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Abstract 

Background The aims of this research were to provide a better understanding of the specific evidence needs for 
assessment of clinical and cost-effectiveness of cell and gene therapies, and to explore the extent that the relevant 
categories of evidence are considered in health technology assessment (HTA) processes.

Methods A targeted literature review was conducted to identify the specific categories of evidence relevant to the 
assessment of these therapies. Forty-six HTA reports for 9 products in 10 cell and gene therapy indications across 8 
jurisdictions were analysed to determine the extent to which various items of evidence were considered.

Results The items to which the HTA bodies reacted positively were: treatment was for a rare disease or serious condi-
tion, lack of alternative therapies, evidence indicating substantial health gains, and when alternative payment models 
could be agreed. The items to which they reacted negatively were: use of unvalidated surrogate endpoints, single arm 
trials without an adequately matched alternative therapy, inadequate reporting of adverse consequences and risks, 
short length of follow-up in clinical trials, extrapolating to long-term outcomes, and uncertainty around the economic 
estimates.

Conclusions The consideration by HTA bodies of evidence relating to the particular features of cell and gene thera-
pies is variable. Several suggestions are made for addressing the assessment challenges posed by these therapies. 
Jurisdictions conducting HTAs of these therapies can consider whether these suggestions could be incorporated 
within their existing approach through strengthening deliberative decision-making or performing additional analyses.
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Introduction
Cell and gene therapies comprise the majority of the 
products that the European Medicines Agency desig-
nates Advanced Therapy Medicinal Products (ATMPs) 
[1]. While they offer patients potentially transforma-
tional gains in health, these therapies also pose issues 
for healthcare payers in all jurisdictions. Much has 
already been written about the distinctive character-
istics of these new therapies, and the need (or other-
wise) for new health technology assessment (HTA) 
methods, [2–9]. There has also been discussion of how 
these characteristics might shape price and reimburse-
ment negotiations [10, 11] and managed entry agree-
ments [12, 13]. Finally, the literature has also explored 
the cost-effectiveness profile of cell and gene therapies 
[14–16] and the variation in the reimbursement or cov-
erage decisions made in different jurisdictions [17–19].

Many of the assessment challenges relating to cell and 
gene therapies apply to rare disease treatments more gen-
erally, and most of the current cell and gene therapies are 
for rare conditions. However, in the case of cell and gene 
therapies the challenges are compounded by the poten-
tially transformational nature of the health gain and the 
potential long-term nature of the ‘cure’, which is subject 
to considerable uncertainty.

The issue of how HTA bodies are responding to the 
assessment challenges posed by cell and gene therapies 
has received relatively lower attention. HTA methods are 
partly conditioned by the evidence currently available 
and new methods often imply the need for new types of 
evidence. For example, the clinical evidence for cell and 
gene therapies may be sparse in relation to that available 
for most pharmaceuticals, the economic benefits pro-
duced by cell and gene therapies may require additional 
evidence to demonstrate them and many of the innova-
tive payment models being proposed may require further 
evidence generation post product launch.

In addition, although some of the papers in the current 
literature argue for a different approach to the HTA of 
cell and gene therapies, most HTA bodies prefer to use a 
standardized approach for all health technologies. In this 
context, the paper by Drummond et  al. [4] argues that 
HTA bodies could apply their standardized approach, but 
should give specific attention to some of the particular 
challenges posed by cell and gene therapies.

Therefore, the aims of this research were: i). to provide 
a better understanding of the specific evidence needs for 
assessment of the clinical and cost-effectiveness of cell 
and gene therapies, ii) to explore the extent that the rel-
evant categories of clinical evidence, economic evidence 
and evidence post-launch are considered in the HTA pro-
cesses in several jurisdictions, iii) to identify the issues in 

the generation and use of evidence that require further 
discussion and consideration.

Methods
To achieve the aims above, we undertook i) a targeted 
review of the literature on the clinical and economic 
evidence needs for these therapies, and ii) an in-depth 
analysis of HTA reports from 8 major jurisdictions for 
9 cell and gene therapies in 10 indications, together 
with any associated publicly available documents on 
managed entry agreements and post-launch evidence 
requirements.

Targeted literature review
Our starting point for the targeted literature review was 
the paper by Drummond et al. [4]. We selected this paper, 
which discussed the arguments for a new reference case 
for the HTA of gene therapies, because it contained the 
most extensive discussion to date of the implied clini-
cal and economic evidence needs. However, the paper is 
essentially expert opinion based on a limited review of 
the literature available at the time. Therefore, rather than 
accept the suggestions made in that paper without ques-
tion, we felt a further literature review was necessary to 
determine whether any new issues had arisen, or whether 
any relevant issues had been overlooked.

