No time to wait: How rapid NGS changed cancer care

Sherrie Rice

November 2022—Rapid next-generation sequencing in a community hospital setting, performed by
histotechnologists and interpreted by anatomic pathologists, is possible and paying off, and it “makes the
pathologist a much more meaningful part of the precision oncology team,” says Brandon Sheffield, MD, of the
Department of Laboratory Medicine, William Osler Health System, Brampton/Etobicoke, Ontario.

“It has changed practice at our hospitals,” he says.

Dr. Sheffield

Dr. Sheffield, an anatomic and molecular pathologist, head of the Division of Advanced Diagnostics, and physician
lead of research, says when pathologists can look at a case under a microscope, order NGS, and have the result
the next day, “they gain a good appreciation for the relationship between what they’re seeing under the
microscope and the results of the gene sequencing study.” He presented a CAP TODAY webinar, made possible by
a special educational grant from Thermo Fisher Scientific, on how rapid NGS is supporting cancer care in the
William Osler Health System, which includes three large community-based hospitals. (The full webinar is at
captoday online.com.)

Dr. Sheffield illustrated how rapid NGS works using lung cancer as an example, which kills more Canadians than
breast, colon, and pancreatic cancers combined—the number two, three, and four causes of cancer. And, like
pathologists everywhere, “we’re responsible for a large number of actionable biomarkers that we need to test,” he
said. In his practice, the biomarkers that must be reported to oncologists every time they treat a new lung cancer
patient are PD-L1, EGFR, ALK, ROS1, BRAF, NTRK, HER2, NRG1, MET, RET, and KRAS.

“Colon cancer is not far behind,” he says of biomarker testing. “We have upwards of five different first-line
systemic therapies that will be predicated on the biomarker results we provide to our oncologists.”

The mortality rate of untreated advanced lung NSCLC is four percent per week, he said. “I like to keep that front of
mind when we’re working out the logistics of how our biomarkers are going to be delivered, because patients
cannot get started on treatment without their biomarkers. And they’ll be looking at that high a mortality rate until
we can issue those results.”

A molecular lab has 10 days to perform the biomarker tests and report results, according to consensus
recommendations (Cheema PK, et al. Curr Oncol. 2020;27[6]:321-329). “Ten business days is two weeks in real
time, and one of the issues we face in a community practice is that it's exceedingly difficult for us sometimes to
get the tissue to a molecular lab. The time we’re given in this guideline and others is three business days.
However, it's very difficult for many community labs to meet that,” Dr. Sheffield said.

“On the postanalytic side,” he added, “we’'re told we need to get the information from a molecular lab into the
hands of our oncologist in one day or less, and that again is difficult to achieve.”

He shared an example of how things worked before NGS was brought into the community hospital. A patient
presented very ill to the hospital emergency department and was admitted to the oncology ward. It was a classic
lung cancer presentation, he recalls, and the patient was too ill to be a candidate for chemotherapy but might have
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been able to be treated with targeted therapy. It took one week for the sample to be sent out for EGFR testing by
next-generation sequencing. “That was what the normal process was like at the time.” Immunohistochemistry
biomarker results, none of which was helpful, were available quickly. The patient subsequently died and a month
later was found to be EGFR positive, L858R, by next-generation sequencing.

“Sixty-two days from the time of diagnosis to receive that result. And that is the expected time frame for us when
we're sending out biomarker tests. Typically in a Canadian setting, a community hospital would send out results to
an academic hospital within the same region, and that's exactly what we expect—approximately two months
turnaround time. All of our patients were faced with the same.”

IHC biomarker results were reported within a day. “So we wanted to explore to see if we could offer further
biomarker testing. At the time, we could take things like ALK and ROS1 very far by IHC, but we were limited with
markers like EGFR.”

In his practice, for breast cancer patients, the reports include not just a diagnosis of invasive ductal carcinoma, for
example, but also the ER, PR, HER2, and IHC biomarker results. “To me, this is powerful, and when a patient is
diagnosed in this way, the diagnosis is inextricable from the biomarker results. In a way, the patient is not being
diagnosed with breast cancer; they’re diagnosed with hormone-receptor-positive breast cancer. And anytime a
practitioner looks up that diagnosis, they’ll be forced to look at the same biomarker results, and this helps to steer
the patient’s cancer journey in the right direction,” all of which is made possible by the IHC work performed onsite.

“Conversely, when we look at our molecular results, we tend to send them through a convoluted pathway, and this
is why they take over a month.” Once a pathologist in the community makes the lung cancer diagnosis, the entire
case would get shipped to an academic hospital, where it would then be accessioned and reviewed by another
pathologist. That pathologist would have to assess the tissue for tumor content and cellularity, and possibly do IHC
biomarkers like ALK or PD-L1. They would then ship that outside of their histology laboratory to a separate
molecular laboratory for DNA and RNA extraction, library preparation, genome sequencing, and bioinformatic
analysis. “And then an individual would sit down with all of these variants and write a report saying which of them
are important and how these might impact treatments.”
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The results typically would go back to the same anatomic pathologist at the academic hospital, who would sign off
on the findings, possibly correlating them with IHC biomarkers. And then those results would be faxed to the
original pathologist, who would then retype them into an electronic medical record and issue a report to their own
oncologist. And that process in general took several weeks.

