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Introduction 
On 14 February 2012, the FDA notified 
health-care professionals and patients via its 
website that it had detected counterfeit ver-
sions of the biological anticancer drug beva-
cizumab (Avastin®, Genentech, USA) in the 
USA.1 Bevacizumab, a recombinant human-
ized monoclonal antibody that targets vascu-
lar endothelial growth factor A (VEGF-A), is 
an expensive, injectable angiogenesis inhibi-
tor that is used in combination with chemo-
therapy to inhibit or delay tumour growth. 
Bevacizumab is used to treat a variety of 
cancers, is administered in clinics, hospitals, 
and medical practices, and generated around 
US$6 billion in sales in 2013, making it the 
ninth highest-grossing drug worldwide.2 
The counterfeit versions of bevacizumab 

identified by FDA had no active pharmaceu-
tical ingredient (API), and instead contained 
substances ranging from corn starch and salt 
to common solvents, such as acetone.1,3–5 The 
term ‘counterfeit’ is often used interchange-
ably with the terms ‘falsified’ or ‘fraudulent’ 
to refer to medicines that are substandard, 
ineffective, or adulterated, and made with 
criminal intent to deceive regarding the 
authenticity or origin of the medicine. 
Investigations revealed that batches of 
counterfeit bevacizumab, which were con-
firmed as unsafe and ineffective, had tra-
versed a complex network of wholesalers 
and countries, including Turkey, Switzerland, 
Denmark, the UK, and Canada, before finally 
arriving in US clinics.3,6 Although only one 
version of bevacizumab is FDA-approved, 
fake and unauthorized versions were never-
theless purchased by US medical clinics from 
foreign suppliers through the ‘grey market’ 
(defined as a secondary wholesale market 
outside of the traditional primary sourcing 
chain), in violation of the US Food, Drug and 
Cosmetic Act.1,7

Initial FDA warnings turned out to be 
just the beginning of a much larger and 
more complex failure in the international 
and domestic drug-safety system. Notably, 
3 years after the first detection of counter-
feit bevacizumab in the USA, the public 
health and patient safety repercussions 
remain poorly understood. To better under-
stand this important event in the history 
of US drug safety, we conducted a multi
disciplinary assessment of the counter
feit bevacizumab incident using available 
regulatory and legal data in the hopes of 
informing future efforts to prevent counter
feit cancer medication from adversely 
affecting patients.

Regulatory response 
On 10 February 2012, the FDA sent warn
ing letters to 19 medical practices that 
it suspected had purchased counterfeit 
Avastin®.1 The FDA was originally noti-
fied of a potential supply chain breach by 
the UK Medicines and Healthcare Products 
Regulatory Agency (MHRA) in December 
2011, after the MHRA investigated a report 
from the Danish Medicines Agency regard-
ing counterfeit Avastin® being sold from a 
Danish distributor (CareMed) to a British 
wholesaler (River East Supplies).8,9

The FDA letters identified several sus
pect distributors (Clinical Care, Quality 
Speciality Products, Montana Health Care 
Solutions, Bridgewater Medical, Volunteer 
Distribution, River East Supplies, Richard’s 
Pharma [trading as Richard’s Services], 
Warwick Healthcare Solutions, Ban Dune 
Marketing), none of which were author
ized to distribute Avastin®.1 Specifically, 
these warning letters informed medical 
practices that they had purchased products 
sold or distributed by one of the above dis-
tributors, and that “most, if not all” of these 
products (including counterfeit versions of 
bevacizumab) had not been approved by 
the FDA and/or were probably counterfeit 
versions, placing patients’ health at risk.10 
The FDA also reported batch numbers of 
suspected counterfeit Avastin®, requested 
practices to cease using and retain all 
products purchased, and provided infor-
mation for reporting suspected criminal 
activity and adverse events.1 However, 
only a few months later, in April 2012, an 
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additional 68 warning letters were sent, 
followed by 57 in June 2012, and another 
23 in September 2012. In total, based on 
our analysis of publicly available data from 
the FDA, in 2012, warnings were sent to 
168 physicians and/or clinics (151 distinct 
practices) across 33 states.10 A number of 
implicated wholesale distributors who 
were listed in these warnings were also 
identified as being owned by or affiliated 
with a popular Canadian online pharmacy, 
CanadaDrugs.com, another grey market 
source of prescription medications.11

