
e569Current Oncology, Vol. 27, No. 6, December 2020 © 2020 Multimed Inc.

ORIGINAL ARTICLE

Correspondence to: Karissa M. Johnston, Broadstreet Health Economics and Outcomes Research, 203–343 Railway Street, Vancouver, British Columbia  V6A 1A4. 
E-mail: kjohnston@broadstreetheor.com  n  DOI: https://doi.org/10.3747/co.27.5995 
Supplemental material available at http://www.current-oncology.com

Comprehensive genomic profiling  
for non-small-cell lung cancer:  
health and budget impact
K.M. Johnston phd,* B.S. Sheffield md,† S. Yip md,‡ P. Lakzadeh msc,* C. Qian msc,*  
and J. Nam msc§

ABSTRACT

Background Single-gene tests and hotspot panels targeting specific subsets of biomarkers constitute the Canadian 
genomic testing landscape for non-small-cell lung cancer (nsclc). However, newer testing options such as compre-
hensive genomic profiling (cgp) offer improved detection rates and identification of multiple classes of genomic 
alterations in a single assay, minimizing tissue requirements and turnaround time. The objective of the present 
analysis was to assess the health and budget impacts of adopting cgp testing for nsclc in Canada.

Methods This study assessed the impact of funding the cgp tests FoundationOne CDx and FoundationOne Liquid 
(Foundation Medicine, Cambridge, MA, U.S.A.) over a 3-year time horizon using a Canadian societal perspective for 
Ontario. Conventional testing strategies were summarized into two reference scenarios: a series of single-gene tests 
only, and reflex single-gene testing followed by a hotspot panel for negative results. Four adoption scenarios for cgp 
testing were considered: replacing all single-gene and hotspot panel testing, replacing hotspot panel testing only, 
use after negative single-gene and hotspot testing, and use of FoundationOne Liquid in individuals with insufficient 
tissue for conventional testing.

Results When cgp testing was assumed to replace all conventional testing with 50% uptake, the budget impact per 
person per year ranged from $0.71 to $0.87, depending on the reference scenario, with a 3-year gain of 680.9 life–years 
and 3831 working days over the full cohort.

Conclusions Given the present testing landscape for patients with nsclc in Canada, listing cgp testing could opti-
mize the selection of appropriately targeted treatments, and thus add life–years and productivity for this population, 
with a minimal budget impact.
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INTRODUCTION

Lung cancer is the most common cause of cancer-related 
death in Canada, and more than 80% of lung cancer cases 
are non-small-cell lung cancer (nsclc)1. Therapies targeting 
specific genomic mutations have shown promising results 
for treating this type of cancer. In Canada, approved treat-
ments include crizotinib for ALK-positive tumours; pem-
brolizumab and nivolumab for PD-L1–positive tumours; 
erlotinib, gefitinib, and afatinib for EGFR-positive tumours; 
and crizotinib for ROS1-positive tumours2,3. Critical in 

the selection of nsclc therapies is early genomic testing to 
ascertain which mutations a patient might be harbouring 
and thus the feasibility of receiving therapies that target 
such mutations. There is currently no national oversight in 
Canada with respect to standard-of-care genetic testing4, 
which has led to provincial variation in the proportion of 
patients with cancer who are tested for genomic alterations5 
and in the timing and modalities of tests received6.

Current genomic testing in Canada uses a combina-
tion of single-gene testing methods such as polymerase 
chain reaction, Sanger sequencing, fluorescence in situ 
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hybridization, and immunohistochemistry, and multi-gene 
testing, which typically uses next-generation sequencing 
hotspot panels. Although accessible, those conventional 
testing methods have documented limitations. In one 
study, 70% of patients with actionable ALK rearrange-
ments missed by single-gene testing methods responded 
to treatment7. In other studies, 65% of tumours deemed by 
single-gene testing methods to be negative for a driver alter-
ation were subsequently found to have clinically-relevant 
and actionable alterations8, and 58% of patients who tested 
negative for EGFR, KRAS, and ALK had clinically relevant 
alterations suggesting potential for benefit from targeted 
therapy9. Furthermore, sequential testing can potentially 
exhaust available tissue before all relevant biomarkers 
are measured10–13.

