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DEFINITIONS

Budget impact analysis An economic analysi®cusing on the overall cost when implementing
one of the evaluated interventions from the
Degraded medicine: Medicine with impairment of qualitycquiredin distribution chains
especiallythough heat andumidity.

Device error:In the field evaluation, refers toearor from the device (i.e. without detected user
error)

Disability Adjusted Life Year (DALY) : A commonly used measure of burden associated with

a health condition encapsulating life years &gl life years lived with disability. An intervention
addressing this condition will often be assessed in the number of DALYSs it averts. Aeering
DALY is equivalent to gaining one year of life for an individual at full health.

False Negative (FN): The sample tested is a substandard/falsified medicine and the device
wrongly identified it as a genuine

False Positive (FP) The sample tested is a genuine medicine and the device wrongly identified
it as a substandard/falsified

Falsified medicine : Medicine with deliberately/fraudulent misrepressimn of its identity,
composition or source (World Health Assembly, 2017). In this report, the falsified samples used
contairedeither no APl othewrong API.

Field-collected samples/medicines (FCM). Field-collected samples/medicines that were
obtained from outlets (pharmacies, distributors) or from the manufacturers in the GMS states.
This is in distinction to simulated samples/medici(&¥!).

Field-tested: Refers to a device assessed near where the medisgnescollected, as opposed

to formal laboratorybased studies

Fixed cost The expenditures or costs (e.g. machine cost) that do not change based on the output
rate (e.g. number of samples tested)

Incremental Costeffectiveness Ratio (ICER): Incrementalcosteffectiveness ratio. The
additional costs per unit of outcome attained with the introduction of a new intervention as
compared with current practice. For example, an ICEBS#00 per DALY averted means that
giving a patienbneadditional year at flhealth will cost an extr&)S$00.

Net monetary benefit: A summary value of cost and benefit for an intervention in monetary

terms incorporating the willingness to pay threshold calculatgd&d:Ys averteanultiplied by
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willingness to pay thresholehinusincremental co$t A positive net monetary benefit indicates
thatthe intervention is costffective.

Non-destructive: Refers to a device which was used to test intact dosage units of medicines (e.g.
tablets) either through packaging or without negdmscrape or perturb the dosage.unit

Portable : Refers to transportable equipment (i.e. intended to be moved from one place to another
whether or not connected to a mains electrical supply) able to be carried by a maximum of two
persons, that requiresmmal setup on arrival at the field detection site {sgtcan be managed

by techniciadevel staff after short training on the device)

Reference library : Refers to a library of measurements of authentic medicines collected by the
device and with whiclthe device compares the measuremehtained from a test sample. It is
used most commonly in relation to libraries of spectra of authentic measurements stored within
the software of a spectrometer (O6Spectral R €
Sample: is defined as aingle dosage unit fromsangleblisteror primary packaging

Sampling : Collecting data about a sample with a device

Scan: refers to a single test conducted with a spectrometer on one sample

Sensitivity : Proportion of medicines that are detected as goality by the device out of all the
medicines determined as poor quality by a reference technique

Simulated samples/medicines (SM) Samples/medicines that were prepared from raw active
ingredients and excipients by chemists at the Georgia Institulfedinology (see methods
section)

Specificity : Proportion of medicines that are identified as genuine by the device out of all the
medicines determined genuineby a reference technique

Substandard medicine : Al so <call ed nout reacfithorzqu eanedicali c at
products that fail to meet either their quality standards or their specifications, or both (World
Health Assembly, 2017). In this report, the substandedicinesused contain lower API than
stated on their packaging or are simulaéethentic products containing lower API than their
authentic equivalents

Test: refers to a single result returned by the device on one sahiéasequivalent to the term
6scané for spectrometers.

True negative(TN) : The sample tested is a genuinedicine and the deviceorrectly
identified it as a genuine

True positive (TP) : The sample tested is a substandard/falsified medicine and the device

correctlyidentified it as a substandard/falsified



User error : Misinterpretation of the device resbly the userleading to the wrong conclusion
about a sampleds quality

Variable cost: The expenditures or costs (e.g. reagent cost) that change according to output rate
(e.g. number of samples tested).

Willingness to Pay (WTP)threshold: In economic evaluain the ICER of an intervention will

often be compared with a WTP threshold to assess whether the use of the intervention can be
considered costffective. A common definition of the WTP threshold is the GDP/capita where
the intervention is being considdréor use. In Laos for example, an intervention with an ICER

of US$H00 would be considered cesffective as this is less than the Laos GDP/capitd

2,353.
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EXECUTIVE SUMMARY

Medicines Regulatory Authorities (MRAsgye the keystonfor the majority of inteventionsto
prevent detect and remowvgoor quality medicines before they reach patients. Innovative portable
devices hold promise for empowering medicine inspectors in screening medicine quality in supply
systems. However, egulators lack information onheir performance, limitations and cest
effectivenessThis project was undertakexs an independestvaluation and comparisai devices
to provideevidence taallow MRAs to decide whether these new technologies are appropriate for
screening ofnedicines qality in their countries.

In a systematic review of the scientific literatures found 62 studies in which 41 marketed or
underdevelopment portable devices were evaluated. This review identified very limited information
on their performance (particubgin field settings), and major gaps of evidence, such as which APIs
and which medicine formulations the devices can accurately tespdnigirmance to quantitate APIs
in finished pharmaceutical products, and abilities to identify substandard medicines

We includedl1 devices in our study, of which four were included in a laboratory evaluation only
and sevenif bold), were also tested by 16 medicine inspectors from the Lao MRA in a field
evaluation study: four handheld spectrometers using infraviedrPHAZIR RX, NIRScan) or
Raman Progeny, Truscan RM); five portable devices using infraretbQ0 aFTIR, Neospectra 2.5),
liquid chromatography (§&/ue), thinlayer chromatographyinilab ), microfluidic technologywith
luminescence detectigi?harmaChk and two singleuse disposable devices: one using pdyzesed
colour test PADs) and oneusing hteral flow immunoassagchnology (RDTS).

In the laboratory evaluationl] devices tested on simulated and fielllected branded medicines
containing sevenifferentanttii nf ecti ves (within each devicebs
showed 100% sensitivities to correctly idensgmplesvith 0% and wong API after removal from

their packaging except the NIRScé1.5%9. Specificities of 100% were obsed for all devices,
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except for the &/ue (60.0%), PharmaChk (50.0%) and Progeny (95.5%). The two devices with
stated abilities to quantitate APIs showed high sensitivities to correctly identify 50%#80%
samples in a pass/fail configuration\@e : 1M% and PharmaChk : 83.3%) whereas the RBlg

to identify samples containing lower API than stated, showed a sensitiVi§¥6fSpectrometers
included in the evaluatiowere not stated to havke ability to identify medicinesvith lower API

than statd using the device stock buitt algorithms available Accordingly, the mentioned
spectrometers showed limited sensitivities (from 6% to 5@b)the fieldevaluated devices the
Minilab was the most sensitivd correctly identify 50%480% API samplesn the laboratory
evaluation(59.5%) with significantly higher sensitivity than other devidgs0.05) excet the
MicroPHAZIR (50%)

The NIRScan was the fastest of the fielthluated devices to test one sample, followed by the
MicroPHAZIR RX whilst the PADsand the Minilab were the slowest devices. The time spent to
inspect the pharmacy was significantly longer when using the devices compared to visual inspection
only, for all the devices except the NIRScan and Truscan RM. The main errors made by medicine
inspectors were the selection of the wrong reference library while thr@iguscan RM, NIRScan,
MicroPHAZIR RX (Truscan RM seemed to be less prone to this error) and wrong user interpretation
of the PADs and 4500a FTIR results. When testing a set of ssyrtipeP ADs showed lower accuracy
than other devices to correctly identify samples as poor or good quality, except the Progeny and the
Minilab [no significant (p>0.05) statistical difference observed]. An wadgeelopment welbased
reader of the results the PADs could reduce sample misclassification.

The Truscan RM had the highdixed total costs over a¥ears period, followed by the Progeny,
MicroPHAZIR, 4500a FTIR, NIRScan, and PADs. At the country leve§@ectrometers were found
to be coseffect i ve in settings with ohighoé and ol o

antimalarials and all were cestfective compared with the baseline of visual inspections alone. The
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NIRScan, that had the lowest initial cost per devilgw US$5,00)) was the most cosdffective
in the two prevalence scenarios.

Difficulties to assemble batches of qualggsured genuine medicines to create and update
reference libraries, high costs of most devices, maintenance/calibration and low sensitivity to identify
substandard medicines without highly trained operators using complegp&Eific models were
perceived as the main obstacles for the implementation of theefialdated spectrometers. Sample
preparation and sourcing of consumables (for the Minilab)oielyel of training and results that were
felt too userdependent (fothe PADs only) were the main barriers to the use of PADs and Minilab.

Although we provide general recommendations of the best strategy to choosing devices adapted
to different setting, major gaps of evidence were identified by our work: the lack of knowledge about
the level of training required he ef fect of the potential o6fal s
inspectionof medicinesthe best sampling strategies for fieldtieg (standard operating procedures
are required in different contexts in the absence of manufacturer guifiglme8Pls and medicines
formulation each device is able to téstcept for a few devices such as the Minilab or the PA&XS)
which level ofthe supply chain they would be best used (we believe this is highly setting dependent)
and how the health system should adapt to optimise thejrtiseimpact of tablet coatings,
packagings and capsule shells on the performance of spectrometers.

With thecurrent evidence, it is unlikely that any one device would be able to effectively monitor
the quality of all medicinesMuch more work is needed to evaluate devices for the great diversity of
medicines and to expard our work with a platform, independerfitom device manufacturerso

evaluate new devices using standard protocols and samples.
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INTRODUCTION

Although the problem of poor quality mediciness probably been with us since the beginning
of the trade in medicingSaunders 1782; Newton et al. 20Q6&)impact on global health has been
largely undeirecognsed The problem is not limited to lowesourcd countries(Securing Industry
2016, 2017a, 2017Hut the issue appears to be of greater magnitude there than in wealthier countries
(Kaur et al. 206; Tivura et al. 2016; Wafula et al. 2018xcordingto a recent report from the World
Health Organization (WHQ)~10% of medical productgirculating in low and middleincome
countries (LMICs) are either substandard or falsif\tbrld Health Organization 2017c)

Falsified (or fakemedicines are the result of criminal activity. Shdasified medicinegpurport
to be real,authorsed medicines but are deliberately and fraudulemntliglabelledwith respect to
identity and/or sourcéSF Medical Products Group, Essential Medicines and Health Products 2017)
They usually have packaging that are copies of that of a genuine product. Falsified medigines ma
contain the correcamount ofactive pharmaceuticaingredients(APIs) or the incorrect amount,
wrong APIs andbr, more commonly, thego not containthe statedAPI(s). The term of al
me d i c adopeed by the World Health Assembly in May 20Eferenceshe public health issge
of poor quality medicinesather that he t er m that mefers to d¢adédmark infingement
Substandard medicines, on the other hand, result from negligence and errors made during the
manufacturing procesby authoized manufacturersinspection of the packaging is required to
determine accurately whether a medicine is falsifiéalwever, 8 countermeasures vary according
to the type of O6defect 6, understanding esihe di
essentiafrom a public healtland regulatorperspective

Poor quality medicineshave devastating consequences, including increased morbidity and
mortality, economiclosses and diminished public confidence in health syst&uer quality

antimicrobals, particularly those containimgduced quantities dkPIs, may be key but neglected
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drivers of antimicrobial resistance (AMRNewton et al. 2016Medicines Regulatory Authorities
(MRASs) are the keyston#or the majority of pagntial interventiongo prevent detect and remove
poor quality medicinesHowever, arrentlynational MRA medicine inspectoiis LMICs performing
postmarketing surveillance (PMSargely relyonly on their own senseand knowledgeto detect
circulating poor quality medicinegRoth et al. 2018)Samplesmay be sert to a formal chemical
analysis laboratorjor further advanced chromatographic assays [such aspeigbrmance liquid
chromatography (HPLC)]. However, these assayseapensive, tim&onsuming, and not readily
available in manyountries.There is often significant delay between collection of the suspicious
medicine and confirmation of its poor quality, with its harm spreading unchecked in the interim.

Rapid detectionf poor quality medicines the field is a key factor to prevent unspé®r quality
medicinegeaching patient® be able to inform timely action®ver the last two decadesplethora
of portable analysiscreeningoolshave been developéad betterequipmedicine inspectort® detect
suspect medicinesllowingsome degree albjectivea nal ysi s of medAreviewme s i
published in 2014ompared the suitability of the different existing chemical analysis technologies
for LMICs (Kovacs et al. 2014) focusingon the different technologies available (e.g. Raman
spectroscopy, colorimetry) rather than on the existing devices themselves.

