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ABSTRACT

Background Practices in somatic variant interpretation and classification vary between Canadian clinical
molecular diagnostic laboratories, and understanding of current practices and perspectivesislimited. To define gaps
and future directions, including consensus guideline development, the Somatic Curation and Interpretation Across
Laboratories (sociaL) project examined the present state of somatic variant interpretation in Canadian molecular
laboratories, including testing volumes and methods, data sources and evidence criteria, and application of published
classification guidelines.

Methods 1ndividuals who perform somatic variant interpretation in Canadian centres were invited to participate
in an online survey. Invitees included laboratory directors (certified as Fellows of the Canadian College of Medical
Geneticists or the American College of Medical Geneticists), MD or MD and PhD molecular pathologists, and other phD
experts, including php specialists in variant annotation or bioinformatics. Current testing methods, volumes, and
platforms in next-generation sequencing, use of variant annotation resources and evidence criteria, and preference
for variant classification schemes were evaluated.

Results Responseswerereceived from 37 participants in 8 provinces. A somatic variant classification scheme jointly
supported by the Association for Molecular Pathology (amp), the American Society of Clinical Oncology (asco), and
the College of American Pathologists (caAp) was used by 47% of respondents; an alternative guideline or a combination
of published guidelines was used by 35% of respondents. The remaining 18% did not use a published scheme. Only
41% of respondents used a published scheme without alteration. Although all respondents indicated that there is a
need for Canadian laboratories to adopt a somatic variant classification guideline, only 38% of respondents felt that
it should be mandatory to adopt the aAmp/asco/car-endorsed guideline.

Conclusions Data from the sociaL project identified high variability in current practice, yet strong support for
standardization of solid-tumour somatic variant interpretation across Canadian institutions. Aligning classification
methods will reduce variation in cross-institutional classification and reporting practices, aiding in consistent
practice nationwide.
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INTRODUCTION

Molecular profiling to inform drug treatment choice or
patient management by identifying somatic variants in
tumour tissue is an important tool in current clinical
care for Canadian patients with solid tumours. Clinical
molecular diagnostic laboratories performing molecular
testing have a significant role in that process, particularly
in the interpretation of the numerous variants identified
in next-generation sequencing (NGs) tests of tumours.
Consensus guidelines for somatic tumour variant inter-
pretation are important tools in clearly and consistently
translating the clinical importance of genomic variants
identified during profiling. Agreement by Canadian labora-
tories on a classification scheme will enable harmonization
between laboratories, allow for longitudinal comparisons
of particular variants, and offer a structure to define clin-
ically significant findings.

Inrecentyears, anumber of publications have defined
standardized protocols for the interpretation of somatic
variants!~. In contrast, guidelines for interpreting germ-
line inherited variants are established® and have been
endorsed by the Canadian College of Medical Geneticists®.
Oftheavailable somaticinterpretation guidelines, the most
broadlyrecognized scheme is the guideline endorsed by the
Association for Molecular Pathology (amp), the American
Society of Clinical Oncology (asco), and the College of
American Pathologists (cap), which was developed based
on a survey, a literature review, and committee member
expertisel. However, the guideline is heavily therapy-based,
with limitations for interpreting variants of diagnostic or
prognostic relevance. In addition, the extent of its clinical
applicability within the context of the Canadian health
care system is unclear, because of differences in test and
drug funding, legislation, and laboratory accreditation
requirements. Health care in Canada is publicly funded
under the Canada Health Act, with provincial funding
agencies assessing the application of molecular profiling
as a balance between patient benefit and associated test
and treatment costs. Furthermore, legislation, regulations,
and laboratory accreditation requirements are governed
at the provincial level, which can influence site-specific
laboratory practices.

Given the foregoing issues, we initiated the Somatic
Curation and Interpretation Across Laboratories (SOCIAL)
project to examine the current state of somatic variant
interpretation in Canadian molecular laboratories as a
first-step gap analysis in understanding the environment
for standardization on a Canadian guideline for tumour
somatic variant interpretation.

