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How has ACSWebinars benefited you? W Chemistry for Life®

“This was a great ACS Webinar!

Super helpful because it covers

a topic that we all relate to.

Great timing for the

presentation and questions, it Top Tips for Communicating

was really more of an YOUR SCIENCE

interactive webinar.” tit
&l 2N

@< https://www.acs.org/content/acs/en/acs-
Ja/t 41&0 ?ﬂee/f webinars/professional-development/discuss-science.html

Nour Tanbouza

PhD student, AMRSC (UK)
Université Laval, Québec, Canada
ACS member for 2 years strong!

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org

ACS Webinars

CLICK « WATCH + LEARN -+ DISCUSS

Learn from the best and brightest minds in chemistry! Hundreds of webinars on
diverse topics presented by experts in the chemical sciences and enterprise.

Recordings are an exclusive ACS member benefit and are made available to
registrants via an email invitation once the recording has been edited and posted.

Live Broadcasts of ACS Webinars® continue to be available to the general public on
Thursdays from 2-3pm ET!

www.acs.org/acswebinars
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What is ACS on Campus? W Chemistry for Life®

ACS visits campuses across the world offering FREE seminars on how to be published, find a job, network
and use essential tools like SciFinder. ACS on Campus presents seminars and workshops focused on how to:

* Publish in top journals it . |
¢ Write grant proposals

* Find ajob
¢ Build industry partnerships

« Effectively use research tools like SciFinder® and ACS ChemWorx
¢ Prepare for a changing employment landscape

* Communicate your science

http://acsoncampus.acs.org
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Synthetic Opioids: How the CDC is Expanding National Capacity to Measure Human Exposure

Melissa Carter R j Elizabeth Hamelin

Senior Service Fellow, Division of Laboratory ¥ Research Chemist, Division of Laboratory Sciences,
Sciences, Centers for Disease Control and Prevention B 4 Centers for Disease Control and Prevention

Presentation slides available now! Recordings are an exclusive ACS member benefit.
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National Center for Environmental Health

Synthetic Opioids: How the CDC is Expanding National
Capacity to Measure Human Exposure

Melissa Carter & Elizabeth Hamelin
Division of Laboratory Sciences
Centers for Disease Control and Prevention
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U Opioid deaths increased six-fold from
1999 to 2017

U U.S. Drug Enforcement Administration

— Reported that fentanyl accounted
for ~75% of opioid identifications

— Identified over 20 different fentanyls
in the first half of 2018

Introducing the
Traceable Opioid Material* Kits
(TOM Kits*)

*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services




= Fentanyl Analog Screening Kit
(FAS Kit)
* https://www.caymanchem.com/for
ensics/faskit/
* Includes 200 pug each of 150
fentanyl analogs

* Provides largest collection of
available fentanyl analog reference
materials

TOM Kits* Currently Available

9/11/2019

= Opioid Certified Reference
Material Kit (Opioid CRM Kit)

http://www.cerilliant.com/

Includes 1 mg each of 22 opioids
and their matched *3C and *N
isotopes
Addresses 100% of DEA
fentanyl/fentanyl-related cases in
the DEA 2019 Q1 Report