The diversity of devices for medicines quality screening holds great hope for empowering
medicine inspgors, making their work more cestfective and actionable, improving MRA capacity
and protecting patients from the harmpaior quality medicinesHowever,there areenormouskey
gaps regading the scientific evidence tmform national medicines regulajoauthorities of the
optimalcosteffectivechoice of device tdetect andombatpoor qualitymedicines (Roth et al. 2018)

Further key aspects that have received minimal discussion include issues of device maintenance
and quaty assurance/quality control; the amount of training required for accurate use and the
comparative coseffectiveness of introdueg devices within post marketurveillance (PMS)

systems.
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This project was undertakess an initial investigatiorito meet tle urgent need for detailed
investigation of devices tgive evidence t@llow MRAs to decide whether these new technologies
are appropriate for screening of diverse medicines in their countries and/isl,onespy whom
and at what position within ghmedicine surveillance system they are best used. Without such
research these innovations will not realize their potential to improve medicine quality.

The main Annexes can be found at the end of this repaseparatdbook compilingoperating
proceduesof all the devices, training materials provided to rttedicineinspectors during the field
evaluation, as well as tromplete publication of theystematic review of the literature submitted
for publication,is alsoavailable(See the content of the Do the Supplementarginnex content

section at thend of the preseméport)

AIMS

As part of the Results for Malaria Elimination and Communicable Diseases Control (RECAP)
under the Regional Malaria and Communicable Disease Trust Fund (RiIASian Development
Bank (ADB), this workaims to assess the accuracy, ease of use and cost effectiveness of different
portable and handheld devidesidentify substandard and falsified (SF) mediciaesoss a variety
of essential arinfective medicines commonlysed in the Greater Mekong Stdgion (GMS) to

treat malaria and bacterial infections.
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METHODS

OUTLINE

Laboratory Field phase

phase Evaluate the Final meeting -
Assessing utility and Focus group dissemination
device usability discussion of results and
performances 7 devices discussion

12 devices (inc Minilab)

Inception
phase

Selecting
devices

14 devices

COSTS,
BENEFTS

—SE—
~—

Cost-effectiveness analysis
6 devices

At the start of the Inception phase we reviewed the published scientific literature on medicine
quality screening devices, building on the wofkKovacs et al. 201,4dentifying candidate devices
and reviewing the evidence base, revealing a diverse array of vital gaps.

Fourteen devices were selectint laboratory evaluation. These devices wemvauated by
chemists of the Georgia Institute of Technology in Atlad®A, who therselectedlevices tanclude
in afield evaluation The field evaluatiorwas performed by public health scientists of thao-
Oxford-Mahosot HospitalWellcome Trust Researddnit (LOMWRU) and the Medicine Quality
Group of the Infectious Diseases Data Observa{@ddDpPO) in Vientiane, Lao PDR [ao09.

Concurrently withthe laboratory and fielgevaluationsa costeffectiveness analysis of the devices
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selected for the field evaltian wasperformed by health economists of tahidol Oxford Tropical
Medicine Research UniMORU) in the Faculty of Tropical Medicin®Jahidol University Bangkd,

Thailand

Seven APIs were chosen for testimgboth thefield and laboratory device ewedtions four
antibiotics from four commonly used pharmacological clagsésxacin (OFLO), sulfamethoxazole
trimethoprim (SMTM), azithromycin (AZITH) and amoxicilkalavulanic acid (ACA), and three
antrmalarials [artemethetumefantrine (AL), artesut@ (ART) (intravenous/intramuscular

formulation) and dihydroartemisiripiperaquine (DHAR)

The amount of the API of all the field collected medicines samples considegeduine used
to test the devices in both the laboratory and field evalyattasmeasured byltra-performance
liquid chromatograph{UPLC), a widely accepted approach to medicine quality analysis, to confirm

the expected quality of the samples.

SELECTING DEVICES

During thelnception phasef this project prior to the conduct of aystematic review of the
literature a list of the available devices was created based ronsystematic)searchof the
scientific literature, Google searches, our experienaed advice from diverse stakeholders

(Supplementary Annex 1).

The general pecifications when considering inclusion of devices were:

i Portable, ideally handheld
i Preference for batteryowered devices

1 Ideally, requirig minimal training of the useb{it those requiring more highly
skilled users were considered if likely to pidebreakthroughn the evaluation of

the quality of medicines (e.guantitative analysis of APIS)]
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1 Ideally, the device operates within a wide range of temperatures and conditions

suited to fieldwork in tropical countries
1 Requires minimalample preparain, ideally none
1 Requires minimum consumables and reagents, ideally none

1 Ideally it has been tested (published or unpublished work) with at least one
pharmaceutical(s)

1 Must be adaptable faestingat least one of the APIs included in this project

When multiple deviceausingthe same technolodg.g Ramanspectracopy) were available,
the scientific literature and discussion with experts wensed to guide selectiomdowever, the

evidence base comparing devices was extremely poor, making objeatistioseVery difficult.

The included devices, with their main characteristics are preseniathlie 1.
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Table 1. Devices included in the studyDevices inbold were included in both laboratory and field
evaluation phases

Manufacturer or VY EGH

Technology

Device name o : o Handheld
Institution status Main Specificiation
FTIR-MIR
Si:‘r’lzose';lz Ic?ion Agilent Technologies M Spectral range N US$31,067
9 4000cm-650am?
IR and Vis Camera system
GinEss IR D with various LED sources Y Unknowrf
One unit with 214nm
detector: £4S$4,950
Stationary Column: ~US$
— 370
C-Vue C-Vue M2 Liquid chromatography N Additional 254 nm
detector: ~US4,295
Accessories fosample
preparation : ~US$75
L Global Pharma Health Fun . . US$2,510(without
Minilab EV. M TLC, disintegration test N referencestandards)
. FTIR - NIR
Mll?izogng’ﬁig Thermo Scientific M Wavelength range Y us#7,500
Y 1600nm2400nm
Neospectra 2:3JS$
3,000
Light Source: US$L,030
FTIR-NIR ; s
Neospectra 2.5 Si-Ware M Wavelength range N White Reference Tile:
(SWS622212.5) 1350nm2500 US$310
nm nm Fiberoptic Cable and
Probe:US$L,261
Probe HolderUS$67.83
Young Green Energy (the _[F .
NIRscan (Beta Global Good Fund MRS & DI SIS US$L,199 (vithout
i developed the smartphone ik IR g M smartphone)
version) £1E W ST 900nm1,700nm P
application)
Paper Analvtical Universityof Notre Dame
P Devicey and Veripad (Kenya, New D Paper-based colour test Y (S) UsSs3
York and Boston)
g : Microfluidic device with
PharmaChk Boston University D luminescence detection N Unknowrf
: Raman
Progeny Rigaku M 1064 nm laser Y (ex-demo model)
US$62,500(including
N Raman chemometric software
TruScan RM Thermo Scientific M 785 nm laser Y package and tablet
holder)
China Agricultural .
qonnamed.ateral - niversity of Beijing and D Lateral flow Immunoassay y (s, US$ 23
Y University of Pennsylvania P
Singlequadrupole
Qda MS Waters M Mass spectrometry N US$76,169
Counterfeit Dru Centers for Disease Contr¢ Laser
9 and Prevention (CDC), D Y Unknowrf

Indicator (CoDI)

USA

absorption/Fluorescence

D: Under development, FTIR: Fourier Transform Infrared, LED: Ligfitting diode, M: Marketed, MS: Mass spectromelityNo, NIR:
Near infrared, Y: Yes, HPLC: High Performance Liquid Chromatography, NIBr Mé&ared, MIR: MidInfrared TLC: Thin-layer
chromatographyS: Singleuse device
aThe device is available for purchase but has been only usatkdscational tool
b In this report, we only used the TLC testing (both qualitative and-gaanititative analysisAccording to the developers, weight and
mass variation check will be providedthenext versiorof the device

¢ Ordering several devices to the manufacture ligesti to potential reduced purchase cost
d The costs reported here do not include \&&tl may vary by country of purchase

e The device was lent by the developer and is still under development, and not available for purchase as far as we are aware

f Cost esimated by the manufacturer. The device is not marketed yet and is subject to variation. Purchasing several RDTsois subje
potential reduced purchase cost.
g The neainfrared sampling unit is marketed but the smartphone application is not
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SYSTEMATIC REVIEW OF THE SCIENT IFIC
LITERATURE

A previous review compared the suitability of the different existing chemical analysis
technologiedor LMICs (Kovacs et al. 2014)put focusean the different technologies available (e.g.
Raman spectroscopy, coloretry) rather than on the existing devices themselves.

With more devices and more data now available haee undertakea systematic review to
understand the performance and main characteristics of portable devices for the field evaluation of
medicines ad identify the gaps in evidence for optimal device seled¢banform policy decisions
on which devices to use where and when.

Here we present the outlines of the metilody used to conduct this reviewhe complete
manuscriptsubmitted for publicatiomo the BMJ Global Healths available in the Supplementary

Annex book Supplementary Annex2).

SEARCH STRATEGY ANDSELECTION CRITERIA

The Preferred Reporting Items for Systematic Reviews and detdysesguidelineswere
followed. We searched for Engh languagecientific articles on portable technologies used to assess
the quality of pharmaceutical products, using Embase (from 1947), PubMed (from 1946), Web of
Science (from 1900) and SciFinder (from 1840) to April 15, 2017. Search terms includecethted
to the equipment (e.g. Odevicebd, Oinstrument
Oportabl ed, O6handhel dé) and terms related to t
of al si fiedd).

After removal of dupcates, titles and abstracts were independently sadefenesligibility.

References in English and French provided by colleagues working in the ifiefdidition to
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references within reviews of specific techniques, thode inall included articles, we examined to
identify additional relevant articles.

All studies evaluating thperformancesabilities of portable devices to assess any aspect of
the quality of pharmaceutical products were included. This includes articles describing the device
being tested in a laboratory environment, in field surveys, and pobabncept articles in which the
authors stress the potential portability of a method. Devices currently-dedelopment(although
not yet marketedand cevices no longer marketed but supdeskby other devicesvere included.
Non-portable devices, devices used for testing the quality ofphanmaceutical products or for
identification of traditional medicines, devices for measuring APIs in biological fluids, and product
security technologewere excluded. Patent application publications, articles on the development of
a method(e.g. a new thin layer chromatography method) not intended for deployment in-a field
detection kit, reviews/general discussions and articles describing or compatimapmsfor spectral
analysis (chemometrics) rather than the performance of the device itself, were also eXwuded.
included devices, additional information on objective characteristics (e.g. physical appearance,
approximate cost and market status) watsioed via the manufactueevebsites andrequests tthe

manufactures;

KEY VARIABLES AND DEFINITIONS

I n t his r evieesw,trandpprablet equipmentd] inteneldd to be moved from
one place to another whether or not connected to a neédrical supply(International
Electrotechnical Comission 201@ple to be carried byt maximum oftwo persong that requires
minimal setup on arrival at the field detection site (sgtcan be managed by techniclamel staff
after short training on the device). Devices that requir@iéial laboratory phase sap from highly
trained staff (e.g. Raman spectrometers which require creation of a reference libraomgheix
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processing of spectral dathut that are subsequently portable and @asise in thefield by

technicianlevel staff were included.

DATA ANALYSIS

Data was extracted anenteredin Microsoft Excel spreadsheet. For each device, the
devel operd6s names, type of technology used, n
range), reported sensitivity, spfcity and other laboratory or fieltest results, practical aspects of
the use of the device (e.g. the measurement time per sample, consumables required), and the pluse:
and minuses quoted by the authwese extracted when available.

The quality of theincluded studies could not babjectively assessed because of the wide

heterogeneity of study designs and a lack of consensus guidelines for reporting.
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LABORATORY EVALUATION

OVERVIEW - AIMS

The aims of the laboratory phase evaluation were:

1 To setup the instrumentatiomnddevelop protocols based on the instrumenmtraaf act ur er
default parameters

1 To evaluate the simplicity and resource requirements of each device

1 To evaluate and compare therformance®f each device to distinguish between genuine,
50% and 80% API medicindmimicking frequent features afubstandard medicines), and
0% and wrongAPI medicines(mimicking frequent features dhlsified medicinesunder
controlled conditions

1 To distinguish instruments/devices that would be suitablnéofield evaluatiophaseawithin

this project

Each of the devices selected for the laboratpiyseunderwent the following series of

evaluationgdy threeinvestigators

1. A survey questionnaire to evaluate the physical, operational, and software clsticsaad
requirement®f eachinstrumentAnnex 1).

2. Testswith a series of samples that were produced at the Georgia Institute of Technology,
ddined as simulatednedicires (SM), andwith a set ofmedicine thatwerecollecied from

various sourceslefined as fieletollectedmedicinegFCM).

