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ABSTRACT

Introduction: New requirements in Canada’s
pricing processes for patented drugs may exac-
erbate delays in regulatory and reimbursement
reviews. This study seeks to better understand
the impact of any additional delays on non-
small cell lung cancer (NSCLC) patients by
measuring the following: (a) durations and

outcomes of regulatory and reimbursement
reviews of NSCLC drugs in Canada and refer-
ence countries; (b) delays in Canada’s reviews of
three NSCLC drugs (nivolumab, afatinib, and
pemetrexed [NAP]); and (c) estimating clinical,
patient, and economic impacts of delays in
Canada’s reviews on access to NAP.
Methods: Information from the Context Mat-
ters database and the literature (2005–2020) was
used to evaluate the durations and outcomes of
reimbursement reviews of NSCLC drugs in
Canada and comparator countries. Public
information was used to assess delays in Cana-
da’s reviews of NAP. Empirical modeling with
data from the literature and the Southern
Alberta Lung Cancer database was used to esti-
mate the impact of delays in Canada’s NAP
reviews on patients (i.e., as losses in person-
years of life and quality-adjusted life-years
[QALYs]).
Results: Regulatory and reimbursement
reviews in countries of interest take 12–-
18 months. In Canada, reviews of NSCLC drugs
took 216 days (median), with a 24% rejection
rate (mean = 19%). Delays in NAP reviews ran-
ged from 5 to 94 days at Health Canada, 0–-
80 days at CADTH/pCODR, and 12–797 days in
Canadian provinces. These delays may have
affected 6400 patients, who lost up to
1740 person-years of life and 1122 QALYs (val-
ued at CA$112 million).
Conclusion: Changes to Canada’s prescription
drug pricing processes may prolong reviews.
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Key Summary Points

The implementation of the Patented
Medicine Prices Review Board new pricing
regulations in Canada, now planned for
July 2022, may potentially impact the
review process for new therapies and delay
patient access to new drugs.

We reviewed the durations of regulatory
and reimbursement reviews of three novel
therapies for non-small cell lung cancer
(nivolumab, afatinib and pemetrexed).

We predict that the planned changes may
delay patient access to new drug
treatments with potential impacts on
patient quality of life and survival.

INTRODUCTION

Canada spends 1.74% of its gross domestic
product (GDP) on prescription drugs [1]; how-
ever, Canadians with public drug coverage
continue to have restricted or delayed access to
new therapies1 [2, 3]. These delays are due to
the many-layered sequential review processes
that inform public drug plans’ decisions on
whether to provide access to new medicines
[2, 4]. Rawson (2014) and Gotfrit et al. (2020) [2]
have described how delays in Canadian regula-
tory and reimbursement approvals adversely
affect cancer patients’ survival [2, 5]. Delays
may be exacerbated by the recent reforms by the
Canadian regulator of patented drug prices (i.e.,
the Patented Medicine Prices Review Board
[PMPRB]) to review processes to address phar-
maceutical spending [1, 6–8]. For context,

patients’ access to oncology drugs in Canada
requires submissions to Health Canada (for
Notice of Compliance [NOC] with all relevant
safety laws), the Canadian Agency for Drugs and
Technologies in Health/pan-Canadian Onco-
logic Drug Review (CADTH-pCODR) and/or
Institut National d’Excellence en Santé et en
Services Sociaux (INESSS [Québec only]), and to
provincial authorities to ultimately decide if
and when to initiate reimbursement [4, 9].
Afterwards, the PMPRB sets a price ceiling, while
provincial authorities (through the pan-Cana-
dian Pharmaceutical Alliance [pCPA]) may fur-
ther negotiate lower drug prices with
manufacturers [8, 10, 11]. Benchmarks used in
price setting include prices of other drugs in the
same therapeutic class in Canada, changes to
Canada’s consumer price indices, and prices of
the indicated drug in reference countries (i.e.,
France, Germany, Italy, Sweden, the United
Kingdom, Switzerland, and the United States of
America) [11–13]. Reforms to pricing review
processes planned to be implemented from
January 2022 (and since delayed to July 2022)
will require new drug submissions to include
information that describes a drug’s estimated
pharmacoeconomic value, anticipated market
size, and GDP/GDP per capita of reference
countries [6, 14]. Additionally, the list of refer-
ence countries will be reconstituted to include
only developed countries that typically have
lower patented drug prices than Canada (i.e.,
Switzerland and the United States will be
removed, while Australia, Belgium, Japan, the
Netherlands, Norway, and Spain will be added).
These new requirements will likely increase the
complexity of new drug submissions [15],
potentially lengthening the durations of pricing
reviews and delaying reimbursement decisions
[7]. These changes may also delay access to
innovative cancer medicines, and little is
known about how cancer patients are likely to
be affected.

