months	after	cART	

introduction	and	most	unmasking	IRIS	events	occur	within	this	time	frame.		
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Kaposi	sarcoma	

	 Despite	 large	 cART-related	declines	 in	KS	 incidence	over	 time,	 a	higher	KS	 risk	

persists	 in	 PLHIV	 than	 in	 the	 general	 population,	 especially	 for	MSM	and	PLHIV	 from	

Sub-Saharan	 Africa,	 among	 whom	 HHV-8	 seroprevalence	 is	 elevated	 [3,15,22,23].	

Nevertheless,	 the	clinical	 context	 in	which	KS	occurs	has	considerably	changed	during	

the	 effective	 cART	 era.	 A	 growing	 proportion	 of	 KS	 is	 diagnosed	 among	 patients	 on	

cART,	 with	 higher	 CD4	 counts	 and/or	 suppressed	 viremia,	 showing	 different	 clinical	

presentations	[24].		

	 A	previous	study	of	effectively	treated	PLHIV	showed	KS	to	be	associated	with	an	

increased	 frequency	 of	 T-cells	 with	 immunosenescent	 phenotypes	 and	 lower	

frequencies	 of	 naive	 T-cells	 [25].	 The	 mechanisms	 linking	 immune	 activation	 to	 KS	

include	 pro-inflammatory	 cytokines	 present	 in	 KS	microenvironment	 and	 involved	 in	

the	stimulation	of	angiogenic	KS	lesions.	The	KS	microenvironment	is	characterized	by	

inflammatory	cellular	infiltrates,	T-cell	infiltrates	are	low,	and	associated	with	very	low	

anti-HHV-8	CD8	T-cell	responses	in	peripheral	blood	[26,27].	Although	the	link	between	

immune	activation	and	KS	development	might	be	bidirectional,	our	findings	suggest	that	

HIV-related	 immune	 activation,	 reflected	 by	 CD4/CD8	 ratio,	 may	 contribute	 to	 KS	

development	in	PLHIV	on	efficient	cART.			

	

Non-Hodgkin	lymphoma	

	 Efficient	cART	have	reduced	the	risk	of	NHL	and	induced	substantial	shift	in	the	

subtypes	 of	 lymphoma	 observed	 in	 PLHIV	 [24,28].	 Higher	 risks	 of	 NHL	 in	 PLHIV	 on	

cART	may	be	due	to	persistent	low-level	HIV	replication	on	cART,	resulting	in	chronic	B-

cell	 activation	 and	 promoting	 oncogenic	 mutations	 and	 translocations,	 leading	 to	
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lymphomagenesis	 [29,30].	 Moreover,	 persistence	 of	 an	 HIV	 latent	 reservoir	 may	 also	

influence	NHL	risk,	the	HIV	proteins	promoting	B-cell	clonogenicity	[31].		

	 Here,	the	CD4/CD8	ratio	did	not	add	supplementary	predictive	information	to	the	

CD4	 count	 for	 NHL	 risk.	 Nevertheless,	 the	 highest	 CD8	 counts	 (≥2000/mm3)	 were	

associated	with	 elevated	 NHL	 risk.	 Only	 one	 nested	 case-control	 study	 has	 evaluated	

CD8	 counts	 before	 NHL	 diagnosis	 in	 PLHIV	 on	 cART,	 in	 which	 there	 was	 a	 greater	

decline	 in	 CD8	 counts	 during	 the	 last	 two	 years	 preceding	 NHL	 diagnosis	 than	 that	

observed	 in	 controls	 (-184/mm3	 vs	 -19/mm3)	 [32].	 Absolute	 CD8	 counts	 were	 not	

reported.		

Other	 studies	 reported	 elevated	 levels	 of	 immune	 activation	 markers	 several	

years	before	NHL	diagnosis,	suggesting	that	immune	activation	likely	plays	a	key	role	in	

NHL	 development	 [33,34].	 In	 addition,	 cytotoxic	 T-cells,	 particularly	 activated	 CD8	 T-

cells,	are	markedly	elevated	in	diffuse	Large	B-cell	Lymphoma,	a	major	subtype	among	

HIV-associated	NHL	 [28].	 Furthermore,	 HHV-8	 during	Multicentric	 Castelman	 disease,	

and	EBV,	 induce	high	virus-specific	CD8	T-cell	responses	[35].	Such	strong	stimulation	

before	cell	proliferation	may	explain	the	positive	association	between	high	CD8	counts	

and	NHL	risk.		