METHODS

Participant Cohort

A survey was distributed to individuals at Canadian mo-
lecular clinical laboratories. A comprehensive catalog of
clinical laboratories that perform somatic molecular test-
ing within Canada does not exist, and so individuals were
asked to participate and to further distribute the survey to
relevant colleagues and members of their clinicallaborato-
ries. The target individuals included those who currently

perform variant annotations as a component of their role,
and the survey was primarily directed to individuals with
experience in somatic variant interpretations for solid tu-
mours. The survey was circulated to laboratory directors
certified as Fellows of the Canadian College of Medical
Geneticists or of the American College of Medical Genet-
icists, to MD or MD and phD molecular pathologists, and to
individuals with a php who have expertise in any one or a
combination of variant annotation, molecular oncology,
or bioinformatics.

Survey, Confidentiality, and Consent

Responses to an online survey (SurveyMonkey, San Mateo,
CA, U.S.A.) were collected between June 2018 and February
2019. The survey included a confidentiality disclaimer,
and participants were asked to voluntarily consent to
participate with the understanding that de-identified data
collected for the purpose of the survey would be published
and presented broadly. Participants were not required to
submit a response for every question. The survey question-
naire is available in supplementary Appendix A

Data Analysis

In a comparative analysis, non-NGs-based and NGs-based
sequencing techniques and solid-tumour testing volumes
at the participating institutions were evaluated. Current
approaches to somatic variant interpretation were re-
viewed, including the use of published guidelines with and
without modification, use of variant classification criteria
and evidence sources, and opinions related to adoption of
available published guidelines.

RESULTS

Participation and Demographics

Survey responses were received from 37 participants,
representing 8 provinces in Canada. Most survey respon-
dents, 59% (n = 22, distributed across 12 sites), resided in
Ontario; 11% (n=4) came from each of Alberta, Quebec, and
the Maritime provinces; 5% (n = 2) came from Manitoba;
and 3% (n = 1) came from British Columbia [Figure 1(A)].
Individuals from 20 Canadian institutions participated,
with no more than 5 individuals from any single insti-
tution participating. Participants identified primarily as
Canadian laboratory directors certified by the Canadian
College of Medical Geneticists or the American College
of Medical Geneticists (70%, n = 26); an additional 11%
(n =4) identified as MD or MD and PhD molecular patholo-
gists. The remaining 19% (n = 7) identified as non-certified
phD specialists, including scientists and annotation, bio-
informatics, or biologic sciences specialists [Figure 1(B)].

Non-NGS-Based and NGS-Based Sequencing
Platforms and Volumes

Participants were surveyed about the current use of non-
NGs-based and NGs-based sequencing methods at their
site for the detection of somatic variants in solid tumours.
A range of non-NGs-based sequencing techniques were
identified as being in use to varying degrees, including
Sanger sequencing, allele-specific polymerase chainreac-
tion, quantitative reverse-transcription polymerase chain
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FIGURE 1 Participation and demographics. (A) Survey responses were received from 37 participants at 20 Canadian clinical laboratories, with most

respondents residing within Ontario. Bar divisions indicate the number of participants per site. Respondents from Alberta are grouped under a single
provincial organization. (B) Participants self-identified as laboratory directors certified as Fellows of the Canadian College of Medical Geneticists
(FCCMOQ) or the American College of Medical Geneticists (FACMG), MD or MD and PhD molecular pathologists, and other PhD experts, including
PhD scientists and specialists in variant annotation or bioinformatics, or both.

reaction, multiplex ligation-dependent probe amplifica-
tion, and droplet-digital polymerase chain reaction, among
others [Figure 2(A)].

