From brain to umbilical cord tissue, next-gen mass
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June 2017—Mass spectrometry has been gaining acceptance for routine assays in clinical laboratories. The 6th
Annual AACC Conference on Mass Spectrometry and Separation Sciences for Laboratory Medicine, held in fall 2016,
spotlighted best practices in the use of mass spectrometry testing for patient-centered care. It also was a forum for
how advanced mass-spectrometry-based technologies such as tissue imaging and novel clinical applications are
emerging as a crucial component of clinical decision-making in precision medicine programs. This trend points to
the emerging adaptations beyond clinical pathology/clinical chemistry to other areas of pathology and medicine. As
such, these advances might be regarded as the next generation of clinical mass spectrometry (MS), providing
complementary next-generation molecular analysis for precision medicine. Here are highlights of six of the 19
conference presentations.

Amanda G. Paulovich, MD, PhD, of the Fred Hutchinson Cancer Research Center, gave the authoritative opening
plenary lecture, which focused on translational MS for proteomics and peptides. The use of diagnostic biomarkers
is essential for the realization of precision medicine and in translational research. Yet there are biomarker
diagnostic assays currently for fewer than 600 proteins (laboratory developed and FDA cleared), a fraction (one to
two percent) of the total number of proteins encoded by the human genome, Dr. Paulovich said. MS-based
proteomic assays (multiple reaction monitoring, also referred to as selected reaction monitoring) have emerged as
a viable platform for protein assays in modern disease management. Dr. Paulovich presented case studies of this
method applied to different types of biospecimens for applications ranging from biomarker measurements to
pharmacodynamic studies. Dr. Paulovich, a professor in the Division of Oncology, University of Washington School
of Medicine, also talked about the ongoing efforts of the Clinical Proteomic Tumor Analysis Consortium of the
National Cancer Institute to set standards for multiple-reaction-monitoring-based assay qualification and to make
highly characterized assays (assays.cancer.gov) and monoclonal antibodies (antibodies.cancer.gov) available to
the community.

John D. Pfeifer, MD, PhD, professor of pathology and vice chair for clinical affairs, Department of Pathology,
Washington University School of Medicine, offered a keynote address on clinical tissue imaging by MS—"the future
is now.” This was based on collaboration with Richard Caprioli, PhD, and Jeremy Norris, PhD, of the National
Research Resource for Imaging Mass Spectrometry at Vanderbilt University School of Medicine. Dr. Pfeifer reviewed
the resolution that can be achieved for small molecules via matrix-assisted laser desorption ionization imaging
mass spectrometry (MALDI IMS) and MS/MS sequence analysis. He explained the diagnostic applications of IMS on
routinely processed formalin-fixed, paraffin-embedded tissue sections to differentiate lesions with overlapping
morphological features, as demonstrated by the work of dermatopathologist Rossitza Lazova, MD, on the clinical
use of IMS for differentiating Spitz nevi from Spitzoid malignant melanomas. He also talked about the clinical uses
of IMS likely to emerge in the next few years—for example, quantitation of predictive biomarkers as an alternative
to immunohistochemistry and the evaluation of pathway activation via phosphopeptide enrichment on TiO,

surfaces. Finally, Dr. Pfeifer noted that, in recognition of the nascent clinical use of IMS, the CAP is developing
checklist requirements for laboratories that perform IMS applications. The requirements will cover the IMS
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hardware and the associated software tools.

Valentina Pirro, PhD, of Purdue University, delivered another keynote presentation, on the use of ambient
ionization MS for brain cancer diagnosis. Dr. Pirro, a research scientist in the chemistry department, detailed the
role that ambient ionization MS can play as a diagnostic tool to obtain maximal surgical resection of brain tumors,
which is associated with better patient prognosis. Currently, there is no assignment of surgical margins
intraoperatively. MRI is used to guide tumor resection but an increasing body of evidence is showing that tumor
infiltration can extend beyond the MRI contrast-enhancing regions. The MS molecular signature of neurological
tissue provides information on tumor pathology and can distinguish cancerous tissue from normal brain
parenchyma and estimate the degree of tumor infiltration. Ambient ionization provides a means for ion generation
from unprocessed neurological tissue and is the suitable approach for rapid molecular diagnostics performed
directly inside the surgical suite. This approach can be used to map tumor heterogeneity and examine the
resection cavity for residual tumor.

