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Objectives. The pan-Canadian Oncology Drug Review (pCODR) evaluates new cancer drugs
for public funding recommendations. While pCODR’s deliberative framework evaluates over-
all clinical benefit and includes considerations for exceptional circumstances, rarity of indica-
tion is not explicitly addressed. Given the high unmet need that typically accompanies these
indications, we explored the impact of rarity on oncology HTA recommendations and funding
decisions.
Methods.We examined pCODR submissions with final recommendations from 2012 to 2017.
Incidence rates were calculated using pCODR recommendation reports and statistics from the
Canadian Cancer Society. Indications were classified as rare if the incidence rate was lower
than 1/100,000 diagnoses, a definition referenced by the Canadian Agency for Drugs and
Technologies in Health. Each pCODR final report was examined for the funding recommen-
dation/justification, level of supporting evidence (presence of a randomized control trial
[RCT]), and time to funding (if applicable).
Results. Of the ninety-six pCODR reviews examined, 16.6 percent were classified as rare indi-
cations per above criteria. While the frequency of positive funding recommendations were
similar between rare and nonrare indication (78.6 vs. 75 percent), rare indications were less
likely to be presented with evidence from RCT (50 vs. 90 percent). The average time to fund-
ing did not differ significantly across provinces.
Conclusion. Rare indications appear to be associated with weaker clinical evidence. There
appears to be no association between rarity, positive funding recommendations, and time
to funding. Further work will evaluate factors associated with positive recommendations
and the real-world utilization of funded treatments for rare indications.

Recent advances in our understanding of cancer biology have greatly broadened the scope of
how we diagnose, characterize, and treat different types of cancer. It is thought that approx-
imately 20–25 percent of all oncology patients might be “classified” as having a rare cancer
diagnosis, although this may now be an underestimate (1). As advances in molecular screening
tools and techniques help us identify these molecular aberrations specific to certain tumor
types, the frequency at which they can be readily detected also increases (2). In turn, clinicians
are able to treat patients more precisely with drugs that target specific genetic mutations and
kill or halt the growth of tumor cells. Drugs specific to these targets are often more effective
and can be less toxic than conventional systemic treatment, but are consequently effective on a
smaller subset of patients (1).

Paradoxically, these advances in precision medicine have created new challenges in demon-
strating the clinical efficacy of these novel targeted therapies. As the proportion of patients
with cancers harboring these targets often represents a very small fraction of the population,
it is often challenging to recruit sufficient patient numbers to conduct randomized controlled
trials (RCTs). This creates challenges when evaluating these drugs through the health technol-
ogy assessment (HTA) process, and by extension, deciding whether they should be eligible for
public reimbursement (2).

Traditional HTA methodologies that focus on comparative clinical and/or economic evi-
dence can be difficult to utilize for drugs for rare indications (3;4). Firstly, the magnitude of
uncertainty around the clinical efficacy may be largely due to low disease prevalence, and
the use of early phase data or surrogate end points. Comparative clinical and cost-effectiveness
is challenged by the lack of relevant comparable treatments and the often high costs of drugs
(2;4). Beyond these clinical and economic factors, HTA agencies often consider other factors
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such as patient values, unmet need, and severity of disease (5–7).
To incorporate these additional values into HTA decisions, more
flexible approaches such as multi-criteria decision analysis
(MCDA) and/or deliberative processes have been proposed as
part of HTA decision making (8). Internationally, several multi-
criteria decision models have been developed, often with rare dis-
eases in mind, to mitigate this uncertainty. However, consensus
on the utility of these models is still lacking (9). Furthermore,
some HTA agencies and public payers have established separate
or modified processes to review the evidence and make funding
recommendations for drugs for rare diseases (10).