Next-generation sequencing was used for the detection
of solid-tumour somatic variants by 69% of the 36 respon-
dents to this question (n = 25); the remaining 31% (n = 11)
were not performing NaGs for solid tumours at the time of
the survey [Figure 2(B)]. Of the 25 respondents performing
NGS, 76% (n =19) were using custom or commercial panels
for the [llumina platform (Illumina, San Diego, CA, U.S.A.),
and 36% (n=9) were using commercial panels for the Ther-
mo Fisher platform (Thermo Fisher, Waltham, MA, U.S.A.).
Ofthe 25 respondents performing NGs, 3 (12%) had access to
both platforms. Of the 11 respondents who did not perform
NGs for solid tumours at the time of the survey, 4 indicated
that NGs was in the process of test work-up or validation,
and 4 performed NGs for hematologic malignancies.

To evaluate experience with the detection of non-
hotspot somatic variants (that is, the variants most likely
to require classification), survey respondents were polled
about testing volumes at their institution. Overall, 42% of
the 36 respondents to the question about the proportion
of tumour somatic testing being performed at their site
using NGs (n = 15) indicated that it was more than three
quarters, and 30% (n = 11) indicated that it was less than
half [Figure 3(A)]. Furthermore, more than 61% of the 31
respondents to the question about the number of tumours
being tested using NGs (n = 19) indicated that the number

was more than 300 annually, with 19% (n = 6) indicating
thatthe number was fewer than 100 annually [Figure 3(B)].

Current Somatic Variant Interpretation Practices

Methods for somatic variant interpretation were inves-
tigated, with survey participants being asked to indicate
whether a published somatic variantinterpretation scheme
or guideline was in use [Figure 4(A)]. Of 34 respondents to
that question, 18% (n=6) indicated that a published guide-
line was not used at their site, although 6% (n = 2) noted
thatalaboratory-developed scheme wasused instead. Of 34
respondents who used a published interpretation scheme,
47% (n = 16) exclusively used the AMp/asco/cap—endorsed
guideline, and 15% (n = 5) exclusively used the Sukhai et
al.? guideline. Furthermore, 18% (n = 6) indicated the use
of both the amp/asco/cap—endorsed guideline and the
Sukhai et al. guideline as a framework for routine variant
interpretations, with comments specifying that certain
schemes were in use for particular scenarios, such as for
hematologic malignancies compared with solid tumours.
Several reasons were given for the site-specific selection of
a preferred scheme: it was endorsed by multiple societies;
it was used by colleagues; it provided a framework viewed
by the site to be suitable based on variant actionability; or
the scheme was the most recently published of those avail-
able. Interestingly, of 32 respondents to a question about
how they classified variants, 59% (n = 19) indicated using
a custom or laboratory-developed guideline, a modified
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FIGURE 2 Sequencing platforms used for the detection of somatic variants in solid tumours. (A) Non-next-generation sequencing techniques (33
responses from 20 sites). (B) Next-generation sequencing platforms (35 responses from 19 sites). PCR = polymerase chain reaction; RT = reverse-
transcription; MLPA = multiplex ligation-dependent probe amplification; ARMS = amplification-refractory mutation system; RFLP = restriction frag-
ment length polymorphism; Illumina = Illumina, San Diego, CA, U.S.A.; Thermo Fisher = Thermo Fisher, Waltham, MA, U.S.A.
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FIGURE 3 Somatic testing volumes using next-generation sequencing (NGS). (A) Percentage of solid-tumour testing performed using NGS
(36 responses from 20 sites). (B) Number of solid tumours sequenced annually using NGS (31 responses from 18 sites).

version of a currently available published guideline, or a
third-party commercial vendor. Only 41% (n = 13) indicated
using a published scheme without alteration [Figure 4(B)].

Participants were polled on the criteria and data sourc-
esused to collect evidence for the interpretation of somatic
variants [Figure 5(A)]. Most respondents selected frequency
ofthe variantin cancer as the key criterion; also mentioned
were the frequency of the variantin the general population,
the availability of approved therapies, preclinical evidence,
and predicted or demonstrated functional effect using any
or all of in silico, in vitro, and in vivo evidence. Sources and
databases used to collect evidence for somatic interpreta-
tionincluded the Catalogue of Somatic Mutations in Cancer

database, literature and literature-mining databases, The
Cancer Genome Atlas, and My Cancer Genome, among
others [Figure 5(B)].