The primary responsibilities were fdlows: Investigator 1 focused on the Raman instruments;
Investigator 2 focused on the NIR instrumeRaDs, RDTs, and &/ue and Inwedigator 3 focused

on the Minilkb.
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DEVICE MAIN CHARACTERISTICS

A form was completedby the reviewer of each device aswas being evaluated:he items
covered includegbhysical andoperatioml aspects of the devide.g. size,resource requirements,
sanpling details, battery lifpandthe software characteristics of thiestrument(Annex 1). Results

are presented iBupplementary Annex 3.

SAMPLES TESTED

To evaluate the various analytical teclogiés, each dege wa used to examine saif field-
collectedmedicineFCM) and6é s i mu | at e (SM)oéthkiseven ARIghét were prepared at
Georgia TechAntibiotics and antmalarials medicines were selected for their importance in terms
of public health (firsline treatment for various health conditions) in the Greater Mekong Subregion
in particular. The APIs wereamoxicillin-clavulanic acid(ACA), artemethefumefantrine(AL),
artesunate (ART) (intravenous/intramuscular  formulation) azithromycin (AZITH),
dihydroartemisinirpiperaquine(DHAP), ofloxacin (OFLO), and sulfamethoxazolrimethoprim

(SMTM).

A detailed listof all samples usechn be found i\nnex 2.

! Antibiotics and antimalarials medicines selected for their importance in terms of public health (first line treftment
various health conditions) in the Greater Mekong Subregion.
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1 Simulated medicines (SM)

Tablets were produced usiagablet press aftenilling and mixing the ingredient3 he detailed

protocolfor tablet productions in Annex 3.

All simulated medicirewere prepared as00mg tablet (6mm in diameterexceptfor ART
which remained as a powdeas in the intravenous/intramuscular finished prodocsimulatev/im
Artesun® These simulated medicines includeelative to medicines witlPI concentrationss
found ingenuinemedicines those with the correct concentratitimse with80% of the correct API
concentratior{mimicking substandard medicineshose with50% of the correct API concentratio
(mimicking substandard medicinesihose containng only excipiens without APl (mimicking
falsified medicines) and those cordining excipients andcetaminophen (ACETparacetamol
mimicking falsified medicines with the wrong ARIParacetamol has been found in falsified
medicineswronglylabelled as another ARNewton et al. 2006bYhese chemistrynedicine quality
classifications are approximate as, for example, substandard medicines containing wrong API
(Government of Pakistan 2012pd falsified medicines containing reduced API1% halse been

describedNewton et al. 2006b)

The excipients ta@onstitute theabletmass consisted of buillg agentgcellulose, lactose, or
starch) anda lubricant (magnesium stearafe)) the simulated tabts. The lubricant was excluded
from theintravenous/intramuscul&RT formulationbecause they were not pressed into tabiaire
APIs for ART, AZITH, OFLO, and SMTM were purchased from TCIl Chemical (PortlandU3R).
Acetaminophen, cellulose, lactossgarch, and magnesium stearate were purchased from Sigma
Aldrich (St. Louis, MQ USA). Pure APIs were used to make the tablets, eXoceACA, AL, and
DHAP. Thesedue to theithigh cost to purchasa quantities necessary to make eno8yhfor all
the eperiments were sourced from genuine medicingstained from various distributors and

manufacturergD-Artepp for DHAP, Coartem for AL, and AMK 100mg for ACA) by crushing
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them mixing the crushed powdemdpressing them into simulated tablets. Theserushed samples
were then diluted to createtablets mimicking substandardmedicinesat the 80% and 50%
concentrationsf APIsusing the excipientdescribed abov& hesamples containing onBxcipiens

andthose containingvrong active ingredients weakso created as described above.

Devicesthat were not limited tdesting specific APIswere initially intended totest 61
different SMs, including thirteend@enuin® (100%API), twenty-one80% API samplestwenty-one

50%API samplesthreeexcipient onlysamplesandthreewrong APl samples.

1 Genuineandfalsified field-collectedmedicineg FCM)

Field-collectedmedicinesincludinggenuineandfalsified medicinesweretested

Three to four different batches agfenuine medicines werpurchasedfrom reliable local
distributorgoutletsin GMS countries oweregiven bytheir manufacturersThe falsifiedmedicines
were acquired from previous investigations and/or stu@emier et al. 2016aJfwo samples were
0l eadki ked medicines i . e. (ftcificeARIs (moeaneof thet saveneAlPls a s
included in this workput the tabletsverevisually indistinguishabl&éom genuine medicines included
in the work [(.e. theactual medicine is Diabeta®lilorpropamide), buthetableslooksidentical to

Sulfatrim® (SMTM)] (Caillet et al. 2017)in orderto mimic a falsified mdicine with awrongAPI.

However, the quality control of the medicines used in our study by UREE section
Confirmatory testing of the medicines used in both the laboratory eldcefialuation showed that
one or more batches of genuine medicines tsedeate the reference library of seven brands of FC
genuinemedicinewereunexpectedlyut of specificationWe therefore had tdiscardwelvesamples
from the laboratoryevaluation:4 falsified AL, 1 lookalike (SMTM-brand like) and 7 genuine

medicines (1 DHAP, 1 ACA, 1 AZITH, 2 SMTM and AL).
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CONSTRUCTION OF REFRENCE LIBRARIES

Many spectroscopic instrumeniselibraries of previouslyrecordedreferencespectrathat are
storedinthedevicendar e used t o c o macquirestestspectra lmtieis worg\vehenat or 6
possible,spectraof genuineSM andat least two different batches génuineFCM samplesvere
recorced to createeachlibrary databaseHaving at least two different batches of the sdrends

allowedsomeinclusionof inter-batc variability.

SM and FCM0% API, 50%API, 80%API and wrong APsamplesas well as one extra batch

of genuineg=FCM wereused in subsequent testing of the devices

Librarieswere createdby the expert chemistor the following devices: Progeny, TruscB,
MicroPHAZIR RX, Neospectra 2.5nd 450 FTIR Each device had a uniqueethal for library
creationand each used different file typmssave the librariePetails can be found iAnnex 4. The
library for the NRscan was developed @te Intellectual Ventures Laiyatoryin the USAbecause
library creation was noget available for field users of the produEbr many devicesequiring the
creation of a reference librargpecific eftware calculates the similéigs between the librg and the
experimental spectréddowever, or the Neospectra 2.5he operat@® themselvesustdeterminethe

similarity of the test results witthe reference spectra.

Whenthedevices, except thdeospectra 2,5re used teonductspectrallibrary comparisons, a
correlation coefficient is calculated after the experimental spectra and library speetra a
computationally compared. On devices that output pass/fail results, a threshold value is typically
established to determine at witatrelation coefficient a pass or fail is considered. For the Progeny,
TruscanRM, andMicroPHAZIR RX thatyield output pas@ndfail results, the thresholdsed was
thatfrom the manufacturerdefault valuesFor the NIRscan, the values are set by thesldper of
the software and librariedlthough te Agilent 4500 alsgeneragsadit qualitydscore(acorrelation

coefficient) the user must determine the appropriate value to select.
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DEVICE TESTING

The wide variety of technologiesnd built in softwarerequired different sampling and data
collection strategiesHowever, each instrumemtas testedollowing a similar set of guidelinefor

optimalcomparability

Devices that automatically outputtecbinary pass/fail results(NIRscan, TruScanRM,
MicroPHAZIR RX, Progeny) for each sampleneeded no transcription For devices that
computationallicompared the experimentally collected spectra with every spectrumdneghe i c e 6 s
masterreference spectruribrary and listed themost probable matchegFigure 1), a decision
thresholdvasestablishea priori. For example, for the 4500a FTilistrument if the tested medicine
appeared in the six highest nestresditwddbeclagsfied a 6 h
asabpasso. I f the tested medi ci n aitqagitpseae @y i n

it would be flagged as suspicious and the test repeated teg@otocols for thether spectrometers.

MicroLab

[ ) Instrument Battery: 187 minutes  User: Agilent 4500
() Status: Method:  01-Oct-2017

Results:

Quality Library CAS# Name

0.98923 | ADB Gen Library 2 (26) | |Biseptrim-SMTM

0.96845 ADB Gen Library 2 (24) Sulfatrim-SMTM
0.92558 ADB Gen Library 2 (23) Strimside-SMTM
0.91766 ADB Gen Library 2 (25) Vactrim-SMTM

Figure 1. Example of device returning matching values results 4500a FTIR matchingvalue
display

For instruments thagavequantitative result€C-Vue, PharmaChk)a threshold for acceptable
API concentration was set for a pass or fail redddicausehe referenceanges of % API(s) vay

according to different pharmacope&t for different APIgTable 2), we decided for simplicity that
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medi ci nes

containing

es s

t han

90% and

API(s) were considered as out of specification (OOS) for all the APIs included in this study.

Table 2. US, International, Chineseand British pharmacopeia standardsor the sevenstudy

mor e

APIs
AP ernationa ese B
2 acopela 2 acope a acope Pha acopela
0 018 010 018
Artesunate (IV/IM powder) N/A 90-110% 93-110% N/A
Amoxicillin/Clavulanic acid (tablet) 90-110% 90-120%** 90-120% 90-105%
Azithromycin (tablet) 90-110% N/A 90-110% 95-105%
Sulfamethaxazole/Trimethoprim 93-107% 90-110% N/A 92.5107.5%
(tablet)
Ofloxacin (tablet) 90-110% N/A 90-110% N/A
Dihydroartemisinin/Piperaquine 95-105%* N/A N/A N/A
(tablet)
Artemether/Lumefantrine (tablet) N/A 90-110% N/A N/A

*USP monograph, 2013Dihydroartemisinin/Piperaquine tablets monograph was not availal

in USP 2017
** Draft in preparation

Neospectra 2,32ADs, Minilab, and RDTegequirevisualinterpretatiorby the operator tmterpret

pass/fail resultd-or some devicespithe absencef standardized procedures for interpretation of the

device resultgi.e. what to do if a sample fails the device tethp following testing proceduind

interpretation were followedMore details can be founich

(Annex5).

32

each

devi ceds

1

expe



Spectrometers
After shining aspecificlightot o a medi ci ne, a si gnal (6spec
contained in the sample is recorded by the instrunidrd software in the instrumethtenclassifiesa

sampleas authentic or substandard/falsified, by comparingiimdarity of he sample spectrum to thai
of thegenuineproduct.For devices with no software (Neospectra 2.5) the user has to visoaipare
the sample spectruno reference spectm to clasify a sample as poor quality of not

For the spectrometetested(4500a FTIRMicroPHAZIR RX, Neospectra 2,9\IRScan, Progeny,

TruscanRM)i f the first scan resulted in a 6épasso,
scm resulted in a 6fail 6, (wheepossibleythe tabterweuldsoe a n s
scamedon therevers&d f ace® for the second scan, and; anot

seethe device$experimental protocs). The interpretabn of the three scan results wamnducted

as follows: if the two subsequent scansre6 f ai | 6 t hwasc otnhsei dsearnepdl eas O f a
subsequentscanger € Opassbd6 twhseomnshedesamhmphe Opas wds; I f
O pasdodbewasdhif ai | 6 t hwasc adrhsei dsearnepd eas a o6f ail 6

PharmaChkmicrofluidic device designed to quantiflye amount of API in a sample

C-Vue: different ingredients in a mixture are separated to obtain pure compounds to show their pr
(or absence) anitheir quantily using specifidetectors.

For quantitative devicePharmaChk, &/ue), a similar protocold that followed for spectrometers

was followed. 1 thefirsttestr e s u | t e d(see abovgthen fharsssilbwasrecole as a O p a
If the firsttestresutedina 6 f ai | 6, tshverapetfowmad ha mterpretdtian ®ftthe three

test results wasarried outs follows: if the two subsequeexperimentsvereaé f ai | 6 t hen t |
was consi de rteedwoaswsequéraxpelimientsverefadé passd then t he
considered as 0 pexgesnienwasah pas e 60s abdfeaginlein tiwahse n t |

was considered as a o6fail o6.
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The Rapid Diagnosis Te@RDT) is a single use disposable Adpiecific immunoassay test. Antibodie:

interact with the API and result in a red test line when there is insufficient or zero API.

Forthesingleuse RDT devicedor each experimerntvo RDTs were used as per the device protocol.

The first RDT was used to test the most dilute solution to evaluate if a sampgemwase The

second RDT used a more concentrated solutitestd the sample was falsified or substandard. Two
different batche®f RDTs were tested for each set of experiments. Freshly prepared standard API
solutions were used in all cas#sthefirst set of experiment e sul t ed i n a o6édpasso,
recor ded Iféthefirshsetofpxperimants e s u | tfaldd, i tnlsampledvak tested again

once

The Paper Analytical Devig@AD) : on a card are embedd 12 laneseach containing ehemical

compoundhat interacts with a specific functional group omalecule of the product tested, to produci
colour barcode that is read by the user.

For PADs the failing samples were 4@n once, as recommended by the develdp¢ne sample
failed again, the sample was deemed poor quality. If the sample passeiretested one more time

and bestwo out of three results were taken to determine the quality of the medicine.

