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Supplementary Materials and Methods 
1. Needs-based planning framework 

Our model uses a needs-based planning (NBP) approach, as described by Birch et al. (2009) (1). 
NBP was originally developed as an alternative to demography-based resource planning that could 
account for changing levels of service required by aging populations that were becoming healthier, as 
well as changes in the productivity of service providers. The foundation of this approach is to expand 
from the research question “how many providers are required?” to “how many providers are required 
to do what, how, for whom, and under what circumstances?” (1). Needs-based projections typically use 
four types of inputs to determine workforce requirements: specifically, demographic and 
epidemiological trends are used to determine the future size of clinically relevant populations in a given 
jurisdiction, after which the clinically indicated level of service for each sub-population and the 
productivity of healthcare providers are used to estimate the size of the workforce necessary to meet 
the future need implied by the demographic composition and health status of that jurisdiction's 
population. 

Our model for hereditary cancer services in Canada uses the number of new cancer cases 
diagnosed per year as the main demographic/epidemiological input. The total proportion of these cases 
and their family members referred for hereditary cancer services are estimated using a range of 
parameters drawn from the literature that account for clinical guidelines, healthcare provider practice 
patterns, and patient preferences (Table S1).  

2. Volume estimation for each clinical pathway 

As described in the main manuscript (Fig. 1), six clinical pathways for hereditary cancer services 
were defined, and the annual number of patients seen through each pathway in a given jurisdiction 
were estimated based on the number of new cancer cases in a given year diagnosed in that jurisdiction. 
We determined the number of new cancer cases using publicly available data from the Canadian Cancer 
Society. We estimated the future incidence of cancer by applying a linear extrapolation based on the 
data from the aforementioned source from 2009 to 2020, and checked the plausibility of these 
estimates by comparing them to published models projecting the future incidence of cancer(2,3). We 
classified the following cancer types as possibly resulting from hereditary cancer syndromes: breast, 
ovarian, colorectal, thyroid, endometrial, and pancreatic. In addition, we assumed that 12.5% of cancer 
cases in Canada diagnosed in individuals under the age of 40 would be flagged for hereditary cancer 
evaluation even when occurring at primary sites beyond those listed above. Further details on how the 
volume of referrals for each pathway was estimated in the model’s base case are provided in Table S2, 
and the specific parameter values used and the sources they were drawn from are listed in Table S3. 
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Table S1. A needs-based planning approach to modeling hereditary cancer services 

NBP input Operationalization in hereditary cancer workforce requirements model 

Demography  
(population size) 

• The volume of new cancer cases as a whole, and broken down by primary site.  
• These data have a population’s demographic structure including age and sex, as well as 

changes in cancer incidence built into them.  

Epidemiology  
(needs | sub-population) 

• Different levels of need are experienced by sub-populations as defined by primary cancer 
site, age, and whether or not the patient has had cancer or is an unaffected family member 
of relatives who have had cancer.  

Level of service  
(services | needs) 

• The model defines six distinct care pathways that include different levels of service 
according to need. 

• Referral volumes are assigned to pathways based on the demographic and epidemiological 
factors described above. 

Productivity  
(provider time | services)  

• The amount of provider time required varies based on the different services offered in 
each care pathway and on the service delivery model used. 
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Table S2: Methods for estimating referral volume for each clinical pathway in hereditary cancer workforce requirements model (Base Case) 

Pathway Eligible population Estimating the number of referrals 
1. Mainstreaming Subset of new cancer 

patients 
• The subset of patients entering the mainstreaming pathway were defined as the 

number of ovarian cancer patients with genetic tests ordered by the their 
oncologist. 

• We operationalized this as the proportion of ovarian cancers that are epithelial 
(90%) times the proportion that occur in people under the age of 70 (80%), 
resulting in 72% of incident ovarian cancer cases entering this pathway. 

2. Genetic counselling 
only 

Family members of cancer 
patients in previous years 

• The starting point is the number of new cases of cancer in the previous year that 
would be assessed to be possibly hereditary by healthcare providers (total 
incident cases excluding lung and thyroid cancer and those patients >40 years of 
age). 

• Each index case is assumed to have had an average of 3.42 first degree relatives, 
and 12.6% of them would be expected to receive a high-risk designation. 

• We also assumed that 56% of them would be informed of their high-risk 
designation by the index patient and follow through by pursuing a genetics 
referral. 