Given variation across provinces (and regional vari-
ation within provinces), there is no standard approach to 
testing in Canada. Some treatment facilities have in-house 
laboratories able to conduct testing, including hotspot 
panels, resulting in testing strategy flexibility. However, 
smaller facilities lack access to the same infrastructure 
and must ship samples to reference laboratories. Those 
differences can lead to discrepancies in testing accessi-
bility and subsequent treatment options for patients. In 
addition, the increased need for testing can be a burden 
to the testing centres.

Comprehensive genomic profiling (cgp) refers to a 
method by which multiple classes of genomic alterations 
can be identified in a single assay, thus addressing high 
tissue requirements and minimizing turnaround time, 
while providing comprehensive results. The process is more 
patient-centric, requiring less-frequent invasive tissue col-
lection and offering an option for patients for whom tissue 
collection is not possible. The FoundationOne CDx and 
FoundationOne Liquid tests from Foundation Medicine 
(Cambridge, MA, U.S.A.) represent one such cgp approach. 
The tests detect all known classes of alterations within a 
single assay. For nsclc in particular, FoundationOne CDx 
can simultaneously test for EGFR, ALK, BRAF, ROS1, and 
various other alterations of interest, potentially reducing 
the amount of adequate tissue required and the turnaround 
time relative to strategies requiring multiple or sequential 
testing. The FoundationOne Liquid test provides analogous 
results by liquid biopsy of a blood sample, making cgp test-
ing feasible in individuals with insufficient tissue for trad-
itional testing methods. In nsclc, available tumour tissue 
is a practical concern for some patients, and in addition, 
a liquid test is desirable at the time of disease progression 
because it can help to avoid a repeat biopsy.

There is increasing evidence that, although still rela-
tively new, personalized medicine—including optimized 
diagnostic testing—has the potential to improve health 
outcomes14,15. However, the costs of the tests themselves 
can be an important consideration in uptake, and test costs 
can be challenging to incorporate into cost-effectiveness 
assessments of treatments5. Economic analyses specific to 
testing can help to provide insights.

The objective of the present study was to estimate the 
health and budget impacts of listing FoundationOne CDx 
and FoundationOne Liquid for patients with advanced 
or metastatic nsclc as a companion to current testing 

strategies. For the estimate, a health and budget impact 
model was developed that characterized differences in costs 
and overall survival (os) associated with varying use of the 
Foundation Medicine tests as an alternative to conventional 
testing methods for patients with nsclc in Canada.

METHODS

To quantify the impact of funding Foundation Medicine 
testing, a health and budget impact model was developed, 
describing testing strategy and flow, resulting mutation 
detection and treatment decisions, and costs and life–years 
associated with various testing strategies in a cohort of in-
dividuals (Figure 1). The starting population included indi-
viduals with advanced nsclc in Ontario eligible for testing. 
Within that population, testing practices were associated 
with treatments received and resulting clinical outcomes.

A Canadian societal perspective was taken, with 
Ontario as a sample province, in which workplace pro-
ductivity was considered in addition to testing costs and 
clinical outcomes. Patients considered eligible for Foun-
dation Medicine testing included individuals who would 
normally receive first-line reflex testing, those who would 
undergo subsequent panel testing, and those with tissue 
insufficient or unavailable for testing either initially or at 
progression of disease.

Model Structure
The model is related to another that has previously been 
described16 and adapted to the Canadian setting. The 
model is defined by a reference scenario, in which only 
conventional tests are used, and by an adoption scenario, 
in which some testing (for EGFR, ALK, ROS1, BRAF, MET, 
ERBB2, RET, and KRAS alterations) is replaced by Founda-
tion Medicine testing.