“So we set out to teach our IHC technologists to do next-generation sequencing. And to accomplish this, we used a
highly automated gene sequencer”’—Genexus Integrated Sequencer—“that was easy for them to use.” The
technologists were taught how to de-paraffinize, digest the protein, and ultimately how to extract DNA and RNA
and to quantitate and quality check it for sequencing. “Education and explanation” was all it took, Dr. Sheffield
said, for them to make sure the specimens come through as needed.



“The technologist loading the instrument is the same technologist cutting the block and performing the diagnostic
IHC. So they are our biggest ally in making sure the tumor cells make it from the block onto the gene sequencer.”
If there is insufficient tumor content, “they’ll be the ones to spot it and help us out,” he said.

He and his colleagues validated the 50-gene Oncomine Precision Assay GX. To ensure the panel was fit for use in a
clinical setting, validation was stringent and included small biopsies, cytology specimens, and surgical specimens,
“the general milieu of what we experience in a pathology practice,” he said. “We found that this particular panel
had a very high degree of concordance to reference methods for single nucleotide changes, for copy number
alterations, as well as for RNA-based fusions.” Once the panel was validated, they combined the library
preparation, sequencing, and bioinformatics into the automated sequencer and placed it directly within Osler’s IHC
laboratory.

The anatomic pathologists were trained to report the variants, a new skill for many, Dr. Sheffield acknowledges.
“And every pathologist is different,” with some needing more training than others, but “any pathologist can be
trained in this,” he said. “Some of us will need more and some will need very little.” For those who need more, he
recommends attending tumor boards and molecular courses at pathology conferences and talking to oncologists to
learn how they use the results. Also helpful: having one person in the department with a bit more depth of
knowledge. “Because that way, that person can do the more difficult cases, the more challenging cases, though
the maijority of results on a 50-gene panel are fairly straightforward.”

The typically lengthy turnaround time for NGS, in his view, hampers the ability of pathologists to gain a better
understanding of NGS and how the findings might help them in their practice. “If you had a particularly challenging
case and you send it out for NGS and don’t see the report for over a month, the question is now gone from your
mind. You’ve moved on to new problems and issues. So it limits the ability.” Having both at the same time, on the
other hand, “boosts the ability to learn and to better understand the interplay.”

Pathologists also find the NGS results can help them with their own pathology reports. “To better assess a
questionable margin,” for example, Dr. Sheffield said. Or to determine the stage between two tumors that might
be new primaries or metastases of one another. “They can even use [NGS results] for atypical cells that could be
reactive or neoplastic. Getting a quick look at if there are any common mutations present in these can be a helpful
diagnostic boost, and it didn't take our pathologists very long to figure that out.”

The microscopic exam helps them better interpret their NGS results too. “So we're finding that the two tools are
very complementary.”

With training and validation completed, he said, “we could offer next-generation sequencing in this community
setting and deliver it in an analogous fashion to IHC.”

Of the first 578 cases they looked at, from the October 2020-October 2021 period, 57 percent were NSCLC
(Sheffield BS, et al. Curr Oncol. 2022;29[3]:1326-1334). As further validation, they monitored the prevalence of key
driver mutations in lung cancer. Their EGFR rate was 16 percent, “which is exactly where we expect it to fall.” The
same was true for the others: ALK, three percent; BRAF, ERBB2, and MET, four percent each; and other drivers, 14
percent. “It's a further validation that the assay as well as the people using the assay are performing as expected.”

Colon cancers made up 11 percent of the first 578 cases. Here, they expect about 50 percent to be KRAS mutated,
and their KRAS mutation frequency was 50.9 percent. “An interesting fact about colon cancer is that compared to
single-gene testing,” which is what they used in the past, “switching to next-generation sequencing allowed us to
detect actionable driver mutations in colon cancer more than 10 percent of the time,” mutations that would not
have been identified by single-gene testing methods, he said (Raskin W, et al. J Clin Oncol. 2022;40[suppl 4]:172).

Turnaround time was where they saw the biggest impact of having the NGS onsite and in point-of-care fashion.
Median turnaround time for the first 578 cases was three days, with 50 percent or more of the cases completed
within two to four days—this in a system where it took more than two months previously to obtain biomarker
results. A number of cases were turned around within zero-day turnaround time (diagnosis and biomarkers issued



at same time), and an additional small number of cases had a one-day TAT. The one-day TAT is most difficult; it
reflects an urgent phone call, text, or email from an oncologist for which the lab stops what it's doing, runs the
NGS, and reports the next day.

They’'re now able to report lung cancer cases in the same way they report breast cancer cases. In Fig. 1 are the
results of a patient who was diagnosed “not with a lung cancer,” Dr. Sheffield said, “but with an EGFR-driven lung
cancer. The biomarker results are from the exact same document as the diagnosis. So anytime a clinician pulls this
diagnosis, they will be stuck permanently together with those biomarker results. And this would be an example of a
zero-day turnaround time report. The pathologist would have received the slides with their regular signout and
they’d order an NGS test with their diagnostic IHC.”