Preferences for Endorsement of Current Somatic
Interpretation Guidelines

Participants were polled about their institutional or individ-
ual preferences for endorsement of a particular published
scheme, with 100% of the 36 respondents to that question
indicating a need for Canadianlaboratories to endorse a so-
maticvariantinterpretation guideline [Figure 6(A)]. When
asked whether it should be mandatory for Canadian lab-
oratories to adopt the aAmp/asco/cap—endorsed guideline,
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62% of the 34 respondents to that question (n = 21) said
that it should not be mandatory [Figure 6(B)]. Comments
related to that question suggested thata standard approach
should be adopted, butnotnecessarily the aAmp/asco/cap-
endorsed guideline, and that Canadians should have their
own endorsed guideline because of differences in health

care systems. Others suggested that it would be beneficial
to align with non-Canadian laboratories using the amp/
asco/car-endorsed guideline.

Lastly, participantswereasked whetherthereisaneedto
implement a consensus guideline for somatic variant inter-
pretationin Canadaotherthantheamp/asco/cap—endorsed
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guideline. Interestingly, no agreement emerged with
respect to the implementation of an alternative classifi-
cation guideline, with 48% of the 33 respondents to that
question (n = 16) indicating that they saw a need to im-
plementa consensus guideline other than the AmMp/asco/
cap—endorsed guideline, and 52% (n = 17) indicating that
they did not see such a need [Figure 6(C)]. Respondents
commented that various schemes should be evaluated and
a consensus developed across Canada, that now would be
an appropriate time to consider what the right scheme
for Canadian laboratories would be, and that modifica-
tion of an existing guideline (for example, the AMP/Asco/
capr-endorsed guideline) would be preferred to adoption
without revision.

DISCUSSION

The survey described here investigated the current state
of practice in solid-tumour somatic variant interpreta-
tion at Canadian clinical laboratories, including testing
volumes and methods, criteria and data sources used to
gather evidence for variant annotation, and preference for
available published classification schemes. Survey results
spanned 8 Canadian provinces and 20 institutions, with
thelargest group of respondents beinglaboratory directors
certified by the Canadian College of Medical Geneticists
or the American College of Medical Geneticists, or both.
Most respondents hailed from Ontario, in part because
of the larger number of accredited laboratories in Ontario
compared with other provinces.

The survey demonstrated thatimplementation of NGs
for somatic tumour molecular profiling varies between
laboratoriesin Canada, with more than 30% of respondents
indicating that NGs is not currently performed for solid
tumours at their institutions. For laboratories that do cur-
rently use NGs for solid-tumour profiling, sites vary in their
choice of NGs technology and platform. Notably, limited
use of NGs by many participating laboratories might have

contributed to the narrow adoption of available somatic
variant interpretation schemes as shown in the survey re-
sults. To manage small samples or low pDNA yield, to ensure
rapid turnaround time, or to save costs, solid-tumour test
algorithms in use at many Canadian institutions include
recurrent (“hotspot”) variant testing before NGs. More
than one third of respondents indicated that NGs testing
is used for less than 50% of somatic tests performed at
their institution, and one third indicated that fewer than
300 solid-tumour samples are sequenced annually. In the
context of testing known hotspot variants, the need for clas-
sification of variants is irrelevant, because those variants
are already known to be actionable for patient care. Thus,
although laboratories are performing tumour molecular
testing, they might still have limited experience with so-
maticinterpretation if not performing NGs-based molecular
profiling that would identify non-hotspot somatic variants.
This issue of limited experience might also in part be at-
tributable to differences in laboratory focus (on somatic
or other testing priorities) and the availability of funding
for staffing at each institution. The expanding adoption of
larger panels for somatic testing might affect laboratory
staffing requirements, increasing demand for more com-
plexbioinformatic and analytic pipelines and appropriately
trained staff to be incorporated into the somatic testing
workflow. As the use of NGs panels for molecular profiling
of solid tumours increases exponentially across Canada'®,
the need for a classification guideline increases, given
complexityin the interpretation of the range of non-hotspot
variants and heterogeneous mutational profiles identified
using non-targeted sequencing approaches.