Given that there is already a substantial literature on 
the assessment challenges posed by cell and gene thera-
pies, including several targeted or systematic reviews 
[15, 20–22], we first reviewed the references in the most 
recently published systematic review [22] to identify any 
papers focussing on evidence requirements. We selected 
18 papers for detailed review from these sources. Then 
we followed a single-round ‘pearl growing’, or ‘snowball-
ing’ approach, via PubMed, starting from the paper by 
Drummond et al. 2019 until the end of February 2022 [4]. 
We excluded abstracts and conference proceedings and 
included peer-reviewed papers if they discussed existing 
or new challenges related to assessment, together with rec-
ommendations about the evidence needed to perform this 
assessment. In total there were 36 citations of the Drum-
mond et  al. paper during this period. Of these, 25 were 
retrieved as peer-reviewed papers, and 20 were used in 
the review. Five were excluded as they did not deal with 
the challenges of assessing cell and gene therapies. Addi-
tional references to post-launch requirements were also 
retrieved from the grey literature. The papers identified 
were critically appraised by two co-authors independently, 
and referenced and summarised narratively according to 
the framework proposed in the Drummond et al. checklist.
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Analysis of HTA reports
For the selection and inclusion of HTA reports in our 
analysis, we identified HTA evaluation reports for cell 
and gene therapies from 7 HTA bodies, and one regula-
tory agency that also performs HTAs, published prior 
to end of July 2021. The agencies were based in the 5 
largest European countries, plus the US and Canada: 
Agencia Española de Medicamentos y Productos Sani-
tarios (AEMPS) in Spain, Agenzia Italiana del Farmaco 
(AIFA) in Italy, Canadian Agency for Drugs and Tech-
nologies in Health (CADTH) in Canada, Gemeinsamer 
Bundesausschuss (G-BA) in Germany, Haute Autorité 
de Santé (HAS) in France, Institute for Clinical and 
Economic Review (ICER) in USA, National Institute 
for Health and Care Excellence (NICE) in England, and 
Scottish Medicines Consortium (SMC) in Scotland. 
The agencies selected were also representative of dif-
ferent approaches to conducting HTAs, some using 
the cost per QALY approach and others relying on an 
interpretation of the clinical data alone (see Table 1).

A data extraction form was developed based on the 
template first presented by Drummond et al. [4] follow-
ing verification of updates needed through the targeted 
review (see Table 2). The data extraction form included 
three sections: the first relates to clinical effectiveness 
assessments, including items such as sample size and 
duration of pivotal clinical trials used to approve the 
therapies, and whether trials were single-arm or uncon-
trolled; the second section relates to the valuation of 
benefits for gene therapies, including the treatment of 
severe disease, value to caregivers, scientific spillovers, 
and substantial improvements in life expectancy; the 
third section relates to additional considerations, such 
as discounting or consideration of alternative payment 
models.

The checklist has been previously used by Huygens 
et  al. [16] in a smaller study of a single gene therapy in 
3 jurisdictions. We applied it by recording whether each 
item was considered to be relevant in the jurisdictions 
concerned (Yes/No/Not available), together with illustra-
tive quotes from the HTA reports analysed. Data extrac-
tion was performed by one researcher and a random 
sample of the reports (n = 10) was checked for accuracy 
of data extraction by another member of the research 
team.

We also conducted a more detailed analysis of the com-
ments made in cases where a particular item was consid-
ered, by classifying the comments as ‘positive’, ‘neutral’ 
or ‘negative’. Positive assessments were those where the 
HTA body considered that the manufacturer had made a 
reasonable attempt at dealing with the issue, or where the 
HTA body recognised the importance of the item in con-
sidering the technology. Negative assessments were those 
where the HTA body felt that the issue had not been 
adequately addressed, or where it did not recognise  the 
importance of the item in considering the technology. 
Neutral assessments were those where the committee 
made no comments either way. These assessments were 
made by two members of the research team, with a con-
sensus being reached in cases where there were any dif-
ferences of opinion.

The findings were discussed by a small group consisting 
of academic researchers, payers, patient representatives 
and pharmaceutical industry personnel, prior to drafting 
a paper for submission to a peer-reviewed journal.

Results
Literature review
In total 38 papers were selected for detailed review based 
on their title and abstract, plus 8 reports from HTA 

Table 1 HTA reports analyzed

Key: AEMPS Agencia Española de Medicamentos y Productos Sanitarios, AIFA Agenzia Italiana del Farmaco, ALL acute lymphoblastic leukemia, CADTH Canadian Agency 
for Drugs and Technologies in Health, DLBCL diffuse large B-cell lymphoma, G-BA Gemeinsamer Bundesausschuss, HAS Haute Autorité de Santé, ICER Institute for 
Clinical and Economic Review, NICE National Institute for Health and Clinical Excellence, SMC Scottish Medicines Consortium

NICE
(GB)

ICER
(US)

CADTH
(CA)

SMC
(GB)

AIFA
(IT)

HAS
(FR)

G-BA
(DE)

AEMPS
(ES)

Kymriah DLBCL X X X X X X

Kymriah ALL X X X X X X

Yescarta X X X X X X X

Luxturna X X X X X X X

Strimvelis X

Imlygic X X X

Alofisel X X X X

Provenge X X

Glybera X X

Zolgensma X X X X X X X
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bodies and related organizations. The main issues relat-
ing to the use of evidence were as follows.

Clinical evidence requirements
Although the main focus of most of the papers reviewed 
was the economic evidence needs, several also discussed 
issues with the underlying clinical evidence for cell and 
gene therapies [4, 16, 23, 24].

Use of surrogate endpoints Many cell and gene thera-
pies are approved based on accelerated approval path-
ways, which allow for trials to be powered on surrogate, 
rather than final, endpoints. Where surrogates are used, 
they need to be validated, to show that they are closely 
linked to the final outcome of interest. This would usually 
be demonstrated through a meta-analysis of randomised 
controlled trials in the same indication [25].

However, in the case of cell and gene therapies, many of 
which are for rare conditions, these high standards of 
validation are difficult to achieve. It may be necessary to 
relax the requirements for validation to consider the par-
tial exchangeability of evidence across treatment classes 
or other patient populations. It may also be necessary to 

accept that although the outcome measure used is not a 
true surrogate for the final outcome, it may have prog-
nostic value for an outcome of importance to patients, 
carers or payers [26].

More generally on the appropriate selection of end-
points, the Institute for Clinical and Economic Review 
(ICER) evaluation framework for assessing single or 
short-term therapies (ICER-SST), has recognized the 
importance of patient-centric outcomes, such as daily 
function, chronic pain, physical activities, goal attain-
ment, which could be relevant in many indications for 
cell and gene therapy, although they are rarely included 
in clinical trials [27].