	

PLHIV	with	CD4≥500/mm3			

Early	 cART	recommendations	have	 resulted	 in	 changes	 in	 the	 characteristics	of	

the	HIV	population,	with	 a	 growing	proportion	 of	 PLHIV	with	CD4≥500/mm3	 [22,24].	

CD4/CD8	 ratio	 restoration	 remains	 difficult	 in	 this	 population,	 because	 of	 persisting	

high	CD8	 counts	 [36–38].	 It	 has	been	 reported	 that	25%	of	PLHIV	 starting	 cART	with	

CD4≥500/mm3	still	had	CD8>1000/mm3	after	eight	years	of	suppressive	cART	[38].	As	

previously	 shown,	 we	 confirmed	 that	 a	 large	 proportion	 (37%)	 of	 PLHIV	 with	
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CD4≥500/mm3	at	baseline,	still	had	a	CD4/CD8<1	after	five	years	of	suppressed	viremia	

[39].		

The	association	of	a	low	CD4/CD8	ratio	with	morbidity	has	already	been	reported	

in	 subjects	with	 CD4≥500/mm3,	and	maintaining	 a	 low	CD4/CD8	 ratio	was	 associated	

with	 CD8	 T-cell	 activation	 [10].	 Moreover,	 a	 CD8	 count	 above	 1000/mm3	 may	 be	 a	

predictor	 of	 new	AIDS-defining	 events	 among	 PLHIV	with	 CD4>500/mm3	[40].	 In	 our	

study,	the	CD4/CD8	ratio	and	CD8	count	appeared	to	be	particularly	relevant	markers	in	

the	context	of	high	CD4≥500/mm3,	to	identify	patients	with	increased	risk	of	developing	

KS	and	NHL.		

	

Conclusion	

	 HIV-related	morbidities	 still	 occur	 in	 PLHIV	 despite	 suppressed	 viremia	 and	

relative	immune	restoration.	Thus,	biomarkers	other	than	the	traditional	predictive	CD4	

count	 may	 be	 useful	 to	 identify	 the	 subset	 of	 individuals	 with	 a	 higher	 risk	 of	

morbidities.	 Previous	 studies	 have	 shown	 that	 the	 CD4/CD8	 ratio	may	 help	 to	 better	

monitor	immune	restoration	and	identify	PLHIV	with	a	higher	risk	of	non-AIDS-defining	

events,	despite	efficient	cART.	Here,	we	showed	that	PLHIV	with	low	CD4/CD8	ratios	or	

high	 CD8	 counts,	 despite	 efficient	 cART,	 had	 a	 higher	 risk	 of	 developing	 KS	 and	NHL	

respectively,	 and	 that	 these	markers,	 routinely	 assessed	 and	 easily	 available,	 may	 be	

particularly	relevant	in	PLHIV	with	CD4≥500/mm3.	Closer	clinical	monitoring	could	be	

beneficial	 for	PLHIV	with	persisting	low	ratios	despite	efficient	cART.	However	further	

studies	are	needed	to	clarify	the	impact	of	the	CD4/CD8	ratio	on	the	risk	of	other	HIV-

related	diseases,	to	know	which	specific	preventives	measures	could	be	implemented.	

 

	



	 16	

FUNDING	

	 The	 COHERE	 study	 group	 has	 received	 unrestricted	 funding	 from:	 Agence	

Nationale	 de	 Recherches	 sur	 le	 SIDA	 et	 les	 Hépatites	 Virales	 (ANRS),	 France;	 HIV	

Monitoring	 Foundation,	 The	 Netherlands;	 and	 the	 Augustinus	 Foundation,	 Denmark.	 .	

The	 research	 leading	 to	 these	 results	 has	 received	 funding	 from	 the	 European	 Union	

Seventh	 Framework	Programme	 (FP7/2007-2013)	 under	 EuroCoord	 grant	 agreement	

n°	 260694.	 A	 list	 of	 the	 funders	 of	 the	 participating	 cohorts	 can	 be	 found	 at	

www.COHERE.org.	