Epidemiologic Data
The incidence of lung cancer was based on observed age- 
and sex-specific Canadian incidence rates17. From that 
overall lung cancer population, it was estimated that 88% 
would have nsclc17, and that 52.5% would have advanced 
disease (5.4% stage iiib and 47.1% stage iv).

Testing Efficacy
Certain assumptions were made in the development of the 
model. Table i lists the detection rates for individual altera-
tions in conventional tests compared with the Foundation 
Medicine tests (prevalence rates for conventional testing 
are given in Appendix 1, Table 1, of the supplemental ma-
terial). Values for both were obtained from the published 
literature7,18–22,24. The rates reflect the improved sensitivity 
of the Foundation Medicine tests, resulting in higher de-
tection rates across all genes, excluding PD-L1. In addition, 
all genomic alteration values for nonsquamous nsclc were 
multiplied by 0.7 to account for the fact that about 30% of all 
patients with nsclc have squamous cell carcinoma and are 
unlikely to carry those alterations25. The detection rate for 
MET alteration consisted of a combination of squamous and 
nonsquamous rates, using the same 70:30 split (conventional 
testing detection rates, Appendix 1, Table 2, and Foundation 
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Medicine testing, Appendix 1, Table 4, in the supplemental 
material). The same nonsquamous:squamous proportion 
was applied for detection rates with Foundation Medicine 
testing (prevalence rates for Foundation Medicine testing, 
Appendix 1, Table 3, in the supplemental material)22,24.

Treatment Efficacy
Survival outcomes for individuals treated with targeted 
therapy were derived from a French national database 
study reporting survival outcomes in nsclc for patients 
with and without a matched gene target26. Table ii shows 
the distribution of os and progression-free survival dur-
ation by line of therapy. Because all treatments (excluding 
palliative care) are associated with at least 12 months of os 
time, the benefits of targeted and immunotherapies are 

FIGURE 1 Budget impact model overview. BIA = budget impact analysis; NSCLC = non-small-cell lung cancer; FMI = Foundation Medicine In-
corporated; LOT = line of therapy; OS = overall survival

TABLE I Detection rates for individual alterations and biomarkers in 
conventional tests compared with Foundation Medicine Incorporated 
(FMI) tests

Gene or biomarker Detection rate (%) by test type

Conventional FMI

ALK18,19 2.1 2.9

PD-L1a,20 30.2

EGFR7,21,22 11.9 14.0

KRAS7,22 17.5 22.4

BRAF7,22,23 1.4 4.0

ROS17,22 0.7 1.0

ERBB27,22 2.1 4.2

MET7,22 2.6 5.8

RET7,22 0.7 1.7

a Tested using immunohistochemical assays and used in conjunction 
with FoundationOne testing.

TABLE II Progression-free (PFS) and overall survival (OS) by first-line 
treatment received

First-line therapy 
received

PFS 
(months on 
treatment)

OS (months from 
line-of-therapy 

initiation to death)

Line  
1

Line  
2

Line  
3

Line  
1

Line  
2

Line  
3

Matched targeted 
therapy26

16 4 2 22.75a/26 10 6

Matched 
immunotherapy27

10 5 3 20 10 5

Chemotherapy plus 
immunotherapy28

6 5 3 16 10 5

Chemotherapy27 6 4 2 12 6 2

No treatment or 
palliative

3 2 1 5 3 2

a Conventional tests. First-line targeted therapy adjusted for delays 
in turnaround time.

not fully recognized until the 2nd and 3rd years after ini-
tiation. Overall survival figures in the database study were 
reported for patients with an identified gene alteration. 
Survival for the subset of patients receiving targeted ther-
apy (approximately 30% of those with an identified gene 
modification) was derived based on the assumption that 
70% of the gene alteration group would experience survival 
outcomes comparable to the group without a matched gene 
alteration. The remaining survival outcomes for immuno-
therapy were taken from various keynote trials comparing 
pembrolizumab with chemotherapy, or pembrolizumab–
chemotherapy with chemotherapy alone20,27–29.

