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Overview	

•  1)	An9virals	
–  Systema9c	Review	of	cost-effec9veness	of	an9virals	
–  A	worked	example,	Remdesivir	
–  A	reworked	example…	Group	Breakout	

•  2)	Personal	Protec9ve	Equipment:	Cost	effec9veness	
of	protec9ng	public	health	workers		

•  3)	Pandemic	Control		
–  Systema9c	Review	of	interven9ons	
–  Cost-effec9veness	of	strategies	for	COVID-19	epidemic	

control:	A	Case	study	for	KwaZulu-Natal	
•  4)	Vaccine:	Cost	effec9veness	case	study	of	a	
hypothe9cal	COVID-19	vaccine		



By	the	end	of	this	session,	students	will:	
	

•  Be	able	to	cri9cally	evaluate	health	economic	studies,	their	
strengths	and	weaknesses,	and	possible	ways	to	improve.	

•  We	are	less	interested	in	memorizing	techniques	and	more	
in	crea9ng	a	literate,	nuanced,	analy9cal	understanding	of	
what	is	going	on	in	such	studies…tthe	flow	of	their	crea9on	
(e.g.	long	lists	of	ingredients)	and	execu9on.	

•  Value	the	role	of	health	economic	tools	in	decision	making,	
even	during	a	pandemic,	but	be	especially	aware	of	the	
impact	of	uncertainty	and	how	to	handle	it	(COVID-19	
being	extreme	example	of	this);	

•  Understand	the	role	and	value	of	randomized	controlled	
trials	(e.g.	for	an9virals	and	vaccines)	but	the	challenge	
when	they	can't	be	done	(e.g.	of	lock-down	measures);	

•  Be	able	to	cri9cally	evaluate	and	use	literature	reviews.		



Ques9ons	as	you	go…	

•  How	does	the	group	interpret	the	evidence	
presented?	

•  Will	it	lead	to	good	advice?		
•  What	are	the	real-world	limita9ons?	
•  How	in	par9cular	is	uncertainty	handled?	
•  What	new	tasks	might	you	set	the	modelers	
(or	yourselves)	to	do	so	that	you	can	make	an	
informed	decision	in	your	own	sedng?	

•  How	does	a	pandemic	complicate	things!	
	



1)	ANTIVIRALS	



An9virals…A	Review	of	published	
Economic	Evalua9ons	



Studies	used	

•  Full	economic	evalua9ons	of	an9virals	as	a	
treatment	in	pandemics	and	outbreaks	of	
respiratory	illnesses	(MERS,	SARS,	H1N1,	and	
COVID-19).		

•  Databases:	Medline	(EBSCOhost),	EMBASE	(Ovid),	
•  EconLit	(Ovid),	Na9onal	Health	Service	Economic	
Evalua9on	Database	(Ovid),	and	Health	
Technology	Assessment	(Ovid).	

•  Published	in	the	last	10	years	(2010	onward)	





Those	studies	that	made	the	final	cut	
(for	reference,	not	detail)	

•  Did	you	see	how	few	made	it?	
•  United	States	(6/14,	42.9%)	
•  Australia	(3/14,	21.4%)	
•  (1/14,	7.1%)	each	in	United	Kingdom,	The	Netherlands,	China,	Canada.	
•  Most	societal	perspec9ve	(10/14,	71.4%)		
•  (9/14,	64.3%)reported	the	an9viral	agent	used	
•  (7/14,	50%)	cost-u7lity	analyses,	using	quality-adjusted	life-years	(QALYs)	as	the	

main	health	outcome	measure.		
•  (4/14,	28.6%)	cost-effec7veness	analyses,	
•  (2/14,	14.3%)	cost-consequence	analyses,	
•  (1/14,	7.1%)	was	a	cost-benefit	analysis	
•  6	months	to	life9me.	
•  All	used	simula7on	models	to	assess	cost-effec9veness	of	interven9ons	
•  data	on	effec7veness	of	the	an9virals	based	from	published	studies	
•  An9viral	treatment	compared	to	either	doing	nothing	or	to	strategies	that	do	not	

include	an7virals	
•  In	the	included	cost-u9lity	analyses,	the	ICER	of	the	strategies	including	an9virals	

ranged	from	$68/QALY-gained	to	$39	674/QALY-gained	from	a	societal	
perspec9ve	

	



Quality	Assessment	criteria:	
(A	template:	I	will	just	pick	a	few	to	highlight	and	skip	most	now)	

•  Does	the	model	structure	adequately	reflect	the	nature	of	the	topic	
under	evalua9on?		

•  Is	the	7me	horizon	sufficiently	long	to	reflect	all	important	
differences	in	costs	and	outcomes?		

•  Are	all	important	and	relevant	outcomes	included?		
•  Are	the	es9mates	of	baseline	outcomes	from	the	best	available	

source?		
•  Are	the	es9mates	of	rela9ve	interven9on	effects	from	the	best	

available	source?		
•  Are	all	important	and	relevant	costs	included?		
•  Are	the	es9mates	of	resource	use	from	the	best	available	source?		
•  Are	the	unit	costs	of	resources	from	the	best	available	source?		
•  Is	an	appropriate	incremental	analysis	presented	or	can	it	be	

calculated	from	the	data?		
•  Are	all	important	parameters	whose	values	are	uncertain	subjected	

to	appropriate	sensi7vity	analysis?		
•  Has	no	poten7al	financial	conflict	of	interest	been	declared?		