To better understand the potential conse-
quences of proposed pricing reforms for cancer
patients, this study had two overarching goals:
to compare the durations and outcomes of
regulatory and reimbursement reviews of
oncology drugs in Canada and PMPRB’s new
reference countries, and to gain insight into

1 Not every patient diagnosed will be subject to delay, as
more than 60% of Canadians have private drug coverage
and may not be affected by the timing of provincial drug
program decisions.
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population-level impacts of delayed access to
lung cancer drugs. Lung cancer is the number
one cause of cancer-related death in Canada, so
it was selected as our focus for this study [16].
Current clinical practice guidelines recommend
testing for biomarkers, often termed ‘‘must-test
genes,’’ including epidermal growth factor
receptor (EGFR), BRAF, ROS1, and programmed-
death ligand-1 (PD-L1), prior to treatment ini-
tiation, as these have been shown to predict
response to therapy, guide treatment decisions,
and affect outcomes [17–19]. Several techniques
are available for these biomarker tests, which
are dependent on several factors, including
sample size and type, institution protocols, and
cost [20]. The selected lung cancer drugs repre-
sent three different therapy classes—one
immunotherapy drug (nivolumab), one broad-
indication targeted inhibitor (afatinib), and one
broad-indication chemotherapy drug (peme-
trexed)—collectively referred to hereinafter as
NAP (we chose one analogue to represent each
class in our analysis of patient- and population-
level impacts).

METHODS

Overview

This study involves several components: analy-
ses of data on durations and outcomes of health
technology assessment (HTA) reviews of non-
small cell lung cancer (NSCLC) drugs in Canada
and reference countries (2005–2020); targeted
literature reviews of pathways to pharmaceuti-
cal market access in countries of interest; anal-
yses of data on the durations of regulatory and
reimbursement reviews of NAP in Canada; and
empirical modeling with data from the litera-
ture and patient-level information from a ret-
rospective analysis of real-world data.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. The deidentified patient

information used in this retrospective observa-
tional study does not include any identifiable
information, and an institutional review board
(IRB) approval or waiver is therefore not
required.

Data

Regulatory and HTA Reviews of Oncology
Drugs in Canada and Reference Countries
An analytic dataset was created using abstracted
information from the ClarivateTM Market Access
Platform database (formerly Context Matters).
The database contains drug-specific data on
clinical trials and HTA reviews/determinations
for various countries and uses machine learning
to capture, structure, and standardize disparate
data sets. For this analysis, reference countries
included Australia, the Netherlands, Spain,
France, Germany, Italy, Sweden, and England
(all of which are PMPRB current or proposed
comparator countries), and abstracted infor-
mation included generic/brand names, manu-
facturer, indication, and dates and outcomes of
HTA reviews (between 2005 and 2020). Oncol-
ogy drugs of interest were for NSCLC due to the
high unmet need and speed of innovation.
Targeted literature reviews were used to sup-
plement abstracted information and to examine
pathways/steps involved in regulatory and HTA
review processes for new drug applications in
reference countries.

Public Records of Canadian Regulatory
and HTA Review of NAP
Data on Canadian regulatory reviews of NAP
were abstracted from the following sources: the
Summary Basis of Decision Post-Authorization
Activity and the Regulatory Decision Summary
Tables for reviews at Health Canada (e.g., sub-
mission dates, NOC dates, and priority/standard
review status) [21]; CADTH-pCODR Review
Summary Details and INESSS’s website for HTA
reviews (e.g., pre-/post-NOC review status, sub-
mission dates, priority/standard review status,
initial recommendation dates, and final rec-
ommendation dates) [22]; and CADTH-pCODR
Provincial Funding Summary files for
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information on provincial reimbursements for
NAP [23].

Southern Alberta Lung Cancer Database
This is a large, real-world, institutional database
that captures demographic, tumor, laboratory,
treatment, and outcome information for indi-
viduals diagnosed with lung cancer in Southern
Alberta, Canada [24, 25]. The database has 2
million individuals in its catchment area, and
data collection involves extracting information
from patients’ medical records, tumor registry
data, pathology reports, pharmacy records, and
treatment summaries. Data used for analyses
came from patients who received a lung cancer
diagnosis between 2010 and 2016 (i.e., when
NSCLC data collection started to obtain mature
overall survival data).

Analyses

Benchmarking HTA Reviews on NSCLC Drugs
in Canada and Reference Countries
Abstracted information from the Context Mat-
ters database was used to determine the dura-
tions and outcomes of HTA reviews of NSCLC
drug submissions to the indicated agencies. The
durations of HTA reviews were summarized by
HTA agency and year, while time trends (me-
dian durations) by year and HTA agency were
assessed using Pearson’s correlation coefficients.
Outcomes of HTA reviews included recommend
for reimbursement without restrictions (or recom-
mend), recommend for reimbursement with
restrictions (or recommend with restrictions), do
not recommend for reimbursement (i.e., reject),
and unknown. Rates of rejection were also sum-
marized by HTA agency.

Quantifying Delays in Canada’s Regulatory
and HTA Review of NAP
The durations of regulatory and reimbursement
review of NAP were compared to review timeli-
nes internally established by Health Canada
and CADTH/pCODR. Delays were defined as the
number of days used in reviewing NAP above
and beyond indicated benchmarks (i.e., D1 and
D2 for delays at Health Canada and CADTH-
pCODR, respectively [see Supplementary Fig. 1,

Panels A and B]). INESSS does not provide
internal performance benchmarks, and delays
related to the INESSS HTA review process were
not quantified. As performed in a previous
study, delays in provincial reimbursement were
defined relative to the first provincial reim-
bursement for NAP (D3 for delays at Canadian
provinces [see Supplementary Fig. 1, Panels A
and B]) [26].