Health service funding of ultra-orphan drugs, which varies
across the EU and within the UK, has led to geographical inequi-
ties in patients’ access to treatment. In some instances, support for
these drugs would appear to have been approved on the basis that
diseases that are rare and severe are a special case (11). The
importance of examining the impact of rarity and smaller patient
populations in HTA shift has been observed in the nononcology
HTA community. For example, a study that examined positive
listing rates for orphan drugs reviewed by various HTA bodies
including Australia, Scotland, and New Zealand found that posi-
tive recommendation rate increased from 50.0 percent for drugs
reviewed between 2004 and 2009 to 86.7 percent in 2016;
however, 84.6 percent of the latter were conditional on a price
reduction (12).

In Canada, there is no consistent criterion that defines a rare
cancer (or disease), nor is there an alternative HTA review process
to assess public funding for drugs for rare diseases. The Canadian
regulatory body, Health Canada (HC), and the primary HTA
agency, Canadian Agency for Drugs and Technologies in
Health (CADTH), do not have a common definition of rarity
(Appendix Table 1) (10;13). CADTH, Canada’s primary HTA
organization, provides evidence-based recommendations to
provincial and territorial governments to guide public funding
decisions (with the exception of Quebec) (14). Through its
pan-Canadian Oncology Drug Review (pCODR), new
cancer drugs are evaluated using its deliberative framework
wherein overall clinical benefit, patient values, cost-effectiveness,
and adoption feasibility are assessed (3;14). While rarity is not
explicitly addressed in pCODR’s deliberative framework, overall
clinical benefit encompasses criteria of effectiveness, safety,
burden of illness, and need, and includes considerations for
exceptional circumstances (14). In a guidance document issued
to its expert review committees in 2016, CADTH illustrated
rarity as one of the considerations that should be accounted for
when assessing a significant unmet need (15). pCODR notes
that the current deliberative framework can be applied to all
oncology drugs and situations, including rare cancers and end
of life care (15).

The objective of this paper was to explore the impact of rarity
on oncology HTA recommendations and public funding deci-
sions in Canada. Given that rarer indications are often associated
with less robust clinical and economic evidence, significant cost,
high uncertainty, and high unmet need, we also evaluated the
cost-effectiveness and strength of supporting clinical trial data
for submitted rare and nonrare indications to pCODR (1;16).
We investigated the influence of rarity on two main outcomes,
type of HTA recommendation issued and drug funding. For
the first outcome, we explored the difference in supporting
clinical and economic evidence by rarity status. For the second
outcome, we explore the difference in time to funding by rarity
status (7).

Methods:

Definition of Rarity

Although many international HTA agencies have not established
a definition of rarity (including an incidence and/or prevalence
threshold), there is consistent recognition that rare diseases are
often severe, chronic, seriously debilitating, degenerative, life
threatening, with no real alternative treatment (17–19).
However, as there is no universally accepted definition, we used
incidence as a mechanism to operationalize rarity since it can
be measured and quantified. Two incidence-based thresholds
from the Recommendation Framework for CADTH Common
Drug Review and pan-Canadian Oncology Drug Review
Programs: Guidance for CADTH’s Drug Expert Committees were
selected (15). The two thresholds are: (1) incidence of less than
5 in 10,000 new diagnoses per year and (2) incidence of less
than 1 in 100,000 new diagnoses per year (15). These definitions
were chosen because CADTH is the governing body that makes
the HTA recommendations included in our study.

Identification of Submissions

We reviewed all publicly available reports from CADTH-pCODR’s
drug submissions between 1 January 2012 and 31 December 2017.
Submissions without a final recommendation (withdrawn or
suspended) and requests for advice (RFA) were excluded from
the analysis. Recommendations issued in 2018 and onwards were
excluded as many of these have not yet received final funding rec-
ommendations or have not had public funding decisions made yet.