Lack of comparative evidence and the use of single arm 
trials Economic evaluations rely on an estimate of the 
relative treatment effect between the new treatment of 
interest and the current standard of care. However, for 
cell and gene therapies there is a high preponderance of 
single arm uncontrolled clinical studies, either because 
the patient population is small, or because of the practi-
cal difficulties or ethical concerns in randomization due 
to the potential of cure offered by the new therapy.

Table 2 Checklist for assessing gene therapies

Source: Drummond et al.,  20194

Item Yes No Notes

Clinical Effectiveness
Surrogate endpoint used □ □ Validation given?

Rare disease □ □ Prevalence _____

Serious condition □ □
Single-armed trial □ □ Matched histori-

cal cohort used?

Pediatric population □ □ Age range _____

Reporting of adverse consequences and risks □ □
Size of clinical trial _____ number of patients

Length of clinical trial _____ duration in months

Extrapolation to long-term outcomes _____ duration in months

Elements of Value Quantification

Severe disease □ □
Value to caregivers □ □
Insurance value □ □
Scientific spillovers □ □
Lack of alternatives □ □
Substantial improvement in life expectancy □ □
Other Considerations Notes

Discounting

Different discount rates explored □ □
Uncertainty

Alternative payment models explored □ □
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Therefore, it may be necessary to construct a comparison 
arm by using a historical or synthetic cohort. This was the 
approach followed in the economic evaluation of voreti-
gene neporvovec (Luxturna) for inherited retinal disease. 
However, when using a non-randomized comparison it 
is important to adjust for any confounding factors [4]. 
In the absence of well-designed and conducted RCTs to 
establish the comparative effectiveness of treatments, 
epidemiologists have proposed causal inference methods 
rooted in counterfactual theory applied to large obser-
vational databases, that can be viewed as an attempt to 
emulate a randomized experiment (the target trial) that 
would answer the question of interest [28].

Target trial emulation is gaining traction as a two-step 
methodological approach, useful in  situations where 
there is dearth of comparative evidence [29, 30]. Whilst 
it has been applied in several settings already, it requires 
large observational datasets with rich data to provide 
unbiased answers to the question of interest. This latter 
requirement makes the approach currently prohibitive 
to many indications of cell and gene therapies, which 
are developed for rare or ultra-rare conditions. Going 
forward, rethinking of the structure of real-world data 
collection, harmonization of related databases, and pro-
motion of cross-border data sharing procedures could 
facilitate use of target trial emulation for the evaluation 
of comparative effectiveness and safety of cell and gene 
therapies.

Limited sample size in clinical studies The problem of 
small patient populations for rare diseases is a feature 
of both randomized and non-randomized clinical stud-
ies of cell and gene therapies. One review found that 
47.2% of gene therapy clinical trials enrolled fewer than 
20 patients and that the median size of trial populations 
was 213 patients [23]. The HTA by NICE of Strimvelis, 
considered in the review of HTA reports (see later), was 
based on data from only 18 patients.

Small sample sizes greatly increase the uncertainty 
around clinical effect size, and also mean that any het-
erogeneity in the patient population is hard to analyse. 
With larger sample sizes heterogeneity in clinical and 
cost-effectiveness can be explored by defining and com-
paring sub-groups of the patient population, but this 
may not be possible with small patient numbers. In 
terms of subgroup data, performing post-hoc analyses 
without prior specifications is not appropriate, but they 
have been reported for some gene therapies assessed 
by EMA, and were found to be hypothesis generating 
instead of confirming [24]. An issue related to small 
sample size is that the study is often conducted in a 

single clinical centre, which can have implications on the 
generalizability of outcomes, because these studies are 
known to show larger effect estimates compared with 
multi-centre studies [31].

Immaturity of evidence and extrapolation of long‑term 
endpoints Another major consequence of accelerated 
marketing approval for cell and gene therapies is that the 
length of the available clinical studies may be short at the 
time the HTA is conducted, and hence extrapolation to 
long term endpoints will be required. This means that 
there is often considerable uncertainty about the nature 
of the survival curve (for the outcome of interest) for cell 
and gene therapies, and how this should be modelled. 
This issue is magnified in HTA evaluations focusing on 
young, compared with older, patients [32].

Some assessments of cell and gene therapies use mixture 
cure models, as was the case for axicabtagene ciloleucel 
(Yescarta), where the key assumption is that of the pro-
portion of patients cured [33]. In the case of the evalua-
tion of Luxturna, Huygens et al. [16] argue for an exten-
sive use of scenario and sensitivity analyses to explore the 
effect of different assumptions and to characterise the 
uncertainty in long-term effectiveness.

Economic evidence requirements
Most of the papers reviewed discussed the economic 
evidence requirements implied by the features of 
the diseases treated by cell and gene therapies, or the 
effects of those treatments.

Severity of disease Several papers noted that the condi-
tions treated by cell and gene therapies are life threaten-
ing or seriously debilitating. There is some evidence that 
individuals place a higher value on health gains for peo-
ple whose health is at a lower level [34]. Therefore, it is 
important that the nature of the disease is considered in 
HTAs, and the potentially higher value placed on health 
gains in severe disease is reflected in the analysis under-
taken. In those jurisdictions that estimate the incremen-
tal cost per quality-adjusted life-year (QALY) gained 
from new therapies, this could involve applying a higher 
QALY weighting, or by raising the decision-making 
‘threshold’ used to decide on whether the new technol-
ogy is recommended for use [35].