Impacts of Delays in Canada’s Regulatory
and Reimbursement Reviews of NAP
The concept of delay is best understood by
visualizing the process of clinical decision
making on cancer treatment at points of care. A
1-day delay in the review of a new drug could
make it unavailable to some patients with
approved indications; the associated opportu-
nity costs may be captured as lower health-re-
lated quality of life and/or overall survival if the
new drug is safer and/or more effective than the
current standard of care. For example, Gotfrit
et al. [2] state that the literature ‘‘demonstrates
that for 21 drugs effective in advanced malig-
nancies, 1 life-year is lost worldwide for every
12-s delay from the time of drug discovery to
approval’’ [2].

In our analyses, the Southern Alberta Lung
Cancer database was used to estimate the pro-
portion of newly diagnosed NSCLC patients
with appropriate indications for NAP as well as
their overall survival (see Supplementary
Table 1 for more details).

Numbers of NSCLC patients affected by
delays were calculated as the product of three
estimates: new NSCLC cases diagnosed per day
in Canada/each Canadian province (from
Canadian Cancer Statistics); proportion of
NSCLC cases with appropriate indications for
NAP (see Supplementary Figs. 1, 2, and 3 for
more details); and length of delay (days) in
regulatory and reimbursement reviews of NAP
(i.e., D1, D2, or D3).

The person-years of life lost (PYLL) to delays
were calculated as follows: (1) relative increases
in the median overall survival of NSCLC
patients due to NAP were estimated by dividing
the median overall survival in the investiga-
tional arm by the median overall survival in the
comparator arm from CheckMate-057 (for
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nivolumab), LUX-Lung 7 (for afatinib), and
PARAMOUNT (for pemetrexed) trials (see Sup-
plementary Table 2 for more details); (2) the
median survival of NSCLC patients in the real
world with appropriate indications for NAP was
estimated from the Southern Alberta Lung
Cancer database; (3) the hypothetical survival
of individuals in the real world had they
received NAP was estimated as the product of 1
and 2 (i.e., the relative increase in median
overall survival in the randomized control trial
[RCT] times the observed median overall sur-
vival in the real world); (4) the PYLL per patient
was calculated as the difference between the
value estimated in steps 3 and 2 (i.e., the
hypothetical median overall survival of patients
in the real world had they received NAP minus
the observed median overall survival); and (5)
the PYLL per patient estimated in step (4) was
multiplied by the number of patients affected
by delays in regulatory and/or reimbursement
reviews of NAP [26–31].

Quality-adjusted life-years (QALYs) lost to
delays were estimated as the product of PYLL to
indicated delays and weighted utilities associ-
ated with use of NAP in NSCLC patients (across
all lines of therapy and disease progression
states [i.e., 0.63 for nivolumab and pemetrexed
and 0.66 for afatinib]) [32, 33]. Lastly, economic
values of QALYs lost to delays in regulatory and
reimbursement reviews of NAP were estimated
by valuing each lost QALY at CA$100,000
[34, 35]. In sensitivity analyses, alternative
specifications for patients with appropriate NAP
indications (±20%), utilities (±20%), and pro-
gressive declines in delays at Health Canada,
CADTH-pCODR, and provincial authorities (by
50% and 100%) were assessed.

RESULTS

Pathways, Durations, and Outcomes
of Reviews on Oncology Drugs in Canada
and Reference Countries

The expected durations of regulatory and HTA
reviews on oncology drugs in Canada and other
countries of interest are presented in Fig. 1
[21, 22, 36–55]. Overall, the data suggest that

most countries take 12–18 months to complete
reviews on new submissions for oncology drugs.
The shortest and longest HTA review durations
were reported for Germany (approximately
210 days) and Spain (up to 735 days), respec-
tively. Additionally, several countries have
multiple agencies in their regulatory and access
review pathways, and each require sequential
(or rarely, concurrent) review steps. For exam-
ple, Australian regulatory and HTA reviews of
new oncology drugs are performed by two
agencies, the Therapeutic Goods Administra-
tion (TGA) and the Pharmaceutical Benefits
Advisory Committee (PBAC), and reviews may
last up to 2 years [40]. Canada also has an
intricate review process involving several agen-
cies (i.e., Health Canada, CADTH-pCODR,
pCPA, and provincial authorities, some with
undisclosed review steps) and reviews new drug
applications with a target of 18 months for
Health Canada and CADTH combined, but not
including the subsequent pCPA and provincial
processes.

The durations and outcomes of regulatory
and/or HTA reviews of new applications for
NSCLC drugs in Canada and reference countries
are presented in Table 1. We found 416 eligible
records of new drug applications submitted to
relevant regulatory and HTA agencies between
2009 and 2020. The rejection rate for NCSLC
drugs ranged from 0% (e.g., Italy and Sweden)
to 35% (Australia) and was 24% in Canada
(median and mean rejection rates for NSCLC
drugs were 19% and 19%, respectively). The
median durations of review ranged from 182 to
1053 days (216 days in Canada). Lastly, we
found no evidence of significant time trends in
median durations of regulatory and HTA
reviews of NSCLC drugs in Canada or reference
countries.