	

POTENTIAL	CONFLICTS	OF	INTEREST	

Dr	Caby	 reports	personal	 fees	 from	Gilead	France,	 personal	 fees	 from	 Janssen	France,	

outside	the	submitted	work.	Dr	Weiss	reports	personal	fees	from	Merck	Sharp	Dhome,	

other	 from	VIV	Healthcare,	 outside	 the	 submitted	work.	 Dr	Winston	 reports	 personal	

fees	 from	 Honoraria	 and	 speaker	 fees,	 grants	 from	 Research	 Grants,	 outside	 the	

submitted	work.	 Dr	Miro	 reports	 grants	 (IDIBAPS	 during	 2017-21)	 and	 personal	 fees	

from	AbbVie,	Angelini,	Contrafect,	Cubist,	Genentech,	Gilead	Sciences,	Jansen,	Medtronic,	

MSD,	 Novartis,	 Pfizer,	 and	 ViiV	 Healthcare,	 outside	 the	 submitted	 work.	 Dr	 Bonnet	

reports	grants	 from	 Janssen,	personal	 fees	 from	ViiV	Healthcare,	Gilead,	MSD,	 Janssen,		

outside	the	submitted	work.	Dr	Reiss	reports	grants	 from	Gilead	Sciences,	grants	 from	

ViiV	Healthcare,	 grants	 from	Merck	&	Co,	 other	 from	Gilead	 Sciences,	 other	 from	ViiV	

Healthcare,	other	from	Merck	&	Co,	other	from	Teva	Pharmaceutical	Industries,	outside	

the	submitted	work.	Dr	Taylor	reports	personal	fees	and	other	from	Gilead,	other	from	

ViiV,	 personal	 fees	 and	 other	 from	 Merck,	 outside	 the	 submitted	 work.	 Dr	 MEYER	

reports	 grants	 from	 ANRS,	 during	 the	 conduct	 of	 the	 study.	 Dr	 Boesecke	 reports	

personal	 fees	 from	 AbbVie,	 Gilead,	 Janssen,	 MSD,	 ViiV,	 grants	 from	 NEAT	 ID,	 Dt.	



	 17	

Leberstiftung,	DZIF,	Hector	Stiftung,	outside	the	submitted	work.	Dr	ANTINORI	reports	

grants,	personal	fees	and	non-financial	support	from	GILEAD	SCIENCES	INC,	grants	and	

personal	fees	from	JANSSEN	CILAG,	grants,	personal	fees	and	non-financial	support	from	

ViiV	HEALTHCARE,	 grants	 and	personal	 fees	 from	Merck	 Sharp	&	Dohme,	 outside	 the	

submitted	work.	Dr	Wittkop	reports	grants	from	ANRS,	during	the	conduct	of	the	study.	

Dr	Costagliola	reports	personal	 fees	 from	Merck	Switzerland,	grants	and	personal	 fees	

from	 Janssen	France,	personal	 fees	 from	Gilead	France,	 grants	 and	personal	 fees	 from	

MSD	France,	outside	the	submitted	work.	Other	authors	have	nothing	to	disclose.	

	

ACKNOWLEDGMENT	

	 We	would	like	to	thank	Fabrice	CARRAT	and	Clovis	LUSIVIKA	ZINGA	(Sorbonne	

Université,	 INSERM,	 Institut	 Pierre	 Louis	 d'Epidémiologie	 et	 de	 Santé	 Publique,	 Paris,	

France;	Assistance	Publique-Hôpitaux	de	Paris	(AP-HP),	Hôpital	Saint-Antoine,	Unité	de	

Santé	Publique,	Paris,	France)	for	their	help	with	the	analysis.	

Steering	 Committee	 -	 Contributing	 Cohorts:	 Ali	 Judd	 (AALPHI),	 Robert	

Zangerle	 (AHIVCOS),Giota	 Touloumi	 (AMACS),	 Josiane	 Warszawski	 (ANRS	 CO1	

EPF/ANRS	CO11	OBSERVATOIRE	EPF),	Laurence	Meyer	(ANRS	CO2	SEROCO),	François	

Dabis	 (ANRS	 CO3	 AQUITAINE),	Murielle	Mary	 Krause	 (ANRS	 CO4	 FHDH),	 Jade	 Ghosn	

(ANRS	 CO6	 PRIMO),	 Catherine	 Leport	 (ANRS	 CO8	 COPILOTE),	 Linda	 Wittkop	 (ANRS	