The Minilabkit contains all the equipmengtcessary to ecmuct thinlayer chromatography and

disintegration testing to test the qualitymeédicines

For theMinilab, extraction and dilution wereepformedonce for each sample testdavo reference
samples on the plafas per protocol) anithreeof the same sample dilutiswererun in triplicate If
one of the sample spotgas dissimilarfrom the other twpthe experimentvas rerunwith a new

sample preparatioim confirm the quality of the sample.
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For thespectrometerwiith ability to testintact tabletsmanufacturessuppliedtablet holders
were utilizedf available(Progeny and Truscd®M). For theMicroPHAZIR RX andNeospectra 2,5
the laboratory team fashioned tablet sample holdgrg equipment that arrived with the devioce
was not specifically designed by tineanufacturer for that purpogeeedevice specific section
resulty. Most devicesutilized a simplified operatingorotocol that was developed by the
manufactures, except for theNeospectra 2.and the GVue. More details abou

operatingprotocol can be found in th®upplementary Annex 4 to 14.

Where applicable;CM in transparent blister packaging @t=initially, 13 after removing the
brands discarded because of poor quality reference library samplestested both in and out of the
packagingfor spectrometey thatstatedthatcould scan througpackaging. One exceptionfisr the
intravenous/intramuscular formulatioh ART samplesdue to this medicine consisting of a powder
in a glass vialNIR instruments could analyse the sampithim the medicinevial while all the other
instruments requiretheremoval of the powder fom the vial For the Raman instruments, IART
powder was transferred into a polyethylene bag to accumulate enbtigh powder inta thick-
enough sample for tasg due to complicationsf getting a consistent signal while in a glass vial

containingsuch small amountsf powder

The tests conducted in the laboratory evaluation phase were not conlyate@stigators
blindedto thequality of the medicine beingtested One of the primary reasofw this decisiorwas
that most of the data analysis was conducted by the instrument and/or softwangittsétfle to no
user intervention For example, the NIRscan, Pemty, Truscan RM, andlicroPHAZIR RX
immediaely outputted pass/fail resulter whichthe user had no data analyisigut TheNeospectra
2.5 spectradatawereacquired in lindedfashionand analysed by anothklindedinvestigatoras
no library analysiscapabilitieswere providedwith the devied s s o. Déviees that required a
visual inspectiorstep(PADs, RDTsMinil ab) clearlyincludestatenentsin the protocolsndicating

that any deviation from the reference sample would rentistsampleto be classedspoor quality
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For quantitatie devicesthe resultsneed to fall within pharmacopestandards or aresulpas s 6
(Table 2) so these cannot be biased by umibdd experiments-or example,iie PharmaChk offer

automaticAPI calculationsandintegration, respectively.

An additional keyreasorfor not conducting blinded analysissthe time constraints for the
project andhe tight deadlinesd be met forshipping the devices fdhe start ofthe field phasén
Laos If blinded analysisvould have been performed the laboratory phas¢éhesewvould have only
revealed probleswith instrumend s p e r flater durangtbeadata analysis phase, meaning that
correction of instrument protocols would not have been possiblebhimted analysis tis enabled
rapid troubleshooting of the instrumental methods to ensure the data generated was of the highest

gual ity whil e sttightbchettdeet i ng t he projectos

DATA ANALY SIS

The binary pass and fail resufty each samplevere used to calculathe sensitivity and
specificity values for each instrument. In this study, sensitivity was defined as tbetpgecof true
positives ovethetotal of true positives and false negatives. Specificity was defined as the percentage
of true negatives ovehe total of true negatives and false positives. A true positive was defined as
the sampldeingpoor quality substandard dalsified SM or FCM) with the devicecorrectlygiving
a fail result A false positive was defined as the sanmméerggenuine(100%API1 SM or genuine
FCM) butthe devicencorrectly gving a fail result A false negative was defined as the sarbplag
poor quality (substandard talsified SM or FCM) and the devicencorrectly gving a pass resulA
true negative was defined as themplebeing genuine(100% APl SM or genuin€CM) andthe

devicegiving a passresult
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Results for the spectrometers thvagre stated to beable toscan thes ampl es o6t hr
packadgnagdt hr ou,ghorpactklargd ingtd r e p | dassevimevastuseg a c k ¢

to scan the artesunate powder simulated sajnplegpresented separately in this report.

Sensitivity and specificityre expressed as percentages and their 95% confidence intervals
(95%Cl). The exact confidence intervalwasédonJe f r ey s 6 conf i ddBrowve i nt
et al. 2001) When the lower limit of the interval was less than Ofte lower limit is set to @nd
whenthe upper limit of the interval was more than 10886, upper limit is set to. Bensitivities and
specificities were compared usiMENemar tests

Data analysis was caéed out usingMicrosoft Excel 2013 and STATA4.2 The level of

significance was set at=0.05 (twasided).

DEVICES SELECED FOR THE FIELD EVALUATION

The suitability of each device for the field study portion of the rewasbased on thdevice
characteistics and operatioand from the use of the devices in the laboratory. The devices selected
for further evaluation in the evaluation pharmacy and their main characteargtigiven inTable 3.

We giveclarification for some specific device issues below.
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Table 3. List of devicestested in the laboratory evaluation that wereseleced for field -
evaluation (in green those able to analyze the sample through transparent packagings; in red
those not able tanalyzethrough transparent packaging)

Device name Manufacturer/ Technology API Sample
Institution set*

Truscan RM Thermo Scientific Raman All seven All

MicroPHAZIR RX Thermo Scientific FTIR - NIR All seven All

Progeny Rigaku Raman Raman All seven All
Technologies

NIRScan Young Green Energy | NIR- dispersive All seven All

CD3+ US FDA Photometric analysis All seven All

Paper Analytical University of Notre Paperbased colour test | Not AL, SMTM,

Device (PAD) Dame and Veripad ART OFLO

UnnamedRapid Penn State University, | Lateral flow Only AL, AL

diagnostic Test (RDT) | USA immunoassay ART, DHAP

4500a FTIR Agilent FTIR-MIR All seven All

GPHFMinilab Global Pharma Health | TLC All seven N/A
Fund, Germany

NIR: nearinfrared; FTIR: Fouriertr ansf orm i nfrared; O0AlI1 & refers to

the laboratory phase (see Appendix 1 for details); RDT: rapid diagnostic test; AL: arterhetiefantrine; ART:
artesunate; DHAP: dihydroartemisinipiperaquine: N/A: notapplicable: SMTM, Sulfamethoxazeleimethoprim;

TLC: Thinlayer chromatography

*see Phase 2, Step 3: Testing a sample set of medicines

al

Although theRDTs were consideed suitable for field testingthe developer was unable to

supply sufficient samplesf the device within the timeframe of the project. As a res®RDTswere

evaluatedduring the laboratory evaluatigghaseonly.

The CoDI could not be assesse#the Georgia Institute of Technology becausmtilectual
propertyissues. Tablets of Skhd FCM werethusshipped to the developer for an internal assessment
with the reviewer blinded to the identity and quality of the samples being ass&ssedoDI was

then shipped to Laos for the field evaluatmasebut the training giverno the teamnin Laoswas

significantly limited compared tahe other devicedpr which the team was provided with faime

face training andpactice with an expert chemistor the CoDI, the Lao teafllowed the protocol

provided by the developer but practice witheapert coulchotbe organized. Consequently, although

the field evaluation wastill conducted in Laos witlmedicineinspectors, it was decided not to include
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the results for the device in this report as it was felt phesenting the results would be unfair
picture

The CD3+ is a unique devid# its kind, sinceit is the only devicevith the ability toreveal
differencesin the packagimg (including primary, secondary packaging and legflas compared to
its genuinecounterparts. The device cas@bssess differensbetween the surface of tablgtgher
after removalor eventhroughtransparent blister The testing of tis device could not be completed
on timeandthereforegheresults of the device testiage notincludedin this reportindeed, the CD3+
operates withvto different types of lenses. A zoom lens is useahayzedosage units and a wide
angle fish eye lens for package and blister analysis. However, during thewdidd a
misunderstanding led to medicine inspectoiagisnly the zoom leng;isking significantbiasin the
performance results of the device.

TheQDamass spectrometenderwent a malfunctioduring the laboratory evaluation phase
that thereforecould not be completed on time. The results of the device testihghws not be
presented in this repofturther work will be conducted to complete this evaluadiod presented at

a later stage

39



CONFIRMATORY TESTING OF THE MEDICINES
USED IN BOTH LABORAT ORY AND FIELD
EVALUATIONS

The amount of the active pharmaceati ingredient(s) (API) of all the field collected
medi cines samples considered as O6genuineso6, u
evaluation was measured hyltra-performancdiquid chromatographyUPLC), a widely accepted
approactio medicine quality analysis, to confirm the expected quality of the samples. UPLC analysis
was performed by an independent laboratory and each API of each sample was, when possible (i.e.
when the number of samples available was sufficient), measuredaithicevo different extractions
that were conductedver a three months perigdugust and November 2017harmacopeial
methods using HPL@ere adapted for UPLC primarily by using columns with smaller particle sizes
and dimensions.This resulted in loweflow rates, smaller injection volumes and significantly
shortened cycle times, while maintaining the required quality of separatidfscept for
sulfamethoxazole and trimethoprim, the C18 column chemistry specified in the pharmacopeial
methods was usedefarations by UPLC provided the additional benefit of significant reductions in
solvent use.

Pharmacopeial protocols called for isocratic elution chromatography for all APIs except for
artemether/lumefantrine. The UPLC methods therefore used isocratile mplose programs for all
methods usedRelative poportions of mobile phases A and B were modified to improve separations
and reduce cycléimes. Mobile phase composition and detection wavelengths were identical or
slightly modified from their pharmacoja versions $upplementary Annex 15). Detection
wavelengths had to be altered when two APIs with different absorbance spectra were being analyzed

(e.g. sulamethoxazole and trimethoprim). Thedenges improved measuremesighificantly.

In most instanes the solvents used for extractions were the same as used in the pharmacopeial

methods. When these were altered, it simplified the solvents while ensuring thetgatithie active
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ingredientsWhereas pharmacopeial methods often specify the extrautioltiple tablets, in this

study samples were analyzed on a per tablet basis, often sampling a fraction of the ground tablet.

Details about the analytical methods used and the calibration and standard metrics of the

assys for each of the seven ARIeprovided inSupplementary Annex 15.

A pharmacopeial method was not availabledibydroartemisinirpiperaquine. Therefore, an

HPLC method from the literatu(@®etersen et al. 201Was adapted.

The simulated medicines could not be tested by UPLC at the time this report was being written
because of the limited number of tablets available. These samples were kept until the end of the study
as backups to mak sure the investigators had enough material for testing. Consequently, the
6qualityé of the simulated samples was consid
always present to minimize the risk of error duringgheparatiorprocessFdsified field-collected
medicines were tested in previous work by mass spectrogiBsrgier et al. 2016a)

Becausestandard range of API(s) varies according to diffepdrarmacopeias (

Table 2), medicines containing less th@n0 % and mor e t han 110&&dof t
amount of API(s) were considered as out of specification (OOS) for all the medicines included in this

study.
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FIELD EVALUATION

BACKGROUND

Inspection of medicines quality in the L&eople's Democratic dpublic (ao PDR) is
conducted bynedicineinspectors from the Bureau of Food and Drug Inspection (Bwidhin the
Ministry of Health Inspectors undertake routine inspection of pharmacies (as well as manufacturers,
wholesalers and distributors)-annualy, focusingon adherence to legislation (i.e. appropriate
paperwok is completed; appropriate medicis®rage facilities; appropriatetyualified personnel)
and drug registratiorA small proportion of the time during the routine inspectiorallecatedto
assessment of the quality of medicines.

In addition to tleseroutine inspectios) conveniencesampling of certain medicines, such as
particular antimalarials and ardietrovirals, is undertaken as part of specific projectpsupd by
donors, includig the United States Pharmacopem@nventionPromoting the Quality oMedicines
programme YSRPQM), and the Global Fundb Fight AIDS, Tuberculosis and Malaridhese
samples undergo initiadcreening using the GPH¥inilab to identify samples which reqe
pharmacopeial testing

Each of thel8 provinces in LaoPDR is supplied with a GPHMIinilab, with oneadditional
Minilab at three border checkpoins further26 border crossing sites do not have Minilabailable
for initial screeniny The necessgrconsumablgare providedunder grants ofthe Global Fundo
Fight AIDS, Tuberculosis and Malarid'ypically, samples are purchased fromselection of
pharmacies in each district, and brought back to a central location in the province to be screened by
thin layer chromatagphy, as per Minilab protocol.