SHORT	CLASS	DISCUSSION	

•  All	are	focused	on	H1N1	pandemic.	So,	how	is	
that	useful	for	COVID-19?		

•  Only	14?	
•  All	rather	rich-world	focused.		
•  Can	you	base	advice	on	specific	an9virals	for	
your	own	countries	on	this?	



Some	(interes9ng)	results	of	search…
first	few	of	each	only,	just	for	the	feel	

of	what	such	studies	do	



First	few	results…	





ANTIVIRAL	COST	
EFFECTIVENESS	CASE	
STUDY:	REMDESIVIR	



One	study	that	had	a	go	at	COVID-19	



ICER-COVID	Model	1:		
Remdesivir	Cost	Recovery		

	
•  Two	cost	recovery	pricing	es9mates		
– a	price	per	treatment	course	that	covers	the	
minimal	costs	of	produc9on	of	the	treatment	

– a	price	per	treatment	course	that	covers	the	cost	
of	produc9on	plus	the	projected	short-term	
spending	by	the	manufacturer	for	clinical	research	
directly	related	to	the	use	of	Remdesivir	for	
COVID-19.		

– What	is	the	logic	of	this?	



Bits	of	ICER	used:		

•  Marginal	cost	of	producing	Remdesivir	(Hill	et	
al.	2020)	

•  R&D	costs	of	manufacturer	
•  R&D	costs	provided	by	government	
•  (Cost	recovery	not	include	admin-related	
costs)	



Marginal	cost	of	drugs	

Hill	et	all	in	the	Journal	of	Virus	Eradica9on	(2020).		



Rela9vely	cheap	to	make	because	not	
complicated	



A	few	select	treatment	costs...being	
inexpensive	to	make	is	not	unusual	



A	few	more	
treatment	

costs		

It	is	not	unusual	for	current	an9virals	
To	be	generically	very	cheap.			
	
Why	are	we	doing	cost	effec9veness	
analysis	



Calcula9ng	the	treatment	costs	of	
Remdesivir	



Cost	Recovery	model	results	

$600	is	the	midpoint	of	generic	prices	being	offered	at	9me	of	the	study	



ICER-COVID	Model	2:	Remdesivir	
Cost-Effec7veness	Analysis		

	•  Objec7ve:	es9mate	the	cost-effec9veness	and	
corresponding	cost-effec9veness	price	
benchmarks	of	Remdesivir	plus	standard	of	care	
versus	standard	of	care	alone	for	hospitalized	
pa9ents	with	COVID-19	and	lung	involvement.		

•  What	is	‘standard	of	care’?	And	why	is	it	part	of	
the	descrip9on?	

•  What	if	standard	care	changes?	
•  How	will	this	affect	analysis	of	other	COVID-19	
interven9ons?	



Model	2:	Decision	Tree	



Evidence	of	treatment	effec9veness	
taken	from	Adap9ve	COVID-19	

Treatment	Trial	(ACTT-1)	and	other	
sources		

	



SHORT	BREAKOUT	

•  Please	study	the	next	three	slides…	
•  Provide	a	comment	on	each	



Results	from	
the	trial	

Please	discuss	



Time	to	recovery	

Please	discuss…	



Secondary	
outcomes	

Spot	the	more		
interes9ng		
observa9ons…	



(Back	to	the	method)	CEA	Model	
Se]ngs:		

•  Perspec9ve:	Health	System	(always	give	the	perspec9ve)		
•  Time	Horizon:	Life9me	(always	give	a	9me	horizon)	
•  Outcomes:	Incremental	costs,	incremental	QALYs,	incremental	

evLYG	(equal	value	of	life-years	gained,	through	hospital	recovery	
or	death..we	don’t	focus	on	this	for	now)	

•  Structure:	
–  	short-term	decision	tree	

•  dura9on	in	highest	hospital	level	of	care		
•  probability	of	death	from	highest	hospital	level	of	care	

–  long-term	Markov	model	
•  health	states	of	alive	and	dead	with	average	age-based	costs	and	

consequences	
•  Popula9on:	hospitalized	pa9ents	with	COVID-19	and	lung	

involvement	(always…	well,	you	know	the	drill	by	now	



CEA	Model	Assump9ons:	
•  All	those	who	recover	in	either	the	standard	of	care	or	
Remdesivir	treatment	arm	are	assigned	age-	and	
gender-based	probability	of	death,	quality	of	life,	and	
average	healthcare	costs	

•  Treatment	costs	for	Remdesivir	are	in	addi9on	to	a	
bundled	hospital	payment		

•  No	cost	or	disu7lity	for	poten7al	adverse	events	
separate	from	the	cost	and	disu9lity	of	the	admission	

•  Cost	and	outcomes	discounted	at	3%	per	year.		

•  What	do	you	think	of	some	of	these	assump9ons?	
•  What	are	your	ini9al	thoughts	on	the	price	of	the	
an9viral?	