CO13	 HEPAVIH),	 Peter	 Reiss	 (ATHENA),	 Ferdinand	 Wit	 (ATHENA),	 Maria	 Prins	

(CASCADE),	 Heiner	 Bucher	 (CASCADE),	 Diana	 Gibb	 (CHIPS),	 Gerd	 Fätkenheuer	

(Cologne-Bonn),	 Julia	Del	Amo	 (CoRIS),	Niels	Obel	 (Danish	HIV	Cohort),	Claire	Thorne	

(ECS,	 NSHPC),	 Amanda	 Mocroft	 (EuroSIDA),	 Ole	 Kirk	 (EuroSIDA),	 Christoph	 Stephan	

(Frankfurt),	 Santiago	 Pérez-Hoyos	 (GEMES-Haemo),	 Osamah	 Hamouda	 (German	

ClinSurv),	 Barbara	 Bartmeyer	 (German	 ClinSurv),	 Nikoloz	 Chkhartishvili	 (Georgian	



	 18	

National	 HIV/AIDS),	 Antoni	 Noguera-Julian	 (CORISPE-cat),	 Andrea	 Antinori	 (ICC),	

Antonella	 d’Arminio	Monforte	 (ICONA),	 Norbert	 Brockmeyer	 (KOMPNET),	 Luis	 Prieto	

(Madrid	 PMTCT	 Cohort),	 Pablo	 Rojo	 Conejo	 (CORISPES-Madrid),	 Antoni	 Soriano-

Arandes	 (NENEXP),	 Manuel	 Battegay	 (SHCS),	 Roger	 Kouyos	 (SHCS),	 Cristina	 Mussini	

(Modena	 Cohort),	 Jordi	 Casabona	 (PISCIS),	 Jose	 M.	 Miró	 (PISCIS),	 Antonella	 Castagna	

(San	 Raffaele),	 Deborah_Konopnick	 (St.	 Pierre	 Cohort),	 Tessa	 Goetghebuer	 (St	 Pierre	

Paediatric	 Cohort),	 Anders	 Sönnerborg	 (Swedish	 InfCare),	 Carlo	 Torti	 (The	 Italian	

Master	 Cohort),	 Caroline	 Sabin	 (UK	 CHIC),	 Ramon	 Teira	 (VACH),	 Myriam	 Garrido	

(VACH).	David	Haerry	(European	AIDS	Treatment	Group)	

	

Executive	 Committee:	 Stéphane	 de	Wit	 (Chair,	 St.	 Pierre	 University	 Hospital),	

Jose	 Mª	 Miró	 (PISCIS),	 Dominique	 Costagliola	 (FHDH),	 Antonella	 d’Arminio-Monforte	

(ICONA),	 Antonella	 Castagna	 (San	 Raffaele),	 Julia	 del	 Amo	 (CoRIS),	 Amanda	 Mocroft	

(EuroSida),	Dorthe	Raben	(Head,	Copenhagen	Regional	Coordinating	Centre),	Geneviève	

Chêne	 (Head,	 Bordeaux	 Regional	 Coordinating	 Centre).	 Paediatric	 Cohort	

Representatives:	Ali	Judd,	Pablo	Rojo	Conejo.		

	

Regional	 Coordinating	 Centres:	 Bordeaux	 RCC:	 Diana	 Barger,	 Christine	

Schwimmer,	Monique	Termote,	Linda	Wittkop;	Copenhagen	RCC:	Casper	M.	Frederiksen,	

Dorthe	Raben,	Rikke	Salbøl	Brandt.		

Project	 Leads	 and	 Statisticians:	 Juan	 Berenguer,	 Julia	 Bohlius,	 Vincent	 Bouteloup,	

Heiner	Bucher,	 Alessandro	Cozzi-Lepri,	 François	Dabis,	 Antonella	 d’Arminio	Monforte,	

Mary-Anne	 Davies,	 Julia	 del	 Amo,	 Maria	 Dorrucci,	 David	 Dunn,	 Matthias	 Egger,	

Hansjakob	 Furrer,	 Marguerite	 Guiguet,	 Sophie	 Grabar,	 Ali	 Judd,	 Ole	 Kirk,	 Olivier	

Lambotte,	Valériane	Leroy,	Sara	Lodi,	Sophie	Matheron,	Laurence	Meyer,	Jose	Mª	Miró,	



	 19	

Amanda	 Mocroft,	 Susana	 Monge,	 Fumiyo	 Nakagawa,	 Roger	 Paredes,	 Andrew	 Phillips,	

Massimo	 Puoti,	 Eliane	 Rohner,	 Michael	 Schomaker,	 Colette	 Smit,	 Jonathan	 Sterne,	

Rodolphe	Thiebaut,	Claire	Thorne,	Carlo	Torti,	Marc	van	der	Valk,	Linda	Wittkop.			