Data Extraction

For each pCODR drug review, two independent researchers
reviewed the corresponding evidence provided from the pCODR
Expert Review Committee’s (pERC) final recommendation, final
clinical guidance report (CGR) reports, final economic guidance
report (EGR), and provincial funding summary. Each pCODR
final report was examined for the funding recommendation/justi-
fication, level of supporting evidence (presence of a RCT), incre-
mental cost-effectiveness ratio (ICER), and time to funding (if
applicable). From the final recommendation and CGR, data
were collected including indication, final recommendation and
conditions (if applicable), incidence, and characteristics of the
trial(s) accompanying the submission. From the EGR, the ICER
estimate or range was extracted. When a range was reported for
the ICER, the upper range was used. From the provincial funding
summary, the funding status, date of notice to implement, and
funding date in each province were extracted. For indications
where incidence rates were not available, data were extracted
from Canadian Cancer Society statistics (2017 or 2018) or pivotal
trials (20). All incidence estimates provide the number of new
diagnoses in Canada for a particular year. This incidence was con-
verted to the number of new diagnoses per 10,000 and 100,000.

Assessment of Rarity and Outcomes

Based on the incidence of the requested indication (e.g., tumor
type or tumor subtype when applicable), we classified each sub-
mission as either a drug for a rare or nonrare indication. We
then examined the impact of rarity on four outcomes. First, we
explored the frequency of positive funding recommendations
(which included conditional positive funding recommendations)
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by rarity status. Second, we compared the frequency of RCT evi-
dence used for nonrare versus rare indication. Third, using the
ICER, we compared whether drugs for rare indications are less
cost-effective than drugs for nonrare indications. Lastly, we com-
pared the time from pCODR’s “notice to implement” to public
funding for rare and nonrare indications in nine provinces.

Statistical Methods

Descriptive statistics were used to summarize the outcome vari-
ables for the two different definitions of rarity. Median and inter-
quartile range were reported for continuous variables. For
continuous outcomes, the difference between drugs for rare and
nonrare indications was assessed using Mann–Whitney U tests
to account for non-normality of the data. Frequency and percent-
age were reported for categorical variables. For categorical out-
comes, difference between drugs for rare and nonrare
indications was assessed using Fischer’s exact tests to account
for the small sample size. Odds ratio (ORs) and relative risks
(RRs) were used to assess the association between rarity status
and the recommendation type. Stratified Cochran–Mantel–
Haenszel (CMH) tests were used to assess the association between
the presence of supporting RCT evidence and rarity status, con-
trolling for recommendation type.

We did not adjust for multiple comparisons. All analyses were
conducted using SAS version 9.4 (SAS Institute, Cary, North
Carolina, USA) and two-sided p-value <.05 was considered
statistically significant.

Results

Between 2012 and 2017, a total of 104 pCODR reviews were con-
ducted, of which 96 (92 percent) were eligible for our study. Eight
(8 percent) reviews were excluded on account of being withdrawn
(five), suspended (two), or an RFA (one). Of the ninety-six final
funding recommendations reviewed, seventy-five (78 percent)
were positive while twenty-one (22 percent) were negative.
Amongst the positive recommendation, 88 percent of them
were provided with a condition of lowering cost-effectiveness.
Using the first rarity threshold (incidence of less than 5 in
10,000 diagnoses per year), all ninety-six submitted indications
were classified as rare.

Using the second threshold (incidence of less than 1 in 100,000
diagnoses per year), we found that sixteen of the ninety-six (16.6
percent) reviews qualified as rare (Appendix Table 2). As a result
of this finding, we used the second threshold of rarity for the
remainder of the study. Positive funding recommendations were
provided to 63/80 (78.8 percent) nonrare indications and 12/16
(75 percent) rare indications. When the reviews were stratified
by rare and nonrare indications, no significant difference in the
rate of positive funding recommendations was observed
( p-value = .5) (Table 1).

RCTs Inclusion in Submissions

Nonrare indications were more likely to be submitted with RCT
evidence than rare indications ( p-value <.01). In total, 8/16 (50
percent) rare indications and 8/80 (10 percent) nonrare indica-
tions submitted without any accompanying RCT evidence
(Table 1).