Decision	tree	populated	by:	
•  Costs,	
•  quality-adjusted	life	years	(QALYs)	

•  Life9me	costs	and	outcomes	of	remdesivir	and	standard	of	care	by	
assigning	the	age-based	average	survival,	healthcare	costs,	and	
u9lity	for	all	those	who	recovered	from	the	COVID-19	hospital	
event	in	a	Markov	Model		

•  perspec9ve	of	the	healthcare	sector		
•  Scenario	analysis	in	which	there	is	a	cost	savings	from	a	reduc7on	

in	length	of	stay.	
•  Health	system	capacity	measures,	healthcare	personnel	impacts,	

and	impacts	beyond	that	of	the	health	system	were	not	included	
in	this	analysis.		

•  Again,	what	do	you	think	of	some	of	these	assump9ons?	



Uncertainty	

•  Substan9al	clinical	evidence	uncertainty	remains	for	
Remdesivir.		

•  In	par9cular,	the	compara9ve	Remdesivir	adjusted	
mortality	benefit	in	ACTT-1	did	not	reach	sta7s7cal	
significance,	and	the	mortality	benefit	is	a	driver	of	
the	cost-effec7veness	findings.		

•  Added	scenario	analyses	assuming	use	of	
dexamethasone	as	part	of	standard	care	



Cost	effec9veness	results	

IF	remdesivir	extends	life	and	improves	quality	of	life	versus	standard	of	care		



BREAKOUT	SESSION	

•  Please	look	at	the	following	slides	of	
informa9on	(to	end	of	Topic	1).	

•  What	are	the	implica9ons	for	cost	
effec9veness	of	Remdesivir?	

•  In	general,	what	are	the	challenges	of	doing	
cost	effec9veness	of	new	drugs	and	vaccines	
during	a	pandemic?	



BUT…	



WHO	SOLIDARITY	
•  What	are	the	
implica9ons	
of	this?	





Effects	on	
28	–day	
mortality	



Remdesivir	vs	control:	Meta-analysis	in	
trials	of	random	alloca9on	of	
hospitalised	COVID-19	pa9ents	



Rate	ra9os	of	
any	death	
stra9fied	by	
age	and	

respiratory	
support	at	

entry	



An	early	study	across	ten	hospitals	in	
China	(randomised,	double-blind,	placebo-controlled)	



Some	outcomes	



Some	other	figures	



WHO	SOLIDARITY	



WHO	SOLIDARITY	

•  What	are	the	lessons	of	the	WHO	SOLIDARITY	
trial	for	cost	effec9veness	and	decision-
making	in	general?	



2)	(PPE)	PROTECTING	
PUBLIC	HEALTH	
WORKERS	



"In	scenarios	where	PPE	remains	scarce,	70-100%	of	HCWs	
will	get	infected,	irrespec7ve	of	na7onwide	
social	distancing	policies,”	
	
What	are	the	consequences	of	this…	and	of	avoiding	this...	



The	objec9ve	
•  To	predict	the	health	and	economic	consequences	of	

immediate	investment	in	personal	protec7ve	equipment	
(PPE)	for	health	care	workers	(HCWs)	in	low-	and	middle	
income	countries	(LMICs)	

•  Need	to	es9mate	cases	and	mortality	for	HCWs		
•  Need	data	to	calculate	cost	effec9veness	and	return	on	

investment	(ROI)	analysis	
•  using	a	decision-analy9c	model	with	Bayesian	mul7variate	

sensi7vity	analysis	and	Monte	Carlo	simula7on.		
•  Data	and	model	sources:	

–  World	Health	Organiza9on	Essen9al	Supplies	Forecas9ng	Tool	

–  	College	of	London	epidemiologic	model.	



The	urgency	

•  80%	of	the	world’s	popula9on	lives	in	LMICs	
•  fragile	health	systems	with	few	resources	
make	HCWs	vulnerable	to	COVID-19		

•  Already	shortage	of	HCWs		
•  Any	more	deple9on	due	to	illness,	death	or	
absenteeism	could	threaten	the	stability	of	
LMIC	health	systems	

•  Global	bidding	war	for	PPE	
•  Export	restric9ons,	supply	chain	disrup9ons	



Not	just	LMICs…	

In	late	March	2020,	48%	of	healthcare	facili9es	in	the	US	were	out	or	nearly	out	
of	N-95	respirators,	68%	reported	insufficient	gowns	(US	Associa9on	for	
Professionals	in	Infec9on	Control	and	Preven9on)	





US	and	UK	



Method	
•  Uses	standard	guidelines	for	cost	effec9veness	analyses		
•  Base	case	=	full	PPE	supply	maintains	a	low	rate	of	HCW	

infec9on		
•  Compare	to	a	scenario	where	inadequate	PPE	leads	to	

higher	rates	of	HCW	infec9on.	
•  Seek:	

–  cost	per	HCW	case	averted	
–  cost	per	HCW	death	averted		

•  Results	as	incremental	cost-effec9veness	ra9o	(ICER):	ra9o	
of	cost	per	each	unit	of	effect.		

•  Return	on	Investment	(ROI)	analysis	comparing	societal	
economic	gains	from	having	HCWs	fully	protected	against	
exposure,	with	current	investment	required	to	afford	the	
PPE.		