	 	



	 20	

References	

1.		 Rasmussen	 LD,	May	MT,	 Kronborg	 G,	 et	 al.	 Time	 trends	 for	 risk	 of	 severe	 age-

related	diseases	in	individuals	with	and	without	HIV	infection	in	Denmark:	a	nationwide	

population-based	cohort	study.	Lancet	HIV	2015;	2:e288-298.		

2.		 Schouten	J,	Wit	FW,	Stolte	IG,	et	al.	Cross-sectional	comparison	of	the	prevalence	

of	 age-associated	 comorbidities	 and	 their	 risk	 factors	 between	 HIV-infected	 and	

uninfected	individuals:	the	AGEhIV	cohort	study.	Clin	Infect	Dis	2014;	59:1787–1797.		

3.		 Hleyhel	M,	Belot	A,	Bouvier	AM,	et	al.	Risk	of	AIDS-defining	cancers	among	HIV-1-

infected	patients	in	France	between	1992	and	2009:	results	from	the	FHDH-ANRS	CO4	

cohort.	Clin	Infect	Dis	2013;	57:1638–1647.		

4.		 Guihot	A,	Dentone	C,	Assoumou	L,	et	al.	Residual	immune	activation	in	combined	

antiretroviral	therapy-treated	patients	with	maximally	suppressed	viremia.	AIDS	2016;	

30:327–330.		

5.		 McComsey	GA,	Kitch	D,	Sax	PE,	et	al.	Associations	of	inflammatory	markers	with	

AIDS	and	non-AIDS	clinical	events	after	initiation	of	antiretroviral	therapy:	AIDS	clinical	

trials	 group	 A5224s,	 a	 substudy	 of	 ACTG	 A5202.	 J	 Acquir	 Immune	 Defic	 Syndr	 1999	

2014;	65:167–174.		

6.		 Younas	M,	 Psomas	 C,	 Reynes	 J,	 Corbeau	 P.	 Immune	 activation	 in	 the	 course	 of	

HIV-1	 infection:	 Causes,	 phenotypes	 and	 persistence	 under	 therapy.	 HIV	 Med	 2016;	

17:89–105.		

7.		 Bruno	 G,	 Saracino	 A,	 Monno	 L,	 Angarano	 G.	 The	 Revival	 of	 an	 ‘Old’	 Marker:	

CD4/CD8	Ratio.	AIDS	Rev	2017;	19:81–88.		

8.		 Buggert	 M,	 Frederiksen	 J,	 Noyan	 K,	 et	 al.	 Multiparametric	 bioinformatics	

distinguish	 the	 CD4/CD8	 ratio	 as	 a	 suitable	 laboratory	 predictor	 of	 combined	 T	 cell	

pathogenesis	in	HIV	infection.	J	Immunol	2014;	192:2099–2108.		



	 21	

9.		 Lu	W,	 Mehraj	 V,	 Vyboh	 K,	 Cao	W,	 Li	 T,	 Routy	 J-P.	 CD4:CD8	 ratio	 as	 a	 frontier	

marker	for	clinical	outcome,	immune	dysfunction	and	viral	reservoir	size	in	virologically	

suppressed	HIV-positive	patients.	J	Int	AIDS	Soc	2015;	18:20052.		

10.		 Serrano-Villar	S,	Sainz	T,	Lee	SA,	et	al.	HIV-infected	individuals	with	low	CD4/CD8	

ratio	 despite	 effective	 antiretroviral	 therapy	 exhibit	 altered	T	 cell	 subsets,	 heightened	

CD8+	 T	 cell	 activation,	 and	 increased	 risk	 of	 non-AIDS	morbidity	 and	mortality.	 PLoS	

Pathog	2014;	10:e1004078.		