All samplesvhich fail Minilab screeningand a further 10%f those which pasarethensent

to the Food an®rug Quality Control CentgfFDQCC) for confirmatory testing.
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The aim of the field phase was ¢valuate the utility and usability of the selected screening
devices for drug inspection in a drug outlet in a LMIC setting, compared to current prabgce.

evaluationwas conducteth LaosbetweerSeptembeandDecember 2017

OVERVIEW

An outline of te field evaluation phase is givenkigure 2.

Inspections
with devices

Construction Initial e
- ; ; Training of .
of the Training the inspection inspectors on Testing of a Focus group
evaluation trainers without ; sample set discussion
b devices IScussl
pharmacy devices

Minilab
assessment

Figure 2. Outline of the Field Evaluation Phase

An Evaluation Pharmacy was constructed at Mahosot Hospital to resemble a Lao Class 2
pharmay (Caillet et al. 2015)After training theBFDI medicineinspectos on the use of devices
simulateddrug inspectionsvith the devicegqfour inspections per deviceyere carried out iran
(Evaluation Phanacyd specidly preparedby the LOMWRU teamat Mahosot Hospitalwith the
consent of the hospitalhe GPHFMinilab was tested by FDQCC inspectoedready trained in
Minilab use,at their laboratory, in line witthecurrent use of the Minilab in Laos

After each drg inspectionanother set of testing with the devices was perforimea office
outside the evaluation pharmatye quality ofapre-determinedsample sétof medicines was tested
by eachmedicineinspectorin orderto 1) facilitate direct comparison beeen the devices ar)
mimic a scenario where the devices are used in a similar manner to the current use of the Minilab in
Laosi.e. are not performedin the inspected outleMinilab testingof selected samplesas also

performed to allow a comparisaf the devicesisewith the current practice in Lao&dditionally,
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focus group discussiongth thefield-evaluationBFDI participantsvereheldto give furtherinsight

into the utility and usability of the fieltested devices to support PMS systems.

CONSTRUCTION OF THEEVALUATION PHARMACY

A room at Mahosot Hospital was set up to mimic a typita$s2 privatepharmacy in Lao
PDR (Calllet et al. 2015)stocked with a comparable range of ARhd volume of stockn Laos
there are three classespifarmacy. Class 2 phaacies are run by migvel assistant pharmacists
(non University degree) and are allowed to dispense about 200 chemical emhiggsharmacy had
mains electricity, running water, and electric light, but no other equipment in addition to what would
be found in a normal pharmacy.

A TinyTag (Gemini Ltd)miniature monitor was used toecord ambient temperatute
account for any variation in device performance due to ambient conditions.

All stock was taken from existingr newlyfield-collected(medicinesoutlets, manufacturers
or distributers from_aos and fronlGMS countries. OMWRU samplesWhen possible, the stock
consisted of complete blisters, in original packagifige majority of the medicinesontaining the

API of interestin the pharmacy were geime medicines The number of different APIs or
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combinations of APIs in the evaluation pharmacy featy-one,including the sven targeted APIs
However, diring inspection, the inspectors were asked to focus osdthenAPIs tested athe
Georgia Institug of Technologyuring laboratoryevaluation The details on the samplesockedin

the evaluation pharmadgr the APIs of interest agivenin Annex 2.

TRAINING THE TRAINERS

Prior todruginspection of the evahiion pharmacy with the device®/e members of the
LOMWRU Medicine Quality Teamvere trained in the use of the devidagthe chemisbverseeing
thelaboratoryevaluation phasatthe Georgia Institute of Technologyer a period of 9 day3his

training included:

Instruction and practice in basic operationcluding switching on/off, calibration, and
running a sample test

- An overview of thehemistry underlying each device

- Commonpotentialerrors encountered using each devicand how to avoid them

- Instruction and practice in retrieving stored data on the devices

- How to make new entries in the reference library (where applicable)

Following the trainingwritten SOPs and quiektartguides forall deviceswere produced in
English andthen translagd intoLao for use in training thenedicineinspectorsg(Supplementary

Annex 4to 14).
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DEVICE INSPECTION OFTHE EVALUATION
PHARMACY

Sixteen medicine inspectors, @n from the central Vientiane BFDI office and six from
VientianeCity district offices, pdicipated inthe field evaluationThe medicineinspectorsvereall
currentemployees of the Bureau for Food and Drug Inspection (Blebd)caried out routine
inspection of pharmaciess part of theiroles.

Each inspector was asked to carry twd tofour inspections of the evaluation pharmacy:

1. All performed annitial inspection, with no device (visual inspection onbg a baseline

2. One to threénspections, wh one to threalifferent devices (see below)

All inspectionswere carried out independédy by a singlemedicineinspector working alone.
During the inspectiong 6t i me and mot i o nwosnembéry & thevw®OMWRUo n d u
MedicineQuality Teamunobtrusively, with no conversation allowed, recorded what each investigator
did ona form reording time and actignncluding which samples were chosen, the actions performed
with the device and what errors were madd stlising the device.
In total, four drug inspections (by four different inspectors) per each device (dacépe

Minilab) were conducted.
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INITIAL INSPECTION OF THE EVALUATION PHARMACY - A BASELINE

1 Pilot study

A pilot run ofthreeinitial inspections byhreecurrentpharmacystudents from the Faculty of
PharmacyUHS,wasundertaken prior to the round of initial inspectiaescribed below in order to

refine the time and motion studye instructiongiven,andtheactions recorded.

9 Initial inspection

Inspectorgvereinvited to MahosotHospitalfor 60-minuteslots, and asked to carry out their

inspection/sampling, withouhe deviceswith the following scenario:

* 2015 was mentioned in the scenario to avoid bias because some of the medicines included i
evaluation pharmacy were meant to be expired atithe of the study in 2017.
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Training requirements
For each device theur medicineinspectors were given two different types of training:
0 Two inspections were performed by two independent inspectors who redeieadive
written and verbhtraining.
0 Two inspectionswvere performedy two inspectors whaeceived onlyrudimentary verbal
training.
The inspectors who received the intensive training also received the rudimentary {eoring the
inspection visit.

All training wasdeliveredby Lao pharmacists from tH®OMWRU Medicine Quality Team,
who had previously received intensive training.

Inspectors were randomly assigned to a combination of training and dewitiesthe
constraint that no inspector would test more than one handipddiremeter (Progeny,
MicroPHAZIR RX or TruscarRM) due to the similarity in their operating procedure, and that only
inspectors from the district office would test the NIR&cBhis was becausmme inspectors from
the BFDI central Vientiane office had sted the NIRSaa as part of aprevious project.

Randomisationvas performed usingn online random number generator

Intensive training was delivereubt less thai® days prior to the inspection visit.
This trainingconsistedf:
1. Pre®ntation/overview of the device and underlying technalogy
2. Written SOP instructions.
3. Opportunity to test the devimm a6t r ai ni ng set 6 oftwonteseveni nes
different APIs depending on the device uggifferent from the APIs of intest),underthe

supervision and instruction from the trainers, wvtite SOP available for reference
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During this training session, the Lao pharmacist observers fron@W&WRU Medicine Quality
Team notd commonproblems that the inspectagperienceavith the devices in order to refine the

time and motiomecording fornfor the inspection phase.

Rudimentary training was given separafelyeach device immediately prior to the inspection
visit. On arrival for the inspection visit, alhspectors (including those whwad receivedntensive
training) receivedverbal instructions on how to use the device, amtlBaminutedo practiseusing
the device on a siig blister of genuine medicine. During tHi§-minute period, the trainer as
available to answer questions.

All the inspectorsvere provided with &uick guide SupplementaryAnnex 4 to 14 in Lao
language, irrespectivelyf the type of training.

Forfurther information on the content iotensive and rudimentary trainings focckalevice,

please refer t&upplementary Annex 4 to 14.

The following stepsvere followed foreach inspection visit:
1. Rudimentary training in theOMWRU office roomprior to the inspectian
2. Provisionofast o f aorqtuductioks fes teference.

3. Provision of anritten scenario
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4. Drug inspection in the evaluation pharmaayc@npanied bytte Lao observer

4

conducting a project in Laos to look for suspiciouspoor quality samples of the

following APE: ofloxacin, azithromycin, amoxicilkalavulanic acid, artemether

lumefantrine, dihydroartemisinipiperaquine, artesunate (IV), sulfamethoxazole
trimethoprim.

Please inspect this pharmacy, looking for suspicious or poor quality medicines
containing tlese APIs, using the device as you think appropriate. Where medicines
need to be removed from the packaging prior to testing, we will provide you with ary

alternative equivalent sample.
Please record the sample number and result (pass/fail) of every ass¢ysm make
with the device on the sheet provided (record samples twice if you assess them twige;
3 times if assessed 3 times etc). Collect any medicines that you would like to take fpr
further quality testing, assuming that budget is no restriction.d&ledso select a
random sample of 10% of those which passed, aRpetine Drug Inspection
Protocol

Please make a note of the sample numbers of the collected medicines. You have no
time limit to complete your inspection and sampling. /

CD Assume it is June 2015*, and that all blisters have no tablets missing. A funde

* 2015 was mentioned in the scenario to avoid bias because some of the medicines includec
v evaluaton pharmacy were meant to be expired at the time of the study in 2017.

The workplan for the drug inspections wesnstructedo that o inspector wuld test more
thanoneof either theMicroPHAZIR RX, TruScarRM or Progeny due to the similarity aperating
procedurdor each of the devices.

For devicesable to test through packaging, the inspectors were encouraged to scan through
the blister wha possible (only transparent blisters carsbanned through). However, an unpackaged
sample of the tablet was provided in a smagipedbag attached to each blister in the pharmacy for
all medicines if the inspectorighedto test the unpackaged medicine. This was because of the limited
number of nedicines in the evaluation pharmaeyndto preserve the complete blisters/ampoules as
much as possible to avoid inspection bias introduced by progressively having more incomplete

blisters/fewer ampoules stocking the pharmady.sample of unpackaged adeste powder was

50



provided due to limited stock. Ftdre 4500a FTIRvhich required testing of the unpackaged powder,
the observers assisted in opening the ampoule with scissors.

No feedback wsgivenduring the inspectionss to whether the chosen samplese good or
poorquality medicines.

Prior to the initial inspectionhe participantsvereasked to sign a document stating that they
would not discuss the work with othparticipants to the studpll the participantsvere theninvited
at the end of thetudy to focus group discussgon their views on both the study design and issues,
if any, they had with the devices.

After each evaluation pharmacy inspection with devices, each inspector was asked to

participate in testing of a sample set of medie{see next section).

TESTING OF A SAMPLESET OF MEDICINES

To facilitate direct comparison between the devimesthe time taken for actions, and to
mimic a scenario where the devices are used in a similar manner to the current use of the Minilab,
three sample sets of medicinegere prepared(Table 4). One sample set contained genuine and
falsified samples of artemethiermefantrine (AL), one contained genuine and simulated falsified
samples of sulfamethoxazeiemethoprim (SMTM), and one contained genuine and simulated
substandard samples of ofloxacin (OFLOhe use of three sample setssuredhat no inspector
assesgkeach sample set more than oower all the inspections they performed

Sample setsonsisedof single tablets of each sample, with packaging removed, presented in

transparentzip-lock plasticbags labded with the brand name, manufacturer, and dosage
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Table 4. Details of sample testing sets

API Study Code Brand name Quality

G269/SPS20 | Sulfatrim G Field-collected

G541/SPS21 | Sulfatrim G Field-collected

G558/SPS16 | Diabeta 250 i F-dook-alike (resembles

Sulfatrim)- Field-collected
SMTM SPSO03 Simulated medicine* (made by | G simulated medioe

Georgia Tech)

SPS04 Simulated medicine* (made by | ST 50% API simulated medicine
Georgia Tech)

SPS02 Simulated medicine* (made by | Fi 0% API simulated medicine
Georgia Tech)

MM17- IPCA G - Field-collected

01/SPS06

SS0044/SPS07| IPCA F - Field-collected

AL G592SPS22 Coartem (exp) S1i field-collected (artemether =
88% by UPLC)

G593/SPS09 | Coartem (irdate) G - Field-collected

LC6/SPS10 Coartem F - Field-collected

LC10/SPS11 | Coartem Fi field collected

G569/SPS14 | Oflocee G - Field-collected

G557/SPSA& Ofloxacin G - Field-collected

G555/SPS13 | Di-Flo G- Field-collected

SPS05 Simulated medicine * (made by

OFLO Georgia Tech) G - Simulated medicine

SPS01 Simulated medicine * (made by
Georgia Tech) S-50% APIsimulated medicine

SPS02 Simulated medicinefmade by FT 0% API simulated medicine
Georgia Tech)

G: genuine; F: falsified; S: substandard

Medicine inspectors wereasked to use the instrument to determine the quality of the

medicines in the san@setafter the drug inspection of the evaluatmivarmacy

For each sample set, the Lao observer unobtrusively, and with no conversation allowed,

recorced what eab investigator dicbn a form recording time andton, including which samples

were chosen and actions with the device and what emrenessmade(Annex 6).
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ASSESSING THE BASELNE: GPHFMINILAB TESTING

All samples selected as suspicious, and a random sample abflib® samples considered
@enuind and therefor e nointheiftial evalnatioh phartndcyeinspectisnp,e ¢ t
were selected for testing withe Minilab.