•  (and	a	few	other	things)	



Basics	model…	
•  Basic	Suscep9ble-Infec9ous-Removed	(SIR)	model,	
a		standard	epidemic	model	

•  The	three	scenarios	analyzed	for	their	varying	
impact	on	case	and	mortality	counts,	from	ICL	
model	
–  unmi9gated	pandemic	spread;	
–  suppression	with	intensive	social	distancing	axer	
reaching	a	trigger	of	1.6	deaths	per	100,000	popula9on	
per	week;	

–  suppression	axer	reaching	0.2	deaths	per	100,000	
popula9on	per	week.	

•  If	PPE	remains	scarce	and	there	is	less	than	full	
suppression,	100%	of	HCWs	are	infected.	



Imperial	College	model	



Imperial	model	



Basics	model…	
•  Default	sedngs		
– medium	clinical	ayack	rate	of	20%,		
–  targeted	tes9ng	strategy	for	all	severe/cri9cal	pa9ents	
–  10%	of	mild/moderate	cases	being	tested		

•  incidence	data	for	each	country		
•  projected	PPE	costs		
•  Es9mates	of	na9onal	mortality	and	
hospitaliza9ons	from	published	projec9ons	
calculated	by	the	WHO	Collabora9ng	Center	for	
Infec9ous	Disease	Modeling	at	the	Imperial	
College	of	London	(ICL)	

•  Bayesian	sensi9vity	analysis	of	policy	impact	on	
workforce	deple7on.	



BREAKOUT	SESSION	

•  Now	I	have	given	you	the	basics,	please	study	
the	next	few	slides	(to	end	of	Topic	2)	for	a	
few	minutes	to	acquaint	yourselves	with	the	
results.	

•  When	we	come	back,	I	want	someone	to	
explain	the	sensi9vity	analysis	

•  And	someone	to	explain	the	ROI	results	



Cases	per	strategy	



Mortality	of	HCW	per	strategy	



Key	model	parameters	



Costs	
•  Es9mate	PPE	resource	use	and	costs:	WHO	COVID-19	

Essen9al	Supplies	Forecas9ng	Tool	(ESFT).	
•  Costs	of	labor	and	healthcare	u9liza9on:	WHO	Choosing	

Interven9ons	that	are	Cost-Effec9ve	(WHO-CHOICE).	
•  Projec9ons	for	each	LMIC	for	a	30-week	period	star9ng	

August	of	2020	and	incorpora9ng	costs	related	to	the	
“hygiene”	and	“PPE”	outputs	into	decision	analy9c	model.		

•  Costs	in	2020	US	dollars	(USD)	from	the	societal	
perspec9ve.		

•  Lost	future	produc7vity	due	to	early	mortality	included	in	
assessment	of	the	economic	impact.	

•  Training	costs	(lost	investment	in	HCWs	that	have	died	or	
as	to	replace	them)	not	included	(so,	tends	to	
underes9mate	the	economic	benefit	of	averted	mortality).	



Sensi9vity	analysis	
	

•  Bayesian	mul9variate	sensi9vity	analysis	to	
consider	uncertainty	surrounding	all	key	
parameters.	

•  10,000	run	Monte	Carlo	simula9on	randomly	re-
sampled	across	the	input	distribu9ons	for	each	
model	parameter	for	each	regional	projec9on.		

•  Distribu9ons:	
–  Beta	distribu9ons	for	sampling	within	the	95%	
confidence	interval	of	probability	variables.	

–  gamma	distribu9ons	for	cost	variables.		
–  lognormal	distribu9on	for	the	remaining	parameters.	



Cost	effec9veness	scayer	plots…	(by	
world	bank	region)	



Cost	effec9veness	scayer	plots…	



Return	to	investment	(per	region	
generated	by	Monte	Carlo	simula9on)	



ROI	numbers	
•  The	societal	ROI	from	produc7vity	gains	is	
es9mated	to	be	$755.3	billion	USD,	yielding	the	

•  equivalent	to	7,932%	ROI		



A	note…	

	
	
“In	the	absence	of	perfect	data,	we	have	
endeavored	to	make	all	assump9on	as	
conserva9ve	as	possible	and	to	rigorously	
explore	them	in	our	sensi9vity	analysis”	



Results	
•  An	investment	of	$9.6	billion	USD	would	
adequately	protect	HCWs	in	all	LMICs.		

•  This	would	result	in	4,863,299	fewer	HCW	cases	
and	67,283	fewer	HCW	deaths.	

•  Would	save	2,299,543	lives	across	LMICs,	cos9ng	
$59	USD	per	HCW	case	averted.	

•  Mean	incremental	cost-effec9veness	ra9o	of	$59	
USD	per	HCW	case	averted	and	$4,309	USD	per	
HCW	life	saved.	

•  The	societal	ROI	would	be	$755.3	billion	USD,	the	
equivalent	of	a	7,932%	return.		



3)	PANDEMIC	CONTROL	

The	Great	Plague	of	Milan	(1639)	(no	
social	distancing…and	no	face	masks)	

What	an9virals?	