Despite the earlier warnings, on 5 Feb
ruary 2013 the FDA announced that it had 
detected another batch of counterfeit and 
unapproved Avastin®, this time distributed 
by a different US‑based supplier, Medical 
Device King (also known as Pharmalogical 
Inc.) and packaged as a Turkish version 
under the trade name Altuzan™.10,12 The 
FDA confirmed that these products con-
tained no API, and a new round of warn-
ings followed: 781 medical practices were 
notified across 46 states as well as the US 
territories of Puerto Rico (three notices) 
and the Virgin Islands (one notice).10

The FDA again informed medical prac-
tices to immediately cease using these 
products and to surrender them to the 
FDA Office of Criminal Investigations 
(OCI), provided suspected counterfeit 
batch numbers, and issued a public-service 
announcement providing health-care 

professionals with guidance on how to 
ensure the safety of their patients. The 
guidance included warnings not to trust 
deeply discounted offers on drugs, to care-
fully inspect products and packaging for 
counterfeit risk features, and to monitor 
for patient complaints and adverse events.10

In total, our analysis found that 949 FDA 
safety notifications were sent to 932 physi-
cians and/or clinics across 795 zip codes in 
2012 and 2013. Warning notices had a broad 
US geographical distribution (Figure 1), 
were sent to 48 states and two territories, 
and were highly concentrated in California 
(17.7% of all notices), Texas (9.2%), Florida 
(8.5%), and New York (8.2%). The warning 
letters identify clinical locations where 
counterfeit Avastin® was possibly pur-
chased and administered, and provide some 
indication of the potential scope of counter
feit Avastin® distribution, as well as the 
accompanying safety risk. However, data on 
the exact number of patients who received 
counterfeit Avastin® are not available for 
further analysis.

Legal response—prosecutions
The detection of counterfeit Avastin® has 
had legal consequences for certain whole-
saler and provider participants involved in 
this patient-safety breach. Assessing pub-
lished criminal and civil cases associated 
with the counterfeit bevacizumab inci-
dent using legal databases PACER (Public 

Access to Court Electronic Records) and 
Westlaw, we identified 11 closed or ongoing 
prosecutions, after reviewing criminal 
complaints or indictments, plea agree-
ments, sentencing documents, and civil 
settlements (Table 1). All cases were filed 
by federal prosecutors, mostly in coopera-
tion with OCI, and many involved associ-
ated defendants (for example, a supplier 
indicted in one case and the purchasing 
physician or medical practice indicted in 
another). Defendants comprised a mix 
of domestic and international suppliers, 
physicians, a pharmacist, and clinic staff. 
Unsurprisingly, many defendants are those 
specifically named in, or recipients of, FDA 
warning letters, including distributors 
(Montana Healthcare Solutions, Ban Dune 
Marketing, Richard’s Pharma, and Medical 
Device King), and purchasing clinics and 
physicians (East Tennessee Cancer & Blood 
Center, McLeod Cancer and Blood Center, 
Alvarado Medical Plaza Compounding 
Pharmacy). Prosecutions have occurred in 
California, Maryland, Montana, Missouri, 
New Mexico, Tennessee, and New York 
federal courts against defendants located 
in multiple states. Criminal prosecutions 
include charges for distribution of mis-
branded or adulterated prescription drugs, 
receiving and/or introducing a misbranded 
drug with intent to defraud or mislead, 
federal fraud and abuse claims for violat-
ing the False Claims Act, trafficking and 
smuggling of counterfeit merchandise 
into the USA, and mail and wire fraud. 
Although serious charges, none of the 
above legal claims directly relate to per-
sonal injury associated with patient-safety 
adverse events.

Collectively, analysis of these cases reveal 
some concerning details. For example, 
certain defendants were actively acting as 
sellers and purchasers of counterfeit medi-
cines for several years before the counter
feit bevacizumab was detected. Sellers 
often shipped to multiple states, were aware 
that their products were not being prop-
erly stored or shipped (for instance, not 
maintaining cold storage), and some even 
had direct knowledge of patient adverse 
events.13,14 Furthermore, defendants such 
as Dr William Kincaid and Patricia Sen 
knowingly continued to purchase and 
conceal counterfeit products even after 
their practice nurses alerted them to safety 
concerns.15–17 Additionally, all but one of 
the named physicians who were defend
ants in prosecutions were recipients of 
FDA warning letters, and documents reveal 
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Figure 1 | Visual depiction of a total of 949 FDA safety notifications that were sent to 932 
physicians and/or clinics in 795 zip codes from 2012 to 2013. These are depicted at the 
individual zip-code level.
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that the primary motivation for purchas
ing counterfeit versions was to secure 
lower pricing in order to generate profits. 
Indeed, prosecuted clinic employees 
or clinicians were often complicit with 
illegal distributors who facilitated access 
to a complex international network for 
sourcing counterfeit bevacizumab, by 