*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services 17
|
2018 Product Design 2019 Product Launch
DEA NFLIS DEA NFLIS
TO M Kits * Des ig n 2017 4th Quarter 2016 Annual 2019 Mid-Year 2018 Mid-Year
"X"if | No.Cases No. Cases | "X"if No. Cases "X"if No. Cases
Opioid CRM Kit C Reported r Reported | Reported | Reported
(+)-beta-hydroxythiofentanyl - - = = =
3-methyl fentanyl X 1 X 427 - - -
O CDC contracted the development of |70 % » % s X i . o1
H Talk H 4'-methyl acetyl fentanyl - - - - - -- -
Traceable Op|°|d Material* Kits acetyl fentanyl X 3 X 1,669 X 183 X 2,246
itck acryl fentanyl X 3 X 26 X 3 -
(TOM Klts ) benzyl fentanyl - - - X 3
. butyryl fentanyl X 3 X 93 X 10 -
v" To promote consistency across arfentanil % = % 1,251 % 51 " 5
|aboratories cyclopropyl fentanyl X 8 -- X 3 X 852
fentanyl X 204 X 34,199 X 1,392 X 37,140
v i i furanyl fentanyl X 1 X 2,273 X 17 - -
To improve surveillance efforts e x n z x : - =
v To provide precision and accuracy :z:::tea’r‘;"" = - = = - =
using isotopically-labeled internal para-fluorobutyryl fentany! X 6 X 18 X 8 X 876
para-fluorofentanyl - X 5 - - -
Sta nda rdS remifentanil - - - - - -
U-47700 X 10 X 2
U-48800 X X 1
. . U-49900 X 4 — - — —
0 The 2019 DEA Mid-Year Emerging valeryl fentany/ - - x 52 x P -
. “COUNT| 14 308 1 40,151 14 1780 7 43,269
Threat and the 2018 NFLIS Mid-Year vora] 15 | s | w4 | s | 1 | s N
Reports are now available “COVERAGE| 93.3% | 99.0% | 786% | 99.8% | 87.5% | 99.8% 100.0% | 92.4%
° COUNT is the sum of the column;
® TOTAL is obtained from the respective DEA or NFLIS reports;
 COVERAGE equals the (COUNT/TOTAL)x100
*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services 18
|



TOM Kits* Eligibility

= U.S. Laboratories

= All sectors: private, public and
academic

= Have a current DEA registration

= Comply with respective state
and local regulations

= Submit kit requests directly to
the respective vendor

= Available to laboratories free-
of-charge

*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services

Audience Survey Question_—
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMEI\}\‘

Have you heard of the TOM* Kits before this webinar?

*  Opioid CRM Kits only
* FAS kits only
* Both Opioids CRM and FAS kits

¢ None of the above

* If your answer differs greatly from the choices above tell us in the chat!

9/11/2019

20
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TOM Kits* Requested as of September 11, 2019

= FAS Kit
* 681 kits requested
e 244 kits approved (Phase I)
* 160 kits approved (Phase Il)
e 277 kits waitlisted (Phase Ill)
* 344 kits shipped

= Opioid CRM Kit
* 343 kits requested/approved
e 223 kits shipped

= 1,024 TOM Kits* in total

e Across 50 states, 2 territories, and the District of Columbia

*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services 21
e e — ]

TOM Kits* Future Projections

= FAS Products = Opioid CRM Products
* Additional FY18 FAS Kit and FAS-V1 * Continuing distribution of FY18 Opioid
materials to fill waitlisted and new CRM Kit materials
requests (150 compounds) 22 native compounds and 13C and 15N isotopes
 FAS V2 of 32 additional compounds * Opioid Polysubstance Mix Kit (OPM Kit)

e 22 native compounds often detected in
conjunction with fentanyl analogs and their

* FAS V3 of 30 additional compounds deuterated isotopes
*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services 22
. e —— ] |

11



9/11/2019

Citing the Use of the TOM Kits*

Laboratories are asked to acknowledge the use of the Traceable Opioid Material®
Kits in presentations, publications, reports, and other communications by using the

following citation:

v “Laboratory findings were made possible, in part, by the Centers for Disease
Control and Prevention’s design and support of Traceable Opioid Material” Kits.
#tomkits *TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are
marks of the U.S. Department of Health and Human Services”

*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services 23
* L]

TOM Kits* Important Links and Resources

= CDC’s Opioids Portal: = Fentanyl Analog Screening Kit
+  https://www.cdc.gov/opioids/index (FAS Kit)
‘html * https://www.caymanchem.com/for

ensics/faskit/

=  TOM Kits* CDC Website:
* https://www.cdc.gov/nceh/dlIs/erb = Opioid Certified Reference

_opioid_kits.html Material Kit (Opioid CRM Kit)

* http://www.cerilliant.com/

*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services 24
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Laboratory Detection of Synthetic Opioids

Laboratory Testing Needs

Surveillance

Immunoassay
Receptor Assay
GC, LC

GC-MS, GC-MS/MS
LC-MS, LC-MS/MS
GC-, LC-HRMS

Diagnose
& treat

Identify
illegal
substances

Determine
cause of
death

Monitor

13
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Targeted Mass Spectrometry Method