Systema9c	Review	of	Pandemic	
Control	interven9ons	



Methods	

•  PRISMA	systema9c	review	guidelines,	MEDLINE	(1946	
to	April	week	2,	2020)	and	Embase	(1974	to	April	17,	
2020)	were	searched	using	a	range	of	terms	related	to	
pandemic	control.	Ar9cles	repor9ng	on	the	

•  Effec9veness	or	cost-effec9veness	of	at	least	one	
interven9on		
–  higher-quality	evidence	(randomized	trials)		
–  lower-quality	evidence	(other	study	designs)	

•  Many	decisions	of	unknown	cost-effec9veness		
•  even	of	lower	quality,	is	beyer	than	no	evidence	at	all?	





They	found	
•  1,653	papers	
•  62	included	
•  Higher-quality	evidence	(Randomized	trial	evidence)		only	available	for	

effec7veness	of	hand	washing	and	face	masks.		
•  All	other	interven9ons,	lower-quality	evidence.		
•  Most	cost	effec7ve:	

–  Swix	contact	tracing	and	case	isola9on,	surveillance	networks,	protec9ve	
equipment	for	healthcare	workers,	and	early	vaccina9on	(when	available).	

•  Less	cost	effec7ve	
–  home	quaran9nes	and	stockpiling	an9virals	are	less	cost-effec9ve.	

•  Least	cost	effec7ve	
–  workplace	and	school	closures	effec9ve	but	costly.	
–  less	cost	effec9ve	the	later	they	are.	
–  H1N1	influenza,	contact	tracing	was	es9mated	4,363	9mes	more	cost-

effec9ve	than	school	closures	($2,260	vs.	$9,860,000	per	death	prevented).	
•  Combina9ons	are	more	cost-effec9ve	than	single	interven9ons	

•  Does	this	reflect	your	own	experiences?	



Timing	and	Severity	
•  TIMING:	Adop9ng	as	early	as	possible	a	combina9on	of	

interven9ons	that	includes	hand	washing,	face	masks,	
ample	protec9ve	equipment	for	healthcare	workers,	and	
swix	contact	tracing	and	case	isola9on	is	likely	to	be	the	
most	cost-effec9ve	strategy.	

•  TIMING:	Vaccina9on	past	the	peak	of	infec9ons,	and	long-
term	school	closures	late	in	the	outbreak	are	less	cost-
effec9ve.	

•  VIRUS	SEVERITY:	Cost-effec9veness	of	interven9ons	
depends	on	virus	severity.	For	SARS-CoV-2,	es9mates	of	
case	fatality	rate	range	from	1%	to	7.2%	(Onder	et	al.	
2020).		

•  Latest	IFR	about	1.15%	in	richer	economies	and	0.23%	in	
Africa	
hyps://www.imperial.ac.uk/news/207273/covid-19-
deaths-infec9on-fatality-ra9o-about/		



Cost	effec9veness	and	stage	of	
pandemic	



Cost-effec9veness	of	
strategies	for	COVID-19	
epidemic	control	



The	paper	we	will	look	at:	

Note	the	number	of	co-authors…	If	
You	ever	do	this,	you	will	rarely,		
If	ever,	do	it	on	your	own!	



What	they	did:	dynamic	
microsimula9on	model	

•  Clinical	and	Economic	Analysis	of	COVID	Interven9ons	(CEACOV)	model	
•  dynamic	state-transi9on	Monte	Carlo	microsimula9on	model	
•  Four	modules	

–  1)	Natural	history	of	disease	(stages,	age-depedent	probability	of	transi9on	
along	the	path,	(next	slide)		

–  2)	Transmission	
–  3)	Interven9ons	including	tes9ng	
–  4)	Resource	u9liza9on	

	
•  Each	model	simula9on	starts	with	1	million	individuals.		
•  Star9ng	with	SARS-CoV-2	infec9on	prevalence	of	0·1%	(to	seed	the	model)	
•  Use	model	to	project	outcomes	over	360	days,	including	daily	and	

cumula9ve	infec9ons	(detected	and	undetected),	deaths,	resource	
u9liza9on,	and	healthcare	costs	from	the	health	sector	perspec7ve	
without	discoun7ng.		

•  (any	comments	on	these?)	
•  Extrapolated	the	results	to	the	KwaZulu-Natal	popula9on	of	11	million.	
		



Running	the	model	

•  Outside	the	model,	calculate	the	average	life9me	years-of-life	
saved	(YLS)	from	each	averted	COVID-19	death	during	the	360-day	
model	horizon:	
–  16·8	life-years	

•  Average	non-HIV	public	health	expenditures	in	South	Africa	
–  $600/year	per	Capita	

•  ICER	es9mates	include	healthcare	costs	during	the	360-day	model	horizon	
and	YLS	over	a	life9me	from	averted	COVID-19	deaths	during	the	360-day	
model	horizon.		

	
•  ICER	less	than	$3,250/YLS	is	cost	effec7ve	

•  Any	comments?	



Illustra7on	of	
health	states	
and	disease	
paths	in	the	

CEACOV	model	
Suscep9bility	by	age-stra9fied	probabili9es	
(0-19,	20-59,	≥	60)	
All	paths	are	based	on	age-dependent	probabili7es	
	
Cri9cal	disease->	daily	probability	of	death	
	
Recovered	=	no	risk	of	transmission,	immune	for	
simula9on	purposes		
	



Model	Calibra9on	
•  Populated	with	with	COVID-19	natural	history	data	from	published	

literature.	
•  Used	es9mates	of	the	basic	reproduc9on	number	(R0)	and	viral	

shedding	dura9on	in	various	disease	states	to	calculate	
transmission	rates.		