deliberately falsifying documents and 
concealing shipments.18,19

Legal documents also disclose that other 
counterfeit and unapproved drugs were 
being sold by these unauthorized distribu-
tors and purchased by practices, includ-
ing other cancer treatments (rituximab, 
oxaliplatin, zoledronic acid, gemcitabine, 

and pegfilgrastim), as well as prescription 
drugs and devices, which were illegally 
offered and sold throughout the USA.13,20,21 
The effects of these other counterfeit prod-
ucts on patient safety has not been widely 
reported, and, unlike counterfeit bevaci-
zumab, has not been the subject of specific 
FDA warning letters.

Table 1 | Court cases resulting from the counterfeit bevacizumab incident*

Case Defendants and company 
(position therein)

Location 
of US 
District 
Court

Cost of 
counterfeit 
drugs 
purchased 

Punishment

USA versus Anindya 
Kumar Sen et al.
(2:13‑CR‑56) 

Dr Anindya Kumar Sen (owner, 
Managing Physician) and spouse, 
Patricia Posey Sen (Office Manager), 
East Tennessee Cancer & 
Blood Center 

Eastern 
District of 
Tennessee 
at 
Greeneville

US$3 
million 

Anindya Sen: 3 years of probation; $100,000 fine; 
must submit medical practice for inspection
Patricia Sen: 4 years of probation; $200,000 fine; 
can’t work for any medical practice without permission 
of probation officer 

USA versus Scully et al.
(2:2014‑CR‑00208)

William Scully (President) and Shahrad 
Rodi Lameh (Vice President), 
Pharmalogical Inc. company (trades 
as Medical Device King)

Eastern 
District of 
New York

NA Criminal case continued until 15 May 2015

USA versus Paul Daniel 
Bottomley
(CR‑13‑04-BU-DLC)

Paul Daniel Bottomley (owner), 
Montana Health Care Solutions

Montana, 
Butte 
Division

NA 6 months of house arrest; 5 years of probation; 
$4,454,278.17 total forfeitures (comprised of $1.08 million 
in cash, 10 parcels of land in Gallatin County, and 2011 
Aston Martin V-12); $100 special assessment for felony 
offense under 18 USC 3013; 200 hours of community 
service; $1,088,378.17 civil forfeiture to USA

USA versus James 
Newcomb et al.
(4:12CR00009RWS‑1)

James Newcomb (owner, President) 
and Sandra Behe (employee), 
Ban Dune Marketing
Dr Abid Nisar (physician), private 
practice

Eastern 
District of 
Missouri, 
Eastern 
Division

NA
$352,504 
(Dr Nisar)

Newcomb: 24 months in prison; $1.4 million in criminal 
and civil penalties; forfeiture of Land Rover
Behe: 5 years of probation; 200 hours of community service
Nisar: 2 years of probation; 200 hours of community service; 
$25,000 criminal fine; $1,000,336 repayment to government 
health programmes for false claims; medical licence 
suspended in Illinois, and in Missouri for 5 years; banned from 
participation in federal health-care programmes for 7 years

USA versus 
Isabella Martire 
(8:11‑CR-00373-DKC‑1)‡

Dr Isabella Martire (physician), private 
practice

Maryland, 
Greenbelt

$200,000 Pending

USA versus 
Mohamed Basel Aswad 
(2:14-CR-03274-RB)

Physician (private practice) District 
of New 
Mexico

NA 3 years probation; $1,298,543.00 restitution to Medicare & 
Tricare; $750,000 forfeiture to US government

USA versus 
Ozkan Semizoglu & 
Sabahaddin Akman
(4:14-CR003-AGF/TCM)

Ozkan Semizoglu (owner, Foreign Trade 
Director) and Sabahaddin Akman 
(majority owner), Ozay Pharmaceuticals