• Finally, we subtract the 70% of these individuals who would seek out self-pay 
testing (those referrals go to Pathway 3b). 

3a. Proband genetic 
counselling and testing 

New cancer patients • A specific proportion of new, possibly hereditary cancer cases are assumed to be 
referred to the hereditary cancer program for counseling and testing. 

• This figure does not include atypical cases (Pathway 5) or mainstreamed cancer 
types (Pathway 1), which are subtracted out. 

3b. Proband genetic 
counselling and testing 

Family members of cancer 
patients in previous years 
 

• This starts as in Pathway 2 with the relatives of those with possibly hereditary 
cancers who are at high risk and pursue a referral, but includes those who decide 
to pursue self-pay genetic testing instead of a counseling-only service.  

4. Targeted genetic 
counselling and testing 

Family members of 
patients with a confirmed 

• The number of patients from the other pathways (1, 3, 5 and 6) who test positive 
for a pathogenic variant is multiplied by the average number of first-degree 
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hereditary-cancer-linked 
variant  

relatives that would be informed and the proportion of those that would be 
expected to follow through with testing. 

5. Atypical 
consultations 

Complex cases that 
require a full consultation 
with an MD 

• This category includes syndromes with extra-oncologic features, or pediatric cases. 
• Referrals to Pathway 5 are estimated as a proportion (0.171) of the number of 

new cancer cases estimated to be referred to the hereditary cancer program for 
counseling and testing (the other 82.9% go to Pathway 3b). 

• This parameter is drawn from the proportion of initial consultations for hereditary 
cancer in France that were not for breast, ovarian or digestive tract cancer 
patients. 

6. Somatic testing 
follow-up 

New cases of any type of 
cancer 

• Cancer patients with a germline finding identified through somatic testing. 
• This was defined as the proportion of new cancer cases that had somatic testing to 

inform targeted therapy, multiplied by the percentage of individuals undergoing 
somatic testing who have a germline mutation. 
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Table S3: List of model parameters and probability distributions used for probabilistic 
sensitivity analysis (Base Case) 

Parameter 
Value 

(mean) Variance 

Distribution 
assumed in 

probabilistic 
sensitivity 

analysis Sources (references) 

Base case     

Proportion of cases which are 
atypical 0.171 3.71E-07 beta Oncogénétique en 2018 (4)  

Positive test proportion  0.133 0.000004 beta Oncogénétique en 2018 (4) 

Additional yield from GWS 1.578947 N/A FIXED Oncogénétique en 2018 (4); 
Powis et al. (2018) (5) 

Positive test proportion for 
relatives of proband with 
pathogenic/likely pathogenic 
variant 

0.406 2.12E-05 beta Oncogénétique en 2018 (4) 

Testing uptake 0.973 0.000626 beta 

Calculated from Institut 
National du Cancer data 
2015-2018 (France) 

Oncogénétique en 2015 (6) 

Oncogénétique en 2016 (7)   

Oncogénétique en 2017 (8)  

Oncogénétique en 2018 (4) 

Proportion of incident cancer 
cases referred (2030) 0.143 2.5E-07 beta 

Linear extrapolation from 
time-series in Oncogénétique 
en 2018 (4) 

Proportion of incident cancer 
cases referred (2020) 0.092 2.12E-07 beta 

Linear extrapolation from 
time-series in Oncogénétique 
en 2018 (4) 

Proportion of incident cancer 
cases referred (2017) 0.076 1.76E-07 beta Oncogénétique en 2018 (4) 
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Number of first-degree family 
members per positive proband 3.42 0.14 gamma 

Levin, 2017 (9); Menko, 2019 
(10) (Wagner, Patenaude 
from this review); Fehniger, 
2013(11); weighted average  

Number of relatives informed 
per positive proband 4.59 3.46 gamma 

Menko, 2019 (10) (Blandy, 
McGivern, Wagner, Sermijn, 
Patenaude, Finley, Fehniger); 
weighted average  

Proportion of high-risk relatives 
(2017) 0.126 N/A FIXED Han (2017)(12)  

- (proportion in 2020) 0.126 N/A FIXED Han, 2017(12) 

- (projected in 2030) 0.146 N/A FIXED 

Calculated from Institut 
National du Cancer data 
2015-2018 (4,6–8). This 
value makes the growth 
from 2020-2030 consistent 
with the growth trend seen 
between 2015-2018 