11.		 Trickey	 A,	 May	 MT,	 Schommers	 P,	 et	 al.	 CD4:CD8	 Ratio	 and	 CD8	 Count	 as	

Prognostic	Markers	 for	Mortality	 in	Human	 Immunodeficiency	Virus-Infected	 Patients	

on	Antiretroviral	Therapy:	The	Antiretroviral	Therapy	Cohort	Collaboration	 (ART-CC).	

Clin	Infect	Dis	2017;	65:959–966.		

12.		 Mussini	C,	Lorenzini	P,	Cozzi-Lepri	A,	et	al.	CD4/CD8	ratio	normalisation	and	non-

AIDS-related	 events	 in	 individuals	 with	 HIV	who	 achieve	 viral	 load	 suppression	 with	

antiretroviral	therapy:	an	observational	cohort	study.	Lancet	HIV	2015;	2:e98-106.		

13.		 Sigel	K,	Wisnivesky	J,	Crothers	K,	et	al.	Immunological	and	infectious	risk	factors	

for	lung	cancer	in	US	veterans	with	HIV:	a	longitudinal	cohort	study.	Lancet	HIV	2017;	

4:e67–e73.		

14.		 Hema	MN,	Ferry	T,	Dupon	M,	et	al.	Low	CD4/CD8	Ratio	 Is	Associated	with	Non	

AIDS-Defining	 Cancers	 in	 Patients	 on	 Antiretroviral	 Therapy:	 ANRS	 CO8	

(Aproco/Copilote)	Prospective	Cohort	Study.	PloS	One	2016;	11:e0161594.		

15.		 Hernández-Ramírez	 RU,	 Shiels	 MS,	 Dubrow	 R,	 Engels	 EA.	 Cancer	 risk	 in	 HIV-

infected	 people	 in	 the	 USA	 from	 1996	 to	 2012:	 a	 population-based,	 registry-linkage	

study.	Lancet	HIV	2017;	4:e495–e504.		

16.		 Shiels	 MS,	 Islam	 JY,	 Rosenberg	 PS,	 Hall	 HI,	 Jacobson	 E,	 Engels	 EA.	 Projected	

Cancer	 Incidence	Rates	and	Burden	of	 Incident	Cancer	Cases	 in	HIV-Infected	Adults	 in	



	 22	

the	United	States	Through	2030.	Ann	Intern	Med	2018;	168:866–873.		

17.		 IeDEA	 and	 ART	 Cohort	 Collaborations,	 Avila	 D,	 Althoff	 KN,	 et	 al.	

Immunodeficiency	 at	 the	 start	 of	 combination	 antiretroviral	 therapy	 in	 low-,	middle-,	

and	high-income	countries.	J	Acquir	Immune	Defic	Syndr	1999	2014;	65:e8-16.		

18.		 Chêne	 G,	 Phillips	 A,	 Costagliola	 D,	 et	 al.	 Cohort	 Profile:	 Collaboration	 of	

Observational	 HIV	 Epidemiological	 Research	 Europe	 (COHERE)	 in	 EuroCoord.	 Int	 J	

Epidemiol	2017;	46:797–797n.		

19.		 Kjaer	J,	Ledergerber	B.	HIV	cohort	collaborations:	proposal	for	harmonization	of	

data	exchange.	Antivir	Ther	2004;	9:631–633.		

20.		 Harrell	Jr.	FE.	Regression	modeling	strategies:	with	applications	to	linear	models,	

logistic	and	ordinal	regression,	and	survival	analysis.	Springer	International	Publishing	

AG,	2015.		

21.		 Shepherd	BE,	Rebeiro	PF,	Caribbean,	Central	and	South	America	network	for	HIV	

epidemiology.	 Brief	 Report:	 Assessing	 and	 Interpreting	 the	 Association	 Between	

Continuous	 Covariates	 and	Outcomes	 in	 Observational	 Studies	 of	 HIV	 Using	 Splines.	 J	

Acquir	Immune	Defic	Syndr	2017;	74:e60–e63.		

22.		 Cancer	 Project	 Working	 Group	 for	 the	 Collaboration	 of	 Observational	 HIV	

Epidemiological	 Research	 Europe	 (COHERE)	 study	 in	 EuroCoord.	 Changing	 Incidence	

and	 Risk	 Factors	 for	 Kaposi	 Sarcoma	 by	 Time	 Since	 Starting	 Antiretroviral	 Therapy:	

Collaborative	Analysis	 of	 21	European	Cohort	 Studies.	 Clin	 Infect	Dis	2016;	 63:1373–

1379.		