One tablet per blister or one ampoule were testbdee laboratory technicians from the
FDQCC familiar with use of the Minilab (they had received formal training and rarelved in
training provincial inspectors in the use of the Minila@re asked to assess the selected samples
blinded to their qualty, using the procedure outlined in the Minilab manual for each API. This
included disintegration testing and TLC. Samplese divided by API, and each inspector tested all
samples of twar three APIs of interest. Each technician was also given all the medicines used in one
of the three sample sets (AL, OFLO, SMTM) to assess, whilst being observed by a member of the
LOMWRU study team. During sample set testing, time and motion results were recorded for each

sample, using the same categories as for the novel devices.

TIME AND MOTION STUDY

A time and motion method was usédhe actions of the inspectors, including any mistake
made, and the time taken to perfodifferent tasks (see below)were recorded by independent
observers from the LOMWRU study team as the inspector completespecifidasksas described

in the previous sections (inspection of the evaluation phararatynspection of the sample sets).

Timeswere recorde@when applicable) by the observengile themedicineinspectors were
completing the tasks during tivatial inspection and inspections with the devigeshe evaluation

pharmacy:

9 Calibration (when applicable) stars at beginning of calibration process, finishes when

device is ready to perform a test
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1 Inspecting stock:begirs whentheinspector starts to inspect stock for APIs of interest; ends
whentheinspectoropens thgackaging of an API of ietest. This has not bearcluded in
the results as it is an artefact of the experimentalisetnd does not adequately represent a
or ¢ alf e 6 1 partlp eeasss the inspedaepeated inspections of the pharmacy over
the course of the project, édrthe time spent inspecting stock during each consecutive
inspection reduced as the inspestogcame more familiar with the experimentahget

1 Visual inspection: starts wherthe inspector opens the secondary packagintakes a look
at primary packagipto inspectends when the inspector brings his/her hand to the device

1 Sampling: starts whertheinspectoris about to start using the devigeg. touches device, or
removes tablet fromip-lock bag to begin testing). Ends whigreinspector puts peto paper
to record resultor when the device returns result (for devices which require result
interpretation).

1 Recording: startswhen the inspector puts pen to paper to record the result and ends when the
pen is put back down and the inspediegins onef the earlier phases agakorthe PADs

and the4500a FTIRdevices this starts when the inspector starts to read the result of the test.

The same timphasesvere recordeduring thesample set evaluatipaxcept for visual inspection
(no medicine pacgingwasprovided forthis evaluatior), instrument setip anddevicecalibration
Timing definitions of the different phases were adapted fosdngple set evaluationas follows
- Sampling: begins whertheinspector starts to use the device (e.g. opagbntaining tablet
to begin sampling; touches and starts to use device). Ends when the process to obtain a result

is started (e.g. O0scand6 button is pressed;

2 For initial inspection, this step ends either when the inspector went back to inspecting stock, or when they put pen to
paper to start recording
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- Analysing: beginswhen the process to obtain a result is stagads when the device returns
the result

- Interpreting and recording: begins when the inspectstartdooking at the resls, ends when
the pen is put down from recording the result on the record $teeetevices returning results
which require interptation (e.g. PADs, CoDI, 4500a FTIR), this includes time take to

interpret the result.

USEROPINION QUESTIONNAIREAND FOCUS GROUP
DISCUSSION

After completion of each inspection of the evaluation pharmacy and sample set testing with the
devices, thenedicireinspectors were asked five opended questions, developed for the purpose of
this studypy faceto-face interviews. These questiaismed to get valuable immediate insights into
device usability from the inspectolsnnex 7). The questions werministeredn Lao language by

Lao research assistants with no prompting as to the expected responses

Focus group discussions were organized following completion of the inspection phase to add
depth to these initial opions, and to hear inspector views on both study design and the issues, if any,

they had with the devices. Outline of the discussions are availafteiex 8.

MEASURED OUTCOMES

The overall aim of the field evaluah was to assess device usabildggree to which device
can be used by users to achieewiceobjectives)rom the perspective of Lamedicineinspectors,

all of whom can be considered potential end users of the devices.

55



Usabilitywasassessed witn the following domainglSO 2017:

1. Effectiveness: thability of users to complete tasks using the system, and the quality of the
output of those tasks. It is the efficacy in the real world clinical environment of the device.
2. Efficiency: the level of resource consumed in performing tasks

3. Sat i sf a c subjextive reaatisns to sising the system

Effectivenesswas measured by:

1) The extent to which the protocol for device use was folloWwgdhe inspectors
determined by:
a. Real time observation of device use in the evaluation pharmacy and sample set
testing, wth observed mistakes recorded by the observer
b. Review of thestored data in theéevice (whe available)
2) The number o$amplesvrongly categorised (wimd h e i n §inal decisiamabduts
sample quality differed fromthe UPLC result) per inspection olfiet evaluation

pharmacy. Wrong categorisation can be due to error(s) at any point in the process of

testing
a. Preparation of the sample and device prior to testing
b. During deviceanalysis
C. User reading of the result
d. User interpretation of the result

Thefinal result for the sample (reached at palhtabove) is the sum of the previous steps;
errors introduced at amgtagemay result in thesample being wrongly categorizeéebr example, a
sampling error may be madeut notrealised by the user and unobsshby the observeand the

device will return a wrong result. Due to a fa#up observe the error at st@) the error in reading
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at stepb) will be wrongly attributed to an inherent error from the dejyice er med a O0devi

the analysis)

Theoverall effectiveness of the inspectionhissa c ombi nati on of the i
correctly use the device and the device abildi

result returned by the device is the same as that givelPhZ, the current gold standard test).

In this report, thétesbr e sul t s are presented AnoOpasaldl el
to a single result returned by the device on one samle¢estd6 r esul t i s the res
device & stepb) above fegardless of whether the correct protocol was followedtepa), but
assuming that the result is interpreted correctly by theinstepc) (e.g. for thePADs, the result of
the tes{(c) is reported by interpretation of the lanes hssn (b), assuming thaheresult in each lane
was correctlyreported on the record sheeA 6sampl ed is defined as a
unique blister stocked in the evalwuation pha
classificaton of the sample (the result reported in stgpbove), as recorded on the inspector record

sheet, regardless efror in the preceding steps.
Efficiency

We assessdithe level of resourc@rimarily time)consumedy the devicen performing

the desiredask.

DATA ANALYSIS

For evaluation pharmacy inspection

- Total time spent in evaluation pharmacy inspectiomtinitial inspectionand usinglevices
was described using median and range. Wilcoxon -sank test were performed to test the

differences betwea each device and the initial inspection.
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- Number of samples wrongly categorizedthe percentage of the number of samples
wrongly categorizeaut of the total number of samples testeder all the inspections per devjce
with 95% confidence intervajarepresented, and compared by deviceqpais i ng Fi sher 0s
Wilcoxon rank sum tests was used to compare the number of samples weategprisedn
inspections with deviceseysts initial inspections without devices.

- Number of samples testegber evaluation pharmacy inspection was described using median

and range. The Dunn test was then used for pairwise compaoisthresdevices

For sample sets

- The total time spent per sample andhe time spent inthe different phases $¢ampling,
analyzing and recording phasey among devices were described using mesliamd range
Differences of the times between devices were examined usixed effecigeneralisedlinear
regressioomodelst o obt ain the estimated dev vieeeasjdstee f f e c
for training group and sampget as factors and inspectors and obsemagduster specific random
effect. The assumption of thinear modelis that time hasa normal distribution. Our data
demonstrated a skewed distribution for time aedherefore used the varialttansformed tmatural
logarithm.

- Correct/wrong classification of samples during sample set testingmong devices was
described using frequency, percentage, and 95% CI of the percehsagaples wrongly/correctly
categoized as good or poor qualitRifferencein the success in correctly classifying samples during
sample set testing between devices was examined osxegl effect logisticegressionto obtain
adjusted odds ratipadjusted for training group and samplé @& factors and inspectors @sster
specific random effect.

All tests were performedsing a5% (0.05) significance level. Microsoft Excel 2013 and

STATA versbn 14.0 were used for analyses.
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User satisfaction
The information collected by questioning iradiately after inspection, and then later in focus

group discussion are summarized and presented as narratives with emerging common themes.
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COST-EFFECTIVENESS ANALYS IS

OVERVIEW

The incremental costs and cadtectiveness ofis portabledevices for medine quality
testing when used for inspections at drug outlets in s estimatedAll devices werecompared
with a baseline ofisualinspectionsalone This analysisonservatively focuessonly on the benefit
of the devices in detecting falsifieahd substandardntimalarialartemisinincombination therapies
(ACTs) and airs to explore whether deployment of the devices is justified from an economic
perspective, considering any incremental costs of inspection and sampling, and benefits measured in
disability adjusted life years (DALYS) averted by removing substandard or falsified medicines from
distribution inthe specifiadrug outlets where they are detectiéds vital to note that this analysis is

highly context specific.

LIST OF EVALUATED PORTABLEDEVICES

Six of the fourteen devices included in the laboratory evaluadi@nincluded in this cost
effectiveness analysigight were excludedue toeitherlimited dataor practicallimitations in terms
of whether thedevice could realistically beusedin the routine field inspectionsThe GVue,
Neospectra 2,5PharmaChk, Lateral flow immunoassay, and CoDI are thus not incliitksd
pertains specifically to thilinilab, whichis currentlyused for the nationwidgrugsurveysin Laos,
butthe size of tedevice isconsideredoo big and it®peratiortoo complicatd to be used imoutine
inspectionsn or near medicine outlet¥heevaluated devicesere:

1. TruScanmRM

2. MicroPHAZIR RX

3. 450G FTIR
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4. Progeny
5. NIRScan

6. PADs

MALARIA BURDEN

The annual confirmed numbef patients withmalariain Laos was reported as 36,043 in 2015
by WHO (World Health Organization 2016AIl these cases are assumed to occur in 5 provinces
comprisirg of 42 districts where almost afhlciparum malaria in Laos is concentrated: 1)
Savannakhet, 2) Salavan, 3) Sekong, 4) Champasak, and 5) Attapeu. Patients are assumed to be
equally distributed across the five districts dahdy are assumed to have eqaatess td0 drug

outlets per district.

PREVALENCE OF SUBSTAIDARD AND FALSIFIED
ANTIMALARIALS

The relative prevalence of substandard and falsified medicines is one of the key determinants
of the costeffectiveness of the devicékhis analysisvastherefoe perfornedunder twahypothetical
scenarios with high and le@wprevalence of substandard and falsified medicines (see details below).
The actual prevalence of poor quality ACTs in Laos is not well described, althoughditeble
evidence indicates arlge decline in recent years in the prevalence of falsified antimalarials and
modest falls in the prevalence of substandard antimaléfiaternero et al. 2015)hese prevalence
scenariosare for illustratived w h apgurpasds énly ando notrepresent the current position of ACT
guality in Laos.Importantly ACTs in Laos are currently available for free at the Village Health
Worker level whilst others are availaltitepurchase through the Pubkeivate Mix (PPM) system at

pharmacies. More data are needed on health seeking behaviour to inform thesd mibadiaseline

61



comparator visual inspection was assumed to be able to detect 25% of substandard and 50% of

falsified ACTs in each of the two scenarios.

High prevalence

scenario
Genuine 60% 85%
Substandard 20% 10%
Falsified 20% 5%

MODEL STRUCTURE (MEDCINES AND PATIENTS)

Medicines Model

Device: Pass and no further action Q

Genuine <:)

Device: Fail but HPLC consistent with
sample being genuine

Device: Pass and patients treated with Substandard

Substandard \A]) @

Device: Fail and confirmed by HPLC, <
Substandard batch replaced with genuine

Drug sample

[ 1
|

|

Device: Pass and patients treated with Falsified

Falsified ¢ Patients model
aisifie

Device: Fail and confirmed by HPLC,
Falsified batch replaced with genuine
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not death

severe malaria ¢
dead
Number of malaria cases treated with the

poor quality ACT in the outlet per month

)

) hot death

non severe
dead

A A A A

MODEL DESCRIPTION

A decision tree model with two components was developed to simulate inspection scenarios
at the pharmacy level where the devicesld bedeployed as compared with visual inspection alone
(see Model Structure). The first component is the Medigiodel hatsimulates the inspections at
the pharmacy level where the stocks of AQands arecreened by inspectors. TRatients model
simulates health outcomes for malaria cases prescribed with an ACT from the stock (which can be
genuine, substandard, or féilsd). Eachpharmacywasassumedo stock three ACT brands which
are used with equal frequency amongst malaria patients obtaining treatment from the pharmacy.
The modelled scenarios assume that one device is available for each of the 42 districts for
biannual inspections of 10 pharmacies per district. In each pharmacy and for each medicine the
inspectors take either one, two, or three samples in each sampling strategy. Higher numbers of
samples taken by the inspectors imply a higher probability of thecedeorrectly detecting
substandard and falsified medicines, but also an increased probability of false positives (i.e. the device
mistakenly indicating that a sample is not genuine). Performance sikttievices waslerivedfrom
the laboratorgvaluation results at Georgia Tech, estimating the probabilities for the device providing

a correct result for either genuineedicines( AP 08 0 %) , substandard (80°¢
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medicines (AP1=0% or wrong AP). For two and three repeat sample strategiiesprobability of the
device indicating a negenuine sample was raised to the power of the number of samples taken. The
accuracyestimates were derived from the samples tested after removal from their padkaging
Estimates for the Performance of d&s used in the moddiable 6).