Insurance value Insurance value relates to the notion 
that individuals place a value on therapies being avail-
able in the future, even if they are unlikely to need them. 
It has been argued that when the treatment is for a 
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serious disease, the insurance value is likely to be higher 
[36]. Some papers argue that this would apply to many 
of the diseases treated by cell and gene therapies [3], 
and methods to explore this have been suggested [37, 
38]. Insurance value could be estimated by asking indi-
viduals what they would be willing to pay for an insur-
ance premium offering them access to particular thera-
pies, should they need them in the future. However, we 
are not aware of any estimates of insurance value for cell 
and gene therapies that have been published to date and 
it is unlikely that technology manufacturers have pro-
vided any estimates in submissions they have made to 
HTA bodies to date.

Lack of alternative therapies It is often the case for rare 
diseases that currently no active treatment options exist. 
Although the definition of “unmet need” is heterogenous 
across countries, lack of an effective available therapeu-
tic option is often, together with disease severity, a key 
qualifier for high unmet need, which constitutes a back-
ground for the value assessment of cell and gene thera-
pies [19, 39]. Those cell and gene therapies targeting rare 
diseases are often compared with best supportive care. 
In jurisdictions using either the metrics of ‘added clini-
cal value’ (e.g., France, Germany, and Italy), or ‘QALYs 
gained’ (e.g., England), the assessment should suggest a 
high added value if the new therapy is effective. There-
fore, one might question why a treatment in  situations 
where no treatment exists should attract additional value 
per se, or be provided even if it is not judged to be cost-
effective. The justification given in the literature is often 
based on equity or ethics, because in such situations the 
new therapy is providing a treatment option to individu-
als who are currently under-served, thereby reducing 
health inequalities [40].

Step change gain in length or quality of life Many cell 
and gene therapies have been described as ‘transforma-
tional’ in terms of the increases in length or quality of life 
they produce [41]. As in the case of comparisons with 
basic supportive care, effective therapies resulting in a 
‘step change’ gain are likely to generate high estimates 
of QALYs gained. Some HTA bodies do recognise ‘step 
change’ innovation in their processes by using ‘modifiers’ 
to the decision-making incremental cost-effectiveness 
threshold [42]. Also, in its Highly Specialised Technolo-
gies programme, NICE allows an increase in the deci-
sion-making threshold for therapies offering patients 
a gain of more than 10 QALYs over their lifetime [35]. 
However, this is one of only a few examples of a quanti-
fication of the added benefit from step changes in length 
or quality of life.

Many cell and gene therapies have curative intent, 
although the evidence does not currently exist to show 
that they provide a ‘cure’ [43]. It has been argued that a 
cure might be more valuable than a life-long treatment 
of equal effectiveness for the same condition, on the 
grounds that continuous treatment imposes a burden 
on patients and continually reminds them of their health 
problem [44].

However, to date there are no published estimates dem-
onstrating the value of this.

Option value Although there is currently no evi-
dence that cell and gene therapies provide a cure, many 
of them have a treatment effect of long duration. It has 
been argued in the literature that this adds value in that 
it provides patients the opportunity to benefit from other 
treatment advances in the future [36]. Option value has 
not yet been demonstrated in the context of gene therapy, 
but a recent systematic review has identified 12 estimates 
of option value, mostly from the field of oncology [45].

Value to carers and the family The value of therapies to 
carers and the family, in the reduction of the emotional 
stress of seeing a close relative or friend suffering from a 
serious disease, or the time spent in providing informal 
care, is widely recognised but rarely quantified in HTAs 
[46]. Many cell and gene therapies are for diseases affect-
ing children, where the impacts on the family may be 
greater, than for therapies more generally. This item links 
to the need to conduct economic evaluation from the 
societal perspective, and to pay attention to the estima-
tion of indirect and future costs [19].

Scientific spillovers When a drug with a new mecha-
nism of action is discovered, it may facilitate the develop-
ment of other therapies that will deliver benefits to future 
patients. Given that gene therapy is in early stages of 
development, it is likely that the level of scientific spillo-
vers could be extensive. However, this has yet to be dem-
onstrated [4]. Some HTA bodies do recognise the poten-
tial existence of scientific spillovers, and ‘new mechanism 
of action’ is one of the contextual considerations taken 
into account by ICER in the US [47].

Discounting The choice of discount rate typically has a 
profound effect on the cost-effectiveness of cell and gene 
therapies, given their high up-front cost and potentially 
long-term benefits. Arguments have been made for a 
lower discount rate for gene therapies, on the grounds 
that the social rate of time preference might be differ-
ent for investments made collectively by society, that 
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benefit future generations [2]. However, most HTA agen-
cies have a standard discount rate that they use for all 
their assessments. Nevertheless, there may be a case for 
undertaking a sensitivity analysis on the discount rate so 
that decision-makers are aware of the difference it makes.

Uncertainty Although there are well-accepted methods 
for characterising uncertainty in economic evaluations, 
the main uncertainty with cell and gene therapies is the 
long-term durability of the clinical effect. It has been sug-
gested that it might be useful to conduct a series of sce-
nario analyses for long-term effect that decision-makers 
could contemplate [14]. A critical limitation to the eco-
nomic evidence for cell and gene therapies is the reli-
ability of opinion-based assumptions necessary for the 
cost-effectiveness model development when evidence is 
absent [18].

Uncertainty has also been referenced with respect to 
ancillary medical costs of administering cell and gene 
therapies, treating complications, providing follow-up 
care, and to patients and their families out-of-pocket 
expenses to travel to administration sites and to stay 
there for follow-up monitoring [24].

Overall, based on the literature review, we concluded that 
the issues raised in the Drummond et al. paper were still 
valid and representative of the current literature.