23.		 AIDS-defining	 Cancer	 Project	 Working	 Group	 for	 IeDEA	 and	 COHERE	 in	

EuroCoord.	 Comparison	 of	 Kaposi	 Sarcoma	 Risk	 in	 Human	 Immunodeficiency	 Virus-

Positive	Adults	Across	5	Continents:	A	Multiregional	Multicohort	Study.	Clin	 Infect	Dis	

2017;	65:1316–1326.		



	 23	

24.		 Yanik	 EL,	 Achenbach	 CJ,	 Gopal	 S,	 et	 al.	 Changes	 in	 Clinical	 Context	 for	 Kaposi’s	

Sarcoma	and	Non-Hodgkin	Lymphoma	Among	People	With	HIV	Infection	in	the	United	

States.	J	Clin	Oncol	2016;	34:3276–3283.		

25.		 Unemori	 P,	 Leslie	 KS,	 Hunt	 PW,	 et	 al.	 Immunosenescence	 is	 associated	 with	

presence	 of	 Kaposi’s	 sarcoma	 in	 antiretroviral	 treated	 HIV	 infection.	 AIDS	 2013;	

27:1735–1742.		

26.		 Grayson	W,	 Pantanowitz	 L.	 Histological	 variants	 of	 cutaneous	 Kaposi	 sarcoma.	

Diagn	Pathol	2008;	3:31.		

27.		 Guihot	A,	Dupin	N,	Marcelin	A-G,	et	al.	Low	T	cell	responses	to	human	herpesvirus	

8	in	patients	with	AIDS-related	and	classic	Kaposi	sarcoma.	J	Infect	Dis	2006;	194:1078–

1088.		

28.		 Carroll	V,	Garzino-Demo	A.	HIV-associated	 lymphoma	 in	 the	era	of	combination	

antiretroviral	therapy:	shifting	the	immunological	landscape.	Pathog	Dis	2015;	73.		

29.		 Achenbach	 CJ,	 Buchanan	 AL,	 Cole	 SR,	 et	 al.	 HIV	 viremia	 and	 incidence	 of	 non-

Hodgkin	 lymphoma	 in	 patients	 successfully	 treated	 with	 antiretroviral	 therapy.	 Clin	

Infect	Dis	2014;	58:1599–1606.		

30.		 Makgoeng	 SB,	 Bolanos	 RS,	 Jeon	 CY,	 et	 al.	 Markers	 of	 Immune	 Activation	 and	

Inflammation,	 and	 Non-Hodgkin	 Lymphoma:	 A	 Meta-Analysis	 of	 Prospective	 Studies.	

JNCI	Cancer	Spectr	2018;	2:pky082.		

31.		 Dolcetti	 R,	 Gloghini	 A,	 Caruso	 A,	 Carbone	 A.	 A	 lymphomagenic	 role	 for	 HIV	

beyond	immune	suppression?	Blood	2016;	127:1403–1409.		

32.		 Hoffmann	 C,	 Schommers	 P,	 Wolf	 E,	 et	 al.	 CD4+	 and	 CD8+	 T-cell	 kinetics	 in	

aviremic	 HIV-infected	 patients	 developing	 Hodgkin	 or	 non-Hodgkin	 lymphoma.	 AIDS	

2016;	30:753–760.		

33.		 Shepherd	 L,	 Borges	 ÁH,	 Harvey	 R,	 et	 al.	 The	 extent	 of	 B-cell	 activation	 and	



	 24	

dysfunction	preceding	 lymphoma	development	 in	HIV-positive	people.	HIV	Med	2018;	

19:90–101.		

34.		 Breen	 EC,	 Hussain	 SK,	 Magpantay	 L,	 et	 al.	 B-cell	 stimulatory	 cytokines	 and	

markers	 of	 immune	 activation	 are	 elevated	 several	 years	 prior	 to	 the	 diagnosis	 of	

systemic	 AIDS-associated	 non-Hodgkin	 B-cell	 lymphoma.	 Cancer	 Epidemiol	 Biomark	

Prev	2011;	20:1303–1314.		

35.		 Guihot	 A,	 Oksenhendler	 E,	 Galicier	 L,	 et	 al.	 Multicentric	 Castleman	 disease	 is	

associated	 with	 polyfunctional	 effector	 memory	 HHV-8-specific	 CD8+	 T	 cells.	 Blood	

2008;	111:1387–1395.		