Table 2 presents the number of rare and nonrare indications
that include RCT evidence and stratifies by recommendation

outcome. Of the 75 reviews that received positive recommenda-
tions, nine (12 percent) did not include RCT evidence. In total,
6/9 submissions were for rare indications and 3/9 were nonrare.
The likelihood of not having an accompanying RCT submitted
is six times greater for submissions for rare indications than non-
rare indications, stratifying for recommendation type (CMH RR
6.3; 95 percent CI, 2.59−15.47). pERC deemed it feasible to con-
duct an RCT in two of the nine submissions without RCTs (22
percent). Of the two submissions, one was for a rare indication.
Of the twenty-one reviews that received negative recommenda-
tions, seven (33.3 percent) did not include RCT. Of the submis-
sions without RCTs, two were for rare indications and five of
them were nonrare indications. pERC deemed it feasible to con-
duct an RCT in all submissions without one that received a neg-
ative recommendation (Table 2).

Economic Evidence

Table 2 also shows the average ICER for rare and non-rare indi-
cations by recommendation type. For positive recommendations,
the difference between the mean ICER for rare ($324,493/QALY)
and nonrare ($269,055/QALY) indications was not statistically
significant ( p-value = .49). Similarly for negative recommenda-
tions, the difference between the mean ICER for rare ($370,001/
QALY) and nonrare ($312,096/QALY) indications was not signif-
icant ( p-value = .81).

Time to Funding

Following a positive conditional pCODR recommendation, drugs
can enter pricing negotiations at the pan-Canadian Pharmaceutical
Alliance prior to implementation. Between nine provinces, the
median time to funding for rare (34–591 days) and nonrare indica-
tions (269–772 days) significantly varied. Within each province,
the difference in the median time to funding between rare and non-
rare indications was not statistically significant (Figure 1).

Discussion

Using CADTH’s recommendation guideline for defining rarity,
we found that there is consistency in pCODR recommendations
for rare and nonrare indications. In particular, rarity does not
appear to have a significant effect on the recommendation out-
come. Furthermore, for the nine provinces included in this anal-
ysis, the time to funding between rare and nonrare indications did
not differ intraprovincially. When using pCODR’s common

Table 1. Frequency of Recommendation Type and Randomized Controlled Trial
Submission for Rare and Nonrare Indications Submitted to the pan-Canadian
Oncology Drug Review

Rare
indication

Nonrare
indication OR (95% CI) p value

Recommendation, n (%)

Positive 12 (75%) 63 (78.8%)
.80 (.23, 2.83) .5

Negative 4 (25%) 17 (21.2%)

RCT submitted

No 8 (50%) 8 (10%)
9 (2.7, 30.6) <.01

Yes 8 (50%) 72 (90%)
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definition for rarity, we found that all cancer drugs were
considered rare. This suggests that cancer, as a disease, is often
considered more “rare” then noncancer disease.

Our study also found that rare oncology indications are less
likely to have RCT data included in the HTA submission com-
pared to nonrare indications. pCODR acknowledges that there
are exceptional circumstances in which there may be practical
challenges in conducting RCTs and robust pharmacoeconomic
evaluations in the presence of significant unmet need (14).
Although RCTs are considered the gold standard due to their
high internal validity, conducting them in small patient popula-
tions can be extremely challenging. As a result, public funding
decisions may need to rely on submissions with nonrandomized
and noncomparative studies. For these rare cancer populations,
pCODR may determine whether it is feasible or not to conduct
an RCT. However, this process is not yet defined, and is instead
determined through deliberative discussion by members of the
pERC and Clinical Guidance Panel. This mechanism does have
the potential for inconsistencies in determining whether an
RCT is feasible. In previous cases, pERC has deemed an RCT fea-
sible when one has been conducted in a similar patient population
for a different drug. Interestingly, the literature suggests that con-
sultation with patient advocacy groups may be important to assess
whether an adequate sample of patients can be recruited and
retained for a large, randomized trial (19). Consultation with

patient groups may help HTA committees get patient input on
the number of patients that would be considered eligible for
enrollment in the trial. This will vary with age, geographic distri-
bution, and willingness of a patient to participate (19). Our results
demonstrate pCODR often issued a negative recommendation for
indications submitted without an RCT, if conducting an RCT was
deemed feasible in that patient population.