Evidence post‑launch
Some of the long-term uncertainties can only be resolved 
by further data collection post-launch. Several of the 
papers reviewed stressed the importance of managed 
entry, or market access agreements for cell and gene ther-
apies, either because of the high cost of these products 
and/or the uncertainty over their clinical effectiveness [4, 
6]. These agreements can either be financial/utilization-
based or outcomes-based. The former can include simple 
price cuts, price/volume agreements, price caps or staged 
payments. The latter can include coverage with evidence 
development or performance-linked reimbursement. 
The appropriateness of these alternative payment models 
depends on several factors, from the payer’s willingness 
and capacity to take on financial risks and administra-
tive burden, to characteristics of the potentially indicated 
patient population, attributes of the therapy, or ability to 
assess target outcomes [48].

Outcomes-based agreements can be on the popula-
tion level and dependent on the results of an ongoing 
prospective clinical study, such as a randomised trial, or 
on an ad hoc post-marketing observational study. They 

can also be on the patient level and dependent on a 
patient registry that is established as part of the agree-
ment. The collection of evidence post-launch is criti-
cal to the outcomes-based agreements and can raise 
several challenges in study design, data collection and 
analysis. For example, one of the barriers identified for 
the implementation of outcome-based spread payments 
is reaching an agreement on financial terms while con-
sidering 12-months budget cycles and the possible vio-
lation of corresponding international accounting rules 
[49]. Because of these practical and administrative 
challenges, outcomes-based agreements have declined 
in popularity overall but still seem to be common for 
cell and gene therapies, since these therapies often pose 
uncertainty issues that can only been resolved by long-
term data collection [13, 50].

The key question is how to collect reliable data on out-
comes while still making the process manageable. Three 
approaches can be observed in the literature. First, data 
on outcomes can be obtained from clinical studies that 
are still ongoing at the time market access is granted. This 
is one of the approaches used to support the reimburse-
ment of drugs on the Cancer Drugs Fund in the UK [51]. 
Secondly, new data collection in clinical practice could be 
initiated by undertaking ad hoc studies or by establishing 
patient registries [13]. This approach has been recently 
introduced in Germany, with the Law for More Safety in 
the Supply of Medicines (GSAV) in 2019 [52]. According 
to this law, routine clinical practice data collection can be 
required for orphan medicines, drugs with conditional 
approval, or those approved under exceptional circum-
stances. The aim of this data collection is to achieve a 
valid quantification of the added benefit, considering that 
in most circumstances the added benefit is not quantifi-
able using pivotal studies [53]. Finally, use can be made 
of an existing drug registry initiated for another purpose. 
This latter approach has been extensively used in Italy 
[54] and in Spain [12, 13, 55].

Finally, the literature has identified additional proce-
dural and organizational challenges [56], from assessors’ 
lack of experience and preparedness to organizational 
differences between payers, from beneficiary turnover in 
multi-payer systems to lack of cross-border access which 
exacerbates geographical distances to be travelled by 
many patients [24]. These barriers are amplified in low- 
and middle-income countries where reliable and nation-
ally oriented programs for HTA and adequate financial 
coverage of these therapies are still uncertain [57].

Analysis of HTA reports
In total 46 HTA reports were reviewed, covering 9 cell 
and gene therapies, one of which (i.e., Kymriah) had 
indications for use in two different patient populations 
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(i.e., relapsed or refractory diffuse large b-cell lymphoma 
(DLBCL), relapsed or refractory b-cell acute lymphoblas-
tic leukaemia (ALL). Given the different timing of market 
access for a given technology in different jurisdictions, 
the list of cell and gene therapies identified was assessed 
by a maximum of 7 HTA bodies (e.g., Zolgensma assessed 
by all HTA bodies except for AEMPS) to a minimum of 
one single assessment (e.g., Strimvelis only assessed by 
NICE). None of the therapies had been assessed in all 8 
jurisdictions.

Consideration of clinical evidence
Table 3 gives an overview of the elements of clinical evi-
dence considered across the 46 HTA reports.

The full data extraction for all the HTA reports is 
given in Appendix 1 (Supplementary Information). This 
explains in detail the nature of the consideration given 
by each HTA body of the different data elements and any 
concerns that it had.

Overall, the consideration of the key aspects of the clini-
cal evidence by the various jurisdictions was high. Given 
the clinical evidence considered in HTA reports of cell 
and gene therapies typically relies on the pivotal clini-
cal trials used to gain – usually accelerated – regulatory 
approval, there is high consistency in the consideration 
of clinical evidence related challenges across the different 
HTA bodies. For example, the use of a surrogate endpoint 
was discussed in 70% of the reports, the use of a single 
arm trial in 85% and the extrapolation to long term out-
comes in 78%. The sample size of the clinical trials con-
sidered ranged from 18 (Strimvelis) to 436 (Imlygic), with 
a follow-up from less than 12 months (Glybera) to up to 
more than 4  years in the case of Zolgensma. The short 
duration of many of the trials motivates the frequent need 
of extrapolation of treatment benefit in the long term.

Taking the example of Kymriah for relapsed or refrac-
tory DLBCL, in all 6 reports analysed the use of a single 
arm trial and the reporting of adverse consequences and 
risks was discussed, together with the unanimous rec-
ognition that the therapy was not for a paediatric popu-
lation. However, the fact that the therapy was for a rare 
disease and for a serious condition was only explicitly 
considered in 3 and 5 jurisdictions respectively, reflect-
ing different judgments made by the HTA bodies of 
what constitutes rarity or seriousness of a disease. All 
agencies but G-BA considered objective response rate 
as the main endpoint to assess the effectiveness of the 
intervention, without discussing its surrogacy validity. 
Depending on the timing of the submission and repeated 
assessments, the sample size of the clinical trial consid-
ered was between 99 and 167, with a median observa-
tion time up to 40 months. A matched-adjusted indirect 

treatment comparison was needed to determine the 
comparative effectiveness of the treatment, relying on 
the SCHOLAR-1 cohort in DLBCL [58]. However, the 
payers expressed concerns due to lack of information on 
relevant confounders, and inclusion criteria of the cohort 
study identified.