•  Calibrated	transmission	rates	to	construct	an	effec9ve	reproduc9on	
number	(Re)	corresponding	to	South	African	es9mates	in	May	2020	
(NICD)	,	axer	implementa9on	of	physical	distancing	and	lockdown	
policies.		
–  Changes	over	9me	as	social	interven9ons	alter	the	number	of	contacts	

and	infec9vity	per	contact.		
•  Evaluated	alterna9ve	epidemic	growth	scenarios	with	Re=1.1,	

Re=1.2,	or	Re=2.6	
•  Note:	homogenous	mixing	presumed.		



BREAKOUT	SESSION	

•  Look	at	the	next	few	slides	(to	end	of	all	the	
flow	charts)	and	work	out	how	each	module	
of	the	model	is	being	set	up	

•  Please	don’t	get	buried	in	the	details…	just	get	
a	feel	for	it.	

•  When	ready,	approach	some	of	the	ques9ons	
on	the	‘BACK	AFTER	BREAKOUT’	slide	



Natural	history	parameters	



Natural	History	
•  Dura9on	in	each	state,	age-dependent	probability	of	
developing	severe	or	cri7cal	disease,	and	age-
dependent	mortality	for	those	with	cri7cal	disease.	

•  Individuals	in	asymptoma9c,	mild/moderate,	severe,	
cri9cal,	or	recupera9on	states	of	COVID-19	may	
transmit	infec9on	to	suscep9ble	individuals	at	state-
dependent	daily	rates.		

•  The	number	of	daily	infec9ons	is	a	func9on	of	the	
propor9on	of	suscep9ble	people	in	the	popula9on,	the	
distribu9on	of	disease	states	among	those	with	
COVID-19,	and	interven9ons	that	influence	
transmission.	

•  Time	to	development	of	pneumonia	(from	literature:	
Wang	et	al.15);		

•  Time	to	ICU	admissions	(from	literature:	Zhou	et	al.14);		



Life	Expectancy	and	Years-of-Life	Lost		
Years-of-life	lost	(YLL)	=	the	average	number	of	
years	a	person	would	have	lived	had	s/he	not	
died	from	COVID-19.	
	
	The	absolute	number	of	YLL	were:	

(This	is	equa9on	4	in	a	moment…)	



To	get	that…	first	we	need	age-
stra9fied	deaths	and	age-stra9fied	life	

expectancy		



Now	we	need	to	know	what	the	
interven9on	might	do	according	to	the	

model!	

(By	the	way,	are	you	comfortable	with	discoun9ng?)	



Transmission:	Basically,	what	do	we	
presume	R0	to	be?	

•  R0	assumed	2.6	for	individuals	with	asymptoma9c	and	
mild/moderate	disease	

•  R0	is	one-tenth	of	2.6	for	individuals	with	severe	and	
cri9cal	disease	(from	literature)	

•  Why	is	this?	
•  viral	shedding	9mes	in	days	
–  Asymptoma9c	9.5		
–  mild/moderate	12			
–  Severe	19	
–  	cri9cal	24		
(all	from	literature)	



Resource	U7liza7on	and	Costs		
•  Costs	from	the	health	sector	perspec9ve.		
•  Adjusted	to	2019	United	States	dollars,	using	
South	Africa-specific	infla9on	and	exchange	
rates.	

•  Costs	of	clinical	care	from	Mahomed	et	al.	and	
Netcare	Hospitals.	

•  Cost	of	PCR	tes9ng,	including	personnel	and	
supplies,	from	the	Africa	Health	Research	
Ins9tute		

•  Costs	and	sources	are	in	extensive:	



Costs	1…	



Costs	2	



Costs	3		



Costs	3	



Costs	4	



Some	costs	
•  Costs	of	addi9onal	interven9on	strategies	from	data	
supplied	by	the	Africa	Health	Research	Ins9tute.	

•  Daily	per-person	costs	of	isola9on	and	quaran9ne	
centre	beds	were	based	on	the	cost	of	a	500-person	
tent	and	personnel	requirements.		

•  Per-person	cost	of	contact	tracing	and	mass	symptom	
screening	(including	personnel,	supplies,	and	
transporta9on)	assumed	on	basis	that	community	
health	workers	could	visit	30	households	per	day,	with	
5	individuals	per	house,	20	days	per	month:		



Costs	of	tests,	etc.	
•  Per-unit	costs	of	resources	the	same	regardless	of	the	total	

quan9ty.	
•  Costs	of	the	various	interven9ons	included	expenses	

associated	with	personnel,	supplies,	personal	protec9ve	
equipment,	and	transporta9on	of	specimens	and	
personnel.		

•  No	addi9onal	costs	of	staff	training.		
•  The	per-test	cost	(reagents	and	personnel	and	specimen	

transporta9on)	
•  No	cost	of	addi9onal	machines	or	training	new	technicians	
•  How	account	for	this	uncertainty?	To	reflect	uncertainty	in	

our	es9mates,	we	varied	costs	between	50%	and	200%	of	
their	base	case	value	in	sensi9vity	analyses.		