Some policy makers argue that since RCTs may not be feasible
in all populations, the research paradigm needs to change. Trial
designs for rare cancers should be flexible and innovative to
ensure recruitment is maximized and collected evidence can be
applied to these smaller populations (21). Otherwise, if the quality
of evidence-based medicine resides solely in numbers, patients
with rare cancers will be discriminated against by their very
nature (21). As such, alternative trial designs that address these
challenges may become increasingly prevalent, especially for
ultra-rare populations. These include trials with N = 1, Bayesian
trial designs, umbrella and basket trials (21;22). In Canada,
there was an increase in the number of basket trials submitted
to pCODR in 2019, and there remains no standardized assess-
ment framework for these cases (23). Furthermore, the use of sur-
rogate end points (e.g., progression-free survival) may benefit rare
populations, since there are ways to classify interventions as effi-
cacious or nonefficacious outside of the confines of a pre-specified
end point (21). Although some of these end points are validated,

Table 2. Frequency of Randomized Controlled Trial (RCT) Inclusion for Funding Submissions to the pan-Canadian Oncology Drug Review’s Expert Review Committee
(pERC) and Incremental Cost-Effectiveness Ratio for Rare and Nonrare Indications by Recommendation Type

Rare Nonrare

Randomized clinical trial (RCT) and feasibility

Positive recommendation, n 12 63

Submission without RCT, n 6 (50%) 3 (4.7%)

Submission without RCT that pERC deem feasible for RCT, n 1 (16.7%) 1 (33.3%)

Negative recommendation, n 4 17

Submission without RCT, n 2 (50%) 3 (17.6%)

Submission without RCT that pERC deem feasible for RCT, n 2 (100%) 3 (100%)

Incremental cost-effectiveness ratio p-value

Average ICER for positive recommendation, ICER (±95 % CI) $324,493/QALY ($158,297/QALY) $269,055/QALY ($35,148/QALY) .81

Average ICER for negative recommendation, ICER (±95 % CI) $370,001/QALY ($174,169/QALY) $216,154/QALY ($47,327/QALY) .49

Figure 1. Time to funding for rare and nonrare indications by province (excluding Quebec).
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they do not always translate into a survival advantage. Advocates
for these trial designs note that it is important for patient advo-
cates to be consulted early in the design process, such that they
are able to provide input to maximize participation and optimize
trial criteria (24).

In contrast, others argue that rare indications should not be
accommodated by lowering the bar for the type and design of
supporting evidence that is required, as patients do not benefit
from sub-optimal evidence and may fall under false pretenses
of cure or improved quality of life (25). In particular, the use of
surrogate end points is scrutinized, as these end points may not
translate to real-world or long-term survival benefits. For public
systems, this is especially alarming, as these drugs may place a
large financial burden on payers/the system in return for minimal
patient benefit (26;27). As well, earlier phase (phase I/II) trial evi-
dence may be submitted more frequently for drugs for rare indi-
cations; however, HTA agencies should be warry that there can be
significant discrepancies in early phase data with long-term
outcomes.

Conducting international trials is a strategy that has been iden-
tified to maximize patient recruitment, investigator expertise, and
reduce diagnostic error (28). For example, one international trial
was able to accrue over 300 patients across 6 years to study adre-
nocortical cancer, which is estimated to have an annual incidence
of .7–2/million (25). This may suggest that the feasibility of
conducting an RCT lies with investigator expectations versus
the actual incidence of the tumour (25). It is important to note
however, international trials can be substantially harder to
coordinate and ensure consistency in standards between treat-
ment centers (25).