District of 
Missouri, 
Eastern 
Division

Exported 
$1.2 million 
worth of 
medication 
to the US

Both plead guilty: Ozkan 27 months imprisonment and $200 
criminal fine; Akman to be sentenced 23 January 2015; 
Akman: 30 months imprisonment; $150,000 fine for 
smuggling misbranded and adulterated cancer treatments 
into US; $150,000 forfeiture before sentencing

USA versus 
William Ralph Kincaid 
(2:12‑CR‑116‑JRG-DHI)

Dr William Ralph Kincaid (President, 
majority owner, and physician), 
McLeod Cancer and Blood Centre
Drs Milard Lamb and Olubenga 
Famoyin (physicians), private practice 

District of 
Tennessee 
at 
Greenville

>$2 million 
(Kincaid)
NA 

Kincaid: 24 months imprisonment; $10,000 criminal fine; 
$100 special assessment; $2.55 million civil settlement; 
10-year exclusion from federal health-care programmes;
Lamb and Famoyin: not charged criminally, but each paid 
an $850,000 civil settlement

USA versus 
Michael Combs 
(2:12‑CR‑94)

Michael Dean Combs (employee), 
McLeod Cancer and Blood Center

District of 
Tennessee, 
Greenville

$2.5 million 3 years of probation; 250 hours of community service; 
$4,000 fine

USA versus 
Richard J. Taylor 
(4:13‑CR‑00297‑RWS)

Richard Taylor (owner, supplier), 
Richard’s Pharma

District of 
Missouri, 
St Louis

NA 18 months of imprisonment; $800,000 fine; $3.2 million 
in forfeitures

USA versus Alvarado 
Medical Plaza 
Pharmacy et al. 
(3:13‑CR‑04-295)

Alvarado Medical Plaza Pharmacy, Inc.
William Burdine (pharmacist-owner), 
Alvarado Medical Plaza, Inc.

Southern 
District of 
California, 
San Diego

$750,000 Burdine: liable for restitution in amount of $1,004,282.04 
(jointly and severally with pharmacy); 5 years probation, 
$100 assessment, and jointly and severally liable for 
restitution in amount of $1,004,282.04

*Updated as of 14 January 2015. ‡Case occurred before FDA notifications in 2012, but defendant identified as sourcing counterfeit bevacizumab, and was a recipient of an FDA warning notice 
in 2012. Abbreviation: NA, not applicable.
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Unanswered questions
We began our investigation with some 
crucial questions regarding the penetra-
tion of counterfeit bevacizumab into the 
US drug-supply chain, but our review left 
us with more questions than answers. First, 
we wanted to explore what data were avail-
able from this seminal drug-safety event, 
and whether lessons could be learned to 
improve the safety of patients with cancer. 
Specifically, we wished to examine whether 
the available data were robust enough to 
provide a more-complete picture of the 
underlying causes and scope of the breach in 
the drug-supply chain, which patient popu-
lations were adversely affected, and whether 
such data could inform public-health inter-
ventions, regulatory action, and policy 
responses needed to prevent counterfeit 
cancer medications from harming patients 
in the future. However, our assessment left 
us with a disconcerting conclusion—the 
medical, public-health, and patient com-
munities continue to lack the information 
and tools needed to appropriately assess 
the counterfeit bevacizumab incident, 
and similarly lack adequate protection 
should counterfeit drugs penetrate the US 
drug‑supply chain again.

We base this conclusion on three main 
findings. First, a lack of peer-reviewed lit-
erature exists on the topic—the vast major-
ity of information we reviewed for this study 
was from ‘grey’ literature (such as investiga-
tive journalism), the FDA website, and legal 
documents, rather than empirical study. 
Second, validated data needed to accu-
rately assess the actual effect of this event 
are generally lacking—FDA warnings and 
legal prosecutions provide the only readily 
available data on counterfeit bevacizumab 
detection, and have their own limitations. 
Finally, relatively few prosecutions have 
occurred despite the nationwide distribu-
tion of FDA warnings. Although nearly 
1,000 FDA safety notices were issued, only 
18 individuals have been prosecuted, with 
a maximum prison sentence of 2 years, and 
with some defendants sentenced no more 
than probation or house arrest following 
conviction (Table 1). Collectively, these 
limitations mean that the events associated 
with counterfeit bevacizumab supply are 
only partially understood.