For conventional testing methods, an adjustment was 
made based on potential delays in turnaround time asso-
ciated with sending tests to external labs (that is, a longer 
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turnaround relative to the required turnaround for Founda-
tion Medicine testing), leading to a delay in results and the 
potential effect on treatment decisions and outcomes. For 
urban and academically-affiliated centres, turnaround time 
is anticipated to be less of a concern than it is for centres 
in rural communities that lack in-house options and are 
affected by physical distance to nearest testing centres. In 
the latter case, turnaround might take up to 4 weeks, po-
tentially delaying detection and treatment initiation past 
the window of greatest efficacy. In a Canadian population, it 
was found that, for 79% of patients with nonsquamous nsclc 
undergoing biomarker testing, test results were not available 
to the oncologist at the time of initial consultation, leading 
to delays in treatment decisions and initiation relative to 
patients for whom such information was available through 
rapid reflex testing30. In the budget impact model, based on 
expert opinion, the conservative assumption was made that 
delay would affect 25% of patients receiving conventional 
tests, and that treatment and survival time for targeted 
therapies in that subset of patients would be reduced by 50% 
(similar to untargeted therapies). As a result, the 26-month 
estimated survival time is reduced, overall, to 22.75 months 
for patients tested conventionally.

Use of Foundation Medicine Testing in 
Canadian Practice
For the eligible population, a variety of scenarios were con-
sidered with respect to current testing practices (reference 
scenarios) and potential uptake of Foundation Medicine 
testing (adoption scenarios), based on the range of prac-
tices observed and anticipated in the Canadian setting. 
To inform the assumptions about current testing practice, 
structured interviews were conducted with experts from a 
variety of Canadian oncology centres. The experts provided 
algorithms based on their current practice.

These reference scenarios were considered:

 n Reference scenario 1: a series of single-gene tests with 
no use of hotspot panels

The following assumptions about testing frequency 
were made: 95% ALK and PD-L1, 75% EGFR, 60% ROS1, 
and 5% KRAS and BRAF.

 n Reference scenario 2: single-gene tests followed by 
hotspot panels in patients with negative results

The following assumptions were made about test-
ing frequency: 95% ALK and PD-L1, 60% ROS1, and 
75% hotspot panel testing including EGFR, KRAS, 
and BRAF.

These adoption scenarios were considered:

 n Adoption scenario 1: FoundationOne CDx upfront, 
replacing all reflex testing (that is, all single-gene and 
panel testing with the exception of PD-L1)

 n Adoption scenario 2: FoundationOne CDx used after 
single-gene testing for patients who have tested nega-
tive in the initial tests (replacing hotspot panel)

 n Adoption scenario 3: FoundationOne CDx used after 
all standard testing in patients who have tested nega-
tive for all alterations tested so far (that is, after both 
single-gene testing and hotspot panel testing)

 n Adoption scenario 4: Use of FoundationOne Liquid 
testing in the 5% of patients who initially present for 
testing and treatment, but who do not receive any test-
ing in the reference scenario, based on the assumption 
that insufficient tissue availability (irrelevant to the 
Liquid test) is a key driver of the decision

Note that reference scenario 1 (single-gene testing 
only) is presented only in combination with adoption 
scenario 1 (FoundationOne CDx used upfront) because 
adoption scenarios 2 and 3 (FoundationOne CDx replacing 
panel testing or conducted after panel testing respectively) 
result in no first-line FoundationOne CDx use and are thus 
not applicable. For all scenarios, PD-L1 expression testing 
and subsequent immunotherapy treatment decisions are 
assumed to be independent of Foundation Medicine test-
ing, because Foundation Medicine testing will not replace 
that test.