Samples classed as fail by the deviceassumed to bsent for formakeference laboratory
testing by high cost higperformance liquid chromatography (HPLGOhe whole batch of ACTs
with the suspectegoor qualityresultsin the outletvas assumed to epla@dwith genuine ACTs
implying a at leastfemporary improvement the proportion of genuine medicinasthe outlets
This wasassumed to last for one month before returning to the previous baseline level. False positive
test results, wrongly classifying a genuine sample as a fail by the portable decigeanneessary
and high costs of HPLC testing. If the device indicates a genuine medicine no further action is taken
and therefore if the sample was in fact substandard or falsified, patients remain at higher risk of severe
outcomes. The devices therefore can @ewa temporary reduction in the probability of patients
being treated with substandard and falsified antimalarials which we assume have no therapeutic
effect. Patients who are treated wstibstandard or falsified medicinesuld therefore have a higher
probability of progressing to severe malaria which incredises risk of deatl{SeeTable 5).

It is important to recognise thdtis analysientres orthe ability of devices to detect both
falsified and substamdd medicineswhereas not all devices are in fact marketed as being able to
guantify APt thereforetheir capability to detect substandard (as opposed to falsified) medicines is
likely to be limited The costeffectivenes®f the devicewill therefore e dependent on the relative
abundance athesedifferent types of poor quality medicines in a community.the prevalence of
different poor quality medicines will changerdbgh time and space making concrete -cost

effectiveness analysis difficult and vergntext specific.
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LIST OF MODEL PARAMETERS

Table 5. List of parameters used in the coseffectiveness analysis model

Parameters

Total malaria cases per year (Laos, year 2015)

Number of districts (where malaria cases were reported)
Number of pharmacies inspected, per district per inspection
Numberof ACT brands, per pharmacy

Ratio between ACT stock and number of malaria case
Total number of malaria cases, per pharmacy per year
Total ACT stock of all brands, per pharmacy

Number of sample, per brand

Number of inspection, per pharmacy per year

Number of months genuine replacement ACTs in place until
returning to baseline levels

Economic data

Number of inspectors, per visit
Hours of inspection, per plaacy
Number of pharmacy visit, per day

Il nspector 6s
month)

Per diem (per day) (250,000 LAK)

Cost of device (up front and subsequence over 5 years)

sal ary per hour

Values
36,056
42

10

3

3

86

258
1-3

0.9
30

See table below

Cost of test, per sample (consumable material and reagents) See table below

Cost of confirmation quality analysis with HPLC (1.245 million

LAK), per sample

Cost of ACT, per tablet

Cost ofinpatient cae for severe malaria (per case)
Years of life with disability (YLD)

Years of life lost (YLL)

Willingness to pay (GDP per Capita) threshold (Lao)
Transition Probability

Risk of severe malaria (@tdard)

Risk of severe malaria

(average of children and adults)

Risk of death severe malaria

Risk ofdeath norsevere malaria

65

US$ 149.4
US$ 0.78
US$ 65
0.02

20
US$2,353

0

0.24
0.15

Reference

(World Health Organization 2016

Laos MRA (current practice)

Assumed
Assumed

Casesl/facility

Assumed
Laos MRA

Assumed

Laos MRA
Assumed

Assumed

Hospital data
Hospital data
Data collection

Data collection

(Lubell et al. 2014)
(Lubell et al. 2014)
Assumed

Assumed

United Nations data 2016

(Lubell et al. 2011)



PARAMETER INPUTS

Thetotal cost of inspectiomincludes the costs of devices, consumables and inspectors. Cost
of devices were estimated based on the fixed costs and variablamdst®e derived from either
the manufacturérs r ete @list of gLeestions sent by email, quotationghels u ppl i er 6 s  we
The fixed cost was composed of timstrumentpurchasecosts and maintenance costs assuming a
five-year shelf life. Variable costs were estimated based on the canisuteas including reagents
and supporting material used for easlsayas well as additional time spent per sample by inspectors
for each device as observed in the field evaluafidrese variable costs depend on the sampling
strategy of either one, twor three samples and the number of ACT brasdsiming there atbree
ACT brands at every pharmacihe cost of HPLC confirmaty testing and ACT replacement were
also calculated assuming that all samples failing a device test were tested with HPlt©nand
genuine stocks replaced with genuine ACTSs.

The coss$ of inspections wreestimated based on the assumption that there are 5 inspectors
(pharmacists) per district to perform inspections at 10 pharmacies. All inspectors visit 2 pharmacies
per one fieldip. The number of total hours and visits is affixed to their salary and per dieto rate
calculate the total cost per inspectiQost of additionainspectiontime for each device was derived
from the time spent per sample recorded indhe i me an & tmadtyiéo appl i ed wit
salary rat€SeeTable 56).

Patients treated with @ongenuinemedicine are at higher risk of becoming severely ill and
dying of malaria, and these adverse outcomes are dedvimto Disability Adjusted Life Years
(DALYSs), using the duration of disability due to malaria illness and the number of years of life lost
from early deaths due to malaria. The disability weight and number of life yeapgtaitatidue to
malaria wa taken from the literatu@ubell et al. 2014)The full economic evaluatiomodelin the

excel filecan be accessed frothe linkprovided inAnnex 11.
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The incremental @teffectiveness rat®(ICER) of each device in both scenarios (high and
lower prevalence of substandard and falsified antimalariadsgealculated, and the model for each
single ACT brand is then scaled up to the pharmacy level for all three ACfgpttiee district and
country levels to estimate their respective total costs and DALYs averted. Devices are considered
costeffective when the incremental cost per DALY averted is below the assumed willingness to pay
threshold (WTP) of US$ 2,353, the 201&s GDP per capita, as recommended by the WHO

A series of onavay sensitivity analyss to determine the effect of results if the parameter
values deviated from thpoint estimatesvas performed. A plausible rander key parameters
including the cost afhedevices (-50%and +20%), test performanc&% and +30%), and DALY's
(-20% and +20%) were applied to the model. The reardtpresented in a tornado diagram to show
the magnitude of the effedn the costeffectivenessof each device. In additionnaalternative
scenario opurchasing one device per province instead of one per district (5 instead of 42), was also
evaluated. A comparative costeffectivenessanalysis and budget impact analysis were also

performed.

3 Note that the ICER for each device atgrently calculated individually as compared with no inspectiball devices

are available and policy makers need to choose between them then the ICER needs to be recalculated by comparing the
more costly and effective devices with less costly and effectnes.

ICER: Incremental Cost Effectiveness Ratio; the additional cost due to the inspection divided by the additional health
benefits in terms of DALY averted.

DALYs: Disability Adjusted Life Years; number of life year with full disability.
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ESTIMATES FOR THE PERORMANCE OF DEVICES
USED IN THE MODEL
Accuracy of all deviceare derived from the laboratory evaluat@mACTs (notusing assays
through packagingadapted from the laboratory inviggttion results athe Georgialnstitute of

Tecmology in the first phase of the stu@able 6).

Table 6. Device probabilities to identify genuine, substandard and falsified medicines used in
the costeffectiveness analysis

_ Medicine _ 1-sample _2— sample** _ _3—sam|de** _

Device - Device: Device:Pass Device: Device: Device: Device:

quality Fail Ealil Pass Fail Pass
Genuine 0 1 0 1 0 1
TruScan RM Substandard 0.42 0.58 0.66 0.34 0.80 0.20
Falsified 1 0 1 0 1 0
Genuine 0 1 0 1 0 1

MicroPHAZIR Substandard

RX 0.5 0.5 0.75 0.25 0.88 0.13
Falsified 1 0 1 0 1 0
Genuine 0 1 0 1 0 1
4500a FTIR Substandard 0.33 0.67 0.56 0.44 0.70 0.30
Falsified 1 0 1 0 1 0
Genuine 0 1 0 1 0 1
Progeny Substandard 0.08 0.92 0.16 0.84 0.23 0.77
Falsified 1 0 1 0 1 0
Genuine 0 1 0 1 0 1
NIRScan Substandard 0.33 0.67 0.56 0.44 0.70 0.30
Falsified 0.95 0.05 1 0 1 0
Genuine 0 1 0 1 0 1
PADs Substandard 0 1 0 1 0 1
Falsified 1 0 1 0 1 0

*Genuine drugs (API O80%), Substandard (80%>APIl >0%) and Fa
**Probabilities to detect quality of medicines ofénd 3sample strategy were derived from the probability of getting positive outcome
individual sample (dsample testyvith multiplicative property.
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MULTI -STAKEHOLDERS MEETING

The meeting aimetb enablaliscussios of the advantages/disadvantages, -eff&ctiveness
and optimal use of medicine quality screening devices in the medicine singohg between major

stakeholdersto develop policy recommendations for MRAs and partriEings meeting was held in

Vientiane in April 2018.
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METHODOLOGY LIMITATI ONS

This study is the first attempt, as far as are aware, of a comparison of the diagnostic
accuracy and costffectiveness of a diversity of different medicine quality screening tools across a
range of different APIs. It has been pilot and exploratory in nature and we hope that the data within
and the limitations and difficulties we encountered will form thesbasimuchneeded further work
to clarify the advantages and disadvantages of devices with different medicines used at different
positions within the supply chains of different countries. Here, we list some of the issues we

encountered that we hope willlpenform furtherwork after this project.

1. General

a) Only one unit of each device was evaluated, limiting reproducibility and reliability
evaluationsWe did not investigate the potentials ¥ariability between devices tiie same
model

b) Only severmAPIs (11 if we count four cdormulated formulations)all antimicrobialsand all
sour@d from one regionyere evaluated. As there 424 single or cdormulatedAPIs on
the WHO Essential Medicines Lisfincluding 141 single or cformulated antinfective
APIs), this represents a small minority of the global medicine supply. This limits the
generalisability of these findings. How, for example, these devices will perform ferBnti
medicines, oral contraceptives ahgroxing is unknown.

c) Reference litaries for the devices were made by recording the spectra of medicine samples
which were assumed to lgenuine medicinefbtained from large wholesalers or directly
from manufacturers). All samples were sent for UPLC analysis, but results were not received

until after completion of much of the laboratory and fitddting. Some of the samples whose
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spectra were recorded as reference library entries were foungptmbguality As a result,
we did not have access good referencébrary comparatas, andit was decided to discard
results from testing of all affected brandsbfandsin laboratory evaluation and 3 brands in
the field evaluation).

d) The disintegration test available in tlknilab kit wasnotused in this study which may have

resulted in biagkperformance results

2. Laboratory evaluation

a) For devices that required threshold values to output pass/fail reseitia)y usedthe default
parametersHence,potential enhancements in sensitivity and specificity could be made by
optimizing these tleshold value$or specific medicines.

b) Reference library creatiogiffered between all instruments due to the wide varietylata
captureand software capabilities of each device (ssthods sectiorConstruction of
reference libraries).

c) The tests conducted in the laboratory evaluation phase were not conducted blinded from the
identity of the medicine quality which may resulteddistortionof the device performance
findings.

d) There wasvery limited medicinebatt to batch variatiomn generabn of referencdibrary
spectra. For the simulatededicinesonly one batch of samplegas available due to the time
constraints of the projedtor field collected sample®;4 batchesper medicine weratilized.
Different ingredients andatches may have slightly different specifications for the same
materiak that may manifest in difference reference spetdeslly, five different batches or

lots are required for a library based on MeroPHAZIR RX instruction bookHow this
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f)

g)

h)

differs between medicines and devicaad how the number of batches would affinet
results otthe performancesf the devicess unknown.

There are also differences in device specific library creation methods when attempting to
introduce variabity with batch to batch variation. For the NIRscan atidroPHAZIR RX

some variability was introduced into a single library erfigr the Progeny and Trusc&M
variability was introduced by creating different library entries for different samples.