ICU	or	non-ICU	beds	

•  Number	of	ICU	and	non-ICU	hospital	beds	
available	in	KwaZulu-Natal	(KZN)	based	on	
data	reported	by	the	South	Africa	Department	
of	Health:		



Hospital	beds…A	reminder	



Flowchart:	Healthcare	tes9ng	



Flowchart:	contact	tracing	



Flowchart:	contact	tracing	plus	
isola9on	



Flowchart:	contact	tracing	plus	
isola9on	plus	quaran9ne	



BACK	AFTER	BREAKOUT	

•  What	do	you	think	of	the	natural	history	
parameters?	

•  How	are	they	used	in	the	model?	
•  Where	did	all	that	cost	data	come	from?	
Would	I	be	available	in	your	own	country?	

•  How	did	the	flow	charts	work?	
•  Could	you	just	apply	this	model	to	your	own	
country?	



What	was	evaluated	(now	we	need	to	
explore	some	results)		

•  Evaluate	clinical	and	economic	outcomes	and	cost-effec9veness	of	
epidemic	control	strategies	
–  HT:	Healthcare	Tes9ng	(at	healthcare	centres);		
–  CT:	Contact	Tracing	
–  IC:	Isola9on	Centres	(cases	not	requiring	hospitalisa9on);		
–  MS:	community	health	worker-led	Mass	Symptom	Screening	and	

molecular	tes9ng	for	symptoma9c	individuals	
–  QC:	Quaran9ne	Centres	(household	contacts	tes9ng	nega9ve).		

•  The	primary	outcome	was	the	incremental	cost-effec9veness	ra9o	
(ICER),	the	difference	in	COVID-19-related	healthcare	costs	(2019	
US	dollars	[US$])	during	the	360-day	model	simula9on,	divided	by	
life9me	years-of-life	saved	(YLS)	per	COVID-19	death	averted	during	
the	360-day	model	simula9on.			

•  Not	include	costs	beyond	the	360-day	model	horizon.	
•  in	terms	of	undiscounted	healthcare	costs,	cost-effec9veness	

threshold	from	literature	of	$3,250	per	year-of-life	saved	



Model-projected	cumula7ve	and	daily	SARS-CoV-2	
infec7ons	by	interven7on	strategy	



Deaths	by	interven7on	strategy	



What	do	strategies	achieve?	

Are	you	comfortable	with	this?	



ICER	

•  The	ICER	is	the	difference	between	two	strategies	
in	costs	divided	by	the	difference	in	life-years.	
The	displayed	life-years	and	costs	are	rounded,	
but	the	ICER	was	calculated	with	non-rounded	
life-years	and	costs.		

•  Strategies	are	listed	in	order	of	ascending	costs,	
per	conven9on	of	cost-effec9veness	analysis.		

•  In	the	base	case,	contact	tracing	and	mass	
symptom	screening	cost	$3/person.	



Uncertain9es	and	sensi9vity	
•  Epidemiologic	models	of	interven9ons	generally	
suggest	efficacy	depends	on	transmission	dynamics	
and	interven7on	adherence	

•  Uncertain9es	about	epidemic	dynamics		
–  two	main	epidemic	scenarios	over	360	days,		
–  effec9ve	reproduc9on	numbers	(Re)	of	1·5	and	1·2.		
–  Seeking	strategies	with	incremental	cost-effec9veness	
ra9o	(ICER)	<US$3,250/year-of-life	saved	(YLS)	cost-
effec9ve.		

•  Sensi9vity	analysis	
•  Varied	Re,	molecular	tes9ng	sensi9vity,	and	efficacies	and	costs	of	

interven9ons	



LAST	BREAKOUT	

•  Please	look	at	the	slides	to	end	of	part	4.	
•  What	works?	
•  What	are	the	limita9ons	of	this	analysis?	
•  Can	you	just	use	it	in	your	own	country?	



Sensi9vity	analysis:	Dominance	or	not?	

•  USD:	United	States	dollars.		
•  YLS:	year-of-life	saved.		
•  HT:	healthcare	tes9ng.		
•  CT:	contact	tracing	within	households.		
•  IC:	isola9on	centre.		
•  MS:	mass	symptom	screen.		
•  QC:	quaran9ne	centre	

•  DOMINATED:	strong	dominance,	resul9ng	in	more	life-years	lost	
and	higher	costs	than	an	alterna9ve	strategy.		

•  dominated:	extended	dominance,	resul9ng	in	an	ICER	higher	than	
that	of	an	alterna9ve	strategy	that	results	in	fewer	life-years	lost.	

		



Varying	the	costs	of	contact	tracing	
and	mass	symptom	screening	



Varying	cost	of	hospitaliza9on	

In	the	base	case,	hospital	beds	cost	$165/person/day	and	ICU	beds	cost	$2,048/person/day.	



Varying	test	
parameters	

In	the	base	case,	the	PCR	test	has	a	70%	sensi9vity	and	a	5-day	result	return	9me.	 		



Varying	cost	of	tests	

In	the	base	case,	the	PCR	test	cost	$26/test.	 		



Varying	availability	of	hospital	and	ICU	
beds	

In	the	base	case,	the	numbers	of	available	hospital	(non-ICU)	beds	and	ICU	beds	are	26,220	and	
748	per	11	million	people,	respec9vely.	 		