High risk family members who 
pursue referral 0.56 0.01 beta 

Levin, 2017 (9), Menko 
review (10) (uptake of 
testing #s, not specifically 
consultation; Blandy, Finlay, 
Aktan-Collan, Bodd, Cody, 
Sanz, Aktan-Collan, Barrow, 
Seppala); weighted average  

Referred family members who 
pursue private pay testing 0.7 0.04 beta Weymann, 2017 (13); Van 

Bebber, 2007 (14) 

Proportion of individuals in the 
pathway who use a decision aid 0.89 0.000724 beta Adam, 2019 (15) 

Total number of hours per 
annual FTE (37.5hrs/week, for 
48 weeks per year) 

1800 N/A FIXED Calculation 

Proportion of referrals to 
genetics declined by genetics 
clinic 

0.168 0.000 beta Benjamin et al. (2015) (16) 

Proportion of patients with an 
accepted referral who decline to 
make an appointment 

0.148 0.000 beta Benjamin et al. (2015) (16) 
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Proportion of patients with an 
appointment who do not attend 0.087 0.000 beta Benjamin et al. (2015) (16) 

Proportion of ovarian cancers 
that are epithelial (90%) X 
proportion under the age of 70 
yo (80%)  

0.72 N/A FIXED GTEOC study, UK based 
report (2017) (17)  

Average proportion of cancer 
cases that are diagnosed <40 in 
Canada 

0.049 0.000 beta Canadian Cancer Society, 
2017 (18) 

Proportion of individuals 
undergoing somatic testing who 
have an underlying germline 
mutation  

0.03 0.000 beta Jones et al, 2015 (19) 

Number of patients who had a 
NGS somatic test that led to 
targeted therapy 

0.115 0.000 beta Calculated from INC, 2017 
(20) 

Proportion of individuals who 
have testing who would be seen 
for a results appointment  

1 N/A FIXED Base Case assumption - all 
have results appointment  

Proportion of individuals who 
need an additional follow-up 
appointment  

0.16 N/A FIXED 

Hereditary Cancer Program, 
BC Cancer Agency. 
Calculated from HCP data 
(for every 6 results appt. 
they have 1 follow-up appt. 
slot)  

Calculated times per service unit for MDs (complex cases) (minutes) 
[Australian times – converted in model to Canadian context by multiplying by 0.83] 

Triage 0 N/A Fixed Various (see section 3.1 and 
Table S4 below) 

Initial appointment 128 19.9 Gamma Various (see section 3.1 and 
Table S4 below) 

Test coordination 51 13.0 Gamma Various (see section 3.1 and 
Table S4 below) 

Results appointment 288 32.1 Gamma Various (see section 3.1 and 
Table S4 below) 

Additional appointment 87 17.5 Gamma Various (see section 3.1 and 
Table S4 below) 

Calculated times per service unit for GCs (minutes) 
[Australian times – converted in model to Canadian context by multiplying by 0.83] 

Triage 48 4.9 
Gamma 

Various (see section 3.1 and 
Table S4 below) 

Initial appointment 144 14.3 
Gamma 

Various (see section 3.1 and 
Table S4 below) 
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Test coordination 43 6.3 
Gamma 

Various (see section 3.1 and 
Table S4 below) 

Results appointment 207 17.7 
Gamma 

Various (see section 3.1 and 
Table S4 below) 

Additional appointment 102 12.8 
Gamma 

Various (see section 3.1 and 
Table S4 below) 
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3. Service units 

Provider tasks have been defined for each clinical pathway (Figure 1 in the main manuscript) as a 
combination of five service units: 1) triage process, 2) initial appointment, 3) test coordination, 4) results 
appointment, and 5) additional follow-up appointments. The appointment service units include both the 
time required for non-patient-facing related activities (e.g., chart review, administrative tasks, etc...) as 
well as face-to-face appointment time. The combination of service units is unique to a given pathway 
depending on what is required for patients in that clinical context.  

3.1 Time estimates for service units 

Our main data source for the time spent by genetic counsellors and clinical geneticists on specific tasks 
was a workforce survey conducted by the Australian Genomics Health Alliance (Australian Genomics) in 
2017 (21). Table C-6 of the Technical Report provides the average time and standard deviation spent by 
163 GCs and 79 clinical geneticists (CGs) on a set of specific clinical tasks performed in the context of 
clinical care for genetics patients. While the average time per task was also reported separately for 
different clinical areas (e.g., prenatal genetics, pediatric genetics, etc...), average times did not vary 
consistently across clinical contexts, so we used the overall averages for each task as inputs. 