The smulated medicineslid not haveabletcoating. Field-collectedmedicinescontaining

ACA, OFLO, and DHAP hd coatings. For the fieldcollected coated tablet analysis using the
nondestructive devices, the medicines were not destroyed to test the ictartslts of the
medicine.Assuminga tabletcoating is a barrier to interrogate the internal contents of the
tablet analysisof the coatedtablet is unlikely taaccurately reflect APl concentration in the
tabletcore This issue is likely to lead tproblens with detection osSubstandardhedicinesf

the degradation/poor manufacturing of the internal contents of the tdiflet from the
degradation/poor manufacturing of the coating. For example, if the internal content of the
medicine degradefaster tha the coating, there may not be a significant signal change in
coating analysis tondicate thathe samplas suspicious. Coating analysis could potentially
scrutinize deviations from the coating of a good quality to a poor quality medicine as poor
coatirgs could degrade faster.

Because of time constraints of the projextdevices in whichoperationalprotocols needed

to be developed in the lakatory (Neospectra 2,5C-Vue), only basic experiments were
conductedFor examplefor data analyses and pr@sing for theNeospectra 2.and the €

Vue, basic extractions, solvent optimizations, and experimental optimizations were utilized.
Further optimization of these devg@ould enhance these analyses.

The nonsignificant results of the paired comparisofsensitivity and specificity should be

interpreted with caution. For example, the sensitivity of the NIRScan (91.5%) and that of the
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4500a FTIR (100%) were found not significantly different (see Comparative evaluation of
devices- Laboratory evaluatiop195). This is potentially because of the limited sample size

to perform this test. Based on these results, the number of samples needed to conclude to a
statistical difference of sensitivities, with alpha error of 5% and a statistical power of 80%,
would be at least 90he results of our study could be used to calculate the appropriate sample
size tocomparehesensitivity or specificity between different devices.

Using spectrometerswe tested SMsamples containing 0% APdagainstSM samples
containing100% of theAPI of interestand the same excipient§he NIRScan wrongly
identifiedSM 0 % AP I sampl es as 0g9goo &M #00% obfloxacind  wh
samples ljecausehe ofloxacin peak waslightly out of thespectrum, see p31). Falsified
medicines are likely to contain different excipients than the authentic medicines, although
scientific evidence to support this assumption is lacKiingrefore, it is very liksl that the
or¢alf ed s e nNIRScadnte identyy fatsified inddieines would be higher than that
observed in our studyt is important to note that, however, other IR and Raman devices have

successfullydetectedhe 0%API containing samples ges their 100%API counterparts.

3/ Field evaluation

a)

b)

Repeated inspectidny the same inspectoosf t he same Opharmacy6é w
and therefore redudbetime taken to inspect (thé'dnspection is likely to be faster than the

1%t inspecion, independeft of the device used)Deviations from theoriginal block
randomizatiorplanoccurred during the evaluatiolue to limited availability of thenedicine
inspectors.

Not enoughtabletswere availabléo scamafter removafrom the blisers. Therefore, @ables

removed from their blistemwereprovided in a smakltippedbag attached to each blister in the

pharmacy for all medicines if the inspectaskedto test the unpackaged medicine.
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c) There wasimited availability of inspectorgiue to theai other work comntments.According
to the potocolthereshouldhavebeenat least 7 days between inspectidnspractice some
inspecorsconductedlifferentinspectionswith different devices on the same day

d) In the Evduation Pharmacy, samples were &k from multiple lots and brandsispectors
were specifically told not to take expiry date into account when inspecting as our stock
contained samples pasxpiry that werestill of good quality They were also advised to
overlook other important normales for visual inspection (inclusion on national list of
registered medicines, condition of packaging, storage conditions) during their inspection,
limiting the resemblance of the experimentatigeto their standard practice.

e) For the TruscafiRM and Progmey (the two Raman devices) the reference library efatry
artesunate powdevas created throughpolythene bagn which the powder was placedt
the time of fieldtesting, the inspectors were mistakenly told that these two devices could
exanne artesun@ through the vialln addition, atesunate samples could not be tested
outside of the glass vial packaging in the pharmacy because of diffinutigening the
packagingAll inspectorsthuschose to sample through the vial, and almost all of the samples
failed the device evaluationg\rtesunate is not therefore included in thee positive/true
negativevalues quoted for these two devices, but is counted in the total number of samples
and scans performed in the pharmacy, because those numbers ar@tesad enmarker of
how much the inspectors were able to do in the time they spent in the pharmacy

f) We did not include evaluation of intebserver variability in using the devicas the
evaluation pharmacy data analyses

g) We have attempted to record the coam mistakes made by inspectors in using these devices,
by direct observation and by review of the device memory after testing (where memory

exists). Howeverijt should be noted that the ability to detect an error was limited by the
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o0 b s er ver sdéntifpthesd errarsywhichovag in turn limited by their-eapert status
and inexperience in conducting such studies.

h) The fieldstudy team received traininffom the laboratory teanm device use in a language
that were not their first languageThere was no direct training from the
manufacturer/developer, and limited time to gain experience with the devices prior to training
the inspectors. As a result, some mistakes were made in training delivery, particularly
advice about interpretation of ressltwith the 4500a FTIR (see dewvspecific results

section).

4/ Costeffectiveness analysis

The costeffectiveness analysis is reliant on many assumptions as to how the devices will
eventually be used in the field, which to a great extent is not yetrkridve results aralsoheavily
dependent on the context in which they may be uggdlassumed, for instance, that one device is
purchased per district, whereas in reality fewer devices could be purchased and circulated between
districts, implying a lowecost per inspection than used in our analysis, and further improving their
costeffectivenessthis is briefly demonstrated in the sensitivity analy$ise results of the analysis
therefore should be interpreted as conservative (i.e. more likely to-uattesr than oveestimate
the costeffectiveness of the devices) and as geneadipdrk’ figures as to how cosffective they
mayactuallybe

We also focus only on the benefits of detecting substandard and falsified artemisinin
combination therapieACTSs), whereas in fact most deviceswd be used to test the quality of a
broader range of mediciaé/Ne also focus only on the benefits of assuring high quality medicines in
terms of their therapeutic effect for patients. There are, however, othengldienefits to medicine

guality testing, such as averting toxic effects of other substances that have been found in falsified
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medicines, and potentially the impact poor quality medicines could have on the development and
spread of antimicrobial resistandeself a global health concern.

Our model aims to capture the costs and benefits of the devices when used at the final drug
outlet points, rather than higher up the distribution chain where they could potentially have a greater
impact. If for example thdevices are used at border customs check points where larger drug batches
are concentratednd transitthe detection of substandard or falsified medicines might result in the

removal of a larger volume of poor quality medicines than that achievediaiaigrug outlet points.
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RESULTSAND DISCUSSION

Resultsarepresenedin subsections dedicated to each deviwdividually, includinggeneral
informationon the device (i.ehasic specificationandhow it functions), theesults of the laboratory
evduationand useiwopinion, the field testing and the cestfediveness analysid-or more detagd
information on the operating procedures of each dewwod specifications please referto

Supplementary Annex 4 to 14.
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SYSTEMATIC REVIEW OF THE SCIENTIFIC
LITERATURE

Thesystematic review of the literature sifientific evidencen portable technologies used to
assess the quality of pharmaceutical produt#sonstrate@ burgeoningliversity of technologies
and devices becoming available for the fieldedgbn andevaluation of medicines €8 complete
manuscripsubmitted to the BMJ Global Healith Supplementary Annex 2)

Of the 5718reports screenedB2 full text papers were assessed for eligibilBf thesep2

matched the inclusion criteria and wencluded in the review.

In total,41 devices (includin@1 handheld deviced, lab-on-a-chip singleuse deviceand 2
under development), welidentified (Table 7). Additional devices are available but there is no

scientific esidence regarding their performance in the public domain.
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Table 7. Main characteristics of portable devices included in the literature review.
Devices initalics have been superseded. See supplemeAtargx 2 for reference arties

details
Approximate Handheld
Technology Name of the device (developer) Market status*§ Purchase cost o
(USD)§
TruScan RM (Thermo Scientific, previously Ahura) M >20,000 Y
FirstDefender TruScan (Thermo Scientific) N-Superseded by TruScan RM - Y
NanoRam (B&W Tek) M >20,000 Y
- N-Superseded byRaman (B&W  N/A (i-Raman:
Raman MiniRam Il (B&W Tek) Tek) >20,000) N
MIRA (Metrohm) M >20,000 Y
Raman Rxn1 Microprobe (Kaiser Optical) M Unknown N
EZRamanl (TSI, Inc) M Unknown N
EZ Raman M Analyzernwave Optronics) Unknown - Y
CBEx (Metrohm Raman) M 5,000620,000 Y
MicroPhazir (Thermo Scientific) M >20,000 Y
. . N-Superseded by MicroPhazir
Phazir RX (Polychromix) (Thermo Scientifig N/A Y
NIR - Fourier Transform ; P N-Sperseded by MicroPhazir
Phazir RX (Thermo Scientific) (Thermo Scientifig N/A Y
Luminar 5030 (Brimrose) M Unknown Y
Target Blend Analyzer (Thermo Scientific) M Unknown N
Multipurpose Analyzer (Bruker Optics) M Unknown N
. M - Taken over by Viavi
MicroNIR (JDSU)¥ Solution >20,000 Y
D-NIRS (School of Science and Technology, Kwan:
NIR - Dispersive Gakuin University}¥ D Unknown N
SCiO (Consumer Physics) M 10-500 Y
N-Superseded by other
RxSpec 700Z (ASD) technologies from ASD Unknown N
N-Superseded by 4500 Series
MLp (A2 technobgies) Portable FTIR (Agilent Unknown N
. Technologies)
MIR - Fourier Transform Nicolet iS 10 (Thermo Scientific) M Unknown N
. N 7 Now commercialized by
Exoscan (A2 Technologies) Agilent (Exoscan 4100) >20,000 Y
TruDefender FT (Thermo Scientific) M Unknown Y
Combined NIR/MIR - g Superseded by FT/HR600
Fourier Transform FT/IR-4100 (JASCO, Tokyo, Japan) (JASCO) Unknown N
Cary 630 (Agilent) M >20,000 N
TLC, disintegration test? GPHF Minilab (Global Pharma Health Fund E.V.) M 5,00620,000 N
Camera g/stem with various CD3/CD3+ (Counterfeit Detection Device version
LED sources 3/3+) (US FDA¥ D 500-5,000 Y
Lateral flow immunoassay Unnamed (China Agricultural University, Beijing ant
A . . . D <10 L
dipsticks University of Pennsylvania¥
PAD (Paper Analytical Devices) (University of Notr¢
D <10 L
Dame)¥
. aPAD (lodometric titration on paper caré)
2 . . D 1 L
Paperbased devices (University of Notre Dame) <10
Papetbased microfluidic §tr|p (Unname&)(Oregon D Unknown L
State University)
lon mobility spectrometr IONSCAN-LS (Smiths Detection, Danbury) M Unknown N
1y sp y SABRE 4000 (Smiths Detection, Danbury) M Unknown Y
Capillary electrophoresis Unnamed (Hanoi University of Sciencé) D Unknown N
SOG410 Directional Hemispherical reflectometer M >20,0® Y
Reflectance GlossmetetUnnamed (University of Eastern Finland
¥ D Unknown Y
Dissolution microfluidics with p
luminescence detection PharmaChk beta 1.1 (Boston Universi¥y) D Unknown N
Mass spectrometr Mini 10 mass spectrometer (Purdue University) D Unknown Y
p Y QDa single quadrupole (Waters) M 50,000 N
Nuclear quadrupole . .
resonance (NOR) Unnamed (Kingdo¥ Col D Unknown N
Reflectance colour X-rite eyeone (Regensdorf) M Unknown Y
measurement
Low-cost laser CoDlI (Counterfei Drug Indicator) (Centres for D 10500 v
absorption/fluorescence Disease Control and Prevention)
Refractometry AR200 digital refractometer (Leica Microsystems) M 5005,000
Pressure changes Speedy Breedy (Bactest) M 500-5,000 N

measurement (respirometer)

*D: Under developmen M: marketed; N: no longer marketed

**Y: Yes; N: No; L: Labon-a-chip or disposable device

§: Information from manufacturer website or direct contact with manufacturer

¥ Indicates devices for which all articles found in our review were written by asjhra{independent from the manufacdt/develeopr
UAccording to the developers, weiglicemass variation check whke provided in the next version of the device.

LED: Light-emitting diode
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Sensiivity data were found for few devices and were mostly derived from results of laboratory
testing on a smhhumber of samples of a few APIBhe median (range) number of APIs that were
assessed per device was 02lf1-20), a very meagre proportion of th&,800global international

nonproprietary namesf pharmaceutical substand®gorld Health OrganizatigrGuidance on INN

The main conclusion of the review is thhete is a vitally important lack of gependent

evaluation oimostdevices, particularly in field settingslany gaps of evidence were highlighted.
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DEVICE PERFORMANCE

The devices are describedalphabetical order, according to name.
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4500A FTIR SINGLE REFLEAQION
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