The survey identified unanimous support for stan-
dardized processes in somatic variant interpretation, and
allrespondentsindicated that there is aneed for Canadian
laboratories to endorse a somatic variant classification
guideline. As anticipated, no consensus about the approach
to variant annotation was observed. With respect to the
adoption of variant classification schemes, nearly 20%
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FIGURE 6 Preference for endorsement of a published somatic variant interpretation scheme. Participant perspectives about (A) whether there is a
need for Canadian laboratories to endorse a somatic variant classification guideline (36 responses from 20 sites); (B) whether it should be mandatory
for Canadian laboratories to adopt the guideline endorsed by the Association for Molecular Pathology, the American Society of Clinical Oncology,
and the College of American Pathologists (AMP/ASCO/CAP) (34 responses from 19 sites); and (C) whether there is a need to implement consensus
guidelines for somatic variant interpretation in Canada other than the AMP/ASCO/CAP-endorsed guideline (33 responses from 19 sites).
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of respondents indicated that a published classification
scheme was not used for solid-tumour variant interpreta-
tions. That result might reflect a focus on testing only for
hotspot variants, as already discussed. In addition, only
41% of respondents used a published scheme without al-
teration, highlighting clear limitations and reservations at
Canadian institutions for the adoption of available guide-
lines. Surveyresults suggest that the somatic interpretation
guideline endorsed by AmMp/asco/cap does not sufficiently
fit the needs of Canadian laboratories, because only 47%
of respondents exclusively applied that guideline, 38%
indicated that the guideline should not be mandatory to
adopt, and approximately 50% felt that there is a need to
adopt a guideline other than that endorsed by aAmp/Asco/
cap. Thelimited use of the guideline might be attributable
to the fact that it relies heavily on classifying variants for
therapeutic targetability, is disease-site agnostic, and
applies strict criteria for the clinical relevance of variants
that offer diagnostic utility. Furthermore, clinical signifi-
cance at the gene, domain, or exon level is not considered,
and the ambiguity in minor allele frequency cut-offs and
definitions of clinical evidence might lead to variance in
application from user to user. Those features of the amp/
asco/cap-endorsed guideline restrict its applicability for
diagnosis and prognostication in certain solid-tumour
profiling scenarios. In addition, application of the scheme
to hematologic malignancies, in which mutational profiles
are highlyrelevant for diagnosis and disease stratification,
was noted as a challenge.

CONCLUSIONS

The sociaL project survey highlighted robust national
support for adoption of a standardized guideline for solid-
tumour somatic variant interpretation across institutions,
although opinions about the appropriate guideline varied.
Narrow adoption of available guidelines might be attrib-
utable to the somewhat limited use of NGs for molecular
profiling of solid tumours or might reflect the limited ap-
plicability of existing guidelines for use in the context of
the Canadian health care system. Therefore, there might be
aneed to adopt a guideline distinct from the ones applied
in other jurisdictions because of fundamental differences
in health care systems. While recognizing that a publicly
funded health care system in which clinical tests and drugs
funded at the provincial level could present barriers to
achieving a national consensus, nationwide consistency
would offer a structured approach to somatic annotation,
reduce discrepancy between laboratories, and support the
standardization of classification and reporting practices

across institutions. With the growing use of NGs panels
for tumour profiling, now is the time to critically evaluate
the advantages and limitations of available classification
schemes and to develop consensus somatic interpretation
recommendations for adoption across Canada.
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