Canadian Regulatory and Reimbursement
Reviews of NAP

When reviewing new drug applications, Health
Canada sets a target of 205 days for priority
reviews and 345 days for standard reviews,
while CADTH-pCODR sets a target of 180 days
for HTA reviews. Details of reviews of NAP by
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Health Canada, CADTH-pCODR, and provincial
authorities are presented in Table 2. Health
Canada completed a priority review of nivolu-
mab in 210 days (i.e., D1 delay for nivolumab
was 5 days) and a standard review of afatinib in
439 days (i.e., D1 delay for afatinib was 94 days
from agency-set targets). Nivolumab and afa-
tinib submissions to CADTH-pCODR were pre-
NOC; thus, indicated D1 delays at Health
Canada were subsumed within D2 delays at
CADTH-pCODR, as they did not impact com-
mencement of HTA reviews. Information on the
submission date for pemetrexed was unavail-
able. CADTH-pCODR completed priority HTA
review of nivolumab in 148 days and standard

HTA review of pemetrexed in 140 days (i.e., no
D2 delays for nivolumab and pemetrexed).
However, CADTH-pCODR completed standard
HTA review on afatinib in 260 days (i.e., D2
delay for afatinib was 80 days from agency-set
targets). Delays in provincial reviews of NAP
ranged between 12 days (Manitoba) and
518 days (Prince Edward Island) for nivolumab,
between 23 days (New Brunswick) and 797 days
(Prince Edward Island) for afatinib, and between
29 days (Ontario, Nova Scotia, and Newfound-
land and Labrador) and 630 days (Prince
Edward Island) for pemetrexed.

Fig. 1 Expected durations of regulatory and HTA reviews
of oncology drugs in Canada and some reference countries.
Estimated durations assume no regulatory delays. TGA,
Therapeutic Goods Administration [36–38]; PBAC,
Pharmaceutical Benefits Advisory Committee [39, 40];
HC, Health Canada [21]; CADTH, Canadian Agency for
Drugs and Technologies in Health [22]; pCODR, pan-
Canadian Oncology Drug Review [22], INESSS, Institut
National d’Excellence en Santé et en Services Sociaux [41];
NICE, National Institute for Health and Care Excellence
[42]; EMA/CHMP, European Medicines Agency/Com-
mittee for Medicinal Products for Human Use [43–45];

HAS, Haute Autorité de Santé [46–48]; G-BA, Gemein-
samer Bundesausschuss [49]; AIFA, Agenzia Italiana del
Farmaco [50, 51]; ZiN, Zorginstituut Nederland [52, 53];
CAMHDA, Advisory Board of Hospital Medication
Dispensed to Outpatients [54, 55]; GENESIS, Group for
Innovation, Assessment, Standardization and Research in
the Selection of Drugs [54, 55]; and GFTHA, Andalusian
Hospital Formulary guideline [54, 55]. Market access in
Germany and the Netherlands may also be attained via the
centralized EMA/CHMP pathway. HTA health technol-
ogy assessment
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Impacts of Delays in Access to NAP
on Canadian NSCLC Patients

Estimated access and economic impacts of
delays in access to NAP are summarized in
Table 3. More than 6400 Canadian NSCLC
patients were affected by delays in regulatory
and reimbursement reviews of NAP, which
varied between 51 patients in Saskatchewan and
4177 in Québec. All assessed delays were calcu-
lated to result in the loss of 1740 person-years of
life and 1122 QALYs valued at over CA$112
million. Further details are presented in Sup-
plementary Tables 3, 4, and 5. Results of the
sensitivity analyses are presented in Table 4.
Study findings were largely robust to alternative
specifications of utilities and patients with

appropriate indications for NAP. The results also
indicated that the benefits of reduced provincial
delays were significantly larger than the benefits
of reduced delays at CADTH-pCODR (see
Table 4 for further details).

DISCUSSION

Study findings suggest that delays currently
exist in the Canadian regulatory and reim-
bursement review process for oncology drugs,
and these delays may impact the lives of cancer
patients and, by extension, the Canadian
economy. These findings highlight several
noteworthy implications, some of which apply
to upcoming reforms in setting price ceilings for
patented drugs in Canada. It is also worth

Table 1 Durations and outcomes of new applications for NSCLC drugs to HTA agencies of interest

Country Non-small cell lung cancer

Reports Rejection rates Median duration of review (days)

Australia 65 35% 214

Canada 29 24% 216

England 57 32% –

France 82 11% 739

Germany 74 0% 182

Italy 7 0% –

Netherlands 3 33% –

Spain 28 14% 1053

Sweden 11 0% –

HTA agencies included in our review (by country) include the following: Australia – PBAC (Pharmaceutical Benefits
Advisory Committee); Canada – CADTH (Canadian Agency for Drugs and Technologies in Health), CCO (Cancer Care
Ontario), and pCODR (pan-Canadian Oncology Drug Review); England – NICE (National Institute for Health and Care
Excellence); France – HAS (Haute Autorité de Santé); Germany—G-BA (Gemeinsamer Bundesausschuss); Italy—AIFA
(Agenzia Italiana del Farmaco); Netherlands – ZiN (Zorginstituut Nederland); Spain – CAMHDA (Advisory Board of
Hospital Medication Dispensed to Outpatients), CatSalut (Departament de Salut de la Generalitat de Catalunya), CFTA
de Illes Balears (Comissió Farmacoterapèutica Autonòmica de Illes Balears), GENESIS-SEFH (Group for Innovation,
Assessment, Standardisation and Research in the Selection of Drugs—a division of the Spanish Society of Hospital
Pharmacy), GFTHA (Andalusian Hospital Formulary guideline), HGU Gregorio Marañón (Hospital General Universitario
Gregorio Marañón), HU de Guadalajara (Hospital Universitario de Guadalajara), HU Virgen del Rocı́o (Hospital
Universitario Virgen del Rocio), HUPR (Hospital Universitario de La Princesa), and ICO (Institut Català d’Oncologia);
Sweden – TLV (Tandvårds- och läkemedelsförmånsverket)
HTA health technology assessment, NSCLC non-small cell lung cancer
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Table 2 Regulatory and HTA submission and decision dates, as well as delays in regulatory review of nivolumab, afatinib,
and pemetrexed

