
Centers for Medicare and Medicaid 
Services for a dedicated NGS section, 
and the deadline was met to add the 
new section to the 2012 checklist. As 
a result, on July 31, the nation’s first 
standards for accrediting labs that 
perform next-generation sequencing 
for clinical purposes were published 
and took effect.

Adoption of the 18 new checklist 
requirements dedicated to NGS is a 
significant achievement for the Col-
lege. “The College convened a special 
group of experts to write these check-
list requirements before our LAP cus-

tomers would actu-
ally need them. And 
that, I don’t think, 
has ever happened 
before,” says Gerald 
Hoeltge, MD, chair 
of the CAP Check-
lists Committee and 
a pathologist at the 

Cleveland Clinic. “Usually we’ve 
waited until we had a demonstrated 
need. In this case, the need was antici-
pated and the requirements were 
written ahead of time.”

“The publication of this checklist 
demonstrates CAP’s leadership in 
advancing standards of practice in 
genomic medicine,” says Nazneen 
Aziz, PhD, CAP director of molecu-
lar medicine.

The checklist requirements cover 
the two parts of the NGS workflow: 
the analytical wet bench process 
(which includes DNA handling, frag-
mentation, library preparation, and 
sequencing), and the bioinformatics 
analysis, which is needed for se-
quence alignment, mapping, variant 
calling, and annotation. Laboratories 
that wish to be inspected with the 
new NGS checklist section will need 
to put the scope-of-service code for 
next-generation sequencing on the 
CAP activities menu. “There’s a cus-
tom checklist generated based on the 
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Shorts on Standards
The CAP has 30 official liaisons to various organizations who attend scientific 
meetings or designate others to do so. They report to the Standards Committee, 
which reports to the Council on Scientific Affairs. We publish periodically bits 
of what the CAP’s outbound liaisons hear and see in their liaison roles.

Biomarkers Consortium and next-gen sequencing
Gaurav Sharma, MD, Larry J. Jennings, MD, PhD

Chung-Che Chang, MD, PhD

The Biomarkers Consortium is a public-private initiative that brings 
together government, academia, patient advocacy, and nonprofit pri-
vate sector organizations that have the expertise and resources to 
identify, develop, and qualify potential biological markers to support 
drug development, preventive medicine, and medical diagnostics. The 
Foundation for the National Institutes of Health manages the consor-
tium, which includes the Food and Drug Administration and Pharma-
ceutical Research and Manufacturers of America, Centers for Medicare 
and Medicaid Services, and Biotechnology Industry Organization. The 
consortium organized a workshop in Bethesda, Md., on May 3 and 4 
to evaluate progress and issues in the use of next-generation sequenc-
ing methods as a tool for managing cancer patients.

The human genome is just over 3 billion base pairs long, and the 
recent advances in genomic medicine can be traced back to the se-
quencing of the reference human genome that was completed in 2003. 
This feat was accomplished using bacterial artificial chromosome 
(BAC) cloning that relied on complex and time-consuming techniques. 
Since then the sequencing technologies have moved away from bacte-
rial cloning toward a streamlined and parallel direct sequencing 
model, often referred to as next-generation sequencing. Most plat-
forms of NGS work by breaking the DNA into small strands and 
generating a fragment library by annealing platform-specific linkers 
to the fragments of DNA. Single strands of the fragment library are 
partitioned, amplified, and sequenced in parallel. Once sequencing is 
complete, specialized software is able to capture and analyze the se-
quence reads and localize them on the reference genome and assemble 
the entire target sequence. Being parallel and not dependent on any 
plasmids or bacterial cultures, this approach is quicker and cheaper 
and brings with it the possibility of a $1,000 genome with single-day 
turnaround time.

The emergence and the acceptance of this technology in routine 
clinical medicine would be a significant step because it would provide 
the pathologist and the clinician access to DNA information that could 
be useful in risk-stratification, diagnosis, and management of diseases 
and therapies that are influenced by the genome of an individual.

However, significant technological and other barriers must be over-
come before NGS can go mainstream. At the May meeting, participants 
discussed the challenges of managing (and strategies to do so) the 
sheer amount of genomic data that would have to be converted to 
actionable information that can guide clinical care. The scale of infor-
mation can be reduced by limiting NGS to specific targeted gene panels 
instead of attempting to sequence and analyze the entire exome or 
genome. In fact, this approach has become available at a few academic 
institutions and several others are evaluating it now. The CDC and 
other organizations are also developing guidelines for managing and 
archiving clinical NGS data. 