= |dentify the synthetic opioids most commonly used
= Use the Opioid CRM Kit: 22 compounds with matched internal standards
=  Qur method was designed to:

— Support surveillance in clinical samples

— Readily incorporate new analogs as needed

— Accommodate multiple clinical matrices

Goal: Develop a method to identify the most prevalent synthetic opioids in use

Sample Preparation
Supported Liquid Extraction

Load: 200 pL of sample + = Designed for
200 pL diluent fentanyl analogs
Elute:2 x 200l = Applicable for urine

dichloromethane
Dry and reconstitute: 100 and plasma samples

pL of mobile phase

28

14



Chromatography

Column: Biphenyl 100 x 3 mm, 2.6 um

Mobile phase A: 10 mM ammonium formate
Mobile phase B: 0.1% formic acid in acetonitrile
Temperature: 50 C

Flow rate: 700 pL/min

Injection: 5 ul

Mass Spectrometry

Two transitions per compound
One transition per internal standard
Sensitivity from 0.025 - 0.75 ng/mL

Quality Controls established at
— 150x LOD (QCL)
— 15 ng/mL (QCH)

Urine Plasma

Targeted Fentanyls LOD acL LoD QacL
Hydroxythi 0.075 0.1125 0.500 0.7500
[Methoxyacetylfentanyl 0.025 0.0375 0.025 0.0375
Ocfentanil 0.025 0.0375 0.025 0.0375
Acetylfentanyl 0.025 0.0375 0.025 0.0375
U-47700 0.050 0.0750 0.025 0.0375
JAH7921 0.025 0.0375 0.025 0.0375
Acry 0.025 0.0375 0.025 0.0375
Fentanyl 0.050 0.0750 0.025 0.0375
1-Fluorofentany| 0.025 0.0375 0.050 0.0750
-Methylfentany 0.250 0.3750 0.500 0.7500
ICyclopropylfentanyl 0.050 0.0750 0.050 0.0750
Furanylfentanyl 0.025 0.0375 0.025 0.0375
Carfentanil 0.050 0.0750 0.025 0.0375
3-Methylfentanyl 0.075 0.1125 0.050 0.0750
0.0750 0.100 0.1500
0.0750 0.050 0.0750
0.1125 0.100 0.1500
0.1125 0.075 0.1125
0.0375 0.025 0.0375
0.0375 0.025 0.0375
0.0375 0.100 0.1500
0.0375 0.100 0.1500
0.0750 0.050 0.0750
0.0375 0.025 0.0375
0.1500 0.050 0.0750
enzylfentanyl 0.025 0.0375 0.025 0.0375
' methylacetylfentanyl 0.025 0.0375 0.025 0.0375
emifentanil 0.025 0.0375 0.025 0.0375

9/11/2019
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Method
Performance

Blinded plate spiked above and
below reportable limit

All analytes were detected above
reportable limit

94% of analytes were detected
50% below reportable limit

May be able to reduce reportable
limit

Method Evaluation

Percent Analyte Detected at Various Spiking Levels

Analyte

B-Hydroxythiofentanyl
Methoxyacetylfentanyl
Ocfentanil
Acetylfentanyl
U-47700
AH7921
Acrylfentanyl
Fentanyl
4-Huorofentanyl
a-Methylfentanyl
Cyclopropylfentanyl
Furanylfentanyl
Carfentanil
3-Methylfentanyl
Butyrylfentanyl
Huoroisobutyrylfentanyl
Sufentanil
MT45

2x QCLow

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

9/11/2019

1.5x QCLow 0.50x QC Low 0.25x QC Low:

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

Plasma MS/M

Analyte asm:thosd{ 5
U-47700 Detected
4-Fluorofentanyl Detected*

4-ANPP Not measured#
a-Methylfentanyl Detected
Furanylfentanyl Detected
Acetylfentanyl Detected
Acrylfentanyl Detected

Detected

ﬂesults from the 2019 College of American Pathologistx

Proficiency Test (CAP PT)

Carfentanil
*RT differences confirm positional isomer with Fentanyl Analog Screening (FAS) Kit, ¥ Anayte was not in method at time of analysis,

100%
100%
100%
100%
96%
96%
100%
100%
100%
100%
96%
36%
100%
96%
100%
100%
100%
100%

100%
100%
100%
24%
40%
60%
96%
100%
100%
100%
32%
0%
96%
16%
84%
64%
100%
60%

31
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Audience Survey Question—
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMEN

Do you analyze for synthetic opioids in your laboratory?