Some 3 years after the first warning 
notices were issued by the FDA, we are no 
closer to ascertaining basic, but crucial, 
information, such as how much counter
feit bevacizumab actually entered the US 
market, or the number of patients exposed 

and adversely affected. Indeed, our review 
found only three governmental civil settle-
ments for restitution, meaning that patients 
have not actively sought recourse for pos-
sible harm. This finding probably indicates 
that the patients who were administered 
counterfeit bevacizumab were completely 
unaware of possible exposure or poten-
tial risks, and might have suffered adverse 
consequences that went undetected and 
unreported—a common circumstance in 
cases involving counterfeit drugs.22,23 

Our analysis of existing data had certain 
limitations. For example, court records 
related to counterfeit bevacizumab pros-
ecutions might not have been available for 
public scrutiny owing to the ongoing nature 
of investigations or as a result of confidential 
settlement agreements. Furthermore, FDA 
warning letters serve as a poor proxy for 
assessing the full effects of, and exposure to, 
counterfeit bevacizumab  in US patients, but 
are the only data sources available provid-
ing geographically specific information, to 
our knowledge. This lack of critical informa-
tion for patients, clinicians, regulators, and 
law-enforcement agencies to act on points 
to one clear conclusion—we still do not have 
optimal approaches to obtaining necessary 
information on counterfeit-drug incidents 
and their effects on patient safety.

Challenge of the grey market
The detection of counterfeit bevacizumab 
was a watershed moment in the history of 
US drug safety, and has exposed vulner-
abilities of the globalized drug-supply chain 
to counterfeit-drug penetration. However, 
counterfeit medicine detection in the USA 
is not a new phenomenon, with other 
examples including the detection and con-
fiscation of 13,000 up-labelled counterfeit 
versions of erythropoietin, resulting in mul-
tiple criminal indictments.24 Patient-safety 
events associated with counterfeit versions 
of bevacizumab have also been reported 
outside of the USA, including acute postop-
erative endophthalmitis following off-label 
use of what was thought to be bevacizumab 
to treat macular degeneration in China, 
and the detection of a fungal growth inside 
a bottle of counterfeit bevacizumab in 
India.25–27 These incidents demonstrate the 
existence of a complex global public-health 
problem—the transnational criminal trade 
in counterfeit medicines.7,28

Incidents associated with counterfeit 
bevacizumab in the USA constitute a rela-
tively small proportion of the estimated 
multi-billion dollar transnational criminal 

enterprise in trafficking of counterfeit 
medicines,4,5,29,30 as highlighted in a report 
published by the Institute of Medicine in 
2013.23 As an example, the presence of 
fake, substandard and counterfeit versions 
of life-saving anti-infective drugs (includ-
ing high detection rates of counterfeit anti-
malarial drugs in sub-Saharan Africa and 
Southeast Asia) is a long-standing concern 
in global public health, with large-scale 
effects on populations.31–33 Despite recogni-
tion of the problem as early as 1988 by the 
WHO, the international community has 
failed to join together to adopt solutions 
needed to address this serious globalized 
pharmaceutical crime.4,5,23,34

Detection of counterfeit bevacizumab in 
US medical clinics, despite the presence of 
one of the most highly regulated drug-supply 
systems in the world, raises serious concerns 
about the broader integrity and security of 
the global drug-supply chain, as well as the 
vulnerabilities of domestic pharmaceuti-
cal markets.28 Specifically, the transnational 
importation path of counterfeit bevacizumab 
exposed the risks of sourcing through the 
pharmaceutical grey market—a second-
ary, quasi-regulated channel of distribu-
tion, characterized by drug manufacturers 
as unofficial, unauthorized, or unintended, 
where the practices of aggressive marketing 
and price gouging (pricing above the market 
price when no alternative retailer is available) 
of drugs subject to supply shortages have 
previously raised serious concerns.35 The 
grey market creates a conduit for diverted 
or stolen drugs, enables the adulteration 
of cancer medicines, and acts as an entry 
point for counterfeit drugs into controlled 
drug markets.6,7,24,36 Despite these risks, the 
counterfeit bevacizumab incident has not led 
to meaningful reform or robust regulation 
of this vulnerable sector that is often relied 
upon for drug sourcing and procurement.