Although more open to judgment and interpretation, 
the more detailed analysis of comments indicated that 
the items to which the HTA bodies reacted positively 
were the indication that the treatment was for a rare 
disease and that it was a serious condition. The items to 
which they reacted negatively were the use of unvalidated 
surrogate endpoints, single arm trials without an ade-
quately matched alternative therapy, inadequate report-
ing of adverse consequences and risks, the short length 
of follow-up in clinical trials and the methods for extrap-
olating to long-term outcomes (see Fig.  1). Although a 
direct comparison is not possible, many of these HTA 
body responses are consistent with those obtained by ten 
Ham et  al. [59] in their categorisation of HTA reports 
on ATMPs in 3 jurisdictions into the EUnetHTA Core 
Model domains.

Consideration of economic evidence
Table 4 shows the consideration of the various elements 
of economic evidence in the 7 jurisdictions that had 
assessed onasemnogene abeparvovec (Zolgensma), one 
of the latest gene therapies to be assessed. The economic 
evidence was not applicable for the report from the G-BA 
since its remit is to consider only the clinical evidence. In 
addition, consideration of insurance value and scientific 
spillovers was largely lacking in all jurisdictions, as many 
of the HTA bodies do not consider these to be part of 
their remit.

As in the case of the clinical evidence considera-
tions, the details of the full data extraction are given in 
Appendix 1.

As compared with the clinical evidence considerations, 
there was much more variability in the extent to which 
the various elements of economic evidence were consid-
ered (see Table 5). In particular, it is notable that although 
in 50% of reports discounting was applied, in only 37% 
were different discount rates explored. Also, in only 30% 
of cases was the value of therapy to caregivers explored.

The more detailed analysis of comments indicated 
that the items to which HTA bodies reacted posi-
tively were that the treatment was for a severe disease, 
that there was a lack of alternative therapies, that the 
treatment delivered a substantial improvement in life 
expectancy, and that an alternative payment model 
had been explored or agreed (see Fig. 1).
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Consideration of evidence post‑launch
Consideration of evidence post-launch often forms part 
of market entry agreements for cell and gene thera-
pies. The existence of a market entry agreement is often 
mentioned in HTA reports. However the details of 
those agreements, the evidence demands they address 

and data collection plan are systematically available for 
population-based agreement in England.

Table 6 shows the details of the outcomes-based agree-
ments for which publicly available data are available in 
France, Germany, Italy, and Spain. Details of the 4 agree-
ments existing in England are illustrated in Table 7.

Fig. 1 Summary of comments for all products

Table 4 References to the various elements in HTA reports for onasemnogene abeparvovec (Zolgensma)

N/A = information not available in the HTA report or supporting material

Item NICE ICER CADTH SMC AIFA HAS G-BA

Severe disease Yes Yes Yes Yes Yes Yes N/A

Value to caregivers Yes Yes Yes Yes N/A Yes N/A

Insurance value N/A N/A N/A N/A N/A N/A N/A

Scientific spillovers Yes N/A N/A N/A N/A N/A N/A

Lack of alternatives No No No No No No N/A

Substantial improvement in life expectancy Yes Yes Yes Yes Yes Yes N/A

Discounting Yes Yes N/A Yes Yes Yes N/A

Different discount rates employed Yes Yes N/A Yes Yes Yes N/A

Uncertainty Yes Yes Yes Yes Yes Yes Yes

Alternative payment models explored No N/A No No Yes N/A N/A
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The population-based agreements agreed between 
manufacturers and NICE/Department of Health and 
Social Care in England include a structured data collec-
tion protocol but, as was mentioned before, they are not 
normally de novo observational studies but rely on ongo-
ing clinical studies/trials and existing NHS data sources. 
These are aimed at reducing uncertainty in the estimates 
of outcomes and cost-effectiveness. They generally do not 
include gathering of data on other patient-relevant end-
points unless these were already being gathered in the 
ongoing trials.

The publicly available data on population-based schemes 
in France was too limited to enable any assessment of their 
suitability.

The experience of Germany on routine practice data 
collection for the evaluation of added benefit is very 
recent and driven by the GSAV law. A study protocol for 
routine data collection and evaluations of onasemnogene 
abeparvovec (Zolgensma) was published in January 2022 
[60]. The objective of the study is to evaluate the overall 
effectiveness and safety in patients with spinal muscular 
atrophy (SMA) treated with Zolgensma compared with 
Spinraza (nusinersen) based on a non-interventional, 
non-randomized data collection using secondary data 
from two registries. The data cut for the final analysis is 
planned for December 2026.

The individual-based agreements in Spain and Italy 
rely on data collected through drug registries and pro-
vide enough data on patient response to identify non-
responders (for purposes of determining clawback 
payments) and to inform staged payments. However, the 
data collected through these registries are not incorpo-
rated into a wider programme for real world data collec-
tion and do not normally provide enough data to assess 
clinical outcomes or the impact of therapies on health-
related quality of life. The role of these registries in any 

re-appraisal process is unknown and the data are not 
normally published.

Discussion
Based on the findings of the literature review and analy-
sis of HTA, it is possible to identify several issues in the 
generation and use of evidence for cell and gene thera-
pies that require further discussion and consideration 
However, in discussing these issues it is important to rec-
ognise that there are differences between HTA bodies in 
different jurisdictions in how the clinical and economic 
evidence should be used. Therefore, any suggestions for 
improvements need to take account of these country-
level differences.

