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Issue #1: Level of Evidence versus Clinical Significance 
 

Background 

1. For the June 2019 LOINC release, we created a new code 93044-6  Level of evidence. The term description 
for this term includes information about three example answer lists – ACMG Interpretation of Sequence 
Variants, PharmGKB CPIC Clinical Annotation Levels of Evidence, and AMP guidelines for Somatic Variant 
Interpretation. 
Term description for 93044-6: 
In the interpretation of sequence variants, standard terminology is used to describe the level of evidence that 
supports the association between a particular genetic variant and a particular disorder or disease state. Three 
example answer lists for levels of evidence are listed below but we recognize that a local terminology may also 
be used based on other factors such as population, type of data studied, etc. The example answer list associated 
with this term is that given by the American College of Medical Genetics, but depending on the use case, other 
lists may be just as appropriate. 
 
American College of Medical Genetics 
[https://www.acmg.net/docs/standards_guidelines_for_the_interpretation_of_sequence_variants.pdf] 
Very strong evidence pathogenic 
Strong evidence pathogenic 
Moderate evidence pathogenic 
Supporting evidence pathogenic 
Supporting evidence benign 
Strong evidence benign 
Stand-alone evidence pathogenic 
Stand-alone evidence benign 
Uncertain significance 
 
PharmGKB CPIC Clinical Annotation Levels of Evidence [https://www.pharmgkb.org/page/clinAnnLevels] 
Level 1A High 
Level 1B High 
Level 2a Moderate 
Level 2b Moderate 
Level 3 Low 
Level 4 Preliminary 
 
AMP guidelines to be used for Somatic Variant Interpretation/Reporting (list has meaning for Therapeutic, 
Diagnostic, and Prognostic uses as further described in the reference). 
[https://jmd.amjpathol.org/article/S1525-1578(16)30223-9/pdf] 
Tier 1 Level A - (Strong Clinical Significance) FDA-approved therapy and/or included in professional 



guidelines. 
Tier 1 Level B - (Strong Clinical Significance) Well-powered studies with consensus from experts in the field. 
Tier 2 Level C - (Potential Clinical Significance) FDA-approved therapies for different tumor types or 
investigational therapies, multiple small published studies with some consensus. 
Tier 2 Level D - (Potential Clinical Significance) Preclinical trials or a few case reports without consensus. 
Tier 3 - (Unknown Clinical Significance) Not observed at a significant allele frequency in general or specific 
subpopulation databases or pan-cancer or tumor-specific variant databases, no convincing published evidence 
of cancer association. 
Tier 4 - (Benign or Likely Benign) Observed at significant allele frequency in the general or specific 
subpopulation databases and no existing published evidence of cancer association. 

 
2. We have an existing code 53037-8 Genetic variation clinical significance [Imp], which is included in the 
Master HL7 genetic variant reporting panel. The Answer list for 53037-8 was updated as part of the recent HL7 
CG work to match the answers in the 2015 Standards and guidelines for the interpretation of sequence variants: 
a joint consensus recommendation of the American College of Medical Genetics and Genomics and the 
Association for Molecular Pathology (Pathogenic, Likely Pathogenic, Uncertain Significance, Likely Benign, 
and Benign) 
 
3. We received a new term request for Level of clinical significance based on the same AMP guideline 
referenced in the 93044-6 Level of Evidence term description. The proposed Answer list for these new terms 
includes Strong clinical significance, Potential clinical significance, and Unknown significance. 

 

 
 
 



The Quest report also has Prognostic and Diagnostic significance results: 

 
 
4. Upon review of the AMP guideline, we found that Level of clinical significance and Level of evidence are 
two related but distinct concepts, and that the levels of evidence are used to categorize variants into four tiers of 
clinical significance: 

 
 
In addition, it turns out that this AMP guideline (from 2017) is analogous to the ACMG/AMP 2015 guideline 
that was the basis for the updated 53037-8 Answer list (see #2 above), except that the 2017 guideline is specific 
to cancer/somatic variants, and the 2015 guideline is used "to describe variants identified in genes that cause 
Mendelian disorders." The 2017 guideline specifically says that if germline variants are found during cancer 
testing, "...the interpretation of germline variants should follow [2015] ACMG/AMP standards and guidelines 
for the interpretation of germline sequence variants." 