Nivolumab Afatinib Pemetrexed

Health Canada

Date of initial submission July 31, 2015 August 19, 2012 Unavailable

Review type Priority Standard Standard

NOC date February 26, 2016 November 1, 2013 May 9, 2013

Duration of review (days) 210 439 –

Internal benchmark (days) 205 345 –

Delay (days) 5 94 –

CADTH-pCODR

Date of initial submission October 29, 2015 June 7, 2013 May 31, 2013

Date submission deemed

complete

November 5, 2015 June 19, 2013 June 13, 2013

Pre-NOC submission Yes Yes No

Review type Priority Standard Standard

Date of initial

recommendation

April 1, 2016 March 6, 2014 October 31, 2013

Final recommendation date June 20, 2016 May 20, 2014 December 4, 2013

Duration of review (days) 148 260 140

Internal benchmark (days) 180 180 180

Delay (days) 0 80 0

Provincial reimbursements (dates and delays [days])

British Columbia March 1, 2017 (First to

approve)

October 1, 2014 (43 days) May 1, 2014 (59 days)

Manitoba March 13, 2017 (12 days) October 16, 2014 (58 days) June 1, 2014 (90 days)

Québec March 15, 2017 (14 days) May 4, 2016 (624 days) October 1, 2014 (212 days)

Ontario March 21, 2017 (20 days) August 19, 2014 (First to

approve)

April 1, 2014 (29 days)

Saskatchewan March 23, 2017 (22 days) September 15, 2014

(27 days)

March 3, 2014 (First to

approve)

Nova Scotia April 1, 2017 (31 days) December 29, 2014

(132 days)

April 1, 2014 (29 days)

Alberta April 3, 2017 (33 days) September 30, 2014

(42 days)

May 1, 2014 (59 days)

New Brunswick May 2, 2017 (62 days) September 11, 2014

(23 days)

September 1, 2014

(182 days)
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noting that the way the current comparator
basket is constructed, prices in other compara-
tor countries would be inevitably lower than
Canadian prices, revealing an inherent bias in
the selection of this basket, possibly designed to
buttress the authorities’ bargaining power. It is
also worth looking at whether average prices in

the newly selected countries are above or below
the Organisation for Economic Co-operation
and Development (OECD) average. Using this
measure, out of the six new countries, only
Australia and the Netherlands have prices below
the OECD average.

Table 3 Estimated impacts of a 1-day delay in access to nivolumab, afatinib, and pemetrexed at national and provincial
levels

Canadian provinces Number of patients
affected

Person-years of life
lost

Lost
QALYs

Economic value of lost
QALYs

Alberta 292 82 52 CA$5.2 M

British Columbia 388 108 69 CA$6.9 M

Manitoba 149 43 27 CA$2.7 M

New Brunswick 184 58 37 CA$3.7 M

Newfoundland and

Labrador

133 33 22 CA$2.2 M

Nova Scotia 148 37 24 CA$2.4 M

Ontario 706 192 124 CA$12.4 M

Prince Edward Island 178 52 33 CA$3.3 M

Québec 4177 1123 725 CA$72.5 M

Saskatchewan 51 12 8 CA$0.8 M

All provinces 6406 1740 1122 CA$112.2 M

QALYs quality-adjusted life years (valued at CA$100,000/QALY), M million

Table 2 continued

Nivolumab Afatinib Pemetrexed

Newfoundland and Labrador August 3, 2017 (155 days) June 1, 2015 (286 days) April 1, 2014 (29 days)

Prince Edward Island August 1, 2018 (518 days) October 24, 2016 (797 days) November 23, 2015

(630 days)

Data on the durations of reviews at INESSS were unavailable. Nivolumab and afatinib submissions to CADTH-pCODR
were made pre-NOC; thus, delays within the Health Canada review process would not impact the start of the HTA review
and would be captured by the delay within the HTA review process. There is a lack of data on the initial submission of
pemetrexed
CADTH Canadian Agency for Drugs and Technologies in Health, NOC Notice of Compliance, pCODR pan-Canadian
Oncology Drug Review
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Upcoming pricing reforms in Canada’s drug
review processes (implementation from July
2022) may delay manufacturer submissions for
new drugs (e.g., altering preparatory materials/
procedures to meet new submission or review
requirements) and/or lead to higher rejection
rates for new applications (e.g., partial respon-
siveness to new submission and/or review
requirements). In the justification for the delays
in implementation of the new pricing regula-
tions, Health Canada has recognized the time
needed by stakeholders to adapt to the new
requirements and the impact of the COVID-19
pandemic [6, 56]. There is precedent from 2014
when the Scottish Medicines Consortium
reformed their prescription drug evaluation
processes and ended up with higher rejection
rates for new oncology submissions [57]. Study
findings indicate that Canada already has
moderate to high rejection rates for innovative
cancer medicines relative to reference countries,
which may disincentivize new drug applica-
tions [56, 58]. Indeed this is supported by
emerging evidence indicating that there has
already been a significant drop in the number of
applications to Health Canada since PMPRB
guidelines have been under review, suggesting
that manufacturers may be delaying or declin-
ing to submit new drug applications [59]. This

trend may delay access to innovative cancer
drugs (see Table 3).