*  With immunoassay

*  With mass spectrometry

*  With both immunoassay and mass spectrometry

¢ None of the above

* Question not applicable to me

* If your answer differs greatly from the choices above tell us in the chat!

Slide by Mike Mojica

What about other synthetic opioids?

National Forensic Laboratory Information System (NFLIS) lllicit Opioid Reports*

15 Unique Opioids

12016°

8 Unique Opioid 120152
2 Unique Opioids —'201 42 ‘
M Fentanyl ‘
M Acetyl fentanyl Cases:4899 Cases:40230
¥ Furanyl fentanyl

Carfentanil
[l 3-Methyl fentanyl
M Other fentanyls**

* Fentanyl based opioids only (estimated).Reports are from drug seizures only. Data can provide forecasting for the opioid overdose
epidemic.

** Others include: Butyryl fentanyl, Fluoroisobutyryl fentanyl, p-Fluoroisobutyryl fentanyl, p-Fluorobutyryl fentanyl, Valeryl fentanyl,
Acryl fentanyl, p-Fluorofentanyl, ANPP, o-Fluorofentanyl, Beta-hydroxyl thiofentanyl, Acetyl-alpha-methylfentanyl, Alpha-
methylfentanyl, 4-Methoxy-butyryl fentanyl

1 NFLIS Year 2014 Annual Report

*Special Report: Opi d Related D in NFLIS, 2009-201 " y
* NFLIS Bri F I Reported in NFLIS, 2015-2016 (Rev: March 2018)

9/11/2019
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High Resolution Mass Spectrometry Method

= |dentify as many synthetic opioids as possible
= Use the FAS Kit containing 150 compounds

= Develop database with library spectra

= Use untargeted data collection

Designed to
— Rapidly add new analogs to library and database
— Flexible for multiple matrices

Goal: Develop a method to identify emerging synthetic opioids using library matching

HRMS Synthetic Opioids Library

175 compounds

=
[e] © o
o o o

~
o

60

1 \ m »

Jﬂu ij \\ w | 'U‘w “N d i‘ Hml._h

1 2 3 4 12 13 14 15
Retentlon Time (mln)

Relative Abundance (%)

18
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HRMS Data Collection

— Library Search
Sample _m Combined
(single injection) Library Score

High CE o Library Search

* |In Auto MS/MS, compounds are isolated in.an untargeted manner, based upon abundance

» Two collision energy (CE) levels allow for a combined library yielding increased confidence
of a match

Positive Identification

Five Levels of Confidence
in HRMS/MS
Accurate Mass
Isotope Spacing Database
Isotope Abundance Score

Retention Time
Library Matching Library Score

19



9/11/2019

Confirmatory Standard Analysis

Fentanyl Analog Screening Kit

* Manufactured and distributed by Cayman
Chemical

* Includes 200 micrograms each of 120+ fentanyl
analog analytical reference materials

* Provides largest collection of available fentanyl

analog reference materials +

39

. . x10 2 [+ES| Product lon (t: 3.380, 3.409, 3.498, 3.528 min, 4 scans) Frag=150.0V CID@40.0 (323.2122[z=1] -> **) BlankPlasmaB3.d
MethOd Appllcatlon ' 105.0698 Acetylfentanyl
= s identified in sample
% Dﬁ 67.0542 790543 910539 118.0644 1320805 1460953 174.0902 |
3 o2 ‘ :
= Acetylfentanyl identified in o Acetylfentanyl
2 from lib
purchased sample rom iibrary
55 60 65 70 75 80 85 90 95 100 105 110 11;71/2; 125 130 135 140 145 150 155 160 165 170 175 180 185
* Identified with — o
N .
— Database score of 98.00 09 C] Acetylfentanyl standard
— Library score of 97.96 o
%? 0.5+
£ 04
. 3 03
= Reference standard analysis 8 3]
confirmed identification o
-0.14