Testing Uptake
For the assumptions about FoundationOne testing uptake, 
given large variation in testing practice from centre to 
centre, a mid-range figure of 50% for uptake was chosen: 
that is, across adoption scenarios, it was assumed that, 
of patients meeting the criteria for Foundation Medicine 
testing, 50% would receive it, and the remaining 50% would 
receive testing consistent with current routine practice, 
reflecting the fact that some facilities (for example, those 
with existing in-house laboratory facilities) might choose 
to continue with the status quo. Testing frequency rates 
were based on clinical experience and communications 
with Canadian specialists.

Although the 50% uptake assumption was made in 
the first 3 adoption scenarios, because adoption scenario 4 
involves a population with no other testing options, it was 
assumed that 95% of those individuals would receive the 
FoundationOne Liquid test.

Given that uptake was based largely on assumption, 
further sensitivity analyses were conducted to understand 
the potential impacts of incorporating Foundation Medi-
cine testing into Canadian practice: a lower proportion of 
25% and an upper proportion of 100% were selected as the 
range for potential uptake.

Second-Line Testing
Although most testing occurs in a first-line setting, second- 
line testing is also useful in the subset of patients with an 
EGFR mutation identified in the first line who are treated 
with a tyrosine kinase inhibitor, to test for second-line 
T790M resistance mutations and to identify any missed 
alterations. Conventional testing in such patients could 
require a repeat biopsy, which might be infeasible de-
pending on the availability of accessible tissue, patient 
frailty, and disease progression. Conversely, because 
the FoundationOne Liquid biopsy test can be conducted 
using a blood sample only, that test was considered to be 
an alternative mechanism in this patient subgroup. This 
second-line testing was included in all Foundation Medi-
cine adoption scenarios; uptake of Foundation Medicine 
testing was assumed to be 50%.
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Unit Costs
The costs of FoundationOne CDx and FoundationOne Liq-
uid are based on current Canadian list prices ($6,193.90). 
The costs of conventional testing vary with the specific test 
and method used (for example, in-house compared with ex-
ternal laboratory), and structured interviews were conduct-
ed with laboratory directors to comprehensively estimate 
the cost of such tests, including allocation of capital and 
staffing costs, adjusted for the volume of laboratory work 
associated with nsclc specifically (inputs and calculations 
described in Appendix 2 of the supplemental material). 
Based on that assessment, the assumed cost was $652 per 
single-gene test and $1,919 per hotspot panel test. Testing 
costs by year are based on the assumption that first-line 
testing occurs in the first year of treatment flow, and that 
second-line testing occurs in the second year.

Workplace productivity was also incorporated into the 
model, based on the assumption that more individuals re-
maining in the progression-free survival health state would be 
able to remain in the workforce. Based on clinical experience, 
the following assumptions were made to incorporate pro-
ductivity into the analysis: 24% of patients with progression- 
free disease would be able to work half-time per week, 
compared with 0% of patients with progressive disease. The 
subsequent adjustment was based on a Canadian general 
population workforce working 1804.4 hours per year31, with 
a workforce participation rate of 73.2%32, and assuming an 
hourly wage of $25.06 and a retirement age of 6533.

RESULTS

Based on the provincial population and the age and sex 
distribution in Ontario, and Canadian nsclc incidence 
rates, the total number of patients eligible for testing each 
year was estimated to be 5109. Adoption scenarios were all 
associated with fewer total tests per person (Appendix 1, 
Table 5, in the supplemental material), particularly for ref-
erence scenario 1, in which the initial series of single-gene 
tests is replaced by a single FoundationOne CDx test. In 
addition, the FoundationOne Liquid test provides the op-
portunity for testing where it was not possible before. Given 
the increased detection rate of Foundation Medicine tests 
compared with conventional tests (Table i and Appendix 1, 
Table 4, in the supplemental material), adoption scenarios 
are all also associated with increased mutation detection 
and subsequent use of targeted therapies (Table iii, Fig-
ure 2). As a result, cost efficiencies in testing and improved 
outcomes could be expected from the decrease in the use 
of inappropriate therapies.