There are other potential sources of delay
after the introduction of the proposed PMPRB
reforms. For example, use of pharmacoeco-
nomic evaluations may introduce delays in the
following contexts: when there are dissimilar
analytic perspectives across HTA agencies (e.g.,
health system vs. societal perspectives at
CADTH-pCODR and INESSS, respectively) and
when there is a need to delay final decisions
until after all relevant evaluations are complete
and available, i.e., usually 1–2 years after pro-
duct launches in Canada [60, 61]. Additionally,
the changes to the basket of price reference
countries may incentivize manufacturers to
defer product launch in Canada until product
prices have stabilized in reference countries or if
the allowable price in Canada will have a cost
impact internationally [58, 60]. These and other
reform-attributable consequences may inadver-
tently add to delays that already exist in the
Canadian regulatory and reimbursement review
systems, further exacerbating adverse patient-
and population-level outcomes as demonstrated
in this study.

We have demonstrated in this study that
delays in regulatory and reimbursement reviews
of NAP may have affected over 6400 NSCLC
patients and may have led to the loss of more

Table 4 Results of sensitivity analyses

Scenarios Patients affected PYLL lost QALYs lost Value of lost QALYs

Lower utilities (by 20%) 6406 1740 897 CA$89.7 M

Higher utilities (by 20%) 6406 1740 1346 CA$134.6 M

Fewer eligible patients (by 20%) 5124 1392 897 CA$89.7 M

More eligible patients (by 20%) 7683 2087 1345 CA$134.5 M

Reduced CADTH-pCODR delays (by 50%) 5961 1638 1055 CA$105.5 M

Reduced CADTH-pCODR delays (by 100%) 5517 1536 988 CA$98.8 M

Reduced provincial delays (by 50%) 3647 972 628 CA$62.8 M

Reduced provincial delays (by 100%) 889 203 134 CA$13.4 M

QALYs were valued at CA$100 K/QALY
CADTH-pCODR Canadian Association of Drugs and Technologies in Health/pan-Canadian Oncologic Drug Review,
M million, PYLL person-years of life lost, QALYs quality-adjusted life years
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than 1700 person-years of life and 1100 QALYs,
and that lung cancer patients represent 13% of
all new cancer cases in Canada [62]. Hence,
further delays in patients gaining access to new
cancer drugs would not only affect more
patients but would also proportionally increase
the number of person-years of life and QALYs
lost to delays. At the individual level, these
delays take away the opportunity for Canadian
cancer patients to live longer and make addi-
tional contributions to society. At the macro
level, the opportunity cost includes significant
productivity losses. In post hoc analyses using
the World Health Organization (WHO)-
CHOICE approach (2020 costs, using Choosing
Interventions that are Cost-Effective), we deter-
mined that the productivity loss associated with
delays in regulatory and reimbursement reviews
of NAP was at least CA$106 million. This is
likely to be an underestimate as it does not
include productivity loss from NSCLC-at-
tributable disability [63]. This estimate of pro-
ductivity loss is different from the economic
value of lost QALYs (i.e., CA$112 million),
which represents the amount Canadian
authorities should be willing to spend to elim-
inate every delay encountered during reim-
bursement reviews on NAP.

This study has several strengths. First, we
were able to estimate the proportion of patients
with an appropriate indication for the treat-
ment of interest using a large, real-world
Canadian database [5]. Second, we were also
able to estimate median survival using the
Southern Alberta Real-World Database rather
than relying on estimates from respective clin-
ical trials (overestimates PYLL) [5]. Third, our
perspective on delays was comprehensive and
accounted for the entire regulatory review
pathway.

This study also has some limitations. The
empirical analyses rely on several assumptions,
many of which are difficult to test. For example,
these analyses assume that patients on current
therapies will not switch to a new treatment
when it becomes available, that 100% of eligible
patients would also be willing to receive the
new treatment of interest, that the levels of
adherence are comparable between the clinical
trials and real-world settings, and that the

incidence of lung cancer is constant throughout
the year. We were unable to quantify the bur-
den due to delayed access attributable to the
HTA review process within Québec—one of the
largest provinces in Canada—due to a lack of
availability in submission dates. Hence, our
estimates will likely underestimate the burden
of delayed access attributable to HTA review
delay in Canada. In estimating the number of
NSCLC cases affected by delays in reviews of
NAP, we assumed that demographic and clinical
characteristics of Alberta residents were similar
to those in other Canadian provinces [64].

In general, drugs perform better in premarket
clinical trials than they do when used in the real
world. Survival data from single studies, such as
the PARAMOUNT RCT, are useful but are not as
representative as real-world evidence from sys-
tematic reviews and retrospective data analyses.
This can be construed as another limitation.

With respect to the QALYs lost, we were
unable to estimate treatment-specific health
state utility values representative of the general
Canadian cancer population. As a result, the
QALYs lost due to delayed access do not
account for differences between treatments that
are due to the quality of life—instead, they are
based exclusively on differences between treat-
ments due to the length of life. As such, the
QALYs should be interpreted as the QALYs lost
due to early mortality attributable to delayed
access to the select oncologic therapies. If the
new therapies are related to improved quality of
life while on therapy, this approach will lead to
an underestimation of the total QALYs lost due
to delayed access to cancer drugs. Additionally,
we did not explicitly account for pCPA pro-
cessing delays, which have been reported as a
significant contributor to delays in reimburse-
ment reviews [4].