There are different strategies in the literature that discuss how
HTAs should be conducted for rare diseases, with more recent
approaches such as MCDA models to account for explicit and
nonexplicit values including unmet need and disease severity.
Furthermore, some MCDA tools incorporate explicit decision
rules to account for cost-effectiveness in the HTA decisions (8).
We found there was no significant difference in the type of rec-
ommendation outcome based on cost-effectiveness between rare
and nonrare indications in Canada. This finding suggests that
the current system demonstrates the principle of fairness, to
ensure that drugs for rare diseases are given equal opportunity
for a positive recommendation, while requiring good qualitied
supporting evidence such as RCTs. This helps public payers get
value for money and patients receive the best possible therapies
(18;22). It has been suggested that principles of fairness and
equity are valued similarly with effectiveness and cost when it
comes to healthcare resource allocation decisions (5). As such,
an equitable approach may require HTA committees to provide
special consideration and give different weighting to the potential
social values for the health benefits accompanying the shortened
life expectancy in those with very rare conditions (7).

Nonetheless, these issues will become increasingly pertinent,
largely due to increasing prevalence of precision medicine and
the high-cost concerns for these drugs. The observed trend is
expected to increase due to the small user population/market,
but also due to the uniqueness of these drugs which have no com-
petitive offerings (29). Through these discussions, rare indications
may become de-siloed, which would be advantageous for the
patient as well as the healthcare system (29). Currently, most def-
initions of rare disease are based (somewhat arbitrarily) on disease
incidence or prevalence, for which true values can be difficult to
estimate (30). Due to pressures on public funders to provide

reimbursement for new therapies in the absence of unambiguous
evidence, some researchers have suggested that the definition of
rare be based on the clinical severity of disease in addition to
the accepted biochemical or genetic marker (19). This approach
would also ensure that expected evidence requirements are
defined a priori. However, for this to be successful, it will require
collaboration with several groups, and the willingness of said
groups to engage in dialogue (19).

There were several limitations to our study. First, we did not
incorporate the line of therapy or previous treatment(s) into our
incidence calculations as there is limited data on the number of
patients receiving a specific line of treatment. Funding criteria
often specify previous therapies or a specific line of therapy in
order for patients to be eligible. Therefore, it may be possible
that even more indications would be considered rare when line
of therapy and previous treatments are taken into account.
Second, there were a limited number of rare indications submit-
ted to pCODR, limiting our sample size. We also recognize there
may be an inherent submission bias for cases with weaker evi-
dence. Third, there is no universal definition of rarity, which
means our rarity designations may change using alternate crite-
ria. We chose only to use the definitions utilized by CADTH, as
CADTH is the HTA body that makes the funding recommenda-
tions to Canadian jurisdictions, and therefore felt it would be
most appropriate to use when evaluating their own funding deci-
sions. However, we recognize our results may vary based on dif-
ferent sensitivities. Fourth, incidence calculations were done
using multiple data sources and often best estimates; however,
we aimed to be as consistent as possible in sourcing this data,
firstly using the pCODR reports and then using data from the
Canadian Cancer Society. We recognize that incidence is merely
one way to operationalize rarity, which is a multifaceted concept,
but was chosen for its utility and ease of operation. Fifth, we
excluded two indications that did not have an ICER included
in the pERC report. Additionally, we excluded a rare indication
with an ICER range between $40,000/QALY and $4,000,000/
QALY. This was determined to be an outlier because of the
high uncertainty. This wide range in the ICERs emphasizes the
clinical uncertainty associated with many of the drugs submit-
ted, which makes it difficult to ascertain whether a drug is actu-
ally cost-effective for different stakeholders. Finally, we were
unable to account for many factors (e.g., patient values) that
may contribute to funding recommendations and decisions
due to their subjectivity in nature and lack of detail in the
pCODR final recommendations (24).

In conclusion, rare indications appear to be associated with
weaker clinical evidence. There appears to be no association
between rarity, positive funding recommendations, and time to
funding. Further work will evaluate factors associated with posi-
tive recommendations and the real-world utilization of funded
treatments for rare indications.
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