Across all reference and adoption scenarios, Founda-
tion Medicine tests were associated with an increase in 
budget impact and with increased life–years and work-
place productivity (Table iv). Adoption scenarios 1–4 are 
associated with decreasing use of Foundation Medicine 
testing, from an upfront replacement of all conventional 
testing in adoption scenario 1, to additional testing only 
for patients ineligible for conventional testing in adoption 
scenario 4. The budget and health impacts therefore decline 
over the scenarios. The impact of the adoption scenar-
ios is similar for the two reference scenarios (excluding 
adoption scenarios 2 and 3, which are relevant only for 

reference scenario 2). The total number of tests adminis-
tered (reflecting increased use of sequential testing in the 
reference scenarios) is reported in Appendix 1, Table 5, in 
the supplemental material.

Over the full 3-year time horizon, the budget impact 
of replacing all upfront testing with Foundation Medicine 
testing (based on an uptake of 50%), is $37.1 million com-
pared with reference scenario 1 of single-gene testing only, 
and $30.3 million compared with reference scenario 2 of 
single-gene plus hotspot panel testing. That translates to 
a cost per person in Ontario per year of $0.87 for reference 
scenario 1 and $0.71 for reference scenario 2. For both 
reference scenarios, a gain of 680.9 additional life–years 
and 3831 working days is estimated for the cohort, which 
is associated with a number-needed-to-test (nnt) of 174 to 
gain 1 life–year. Note that the nnt is based on the number 
of people included in the full scenario, including the 50% 
still receiving conventional testing in the adoption scen-
ario. That number can therefore be considered to be the 
total number of people receiving the combination of tests 
associated with each scenario, rather than the number of 
individuals actually receiving a Foundation Medicine test.

Adoption scenarios 2 and 3 are characterized by 
lesser use of Foundation Medicine testing, specifically to 
replace the panel or to be used only after a negative panel. 
Correspondingly, they are associated with a lower budget 
impact ($28.7 million and $23.6 million respectively over 
3 years) and with lesser gains in os and working days when 
compared with adoption scenario 1 of reflex testing with 
Foundation Medicine. In current practice patterns, only 
a subset of patients who receive single-gene reflex tests 
would go on to receive a multi-gene panel (regardless of 
results); thus, if Foundation Medicine testing is replacing 
only testing in the subgroup currently receiving multi-gene 
testing, it would not be used for as many patients as if it had 
been given in an upfront reflex scenario. The nnt for those 
scenarios is 250 and 399 patients respectively.

Finally, adoption scenario 4 is associated with substan-
tially lower use of Foundation Medicine testing. Because 
only individuals not otherwise receiving conventional test-
ing are tested, the results are the same for both reference 
scenarios. The budget impact over 3 years is $4.4 million, 
with a nnt of 968 patients.

Sensitivity analyses varying the uptake of Foundation 
Medicine testing (Appendix 1, Table 5, in the supplemental 
material) largely affected the overall budget impact across 
all scenarios, ranging from –46% to –19% of the base-case 
budget impact for the option of 25% uptake, and ranging 
from 38% to 94% of the base-case budget impact for the 
option of 100% uptake.

DISCUSSION

A health and budget impact analysis from a societal per-
spective was undertaken to quantify the potential effects 
of providing Foundation Medicine testing as a companion 
to conventional testing in Canadian clinical practice for 
nsclc. Recent real-world evidence studies in Canada34 and 
the United States35 have reported on the survival benefits 
and cost-effectiveness of conventional multigene testing as 
an alternative to single-gene testing in lung cancer. Given 



BUDGET IMPACT ANALYSIS OF COMPREHENSIVE GENOMIC PROFILING FOR NSCLC, Johnston et al.

e574 Current Oncology, Vol. 27, No. 6, December 2020 © 2020 Multimed Inc.

the increased detection rates and potential for shorter 
turnaround time associated with Foundation Medicine 
testing relative to all available conventional tests, the 
adoption scenarios were associated with greater use of 
targeted therapies and resulting improvements in os and 
work productivity. A similar modelling approach has been 
used in a U.S. setting16; differences in outcomes result 
primarily from different assumptions about the details of 
current reference and future adoption scenarios.