The patient population included in the
model is large and heterogeneous in terms of
histology and biomarker status (PD-L1 expres-
sion levels, EGFR mutation positivity, etc.)
[26–31]. The data presented in the current study
did not factor these into the analyses, which
may have impacted the results in terms of
overall survival [65, 66] and, potentially, the
calculation of PYLL and QALYs. Future research
may be needed to determine whether these
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results are robust when we explicitly account for
patient heterogeneity and potential differences
in treatment response. These limitations may
affect the accuracy of our estimates.

CONCLUSION

Current delays in Canada’s regulatory and
reimbursement reviews of NAP for lung cancer
patients were calculated to be associated with
losses of over 1700 person-years of life, 1100
QALYs, and CA$106 million (productivity los-
ses). Anticipated pricing reforms may increase
pre-existing delays and exacerbate adverse out-
comes for Canadian NSCLC patients and their
contribution to the economy.
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ferences in cancer drug assessment between Spain
and the United Kingdom. Eur J Cancer.
2015;51(13):1843–52.

55. Emergo by UL. AEMPS - Spanish Agency of Medi-
cine and Sanitary Products. https://www.
emergobyul.com/resources/europe/spain-agency-
medicine-sanitary-products. Accessed 10 Sept 2020.

56. Shajarizadeh A, Hollis A. Delays in the submission
of new drugs in Canada. CMAJ. 2015;187(1):
E47–51.

57. Morrell L, Wordsworth S, Fu H, Rees S, Barker R.
Cancer drug funding decisions in Scotland: impact
of new end-of-life, orphan and ultra-orphan pro-
cesses. BMC Health Serv Res. 2017;17(1):613.

58. Acri KML. Implications of the proposed changes to
Canada’s pharmaceutical pricing regulations (pre-
release chapter). Fraser Institute. 2018. https://
www.fraserinstitute.org/sites/default/files/
implications-of-changes-to-pharmaceutical-
pricing-regulations.pdf. Accessed 8 Oct 2020.

59. Martell A. Exclusive: Canadian regulator considers
changes to new drug pricing plan. 2020. Reuters.
https://www.reuters.com/article/us-canada-
pharmaceuticals-exclusive/exclusive-canadian-
regulator-considers-changes-to-new-drug-pricing-
plan-idUSKBN20E2LI. Accessed 8 Oct 2020.

60. Amgen Canada. Amgen Canada’s submission to
Health Canada Consultations on the proposed
amendments to the patented medicines regulations.
2017. https://www.pdci.ca/wp-content/uploads/
2017/09/Amgen.pdf. Accessed 12 Aug 2021.

61. PDCI Market Access. Proposed amendments to the
patented medicines regulations: a critical appraisal
of the cost-benefit analysis. 2018. https://www.
pdci.ca/wp-content/uploads/2018/01/20180129_
PDCI-Critical-Assessment-PM-Regs-Amendments_
Report-Final.pdf. Accessed 12 Aug 2021.

62. Canadian Cancer Society. Lung cancer statistics.
https://www.cancer.ca/en/cancer-information/
cancer-type/lung/statistics/?region=pe. Accessed 12
Aug 2021.

