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BACKGROUND
•	 β-thalassemia	is	a	rare	hereditary	hemoglobinopathy	characterized	by	reduced	

or	absent	β-globin	production;	transfusion-dependent	β-thalassemia	(TDT)	is	the	
most	severe	form	of	the	disease1-3	
	– Patients	with	TDT	require	regular	red	blood	cell	transfusions	(RBCTs)	for	survival1,2

•	 In	Canada,	standard	of	care	(SOC)	for	TDT	includes	regular	RBCTs	and	iron	
chelation	therapy		

•	 Exagamglogene	autotemcel	(exa-cel)	is	a	cellular	product	consisting	of	
autologous	CD34+	hematopoietic	stem	and	progenitor	cells	(HSPCs)	modified	
by	non-viral,	ex vivo	CRISPR/Cas9	that	reduces	erythroid-specific	expression	
of	BCL11A,	reactivating	synthesis	of	fetal	hemoglobin	(HbF);	increases	in	HbF	
levels	ameliorate	the	severity	of	β-thalassemia	and	therefore	has	the	potential	to	
eliminate	the	need	for	RBCTs,	providing	a	functional	cure	for	patients	with	TDT4

	– In	the	pivotal	Phase	3	trial	CLIMB	THAL-111	(January	2023	data	cut),	
91%	(32/35)	of	participants	treated	with	exa-cel	in	the	primary	efficacy	
set	met	the	primary	endpoint	TI12	(defined	as	a	weighted	average	
hemoglobin	level	of	≥9	grams	per	deciliter	without	RBCT	for	at	least	12	
consecutive	months)	
	▪ Of	the	three	participants	that	did	not	achieve	TI12,	one	participant	had	a	
relative	reduction	in	annualized	RBCT	volume	of	84%	and	2	participants	
stopped	RBCT	at	14.5	months	and	12.2	months	after	exa-cel	infusion	
and	have	been	transfusion-free	for	7.3	months	and	4.0	months,	
respectively,	starting	60	days	after	the	final	transfusion

•	 Based	on	the	positive	results	from	the	CLIMB	THAL-111	trial,	Health	Canada	
granted	marketing	authorization	for	exa-cel	for	the	treatment	of	patients	aged	
≥12	years	with	TDT	in	September	2024

•	 Model	projections	suggest	that	exa-cel	could	
substantially	improve	survival	and	lower	the	
prevalence	of	TDT-related	complications,	and	
reduce	disease	burden	in	patients	with	TDT	in	
Canada	compared	to	treatment	with	SOC

CONCLUSIONS

Model-Projected	Survival	and	Lifetime	Clinical	Outcomes	of	Exagamglogene	
Autotemcel	(Exa-cel)	in	Patients	With	Transfusion-Dependent	
Beta-Thalassemia	in	Canada
Chuka Udeze1, Michael Gargano1, Lisa Kaindl2, Sarah Kane2, Allen Zhou2, Siddharth Jain1, Andrea Lopez1

1. Vertex Pharmaceuticals Incorporated, Boston, MA, USA; 2. Eversana, Burlington, ON, Canada

Poster	
EE383

Death

Iron Level
4 levels 

(mutually exclusive): 
High, medium, low, 

normal
Treatment

options • Serum ferritin
• Liver iron
• Cardiac iron

• Cardiac
• Hypogonadism
• Liver
• Diabetes
• Osteoporosis

Complications
(permanent, 
not mutually 
exclusive)

Transfusion Status 
(mutually exclusive;

dependent on 
treatment option)

• Transfusion 
dependent

• Transfusion 
reduced

• Transfusion 
independent

Figure 1. Schematic of TDT Model Structure

Data	Sources	and	Model	Inputs
•	 A	cohort	of	patients	with	TDT	was	modeled	from	baseline	–	the	cohort	had	a	

mean	age	of	21.1	years	and	required	an	average	of	17.2	RBCTs	per	year,	based	
on	the	baseline	characteristics	of	participants	enrolled	in	the	CLIMB	THAL-111	
Phase	3	trial4