Task-based time estimates from the Australian Genomics survey were aggregated into time 
estimates to deliver each service unit in the model as shown in Table S3 below. However, genetic service 
delivery in Australia has differences in reimbursement, scope of practice, and regulation, as compared to 
Canada, which make it likely that the times estimated based on Australian Genomics data cannot be 
directly transferred to a Canadian context due to, for example, different average caseloads per genetic 
counsellor. Indeed, the Australian Genomics survey reported that genetic counsellors saw 23 patients 
per month on average, and given that the average full-time equivalent (FTE) worked was 0.82, this 
equates to a 1.0 FTE caseload of 28 patients per month. In Canada, the Canadian Association of Genetic 
Counsellors’ (CAGC) 2016 Professional Status Survey indicated that Canadian GCs saw an average of 313 
patients per year (or 26.1 per month), but only 67% of GCs worked full-time. If we estimate that the 
remaining 33% on average had a 0.5 FTE contract, the average caseload per 1.0 FTE would be 31.1 
patients per month. This is similar to the 30.6 face-to-face patient encounters per month reported for 
Ontario GCs by Shugar et al. (2017) (22), though this study did not indicate average FTE for the 
respondents. Assuming a similar full-time proportion as in the CAGC survey, this suggests an average of 
33.9 patients seen per 1.0 FTE in Canada per month ((26+30.6)/2/0.835), as compared to an estimated 
28.0 patients seen per 1.0 FTE in Australia, suggesting a slightly higher average caseload per counsellor 
in Canada. As such, we multiplied the time per service unit estimates in Table S4 by the ratio of 
estimated caseloads (0.828) to adjust the time estimates to a Canadian context. Similar caseload 
estimates for clinical geneticists were not available, so we used the GC ratio to adjust MD time estimates 
from the Australian to Canadian context.  

Note that time units used in the model were adjusted in some pathways to capture the 
differences in roles and scope of practice between GCs and MDs for different patient types. For 
appointments in pathways where the GC is likely to be the lead care provider under current service 
delivery models, the GC time was estimated from the Australian Genomics survey above to reflect the 
time required both for appointment time and patient related activities (Table S4). However, the MD 
time was set at 30 minutes for patient-interacting service units (initial, results, and additional follow-up 
appointments) (BC Cancer Agency; personal communication) and 0 minutes for patient-related activity 
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Table S4: Aggregation of average time per task in Australian Genomics survey into time per service unit as defined in the GenCOUNSEL 
workforce requirements model 

Australian Genomics Survey Time per service unit (Australian context) 
[subject to caseload weighting conversion to Canadian context] 

Task 
label Task name 

GC time, 
minutes - 

mean 
(sd) 

MD time, 
minutes - 
mean (sd) 

Service unit Tasks (GC) 

GC time, 
minutes 
– mean 

(sd) 

Tasks (GMD) 

GMD 
time, 

minutes 
– mean 

(sd) 
A Initial intake call 24 (17) 36 (39) 1. Triage process A + (G_2 * 0.5) 48 (28) - - 
B Initial consultation 49 (17) 60 (23) Intake call A 24 (19) - - 
C Test coordination 43 (32) 51 (32) Admin paperwork G_2 * 0.5 24 (21) - - 

D Research and 
interpreting results 105 (28) 201 (35) 2. Initial 

appointment 
B + F + G_1 + 
(G_2 * 0.5) 144 (49) B + F + G_1 + G_2 128 (40) 

D_1 Literature and database 
searches re: counselling 26 (27) 51 (33) Appointment B 49 (17) B 60 (23) 

D_2 Clinical meetings and 
consultations 31 (31) 34 (29) 

Patient-related 
activities F + G_1 71 (40) F + G_1 52 (30) 

D_3 
Analyzing test results, 
incl. Literature and 
database searches 

25 (27) 50 (33) Admin paperwork G_2 * 0.5 24 (21) G_2 16 (12) 

D_4 Other 23 (28) 66 (46) 3. Test 
coordination C 43 (32) C 51 (32) 

E Further consults 31 (22) 35 (22) 4. Results 
appointment E + D + F + G_1 207 (54) E + D + F + G_1 288 (51) 

F Follow-up activities 39 (29) 37 (28) Appointment E 31 (22) E 35 (22) 