33 335 34 345 35 355 36 365 37
Acquisition Time (min)

20
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Method Performance

Urine Positive Rate (%)
M . 4ng/mL | 3ng/mL | 2ng/mL | 1ng/mL |0.5ng/mL| Ong/mL
atrix

Plasma Positive Rate (%)

4ng/mL | 3ng/mL [ 2ng/mL | 1ng/mL |0.5ng/mL| Ong/mL
Matrix (n=25) | (n=25) | (n=20) | (n=17) | (n=17) | (n=50)
Acetylfentanyl

Carfentanil

Cyclopropylfentanyl

Fentanyl

Fluoroisobutyrylfentanyl

Furanylfentanyl 96%

Fluoroisobutyrylfentanyl

Furanylfentanyl

Methoxyacetylfentanyl

4-ANPP

Naloxone
Norfentanyl

Methoxyacetylfentanyl

4-ANPP [ o4% | [ s0% |
Naloxone

Norfentanyl

Blinded samples spiked from 0.5 - 4 ng/mL to evaluate detection

Proficiency Testing

ﬂ{esults from the 2019 College of American Pathologism
Proficiency Test (CAP PT)

el Plasma MS/MS Plasma HRMS
method method
U-47700 Detected Detected
4-Fluorofentanyl Detected* Detected
4-ANPP Not measured# Detected
a-Methylfentanyl Detected Detected
Furanylfentanyl Detected Detected
Acetylfentanyl Detected Detected
Acrylfentanyl Detected Detected

Carfentanil Detected Detected
*RT differences confirm positional isomer with Fentanyl Analog Screening (FAS) Kit, ¥ Anayte was not in method at time of analysis,

21



Targeted
LC-MS/MS method uses
Opioid CRM Kit components

Fentanyls in use
Opioid CRM Kit

High sensitivity method

Addresses 100% of Q1
DEA report opioids

Key Messages

from today’s ACS Webinar

Synthetic Opioids Detection

Focused

LC-QTOF method uses FAS Kit
for database and library

Current fentanyls
FAS Kit +

Real time sample analysis

Compound list provided
at sample request

9/11/2019

Retrospective

LC-QTOF method update with
newly identified fentanyls

New fentanyls

FAS Kit updates

Reinterrogate sample
results

Compound list provided
at reassessment of data

22
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Webinar Key Points

v" More information and helpful links to support response to the opioid overdose crisis can be found on
the CDC’s Opioids Portal at:

> https://www.cdc.gov/opioids/index.html

v Traceable Opioid Material* Kits (TOM Kits*) cover 100% of the compounds reported on the 2019 - 15t
Quarter DEA Emerging Threat Report and are available, free-of-charge to all U.S. laboratories with a
DEA registration. More information on how to request a kit can be found at:

> https://www.cdc.gov/nceh/dls/erb_opioid_kits.html

v Laboratory detection of synthetic opioids can be improved and expanded using the TOM Kits* for
mass spectrometric detection using both targeted and untargeted methods.

*TRACEABLE OPIOID MATERIAL, TOM KITS, and the TOM KITS logo are marks of the U.S. Department of Health and Human Services 45
* L]

For more information, contact NCEH
1-800-CDC-INFO (232-4636)

TTY: 1-888-232-6348 www.cdc.gov
Follow us on Twitter @CDCEnvironment

The findings and conclusions in this report are those of the authors and do not necessarily represent the
official position of the Centers for Disease Control and Prevention.

23
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Synthetic Opioids: How the CDC is Expanding National Capacity to Measure Human Exposure

Melissa Carter Elizabeth Hamelin
Senior Service Fellow, Division of Laboratory Research Chemist, Division of Laboratory Sciences,
Sciences, Centers for Disease Control and Prevention Centers for Disease Control and Prevention

Presentation slides available now! Recordings are an exclusive ACS member benefit.
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a topic that we all relate to.
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