Dr. Pirro highlighted how ambient ionization MS can be integrated online or offline into the surgical workflow.
Online techniques, such as the I-knife, require the use of a special surgical handpiece but allow for real-time in vivo
analysis of tissue. Offline strategies like DESI analyze tissue biopsies ex vivo within minutes but are applicable to
any surgical method with no alteration in procedures.

Steven W. Cotten, PhD, assistant professor of pathology and director of chemistry, toxicology, and immunology,
Ohio State University Wexner Medical Center, in his presentation on umbilical cord tissue analysis via liquid
chromatography/MS, discussed the use of an alternative specimen for assessing in utero drug exposure. Dr. Cotten
explained how the use of this emerging matrix has the powerful ability to reshape clinical workflows outside the
laboratory. By “unpacking” the extraction, Dr. Cotten described his thought process to tackling challenging
matrices. This included considering extraction not just for clean-up but also for tissue disruption, drug isolation,
and interference removal. Data from the study included a method comparison for the detection of drugs in both
meconium and umbilical cord tissue, which showed good agreement for the drug classes evaluated. Dr. Cotten also
shared quantitative outcome data that demonstrated the impact of the new specimen at the hospital. Using quality
metrics such as birth-to-order and birth-to-result from the electronic medical record, he showed how umbilical cord
tissue had transformed time to intervention from days to hours. In addition, positive opiate results from umbilical
cord tissue were correlated with ICD-10 diagnosis codes for neonatal abstinence syndrome, which showed a higher
sensitivity and negative predictive value compared with meconium. These results suggest that at his institution,
the umbilical cord tissue assay is a better rule-out (screening) test for neonatal abstinence syndrome than it is a
rule-in (confirmation) test.

My own lecture was on renal metabolomics and pain management pharmacometabolomics. | provided an
introduction to MS-based metabolomics for translational and clinical laboratories, including experimental design,
workflow, data analysis, and quality control. | described the development of a multiplexed LC-MS/MS assay of urine
to monitor seven renal metabolites: kidney function marker (creatinine), Krebs cycle intermediates (citrate,
succinate, and oxoglutarate), oxidative stress (trimethylamine oxide, TMAO), reabsorption (sorbitol), and active
kidney secretion and aminoacylase activity (hippurate). The metabolite levels of de-identified patient urines were
comparable with those of the published references from the Human Metabolome Database. Future metabolomic
applications might be extended to transplantation and addiction.

In a panel discussion, Charles B. Root, PhD, of CodeMap, LLC, suggested that the new reimbursement environment
looks promising for new MS-based assays. If a laboratory discovers or implements a new biomarker for patient
care, an avenue now exists to secure new proprietary laboratory analyses (PLA) codes from the AMA so that the
code can be placed on the clinical laboratory fee schedule and reimbursed by Medicare until commercial payment
data can be used to establish a uniform national Medicare payment based on the mean of commercial payments.
Clinical biomarkers performed using existing methods generally have existing codes and payment amounts
associated with them. These payment levels will also be subject to change based on commercial payer rates
starting in 2018 and may make conversion to mass spectrometric versions of these assays more difficult.



Dr. Wong, who was president of the AACC in 2014, is a professor of pathology at Wake Forest University School of
Medicine, Winston-Salem, NC. He is director of clinical chemistry and toxicology and co-director of the Clinical and
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For a full report of the 2016 conference and the preliminary program for the 2017 conference, to be held Oct. 5-6
in Philadelphia, visit the website of the AACC Mass Spectrometry and Separation Sciences Division at bit.ly/aacc-
MmsSss-ev.
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