To date, most HTA bodies, including those studied 
here, have not instituted a separate assessment pro-
gramme or approach for cell and gene therapies, or 
advanced therapy medicinal products (ATMPs) more 
generally, although some have supplemental processes 
for rare disease treatments that are more suited to their 
assessment [61, 62]. Given the preference of most HTA 
bodies to use the same standardized approach for all 
health technologies, it may be more realistic to consider 
ways in which bodies can tackle the various challenges 
within their existing approach to HTA. Ultimately, any 
changes in how cell and gene therapies are assessed will 
reflect the views of the various HTA bodies and the con-
stituencies they serve. However, a few suggestions are 
given below.

Consideration of clinical evidence
In terms of establishing the validity of the surrogate end-
points, current appraisals of cell and gene therapies are 
unlikely to meet the highest standards (e.g., link between 
treatment effects on surrogate and final outcomes estab-
lished based on meta-analyses of RCTs in the same 
indication and treatment class). However, it is still rec-
ommended that appraisals of these therapies follow a 
structured approach to the validation of surrogate end-
points, and justify the adoption based on the prognos-
tic value of the biomarker rather than on the surrogacy 
value, on relaxed requirements of indication- and treat-
ment- specific evidence of validation, on full or partial 
exchangeability of evidence across treatment classes and 
populations. In addition, carefully designed post-launch 
evidence generation programmes may answer the ques-
tion of surrogate validity and effectiveness on patient-
relevant endpoints, which may be the preferred approach 
in some jurisdictions. Therefore, it would be useful for 
HTA bodies and payers to agree standards for long-term 
patient relevant outcome collection and for validating 
surrogate endpoints, while acknowledging the challenges 

Table 5 Summary statistics on consideration of economic items

Item Considered 
relevant No. (% of 
reports)

Severe disease 35 (76%)

Value to caregivers 14 (30%)

Insurance value 0 (0%)

Scientific spillovers 4 (9%)

Lack of alternatives 28 (61%)

Substantial improvement in life expectancy 29 (63%)

Discounting 23 (50%)

Different discount rates employed 18 (39%)

Uncertainty 40 (87%)

Alternative payment models explored 21 (46%)
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posed by small patient populations. Ideally, post-launch 
evidence generation should be agreed at the time of 
the HTA, be based on rigorous protocols, and, if possi-
ble, enforced by management agreements that make the 
reimbursement and price status contingent on data col-
lection and the relevant findings.

Recruitment to conventional randomized controlled 
trials may be difficult due to the small target popula-
tion, and may be influenced by the expectation of size-
able benefits in high unmet-need areas, that strongly 
enhances the attractiveness of the experimental arm over 
the standard of care. In addition, there may be opera-
tional hurdles, in enrolling patients outside qualified cen-
tres, and in the choice of the comparator arm. Although 
methods for the design and analysis of clinical trials in 
small populations have been proposed [63–65],they have 
not yet been widely accepted in the HTA community.

A high preponderance of pivotal single-arm uncon-
trolled trials means payers need to find, or assemble, 
a suitable contemporary historical cohort of patients 
treated according to standard practice, which can be used 
to determine the comparative effectiveness of the thera-
pies. A common concern observed in the HTA reports 
was that ‘standard practice’ could vary across jurisdic-
tions or change over time. Guiding principles for per-
forming such treatment comparisons could be agreed in 
advance between manufacturers and decision-makers, 
starting from high-quality patient-level data from reliable 
and traceable sources; appropriate cohort selection based 
on matching inclusion/exclusion; suitability of real-world 
endpoints; fit-for-purpose analytical methodologies. 
The acceptability of synthetic cohorts or in silico model-
ling for this purpose should be established. Therefore, it 
would be useful to agree criteria for when a single-arm 
clinical study can be deemed acceptable, and guidelines 
for assembling a matching comparator cohort.

Due to the short timeframe of the pivotal clinical 
studies (typically one or two years), long-term benefit 
and adverse events of cell and gene therapies are not 
substantiated by trial data and remain largely uncer-
tain at the time of the assessment. Therefore, there 
is a need to support the assumption of maintained 
improvement in health or treatment effect in the 
long-term. It is recommended that current biological 
knowledge on the pathophysiology of the disease com-
plemented by additional external sources of evidence 
inform this step. The extrapolation of survival curves 
is more and more often based on mixture cure models 
in appraisals of cell and gene therapies, although the 
plausibility of presence and magnitude of a cure frac-
tion must be discussed at length. Extensive scenario 
and sensitivity analyses are warranted, given that this 

parameter may have the largest impact on the cost-
effectiveness analyses results.

Finally, quality of life measures, although important to 
patients, are not necessarily considered by those HTA 
bodies assessing added clinical value, as they are per-
ceived as being subjective. Some countries may need 
to consider changing their assessment framework to 
encompass quality of life, although efforts to collect these 
data in clinical studies also need to improve, as quality of 
life evidence for cell and gene therapies, and rare diseases 
more generally, is scarce and often of poor quality [66]. It 
would also help if there was a requirement from regula-
tory or HTA bodies to undertake quality of life data col-
lection as part of clinical trials.

Consideration of economic evidence
In addressing the consideration of economic evidence, it 
is again important to recognise that HTA processes dif-
fer quite widely across countries. In those countries that 
assess the ‘added clinical value’ provided by therapies, 
economic evidence is not explicitly considered in the 
assessment process, although the acquisition cost of new 
therapies is considered as part of the price negotiation. In 
those countries assessing the ‘cost-effectiveness’ of new 
therapies, it is possible to discuss how economic value is 
characterised and whether the definition of ‘value’ should 
be broadened. It is very rare for countries to switch from 
one approach to HTA to the other, although France did 
add the consideration of cost-effectiveness as a support-
ing approach to its ‘clinical added value’ decision-mak-
ing procedure. Therefore, in making recommendations 
for change, it is important to consider how these can be 
implemented within each of the contrasting approaches 
to HTA.