Challenges in the economic evaluation of molecular 
testing have been noted previously36,37. One advantage of the 
current approach is that the primary focus of the analysis is 
on testing specifically, rather than on incorporating testing 
into a treatment-specific model. The model was therefore 
specifically designed to incorporate the nuances of testing 

strategies, taking a population-based approach to advanced 
nsclc, rather than evaluating individual therapies.

In the absence of empirical data, a number of assump-
tions were necessary, particularly in the area of testing 
uptake for FoundationOne. To support the assumption of 
50% uptake, scenarios ranging from 25% to 100% uptake 
were considered to provide a range of potential budget 
impacts. Over time, as data continue to accrue about the 
efficacy of various testing modalities, those estimates 
could be refined. Large observational datasets have been 
suggested as a future direction in assessing outcomes in 
molecular testing36. In addition to detection rates, the an-
ticipated uptake of Foundation Medicine testing and the 
relationships between test modality, turnaround time, and 
clinical outcomes were based on assumptions derived from 

TABLE III Genes and PD-L1 biomarker detected in the reference and adoption scenariosa

Gene or 
biomarker

Detections (n)

Adoption scenario

Reference 
scenario 

(single-gene 
testing only)

1b 2c 3d 4e

Conv. FO Total Conv. FO Total Conv. FO Total Conv. FO Total

Reference scenario 1: Single-gene testing only

ALK 102 51 77 128 Not applicable Not applicable 102 7 109

PD-L1 1466 1466 0 1466 1466 0 1466

EGFR 456 228 374 602 456 34 490

KRAS 45 22 598 620 45 54 99

BRAF 4 2 107 109 4 10 13

ROS1 21 11 27 37 21 2 24

ERBB2 0 0 112 112 0 10 10

MET 0 0 155 155 0 14 14

RET 0 0 45 45 0 4 4

Unmatched 3016 1834 2880

Reference scenario 2: Single-gene testing followed by hotspot panel

ALK 102 51 77 128 62 63 124 80 37 117 102 7 109

PD-L1 1466 1466 0 1466 1466 0 1466 1466 0 1466 1466 0 1466

EGFR 456 228 374 602 228 302 530 332 180 512 456 34 490

KRAS 671 335 598 933 335 484 819 488 288 776 671 54 725

BRAF 54 27 107 134 27 86 113 39 51 90 54 10 63

ROS1 21 11 27 37 21 22 43 14 13 27 21 2 24

ERBB2 0 0 112 112 0 91 91 0 54 54 0 10 10

MET 0 0 155 155 0 125 125 0 75 75 0 14 14

RET 0 0 45 45 0 37 37 0 22 22 0 4 4

Unmatched 2340 1497 1761 1970 2204

a Scenarios 1–3 assume 50% uptake for FoundationOne CDx (Foundation Medicine, Cambridge, MA, U.S.A.). PD-L1 expression is immunohisto-
chemical assays and used in conjunction with FoundationOne testing.

b FoundationOne CDx replaces all reflex testing.
c FoundationOne CDx replaces hotspot panel.
d FoundationOne CDx used after negative reflex and hotspot panel.
e FoundationOne Liquid testing only.
Conv. = conventional testing; FO = FoundationOne testing.
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FIGURE 2 Overview of treatment and impact associated with the FoundationOne CDx and FoundationOne Liquid tests from Foundation Medicine 
(Cambridge, MA, U.S.A.) in the various use scenarios. (FoundationOne Liquid is used in all scenarios.) Table III presents a detailed breakdown by gene.