G Administration 80 (35) 31 (12) Patient-related 
activities D + F + G_1 176 (49) D + F + G_1 253 (46) 

G_1 Data entry, 
appointments, etc... 32 (28) 15 (11) 

5. Additional 
follow-up 
appointment 

E+ F + G_1 102 (46) E + F + G_1 87 (37) 

G_2 Other 48 (42) 16 (12) Appointment E 31 (22) E 35 (22) 

 Patient-related 
activities F + G_1 71 (40) F + G_1 52 (30) 
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service units (triage, test coordination). This MD time captures their roles in patient-related activities 
such as case review, case management, and reviewing case documentation. In Canada, GCs are often 
able to lead care provision for encounters that do not require protected medical acts (e.g., physical 
exam, new diagnoses, etc…) and for which the focus is genetic counseling. Consequently, in our model 
GCs are the lead care providers for Pathway 1, Pathway 2, Pathway 3, Pathway 4, and Pathway 6 (see 
Table S2 for a full description of the pathways), with MDs providing clinical oversight. In contrast, in 
cases that involve tasks that are more medical in nature and involve protected medical acts the MD is 
classified as the lead care provider. These appointments are captured in Pathway 5. To account for 
differences in roles in these appointments, the times have been adjusted. The MD time for Pathway 5 is 
therefore adapted from the Australian Genomics survey as described in Table S4 and it is assumed that 
the time GCs spend on these appointments is half of what they spend on the same tasks when they are 
the lead provider for that encounter. 

3.2 FTE and headcount calculations 

To enhance interpretability of our model estimates for readers, we used the following procedure to 
convert the direct patient care full-time equivalent (DPC-FTE) workforce requirements estimates 
generated by our model to estimated headcounts (i.e., the number of healthcare providers (HCPs) 
needed to provide that patient care capacity). The calculation proceeds in two steps. 

First, DPC-FTEs are converted to total standard FTEs required by adding in the time necessary for 
HCPs to perform essential non-clinical duties, such as supervision, professional development, and 
administration. For GCs involved in direct patient care, the typical proportion of weekly working hours 
spent on direct patient care is 84% (23), while for MDs it is 58% (24). The definition of a standard full-
time equivalent (FTE) in our workforce requirements model is the total compensated time an individual 
works in one standard work week, which we assume to be equal to 37.5 hours (with 48 weeks of work 
per year, for a total of 1,800 hours worked per year). If we were to assume that all HCPs do in fact work 
37.5 hours/week, then the number of estimated total FTEs required would be equivalent to the 
headcount required. However, some proportion of HCPs work part-time, and in reality both GCs and 
MDs work more than 37.5 hours/week on average. Recent workforce surveys indicate that 90 percent of 
genetic counsellors have full-time positions, working 41.6 hours per week on average (25), and part-time 
genetic counsellors work 71% of full-time hours on average (29.5 hours). Thus 100 GCs working in 
clinical positions will have a capacity of 90.5 DPC-FTEs as defined by our model: 

100 GCs involved in direct patient care * 

(((0.9*41.6 + 0.1 *29.5) [total number of hours worked per week for FT and PT workers] 

/37.5)) [as a multiple of total FTEs] 

*0.84) [multiplied by the proportion of total time used for direct patient care] 

= 90.5 GC direct patient care FTEs 

We can therefore multiply the GC DPC-FTE estimates generated by the model by 1.105 (100/90.5) to 
estimate the number of GCs working in clinical positions that would be required to maintain that 
capacity. Similarly, for GMDs, including medical geneticists, who work an average of 50 hours per week 
(24) and for whom we assume that 100% work full-time, we can estimate that: 

100 MDs specialized in genetics * 
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50 [total number of hours worked per week] 

/37.5 [as a multiple of standard clinical FTEs] 

*0.58) [multiplied by the proportion of total time used for direct patient care] 

= 77.3 GMD direct patient care FTEs 

To infer required GMD headcount we can therefore multiply GMD DPC-FTE estimates by 1.294 
(100/77.3). As an alternative estimate for GCs, we performed the same calculations assuming actual 
hours worked per week were 37.5 rather than 41.6, which results in an estimated capacity of 81.6 DPC-
FTEs for every 100 GCs involved in direct patient care (100*((0.9*37.5 + 0.1* 26.6)/37.5)*0.84).  