First, there may be arguments for expanding the HTA 
process to include the impacts on caregivers and the fam-
ily. These are important for all therapies, but arguably 
particularly important in the case of therapies for very 
severe debilitating illnesses and those affecting children. 
Within the cost-effectiveness approach this suggests that 
impacts on caregivers’ quality of life could be assessed 
and possibly the additional costs imposed on families. If 
a broader societal perspective were adopted, costs falling 
on patients and families would be included [67]. In those 
jurisdictions adopting a narrower health care perspec-
tive, it would still be possible to present these costs sepa-
rately from the costs falling on the health care system, so 
that decision makers can consider them.

Within the clinical added value approach, considera-
tion of impacts on caregivers and the family could be 
made an explicit item of value within the ‘clinical’ value, 
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or the composition of assessment committees could be 
expanded in include patient representatives, who are 
likely to stress these issues.

Secondly, there is broad agreement that cell and gene 
therapies offer the potential for transformational gains 
in health. Some jurisdictions following the cost-effec-
tiveness approach do apply a ‘modifier’ to the threshold 
of the maximum level of incremental cost-effectiveness 
they are willing to accept in cases where there is a ‘step-
change’ in survival and/or quality of life. There could be 
further examination of whether and how these modifiers 
are applied in practice and whether they make a differ-
ence in the assessments that are performed. It is more 
difficult to determine how this issue would be explored 
in those jurisdictions using the ‘added clinical value ‘ 
approach, other than comparing the decisions across 
a range of technology appraisals. One study compar-
ing the assessments made by NICE in England and HAS 
in France did find a correlation between the level of 
QALYs gained and level of ASMR awarded [68]. Perhaps 
the notion of ‘added clinical value’ could be made more 
explicit, outlining the nature of the ‘added value’ that 
is considered relevant, both to patients and the general 
public, as well as to clinicians.

Thirdly, the application of discounting, within the ‘cost-
effectiveness’ approach is critical in the assessment of 
cell and gene therapies, with their high ‘up-front’ costs 
and potential long-term benefits. It was noticeable in 
the analysis of HTA reports that where discounting was 
applied, the effect of differential discount rates was not 
explored in many cases. Given the sensitivity of the cost-
effectiveness estimate of cell and gene therapies to the 
discount rate, a sensitivity analysis could be presented to 
decision-makers in all cases.

Fourthly, insurance value was not considered in any of 
the HTA assessments examined, probably because no evi-
dence was presented. It is possible that this is a major ele-
ment of the value of therapies for catastrophic disease and 
deserves more investigation. However, further research is 
required to determine whether the insurance value is sub-
stantial for these therapies and whether this justifies the 
application of a modifier within the HTA process.

Finally, a major consideration in all jurisdictions was the 
uncertainty surrounding cell and gene therapies. Conven-
tional approaches for characterizing uncertainty, such as 
undertaking probabilistic assessment, are not very helpful 
when considering issues such as the long-term durability 
of these therapies, which is often completely unknown. 
Consideration could be given to the more extensive use 
of scenario analysis, suggested by Huygens et  al. [16], or 
the more extensive use of outcome-based managed entry 
agreements, suggested by Drummond et al. [4].

Consideration of evidence post-launch
Cell and gene therapies, and advanced therapy medici-
nal products in general, are often characterized by a 
high level of uncertainty at market launch over their 
(long-term) clinical and economic impact. Conse-
quently, ad hoc post launch studies to produce real-
world evidence (RWE) could be implemented, if they 
are needed and feasible. These studies can be linked 
with outcome-based managed entry agreements in the 
form of coverage with evidence development: initiating 
these agreements without an appropriate protocol and 
data collection may represent missed opportunities.

If post-launch data collection through an ad hoc study 
is not feasible, a pragmatic approach to data collection is 
better, e.g., the one adopted by England through Man-
aged Access Agreements that rely on existing data col-
lection programs managed by the industry, and existing 
NHS registries/administrative databases.

Individual-based agreements rely on existing drugs 
registries or ‘ad hoc’ data collection on ‘clinical outcome’ 
indicators. In many cases they do not provide a com-
plete data set to assess the real-world impact of these 
therapies, but they could serve performance-linked reim-
bursement agreements, in which payment is made when 
patients respond to treatment.

In general, more transparency on outcome-based 
agreements and RWE collected through these agree-
ments is needed, provided that the most sensitive data of 
the agreement (e.g., the actual price if the therapy is sub-
ject to a discounts) are kept confidential. Transparency 
would provide better feedback to those who are tasked 
with data collection, and would enhance the replicabil-
ity of the agreements negotiated, thereby benefiting the 
health care community as a whole. Guidance for imple-
menting and conducting managed entry agreements 
has recently been developed for rare disease treatments, 
which could form a basis for discussions on MEAs in cell 
and gene therapy [69].

Conclusions
This research has shown that the consideration by HTA 
bodies of evidence relating to the particular features of 
cell and gene therapies is variable. In part this reflects 
the different approaches used in different jurisdictions. 
Although it is not possible to reach a complete consen-
sus on which elements of evidence should be considered, 
several suggestions have been made. All jurisdictions 
conducting HTAs of these therapies could consider 
whether and how these suggestions might be incorpo-
rated within their existing approach, through strength-
ening deliberative decision-making or performing 
additional analyses.
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