36.		 Caby	F,	writing	committee	of	the	CD4+/CD8+	Ratio	Working	Group	of	the	French	

Hospital	Database	on	HIV	(FHDH-ANRS	CO4).	CD4+/CD8+	ratio	restoration	in	long-term	

treated	HIV-1-infected	individuals.	AIDS	2017;	31:1685–1695.		

37.		 Helleberg	 M,	 Kronborg	 G,	 Ullum	 H,	 Ryder	 LP,	 Obel	 N,	 Gerstoft	 J.	 Course	 and	

Clinical	Significance	of	CD8+	T-Cell	Counts	in	a	Large	Cohort	of	HIV-Infected	Individuals.	

J	Infect	Dis	2015;	211:1726–1734.		

38.		 Gras	L,	May	M,	Ryder	LP,	et	al.	Determinants	of	Restoration	of	CD4	and	CD8	Cell	

Counts	 and	 Their	 Ratio	 in	 HIV-1-Positive	 Individuals	 With	 Sustained	 Virological	

Suppression	 on	 Antiretroviral	 Therapy.	 J	 Acquir	 Immune	 Defic	 Syndr	 2019;	 80:292–

300.		

39.		 Caby	F,	Guihot	A,	Lambert-Niclot	S,	et	al.	Determinants	of	a	Low	CD4/CD8	Ratio	in	

HIV-1-Infected	 Individuals	Despite	 Long-term	Viral	 Suppression.	 Clin	 Infect	Dis	2016;	

62:1297–1303.		

40.		 Mocroft	A,	Furrer	HJ,	Miro	JM,	et	al.	The	incidence	of	AIDS-defining	illnesses	at	a	

current	 CD4	 count	 ≥	 200	 cells/μL	 in	 the	 post-combination	 antiretroviral	 therapy	 era.	

Clin	Infect	Dis	2013;	57:1038–1047.		



	 25	

FIGURE LEGENDS 

Figure 1: Study flow-chart   

Abbreviations: HIV-1, Human immunodeficiency Virus type 1; COHERE, Collaboration of 

Observational HIV Epidemiological Research Europe; cART, combination antiretroviral 

therapy; KS, Kaposi sarcoma; NHL, non-Hodgkin lymphoma. 

 

Figure 2: Effect of the CD4/CD8 ratio restoration on KS risk, in the whole study 

population (A) and in PLHIV with CD4 ≥ 500/mm3 at baseline* (B). 

*Baseline is the date of the first CD4/CD8 measurement within six months following 

virological control.  

**Plots of computed HR from multivariable Cox analysis adjusted for age, sex, group of HIV 

exposure risk, origin, calendar period of cART introduction, virological failure, CD4 count 

(MV3). Virological failure, CD4 count and CD4/CD8 ratio were considered as time-

dependent variables from baseline. CD4 count, CD4/CD8 ratio were modeled using spline 

transformations. 

Abbreviations: KS, Kaposi sarcoma; PLHIV, people living with Human immunodeficiency 

virus; HR, Hazard Ratio; CI, confidence interval; cART, combination antiretroviral therapy. 

 

Figure 3: Effect of CD8 counts on NHL risk,  in the whole study population (A) and in 

PLHIV with CD4 ≥500/mm3 at baseline* (B). 

*Baseline	 is	 the	 date	 of	 the	 first	 CD4/CD8	measurement	 within	 six	months	 following	

virological	control.		

**Plots	of	computed	HR	 from	Multivariable	Cox	analysis	adjusted	for	age,	sex,	group	of	

HIV	exposure	risk,	origin,	calendar	period	of	cART	introduction,	virological	failure,	CD4	

count	 (MV2).	 Virological	 failure,	 CD4	 count	 and	 CD8	 count	 were	 considered	 as	 time-
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dependent	variables	from	baseline.	CD4	count	and	CD8	count	were	modeled	using	spline	

transformations.	

Abbreviations:	 NHL,	 non	 Hodgkin	 lymphoma;	 PLHIV,	 people	 living	 with	 Human	

immunodeficiency	 virus;	HR,	Hazard	Ratio;	 CI,	 confidence	 interval;	 cART,	 combination	

antiretroviral	therapy.	

	

	