Dr. Sheffield presented a cytopathology colleague’s case of a young patient admitted to the intensive care unit
with metastatic disease to the bone, liver, and lung. The diagnosis was made on a bronchoalveolar lavage. The
material was limited to cytology slides; there was no additional material to work with. When his colleague saw what
it was, she went straight to the molecular laboratory and asked if the material could be subjected to DNA and RNA
extraction.

Rather than attempt to confirm the diagnosis with immunohistochemistry or traditional diagnostic markers, she
confirmed the diagnosis with NGS and documented a ROS1 fusion. Because of her quick action, the patient was
able to get on a ROS1 inhibitor and leave the ICU, “which we don't believe the patient would have been able to do
otherwise,” Dr. Sheffield said.

He shared an email from one of the oncologists to provide a sense of what this way of practicing is like for them. “It
speaks volumes to what we’ve been able to achieve.” It is addressed directly to the histotechnologists who
perform biomarker testing and it reads: “Hi, Team: Most recent biopsy can be tested. The patient has sarcomatoid
NSCLC. Needs urgent NGS and high chance of MET exon 14 skipping.”

“There’s no form, there’s no fax, they're not going through any of the middlemen who would otherwise slow down
this process,” Dr. Sheffield said. “And | think it's great that she refers to our technologists as her team.” With
interactions like this between technologists and oncologists, he said, the oncologist is able to do “light teaching” by
indicating there’s a special histologic subtype of this lung cancer and that this subtype is highly associated with
certain driver mutations.

The oncologist’s request just missed the 9 AM NGS run, Dr. Sheffield said, but two minutes later the lab was able to
let her know that it’ll be on the next-morning’s run. Within five minutes, a technologist was able to pull the tissue
and have it ready for review. “This would have had to take about a week using the old system to get this into
another hospital,” he said.

Just over two days later, they are able to confirm the patient has a MET-skipping mutation, as the oncologist had
predicted, making the patient eligible for targeted therapy.

In another email he shared, an oncologist inquired about the result of a liquid biopsy performed in spring of this
year on a patient with a suspected cancer of unknown primary who was doing poorly and is a nonsmoker. “I was
hoping the patient might have a mutation,” the oncologist wrote.

It was now a few days later and the oncologist didn’t have a result yet. “She’s emailing to see what’s up,” Dr.
Sheffield explained. “We had a situation in the lab where we ran out of a certain reagent we needed to extract the
DNA and RNA from blood, so we decided to hold all of the specimens and wait until we got emails exactly like this
so that we could triage out the most urgent cases using our last remaining reagents. So this plan worked
perfectly.” They explained this to the oncologist, who asked them to proceed, and less than 90 minutes later the
lab was able to authorize the extraction.

Twenty-two hours after the oncologist’s request, the oncologist receives an email that says the patient was found
to have an EGFR exon 19 deletion on liquid biopsy. “That allows us to make a diagnosis of metastatic pulmonary



adenocarcinoma, as that particular mutation is not typically seen in any other tumor types,” Dr. Sheffield said.
“And it simultaneously allows us to tell the oncologist that the patient’s treatment should be an EGFR tyrosine
kinase inhibitor. So with one test in less than one day, we're able to make the diagnosis as well as a treatment
recommendation, and spare this very sick patient the need for any tissue biopsy at all.”

All of which is to show, he said, that “when we have NGS available at our fingertips, this improves the working
relationship between a pathology lab and oncology clinic, and it means we can interact with our colleagues in real
time. And play a more meaningful role on this team.”

The pathologists maintain a close relationship with the oncologists to stay on top of new drugs and new markers.
“We're one ASCO or ESMO meeting away from having to go back to the drawing board on the panel,” he said.

Dr. Sheffield and colleagues at Osler launched on the sequencer their tissue assay first and a liquid biopsy a few
months later. But with NGS results made available so quickly using tissue, “the demand for liquid biopsy
evaporated,” Dr. Sheffield said.

“A lot of oncologists were using liquid biopsy because of the difficulty accessing tissue-based NGS,” he explained,
“and simply by offering the rapid turnaround, we saw a massive drop in our requests for liquid biopsy.”

Economics are often a barrier, he acknowledges, when trying to implement NGS or comprehensive biomarker
profiling. He too faced this barrier, and said it's important to “de-silo the different costs.”

“A lot of focus is on the material cost of NGS testing, things like the chemicals, the plastics, the other consumables.
However, what we need to focus on is how much money we're saving on things like shipping, transcription,
oncology visits that are purposeless because they’'re attended with no biomarker data, as well as the cost overall
to our health care system of providing supportive care to sick lung cancer patients while they wait for those
biomarker test results” (Sheffield B, et al. /] Thorac Oncol. 2022;17[9][suppl]:S86-S87). When the full costs of such
are known, he insists, “this style of NGS is not just fast but very much cost saving for the health system as a
whole.”

Sherrie Rice is editor of CAP TODAY.