4. Scenarios 

Table S5 provides a list of all the scenarios evaluated in this study. Our previous Delphi panel survey of 
Canadian clinical genetics experts (26) pointed to two potential trends that could substantially increase 
the need for genetic counselling for hereditary cancer in Canada by 2030. Namely, 72% of respondents 
believed it was likely that “the guidelines for considering who is eligible for germline genetic testing for 
hereditary cancer will be expanded to include all types of cancer” and 61% thought it was likely that 
“tumor testing will be performed using genome-wide sequencing (GWS; i.e. exome or genome 
sequencing) instead of another genetic test”. Respondents’ average estimate of the “percentage of 
individuals with any type of cancer who will receive germline genetic testing for hereditary cancer 
variants” in 2030 was 32% (SD=9.3; range 20% to 50%), which we use to operationalize Scenario 1 
below. 

In the Australian Genomics survey described above, Australian GCs and GMDs were asked to report time 
per task separately for GWS vs. non-GWS cases. Total time spent for GWS patients was an average of 
519 minutes (SD=26) for GCs and 548 minutes (SD=27) for GMDs, as compared to 371 minutes (SD=27) 
and 454 minutes (SD=28), respectively, for non-GWS patients. This implies that a GWS patient on 
average takes 40% longer for GCs and 21% longer for GMDs ((21); Table D-2 compared with Table C-6). 
While some evidence in the literature suggests that GWS may result in an increased diagnostic yield for 
hereditary cancer variants over gene panels (27–29), these were small studies, and a head-to-head 
randomized clinical trial was unable to establish a diagnostic yield advantage for exome sequencing (30). 
In part this likely reflects the frequent updating of gene panels with newly discovered pathogenic 
variants, and means that any comparative advantage is likely to be small and of limited durability for a 
given variant. We therefore assume no advantage in our GWS Substitution scenario (#2 below). 

5. Sensitivity analyses 

To explore the range and sources of uncertainty associated with our model’s estimated workforce 
requirements, we conducted both deterministic and probabilistic sensitivity analyses for the Base Case 
of the model. For the probabilistic sensitivity analysis, probabilistic distributions were defined for a 27 of 
the 31 non-jurisdiction-specific parameters used in the Base Case, with beta distributions used for 
proportions and probabilities and gamma distributions use for time parameters (see Table S3). We then 
conducted a 1000-run Monte-Carlo simulation in which parameter values were randomly sampled from 
the 27 distributions in each run and DPC-FTE estimates were calculated for each run. The mean DPC-
FTEs over the 1000 runs were used as the point estimates for workforce required, while 95% confidence 
intervals were estimated using the 2.5th and 97.5th percentiles of the resulting DPC-FTE distributions.
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Table S5 – Description of 2030 scenarios, with changes in model as compared to the Base Case 

Scenario Description Operationalization 

Scenario 1:  
Expanded eligibility 

Expansion in the eligibility for 
germline testing for individuals with a 
new case of cancer grows faster in 
2020-2030 than in 2010-2020. 

The proportion of new cancer cases referred for 
hereditary cancer genetic services is 32% (Scenario 
1b) vs. 14.3% (Base Case, 2030) 
 
Scenarios 1a and 1c explore the range of the Delphi 
panel estimates where the proportion of new 
cancer cases referred for genetic services ranged 
from 20% to 50%, respectively.  
 
Scenario 1d considers the impact of an expansion 
of referrals to 32% of new cancer cases, but with 
this trend accompanied by increased 
mainstreaming, with all new breast cancer cases 
having a genetic predisposition test ordered by 
their treating oncologist/surgeon, and only 
patients with positive tests being referred to a 
genetics clinic (Pathway 1). 
  

Scenario 2:  
GWS test substitution 

Gene panels currently used in 
hereditary cancer testing are all 
replaced with GWS (exome or genome 
sequencing). Technology used for 
targeted testing confirming known 
variants is unchanged. 

Time per patient for probands undergoing genetic 
testing through the cancer genetics clinic 
(Pathways 3, 5) increases by 40% for GCs and 21% 
for GMDs. 