The second biggest challenge is building a consensus on method 
validation and proficiency testing for NGS. The meeting was abuzz 
with discussions on analytical issues such as sensitivity, specificity, 
reproducibility, limit-of-detection, and depth of coverage with respect 
to a genetic analyte. For oncology-related testing, participants agreed 
that a gene of interest should have a minimum of 500× coverage. Since 
different laboratories may use NGS for a multitude of different gene 
targets, it was suggested that method validation and PT be method-
specific rather than analyte-specific, the latter being the predominant 
approach in clinical practice today. Further, the CDC and FDA are 
creating reference standards that may be used for proficiency testing. 
The CAP will begin next year to develop a proficiency test for NGS.

The workshop participants emphasized the need for continued 
public support of the creation and curation of standardized online 
NGS-related databases that laboratories can access to analyze and 
report sequence variants. It was hoped that these databases will be 
expanded by ever increasing NGS case numbers and enriched by ad-
ditional clinical information and annotation. This information would 
be invaluable in evaluating outcome data from clinical trials and link-
ing efficacy of drugs with specific genetic variants.

Overall, this meeting was an extremely productive gathering of the 
continued on page 36
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activities menu, so if you check off 
that activity, you’ll get the 18 NGS 
requirements,” Dr. Hoeltge says.

The NGS checklist items aren’t the 
only changes made in the checklist 
this round. Also part of the 2012 edi-
tion of the checklists are new instruc-
tions to make inspections more effi-
cient. And reagent and quality con-
trol requirements have been added 
to the all-common checklist, Dr. 
Hoeltge notes. “There are still items 
about reagents and quality control in 
individual checklists where there are 

special requirements for that spe-
cialty, but the generic ones have been 
moved as part of a continuing effort 
to place more aspects in the all-com-
mon area.” Further elimination of 
redundancy was one of the aims of 
the latest checklist revision.

Another change: Because of the 
tremendous interest in the accredita-
tion program outside the U.S., the 
Checklists Committee has “global-
ized” the language. “This was done 
to generalize things that aren’t U.S.-
specific and don’t need to be,” Dr. 
Hoeltge says. “So, whenever possi-
ble, we don’t cite specific regulatory 
agencies in the U.S. Instead we’ll talk 

about occupational safety, for ex-
ample, without mentioning OSHA. 
There are some places where we flag 
requirements as ‘U.S. only’ or ‘inter-
national only,’ but for the most part 
we’ve globalized the language to 
make the requirements fully inter-
pretable anyplace in the world.”

It was only a year ago that the NGS  
  working group took on, as its first 

issue, the fact that NGS was being 
used as a clinical test in CAP-ac-
credited labs, yet there were no ac-
creditation standards, says Dr. Aziz. 
She spearheaded formation of the 
working group, which consists of a 

mix of staff and CAP members rep-
resenting accreditation, proficiency 
testing, and the CAP Transforma-
tion program—the College’s multi-
year campaign to transform the 
specialty.

“The era of NGS has been under-
going a translation from use as a re-
search tool to a tool to generate diag-
nostic results, so there certainly was, 
and is, a need for checklist require-

ments, standards, 
and guidance from 
the appropriate pro-
fessional organiza-
tion,” says Karl V. 
Voelkerding, MD, 
the CAP member 
lead of the NGS 
working group and 
medical director for 

genomics and bioinformatics, ARUP 
Laboratories, Salt Lake City.

In forming the NGS working 
group, “We wanted to create re-
quirements that would apply across 
the spectrum of different NGS tech-
nologies, using general principles 
that would be relevant but indepen-
dent of which technology one was 
using in the laboratory,” Dr. Voelk-
erding says. “Second, we wanted to 
write requirements that would not 
be eclipsed or supplanted but 
would stand the test of time—at 
least for several years. And that’s a 
challenge when you’re working 
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individuals and organizations 
that are facilitating the intro-
duction of NGS technologies 
for clinical purposes. The par-
ticipants agreed that NGS-en-
abled genomic medicine has 
the potential to completely 
change the practice of medical 
diagnostics and patient man-
agement. Information obtained 
by NGS would be critical in 
diagnosis, risk-stratification, 
therapeutic management, and 
monitoring of therapeutic re-
sponse, and the pathologist 
would have a critical and cen-
tral role in generating, manag-
ing, and interpreting genetic 
information for the rest of the 
health care team. �

Dr. Sharma, of the University of 
Michigan Health System in Ann 
Arbor, is a member of the CAP 
Standards Committee. Dr. Jen-
nings, of the Ann & Robert H. 
Lurie Children’s Hospital of Chi-
cago, is chair of the CAP Molecular 
Oncology Committee. Dr. Chang, 
of Florida Hospital in Orlando, is 
a member of the CAP Molecular 
Oncology Committee and liaison to 
the NIH Biomarkers Consortium.
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