 
5. We found several example reports from different labs that report results for level of evidence and/or level of 
clinical significance, with some reporting separate results for diagnostic, therapeutic, and prognostic: 

• https://files.labcorp.com/testmenu/451953.pdf 

 

 



• https://www.baylorgenetics.com/wp-content/uploads/2018/12/baylor-genetics-clarifind-sample-
report-heme.pdf 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



• http://ltd.aruplab.com/Tests/DownloadReport/2007991%2C%20Positive.pdf – this one is a little 
different because it lists variants by tier (i.e., the variant is the result), instead of the tier being the 
result. 

 
 



Proposals: 

1. Remove the text about AMP from the description of 93044-6 so that the Level of Evidence concept is 
distinct from Level of clinical significance 

2. Use 53037-8 for both germline and somatic variant clinical significance reporting, and 

a. Add information to the Term description about the different guidelines for somatic and germline 
variants; 

b. Keep the Answer list the same, but update the Update the type from Preferred to Example 

3. Consider creating new codes for diagnostic, therapeutic, and prognostic significance (see Quest 
screenshot, LabCorp report) and/or type of evidence (see Baylor report) 

Alternate Proposals for #2: 

1. Use 53037-8 for both germline and somatic significance reporting, but update the Answer list to include 
both sets of answers from the 2015 germline and 2017 somatic guidelines 

2. Create 2 separate codes – one for germline variant clinical significance (could potentially continue to 
use 53037-8), and one for somatic variant clinical significance.  

Issue #2: Tumor Mutation Burden (TMB) concept  
 
Background 

Current TMB results are being reported in research and clinically: 
• TMB total mutation count (by WES, currently research only) 
• TMB mutation count per Mb (by targeted NGS, reported clinically) 

o Non-synonymous mutations/Mb (OmniSeq, ThermoFisher, Illumina) 
o Non-synonymous+synonymous mutations/Mb (FoundationOne) 

• TMB overall interpretation (e.g. High/Low) 
 

References: 
https://assets.thermofisher.com/TFS-Assets/CSD/posters/2018-sitc-poster-conroy-tmb-ring-study.pdf 
https://www.ncbi.nlm.nih.gov/pubmed/30395155 
 
Proposals: 
 

1. Create LOINC codes for results being reported clinically (not research only) at this time 
 

2. Create separate LOINC codes for quantitative (muts/Mb) and ordinal (interpretation) results 
 

3. Quantitative codes for muts/Mb – 
a. Create separate codes for muts/Mb quantitative values for assays targeting different mutation 

types (non-synonymous vs. non-synonymous+synonymous) 
i. Question – what about insertions & deletions (indels) and copy number gains/losses?  



b. Alternate proposal – create one code for Muts/Mb (without specifying synonymous/non-
synonymous) since additional information about the assay will be provided with the result. (Note 
that a quantitative muts/Mb TMB result value cannot be compared with another muts/Mb result 
without information about each assay.) 
 

4. If agree with #2 and #3a above, model terms in LOINC as shown below: 
 
Non-synonymous mutations/Megabase [# Ratio] in Tumor 
 Result: # of muts/Mb 
Non-synonymous+synonymous mutations/Megabase [# Ratio] in Tumor 

Result: # of muts/Mb 
Tumor mutation burden [Interpretation] in Tumor 
 Results: High, Low 
 
Term description: 
Tumor mutation/mutational burden (TMB), also known as mutation load, is a biomarker for various 
cancer types to identify patients who will benefit from immunotherapy, such as immune checkpoint 
blockade (ICB) therapy. Testing can be performed by whole exome sequencing (WES) or next-
generation sequencing (NGS). WES is performed primarily in research settings but active development 
is underway to bring these tests into the clinical setting. Targeted NGS panels are currently being used in 
clinical settings.  
Various quantitative TMB results may be reported along with an ordinal interpretation (high/low), so it 
is important to distinguish the type of results when mapping to LOINC. By WES, quantitative TMB 
results are reported as the total number of mutations detected in a specimen. By NGS, quantitative 
results include the number of mutations detected per megabase (mut/Mb) in a specimen. The mutations 
targeted in NGS assays may include non-synonymous [LOINC: TBD] or both synonymous and non-
synonymous mutations [LOINC: TBD]. TMB measured by targeted NGS panels, such as MSK-
IMPACT or Foundation Medicine (FM) NGS, has been shown to have a high correlation with total 
TMB measured by WES.[PMID: 30395155] The ordinal TMB result of high, low, etc., is reported to 
provide an overall interpretation of the quantitative value (muts/Mb). Cut-off values for the 
interpretation currently vary across assays and for each tumor type. 