TABLE IV Health and budget impacts by scenarioa

Scenario and variable Reference scenario 1: 
Single-gene testing only

Reference scenario 2: 
Single-gene testing plus hotspot panel

Overall Year 1 Year 2 Year 3 Overall  Year 1  Year 2 Year 3

Reference scenario costs ($M) 343.3 61.0 114.5 167.8 356.9 65.5 119.0 172.3

Adoption scenario 1: FoundationOne CDx replaces all reflex tests

Incremental budget impact ($M) 37.1 12.4 12.3 12.3 30.3 10.1 10.1 10.1

Incremental budget impact PMPY ($) 0.87 0.87 0.87 0.87 0.71 0.71 0.71 0.71

Incremental overall survival (years) 680.9 54.9 273.2 352.8 680.9 54.9 273.2 352.8

Incremental working days 3831 784 1524 1524 3831 784 1524 1524

NNT to gain 1 life–year 174 Patients 174 Patients

Adoption scenario 2: FoundationOne CDx replaces hotspot panel

Incremental budget impact ($ million) Not applicable 28.7 9.6 9.5 9.5

Incremental budget impact PMPY ($) 0.67 0.68 0.67 0.67

Incremental overall survival (years) 460.0 34.5 180.6 245.0

Incremental working days 2597 492 1053 1053

NNT to gain 1 life–year 250 Patients

Adoption scenario 3: FoundationOne CDx after negative reflex testing and hotspot panel

Incremental budget impact ($ million) Not applicable 23.6 7.9 7.9 7.9

Incremental budget impact PMPY ($) 0.56 0.56 0.55 0.55

Incremental overall survival (years) 291.0 22.4 115.1 153.5

Incremental working days 1641 320 661 661

NNT to gain 1 life–year 399 Patients

Adoption scenario 4: FoundationOne Liquid only

Incremental budget impact ($ million) 4.4 1.5 1.5 1.5 4.4 1.5 1.5 1.5

Incremental budget impact PMPY ($) 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Incremental overall survival (years) 132.1 12.7 56.1 63.3 132.1 12.7 56.1 63.3

Incremental working days 736 181 277 277 736 181 277 277

NNT to gain 1 life–year 968 Patients 968 Patients

a Scenarios 1–3 assume 50% uptake for FoundationOne CDx (Foundation Medicine, Cambridge, MA, U.S.A.).
$M = millions of dollars; PMPY = per member per year; NNT = number needed to treat.
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feedback obtained from experts familiar with Canadian 
clinical practice. Comprehensive assessment of labora-
tory practice and nsclc-related expenses in Canada was 
conducted to derive robust and empirical estimates of 
conventional testing costs.

When outcomes and adoption scenario results are 
considered in aggregate, the benefits of Foundation Med-
icine testing include a reduction in the absolute number of 
tests conducted, increased use of targeted therapies, and 
optimization of the timing of those therapies for individ-
uals who currently face an extended turnaround time for 
test results. The potential to conduct testing in patients 
for whom it would otherwise be infeasible because of lack 
of tissue availability is a further advantage. As a result, 
Foundation Medicine testing is ultimately associated with 
increased life–years and work productivity.

Although quality of life was not incorporated into 
the present analysis, the reduced toxicity associated with 
targeted therapies relative to traditional chemotherapy 
makes it likely that Foundation Medicine testing would 
be associated with improved quality and not just length 
of life. The budget impact was estimated to be relatively 
modest, ranging from $0.10 to $0.87 per person in Ontario 
per year, with the scenarios associated with the greatest 
uptake of Foundation Medicine testing associated with 
both the highest budget impact and the greatest benefits.

CONCLUSIONS

The present study demonstrates that, as a result of im-
proved testing efficacy, Foundation Medicine testing offers 
clinical benefits to the population for a relatively modest 
budget impact. Given that Foundation Medicine testing 
does not require access to an in-house laboratory, provi-
sion of this type of testing modality could also potentially 
promote equability in the Canadian health care system.
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