Oncol Ther (2022) 10:195–210 209

https://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Community_Affairs/Cancer_Drugs/Report
https://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Community_Affairs/Cancer_Drugs/Report
https://www.inesss.qc.ca/en/themes/medicaments/evaluation-process-and-criteria.html
https://www.inesss.qc.ca/en/themes/medicaments/evaluation-process-and-criteria.html
https://www.nice.org.uk/
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/evaluation-medicines-step-step#final-discussion-and-adoption-of-opinion-section
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/evaluation-medicines-step-step#final-discussion-and-adoption-of-opinion-section
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/evaluation-medicines-step-step#final-discussion-and-adoption-of-opinion-section
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/evaluation-medicines-step-step#final-discussion-and-adoption-of-opinion-section
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/evaluation-medicines-step-step#final-discussion-and-adoption-of-opinion-section
https://english.cbg-meb.nl/topics/mah-centralised-procedure
https://english.cbg-meb.nl/topics/mah-centralised-procedure
https://www.bfarm.de/EN/Drugs/licensing/zulassungsverfahren/cp/_node.html
https://www.bfarm.de/EN/Drugs/licensing/zulassungsverfahren/cp/_node.html
https://www.bfarm.de/EN/Drugs/licensing/zulassungsverfahren/cp/_node.html
https://www.has-sante.fr/upload/docs/application/pdf/2018-12/keytruda_melanome_sapub_ct15825_en_def.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2018-12/keytruda_melanome_sapub_ct15825_en_def.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2018-12/keytruda_melanome_sapub_ct15825_en_def.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2018-12/keytruda_melanome_sapub_ct15825_en_def.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2016-10/opdivomelanome_summary_ct14578.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2016-10/opdivomelanome_summary_ct14578.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2016-10/opdivomelanome_summary_ct14578.pdf
https://www.bfarm.de/EN/Drugs/licensing/zulassungsverfahren/dcp_mrp/_node.html
https://www.bfarm.de/EN/Drugs/licensing/zulassungsverfahren/dcp_mrp/_node.html
https://www.bfarm.de/EN/Drugs/licensing/zulassungsverfahren/dcp_mrp/_node.html
https://english.cbg-meb.nl/topics/mah-decentralised-procedure
https://english.cbg-meb.nl/topics/mah-decentralised-procedure
https://english.cbg-meb.nl/sections/marketing-authorisation-medicines-for-human-use
https://english.cbg-meb.nl/sections/marketing-authorisation-medicines-for-human-use
https://english.cbg-meb.nl/sections/marketing-authorisation-medicines-for-human-use
https://www.emergobyul.com/resources/europe/spain-agency-medicine-sanitary-products
https://www.emergobyul.com/resources/europe/spain-agency-medicine-sanitary-products
https://www.emergobyul.com/resources/europe/spain-agency-medicine-sanitary-products
https://www.fraserinstitute.org/sites/default/files/implications-of-changes-to-pharmaceutical-pricing-regulations.pdf
https://www.fraserinstitute.org/sites/default/files/implications-of-changes-to-pharmaceutical-pricing-regulations.pdf
https://www.fraserinstitute.org/sites/default/files/implications-of-changes-to-pharmaceutical-pricing-regulations.pdf
https://www.fraserinstitute.org/sites/default/files/implications-of-changes-to-pharmaceutical-pricing-regulations.pdf
https://www.reuters.com/article/us-canada-pharmaceuticals-exclusive/exclusive-canadian-regulator-considers-changes-to-new-drug-pricing-plan-idUSKBN20E2LI
https://www.reuters.com/article/us-canada-pharmaceuticals-exclusive/exclusive-canadian-regulator-considers-changes-to-new-drug-pricing-plan-idUSKBN20E2LI
https://www.reuters.com/article/us-canada-pharmaceuticals-exclusive/exclusive-canadian-regulator-considers-changes-to-new-drug-pricing-plan-idUSKBN20E2LI
https://www.reuters.com/article/us-canada-pharmaceuticals-exclusive/exclusive-canadian-regulator-considers-changes-to-new-drug-pricing-plan-idUSKBN20E2LI
https://www.pdci.ca/wp-content/uploads/2017/09/Amgen.pdf
https://www.pdci.ca/wp-content/uploads/2017/09/Amgen.pdf
https://www.pdci.ca/wp-content/uploads/2018/01/20180129_PDCI-Critical-Assessment-PM-Regs-Amendments_Report-Final.pdf
https://www.pdci.ca/wp-content/uploads/2018/01/20180129_PDCI-Critical-Assessment-PM-Regs-Amendments_Report-Final.pdf
https://www.pdci.ca/wp-content/uploads/2018/01/20180129_PDCI-Critical-Assessment-PM-Regs-Amendments_Report-Final.pdf
https://www.pdci.ca/wp-content/uploads/2018/01/20180129_PDCI-Critical-Assessment-PM-Regs-Amendments_Report-Final.pdf
https://www.cancer.ca/en/cancer-information/cancer-type/lung/statistics/?region=pe
https://www.cancer.ca/en/cancer-information/cancer-type/lung/statistics/?region=pe


63. Tan-Torres Edejer T, Baltussen R, Adam T, et al
editors. Making choices in health: WHO guide to
cost-effectiveness analysis. Geneva: World Health
Organization; 2003.

64. Statistics Canada. Annual demographic estimates:
Canada, provinces and territories 2020. 2020.
https://www150.statcan.gc.ca/n1/en/pub/91-215-
x/91-215-x2020001-eng.pdf?st=q-rlkltG. Accessed
12 Aug 2021.

65. Aguilar EJ, Ricciuti B, Gainor JF, et al. Outcomes to
first-line pembrolizumab in patients with non-
small-cell lung cancer and very high PD-L1 expres-
sion. Ann Oncol. 2019;30(10):1653–9.

66. Arbour KC, Riely GJ. Systemic therapy for locally
advanced and metastatic non-small cell lung can-
cer: a review. JAMA. 2019;322(8):764–74.

210 Oncol Ther (2022) 10:195–210

https://www150.statcan.gc.ca/n1/en/pub/91-215-x/91-215-x2020001-eng.pdf?st=q-rlkltG
https://www150.statcan.gc.ca/n1/en/pub/91-215-x/91-215-x2020001-eng.pdf?st=q-rlkltG

	Estimating the Impact of Delayed Access to Oncology Drugs on Patient Outcomes in Canada
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Overview
	Compliance with Ethics Guidelines
	Data
	Regulatory and HTA Reviews of Oncology Drugs in Canada and Reference Countries
	Public Records of Canadian Regulatory and HTA Review of NAP
	Southern Alberta Lung Cancer Database

	Analyses
	Benchmarking HTA Reviews on NSCLC Drugs in Canada and Reference Countries
	Quantifying Delays in Canada’s Regulatory and HTA Review of NAP
	Impacts of Delays in Canada’s Regulatory and Reimbursement Reviews of NAP


	Results
	Pathways, Durations, and Outcomes of Reviews on Oncology Drugs in Canada and Reference Countries
	Canadian Regulatory and Reimbursement Reviews of NAP
	Impacts of Delays in Access to NAP on Canadian NSCLC Patients

	Discussion
	Conclusion
	Acknowledgements
	References