•	 Distributions	of	baseline	iron	levels	were	derived	from	published	literature5
	– Serum	ferritin:	Low	(≤1,000	ng/ml):	23.0%;	Moderate	(1,000-2,500	ng/ml):	
38.8%;	High	(>2,500	ng/ml):	38.2%	

	– Cardiac	iron:	Low	(>20	ms):	88.2%;	Moderate	(10-20	ms):	11.8%;		
High	(<10	ms):	0.0%

	– Liver	iron:	Low	(<7	mg/g):	60.5%;	Moderate	(7-15	mg/g):	23.5%;		
High	(≥15	mg/g):	16.0%

•	 Exa-cel	clinical	efficacy	was	informed	by	the	pre-specified	interim	analysis		
of	the	CLIMB	THAL-111	clinical	trial	published	in	Locatelli	et	al.	2024		
N Engl J Med4	(data	as	of	January	2023;	median	follow-up	duration:	20.4	
months;	range:	2.1	–	48.1	months)
	– 91%	of	patients	treated	with	exa-cel	were	assumed	to	transition	to	the	TI	
health	state	at	the	end	of	the	treatment	phase,	given	32	of	35	patients	treated	
with	exa-cel	in	the	primary	efficacy	set	had	met	the	primary	endpoint	TI12

	– The	remaining	9%	of	patients	treated	with	exa-cel	were	assumed	to	
transition	to	the	TR	health	state	at	the	end	of	the	treatment	phase,	with	
an	average	reduction	in	transfusions	of	87.2%	from	baseline,	based	on	
the	clinical	outcomes	of	the	remaining	3	trial	patients	who	did	not	achieve	
TI12	at	the	point	of	the	pre-specified	interim	analysis	in	CLIMB	THAL-111	

METHODS
Model	Overview
•	 A	Markov	cohort	model	was	developed	to	project	survival	and	clinical	outcomes	of	

patients	with	TDT	treated	with	exa-cel	versus	SOC	in	Canada	over	a	lifetime	horizon
•	 The	model	includes	transfusion	status	(i.e.,	transfusion	independent	[TI],	

transfusion	reduced	[TR],	and	transfusion	dependent	[TD])	and	death	as	
health	states;	transfusion	status	is	assumed	to	impact	patients’	iron	levels	
(serum	ferritin,	liver	iron,	and	cardiac	iron),	which	impacts	the	development	
of	TDT-related	complications	(Figure	1)

•	 At	model	start,	all	patients	are	assumed	to	be	TD	(i.e.,	receiving	regular	
RBCTs	and	having	non-normal	iron	levels)

•	 Patients	treated	with	SOC	are	assumed	to	maintain	the	baseline	transfusion	status	
(TD),	RBCT	frequency,	and	non-normal	iron	levels	throughout	the	model	horizon

•	 The	model	has	three	phases	for	exa-cel-treated	patients:	a	treatment	phase,	
an	iron-normalization/change	phase,	and	a	post-iron	normalization	phase	
(remainder	of	patient’s	lifetime)

•	 Patients	treated	with	exa-cel	can	potentially	achieve	TI	or	TR	at	the	end	of	
the	treatment	phase
	– Patients	who	achieve	TI	or	TR	are	assumed	to	remain	in	that	health	state	
for	the	remainder	of	the	model	time	horizon

•	 Patients’	iron	levels	change	based	on	their	transfusion	status;	the	model	
assumes	that	the	change	in	iron	level	categories	(normal,	low,	medium,	high)	
occurs	at	a	constant	rate	over	the	duration	of	the	iron	normalization/change	
phase.	A	patient’s	iron	level	category	in	a	given	cycle	determines	the	risk	of	
developing	a	TDT-related	complication
	– Patients	who	achieve	TI	achieve	iron	normalization	(i.e.,	achieve	
recommended	iron	levels	per	UK	Thalassaemia	Society	Standards)	at	the	
end	of	the	iron	normalization	period	and	are	assumed	to	be	at	no	further	
risk	of	TDT-related	complications

	– Patients	who	achieve	TR	experience	a	reduction	in	their	baseline	iron	
levels	(e.g.,	reduce	from	high	to	medium,	or	medium	to	low),	but	do	not	
achieve	iron	normalization