Varying	effec9ve	reproduc9on	number	



Varying	effec9veness	of	contact	
tracing	and	mass	symptom	screening	



Varying	effec9veness	of	isola9on	and	
quaran9ne	



Varying	cost	of	isola9on	and	
quaran9ne	



So	what	is	an	effec9ve	strategy?	



So	what	is	an	effec9ve	strategy?	



A	summary	of	findings	
•  With	Re	1·5,	HT	resulted	in	the	most	COVID-19	
deaths	over	360	days.	Compared	with	HT.	

•  HT+CT+IC+MS+QC	reduced	mortality	by	94%,	
increased	costs	by	33%,	and	was	cost-effec9ve	
ICER	$340/YLS).		

•  In	sedngs	where	quaran9ne	centres	cannot	be	
implemented,	HT+CT+IC+MS	was	cost-effec9ve	
compared	with	HT	(ICER	$590/YLS).		

•  With	Re	1·2,	HT+CT+IC+QC	was	the	least	costly	
strategy,	and	no	other	strategy	was	cost-
effec9ve.	



4)	COST-EFFECTIVENESS	
OF	VACCINES	



Funding:	Moderna,	Inc.	



What	was	done	
•  Mathema9cal	model	to	assess	the	public	health	and	economic	impacts	in	the	US	of	

a	hypothe7cal	vaccine	for	SARS-CoV-2.	
•  Markov	cohort	model	used	to	compare	COVID-19	related	direct	medical	costs	and	

deaths,	versus	without	implementa9on	of	a	60%	efficacious	vaccine.	
•  Base	case	efficacy	for	single	dose	

–  40%	for	those	aged	<55		
–  25%	for	those	aged	55+	

•  To	priori9ze	vaccine	if	constrained	supply,	three	9er-based	vaccina9on	
priori9za9on,	popula9on	divided	based	on:	
–  Simple	age-based;		
–  risk	and	age;		
–  occupa9on	and	age;	

•  Outcomes	of	model,	including	es9mates	of	clinical	outcomes	and	vaccine	cost-
effec9veness	by	vaccina9on	9er	
	

•  Outcomes	compared	across	one	year	under	various	supply	assump9ons	
•  For	each	priori9za9on	strategy,	the	incremental	cost	per	quality-adjusted	life-

year(QALY)	gained	versus	no	vaccine	was	calculated	overall	and	by	9er.		



The	model	



BREAKOUT	SESSION	
•  Now	you	have	some	feel	for	the	basic	model,	please	
quickly	go	through	all	the	ingredients	list	on	the	next	
few	slide.	

•  Are	there	any	‘ingredients’	you	are	not	happy	with?	
(pick	one	each	and	cri9que	it)	

•  How	do	you	interpret	the	vaccine	supply	diagram?		
What	is	going	on?	

•  Tell	a	story	with	the	ICER?	Can	you	spot	any	
par9cularly	interes9ng	ones?	

•  Would	you	recommend	the	vaccine	being	analysed?	
•  What	else	do	you	want	to	know?	
•  What	are	any	downside?	
•  Someone	to	discuss	the	Tornado	diagram	please!	



Transi9on	probabili9es	



Model	
parameters	



Virus	ayack	rate	

SARS-CoV-2	Ayack	Rate	from	IHME	



Dura9on	of	symptoms	



Hospitaliza9on	data	



Vaccine	supply	



Popula9on	eligibility	



Outcomes	under	various	vaccine	
supply	scenarios	



	Probability	of	being	admiyed	to	hospital	
by	highest	level	of	care	received	



	probabili9es	of	death	by	treatment	
loca9on	



Expected	number	of	deaths	in	one	
year	period	



Costs	in	base-case	



ICER:	
Age-
based		



ICER:	Age	based	(cont.)	



ICER,	risk-based	



ICER:	
By	

occupa9on	



Base-case	cost	effec9veness	analysis	



Results	
•  Overall,	the	cost	per	QALY	gained	for	all	vaccina9on	

strategies	was	$8,200	versus	no	vaccina9on.		
•  For	the	9ers	at	highest	risk	of	complica9ons	from	

COVID-19,	vaccina9on	was	cost-saving	compared	to	no	
vaccina9on.		

•  The	cost	per	QALY	gained	increased	as	the	risk	of	
hospitaliza9on	and	death	within	each	9er	decreased.	

•  Under	the	most	op7mis7c	supply	scenario	and	the	most	
efficient	priori7za7on	scenario,	the	vaccine	may	prevent	
32%	of	expected	deaths.		

•  As	supply	becomes	more	constrained,	priori9za9on	is	
required	to	op9mize	the	preven9on	of	deaths.	

•  What	are	the	implica9ons	of	this?	



Tornado	diagram	



What	price	could	the	firm	charge?	

What	do	you	think	of	the	logic	of	this?	
	
Group	discussion:	What	are	the	strengths	and	weaknesses	of	this	model?	What	else	might	
you	want	to	consider?	(e.g.	what	about	other	vaccines?	Other	interven9ons,	etc.)	



However…(to	read	in	your	own	
free	9me,	not	now)...	





In	par9cular…	



In	par9cular	



In	par9cular	



In	par9cular…	



In	par9cular…	



																											THANK	YOU	