Scenarios 3a-3d: 
Innovation in genetic 
counseling service 
delivery 

Evaluates the impact on workforce 
requirements of the following… 

In general, the average time per service unit 
required per patient changes to the following 
values: 

 3a) using an online decision aid for 
pre-test counselling,  

3a) Assumes that 89% of patients would use an 
online decision aid as part of pre-test counselling if 
it was available (15). Of these, 65% of patients 
would not receive any genetic counselling, while 
35% of patients would have a pre-test 
appointment with a GC, but these would be 50% 
shorter than standard appointments.  For those 
patients who do not receive any pre-test 
counselling, GC time for patient-related activities 
would be reduced by 75% and appointment time 
would be 0. This scenario applies to Pathways 3, 4, 
5.  GMD time in Pathways 3 and 4 would be 
unchanged (since it is already assumed that GMD 
involvement is limited), while in Pathway 5 GMD 
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pre-test time would be reduced in the same way as 
for GCs in Scenarios 3 and 4. For GCs in Pathway 5, 
the baseline time per appointment is already 
reduced by 50% to account for increased MD 
involvement. As a result, GC times for patients who 
receive the decision aid are further reduced by the 
same proportion by which the use of the decision 
aid reduces full GC appointments in the other 
pathways (by 17% when the patient has a GC 
appointment after using the decision aid, and by 
71% when the patient declines a pre-test genetic 
counselling appointment). 

 3b) returning negative test results by 
letter, 
 

3b) Results appointments and PRA for non-
mainstreamed patients with negative test results 
are assumed to be 15 minutes per provider. This 
scenario applies to Pathways 3, 4, 5.  

 3c) use of genetic assistants (Gas) to 
perform more administrative tasks to 
allow genetic counsellors to practice 
at top-of-scope, and 
 

3c) The PRA time for genetic counsellors (including 
triage and test coordination) is reduced by 65% 
(27). There is no impact on appointment times. 
This does not apply to atypical cases and the 
addition of a GA does not impact GMD time. This 
scenario applies to Pathways 1, 2, 3, 4, and 6.  

 3d) the use of group pre-test 
counseling appointments 

3d) The GC time required for initial appointments 
is assumed to be 0.49 of the time needed for 
individual appointments and 10 minutes per 
patient for GMDs (28) .This scenario applies to 
non-mainstreamed GC-led appointments 
(Pathways 2, 3, 4). 

 3e) expanded mainstreaming of 
germline genetic testing for cancer 
patients 

3e) Germline testing is ordered by treating 
oncologist and/or surgeon for all new breast 
cancer cases(29–32) and those patients with 
positive tests flow into Pathway 1. No patients with 
breast cancer are referred through Pathway 3. 
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Deterministic sensitivity analysis 

In addition, to see which parameters had the largest effect on the DPC-FTE estimates, we performed a one-way deterministic sensitivity analysis in 
which each parameter was separately varied +/- 25% while holding the other parameter values constant. The resulting DPC-FTE results are 
presented in the tornado plot below. 

Figure S1: One-way deterministic sensitivity analysis of workforce requirements for MDs with genetics expertise (Base Case) 
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Figure S2: One-way deterministic sensitivity analysis of genetic counsellor workforce requirements (Base Case) 
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6. Comparison with Cancer Care Ontario needs-based workforce analysis 

We sought to validate our approach by comparing our model’s estimates using 2016 Ontario cancer 
incidence data as an input with both reported utilization and a needs-based workforce requirements 
projection published by Cancer Care Ontario in 2018 (33). Using the number of new cancer cases in 
Ontario in 2016 as an input, our Base Case model estimated a referral volume of 26,879 cases for 2016 
and a requirement of 62.8 GC DTC-FTEs to provide clinical care to those patients (Table S6). While the 
estimated number of referrals was 45% greater than the actual number of referrals actually received, it 
was only 4% higher than the need estimated by Cancer Care Ontario’s modeling (despite our model 
using a significantly different structure and no Ontario utilization data as an input) (33), and the 
estimated number of patients seen per GC FTE in our model was within 10% of the actual reported ratio 
in Ontario. This level of agreement provides with Cancer Care Ontario’s own needs-based model 
provides cross-validation of our model output, and lends face validity to our Canada-wide estimates. 

Table S6: Cancer genetics utilization and projected need in Ontario in 2016 

 Referrals Initial 
appointments 

 Results/follow-up 
appointments 

GC DPC-FTEs 
(total) 

Appts/DPC-
FTE 

Actual utilization, 
Cancer Care 
Ontario (33) 

18,084 13,883 n/a  43.4 319 

Need, Cancer Care 
Ontario (33) 25,810 n/a n/a 78.1 331 

Need, 
GenCOUNSEL 

model 
26,879 18,277 n/a 62.8 291 
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