	– Patients	who	remain	TD	remain	at	baseline	iron	levels
•	 Mortality	risk	is	estimated	based	on	transfusion	status,	the	presence	of	

complications,	and	the	occurrence	of	other	transplantation-related	events

•	 To	assess	the	potential	survival	and	lifetime	clinical	outcomes	of	exa-cel	
versus	SOC	in	Canada	for	patients	with	TDT

OBJECTIVE

•	 The	duration	of	the	treatment	phase	was	assumed	to	be	1	year	and	the	
duration	of	the	time	to	iron	normalization/change	was	assumed	to	be	5	years	

•	 Model	inputs	for	baseline	prevalence	of	TDT-related	complications	
were	based	on	CLIMB	THAL-111;	the	risks	of	developing	TDT-related	
complications,	based	on	iron	levels	and	transfusion	status,	were	derived	
from	published	literature	(Table	1)
	– Patients	treated	with	exa-cel	who	achieve	TI	and	normal	iron	levels	were	
assumed	to	be	at	no	further	risk	of	developing	complications

•	 Transfusion	status-dependent	mortality	was	considered	as	standardized	
mortality	ratios	(SMRs)	applied	to	the	age-	and	gender-specific	mortality	
rates	in	the	Canadian	general	population:
	– Consistent	with	other	economic	analyses6,	patients	in	the	TD	health	
state	were	assumed	to	have	a	3.9-fold	increased	risk	of	mortality	vs	the	
general	population7	

	– Patients	in	the	TI	health	state	were	assumed	to	have	a	25%	increased	
risk	of	mortality	vs	the	general	population	to	account	for	the	impact	
of	previous	TDT	and	use	of	myeloablative	conditioning	as	part	of	the	
exa-cel	treatment	process

	– Patients	in	the	TR	health	state	were	assumed	to	have	a	2.6-fold	
increased	risk	of	mortality,	estimated	as	the	mid-point	of	TI	and	TD

	– Patients	who	developed	cardiac	complications	had	an	increased	annual	
mortality	risk	of	13%6,8	and	patients	with	diabetes	were	assumed	to	have	
a	1.5-fold	increased	risk	of	mortality9

Table 1. Risk of Developing TDT-Related Complications

Complication Risk	of	Developing	Complication Source

Cardiac	
complications

Annual	risk	by	cardiac	iron	content	level:
•	 Low:	1.1%
•	 Moderate:	1.9%
•	 High:	4.0%

Pepe	et	al.	
201810

Liver	
complications

Annual	risk	by	liver	iron	content	level:
•	 Low:	0.0%
•	 Moderate:	0.0%
•	 High:	8.5%

Assumption;	
Angelucci	et	al.	
200211

Diabetes Annual	risk	equation	based	on	age,	
serum	ferritin	levels	and	cardiac	levels	

Ang	et	al.	
201412Hypogonadism

Osteoporosis
Age-specific	monthly	incidence	rate	in	
the	general	population	with	an	increased	
risk	associated	with	TD		and	TR

Hippisley-Cox	
et	al.	200913;	Li	
et	al.	202314

Model	Outcomes
•	 The	following	outcomes	were	projected	by	the	model:

	– Mean	life	expectancy
	– Mean	number	of	RBCTs	over	patient	lifetime
	– Proportion	of	patients	developing	complications

•	 All	outcomes	are	undiscounted

Scenario	Analyses
•	 Model	parameters	were	varied	to	examine	the	impact	of	alternative	inputs	

on	clinical	outcomes,	including:
	– Population:	A	cohort	with	mean	age	of	12	years	with	no	baseline	
complications,	based	on	the	minimum	age	requirements	for	CLIMB	
THAL-111	trial	eligibility

	– Alternative trial data cut:	Utilization	of	CLIMB	THAL-111/131	April	2023	
data	cut	(follow-up	duration	up	to	51.1	months)	to	inform	exa-cel	clinical	
efficacy	in	model	(TI:	92.9%	[based	on	39/42	achieving	TI12];	TR:	7.1%,	
with	89.6%	reduction	in	RBCT	[based	on	reduction	of	remaining	3	
patients])4

	– Alternative efficacy definition & alternative trial data cut:	Assume	that	
patients	that	have	stopped	RBCT	for	≥60	days	by	the	time	of	the	
April	2023	data	cut	(as	opposed	to	TI12	endpoint	in	base	case)	are	in	
the	TI	health	state	(TI:	100%	based	on	April	2023	data	cut	of	CLIMB	
THAL-111/131)4	

RESULTS
Base	Case	Results
•	 Over	a	lifetime	horizon,	patients	treated	with	exa-cel	had	a	substantial	

increase	in	survival	of	18.1	years	compared	to	SOC	(Table	2)
	– The	mean	predicted	survival	(i.e.,	age	at	death)	of	patients	receiving	
exa-cel	was	67.4	years	vs.	49.3	years	for	patients	treated	with	SOC

•	 Patients	treated	with	exa-cel	received	~458	fewer	RBCTs	over	the	lifetime	
horizon	compared	to	SOC	(exa-cel:	26.4	vs.	SOC:	484.5)	(Table	2)

•	 Further,	the	lifetime	burden	of	complications	of	TDT	was	projected	to	be	
substantially	lower	in	patients	treated	with	exa-cel	than	in	those	receiving	
SOC	(Figure	3)

Table 2. Projected Survival and Number of RBCTs

Outcome Exa-cel SOC ∆,	Exa-cel	vs	SOC
Survival	
Mean	life	years		
(from	model	start) 46.3 28.2 18.1

Mean	age	of	death	(years) 67.4 49.3 18.1
Mean	number	of	RBCTs	over	a	lifetime
RBCTs 26.4 484.5 -458.1
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Figure 2. Projected Survival for Patients with TDT 

Figure 3. Proportion of Patients with TDT-Related Complications Over 
a Lifetime Horizon

Scenario	Analyses	Results
•	 Patients	treated	with	exa-cel	had	an	increase	in	survival	ranging	from	18.1	

to	21.4	years	compared	to	SOC,	across	the	various	scenarios	analyzed	
(Table	3)

Table 3. Scenario Analysis Results

Outcome
Incremental	
mean	LYs		

(Exa-cel	vs	SOC)

Incremental	mean	
number	of	RBCTs	
(Exa-cel	vs	SOC)

Base	case 18.1 -458.1

Age	12	years 21.7 -488.4
Alternative	trial	data	cut		
(April	2023) 18.4 -454.1

Alternative	efficacy	assumption	&	
alternative	trial	data	cut	(April	2023) 21.0 -459.8

LY:	life years

Limitations
•	 Healthcare	decision	analytic	models	based	solely	on	transfusions	and	iron	

levels	could	oversimplify	the	complexity	of	TDT	pathophysiology	given	the	
impact	of	anemia	and	ineffective	erythropoiesis

•	 Complication	risks	were	based	on	published	literature	using	historical	data	
on	patients	with	TDT	from	the	UK	and	Europe;	additional	contemporary	
Canadian-specific	complication	risks	may	more	accurately	reflect	the	
modeled	population

•	 As	a	simplifying	assumption,	the	modeled	cohort	receiving	SOC	was	
assumed	to	maintain	initial	iron	levels	and	frequency	of	RBCTs	throughout	
the	lifetime	horizon

•	 The	model	did	not	estimate	the	impact	of	luspatercept	on	projected	
outcomes;	previous	literature	suggests	including	this	therapy	as	part	of	SOC	
treatment	provides	modest	improvements	in	clinical	outcomes	to	patients	
with	TDT1

•	 Lifetime	clinical	efficacy	inputs	for	exa-cel	were	based	on	up	to	48.1	
months	of	clinical	data;	however,	given	the	mechanism	of	action	for	exa-cel,	
treatment	durability	is	expected	to	be	lifelong

•	 The	base	case	assumption	that	the	iron	normalization/change	period	lasts	5	
years	was	conservative	and	consistent	with	previous	TDT	health	technology	
assessment	assumptions6,15
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