T h e  r e p o r t e d  i n v o l v e m e n t  o f 
Canadadrugs.com, an online pharmacy 
that has been associated with the supply 
of counterfeit or unapproved drugs, and 
that recently had its wholesale licence sus-
pended by Health Canada, indicates that 
nontraditional channels of the grey market 
can also enable the international trade 
in counterfeit medicines.11 Studies have 
shown that illegal, ‘no prescription’ online 
pharmacies form an unauthorized distri-
bution channel for counterfeit medicines, 
employing the tactics of aggressive and/or 
misleading marketing and highly discounted 
drug pricing to sell a wide variety of medical 
products directly to patients.6,37–41 Despite 
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documented incidents of patient injury 
and/or death resulting from online drug 
purchasing and the apparent involvement 
of Canadadrugs.com in counterfeit bevaci-
zumab sourcing, regulation of illicit online 
pharmacies by aggressive prosecution or 
policy reform has not occurred.11,22,42,43

Some efforts have been made to identify 
limitations of the current drug-safety system 
in the wake of the counterfeit bevacizumab 
incident, but with questionable results. 
In 2013, a joint expert working group was 
convened to consider reducing the threat of 
counterfeit or unapproved drugs in clinical 
settings. The working group was co-hosted 
by the Brookings Institute and the FDA, and 
attended by physicians, other healthcare 
professionals (nurses, physician assistants), 
medical licensing boards, drug manufactur-
ers, patient advocacy organizations, health-
care provider and insurance companies, 
malpractice, insurers and counterfeit drug 
researchers.44 Although several issues were 
discussed, including improving education 
on the issue, engaging health-care provid-
ers in surveillance and/or health promo-
tion, increasing publicity and information 
exchange on the risks of counterfeit drugs, 
and creating disincentives for purchas-
ing counterfeit drugs, the outcome of this 
working group is unclear.44 Consensus 
on key topics was not reached, except 
in the acknowledgement that clinicians 
and the public continue to remain unaware 
and to lack knowledge of the relevant 
issues and risks, even after the counterfeit 
bevacizumab incident.

Policy responses
The detection of counterfeit Avastin® in 
the USA highlights key concerns that need 
to be addressed through greater commit-
ment to drug surveillance, and through 
efforts to improve the affordability of, and 
access to, oncology drugs. From a surveil-
lance perspective, detection of counterfeit 
bevacizumab was aided by obvious defects 
in packaging and labelling, with incorrect 
logos misidentifying the manufacturer as 
Roche rather than Genentech, erroneous 
batch numbers, and inappropriate foreign 
language markings.1 For example, prod-
ucts claiming to be the unapproved Turkish 
‘Altuzan™’ version of Avastin® were clearly 
not approved for use in the USA.12 Had 
counterfeiters not constructed their prod-
ucts so poorly, identification and interdiction 
could have been substantially more difficult, 
leading to more-serious patient-safety con-
sequences. Although counterfeit versions of 

bevacizumab were easily identifiable, clinics 
nevertheless failed to adequately report 
identification to the FDA, which might have 
enabled a quicker, proactive response.

Surveillance might have been compli-
cated by the clinical use of bevacizumab in 
combination with first-line or second-line 
chemotherapy agents, and its relative toler
ability and manageable safety profile for 
certain cancers (although it carries a ‘black-
box warning’—the strongest FDA-mandated 
drug-packaging written warning—for 
gastrointestinal perforation, wound-healing 
complications, and haemorrhage). The use 
of bevacizumab in combination therapies 
makes it difficult to detect specific adverse 
events, or the administration of an inactive 
agent.45–48 Indeed, although thousands of 
warnings were issued by the FDA, only a 
few, isolated incidents of adverse events 
were reported publicly similar to the case 
of detections of counterfeit erythropoietin 
in 2002.24,49 Hence, current drug-safety sur-
veillance measures seem to be inadequate 
for counterfeit-drug risk assessment, detec-
tion and prevention. The Drug Supply 
Chain Security Act (Title II, Drug Quality 
and Security Act, 2013) includes an even-
tual regulatory requirement for a uniform 
national track-and-trace system for pre-
scription drugs—an interoperable system 
in which manufacturers and repackagers 
are required to affix product identifiers 
to prescription-drug packaging for drug 
pedigree and monitoring purposes.50 The 
passage of this act in the USA represents a 
domestic-policy response following counter
feit bevacizumab detection, but seems to fall 
short of establishing sufficient protections.51 
Although track-and-trace technology, if 
implemented and followed correctly, has 
the potential to act as an important com-
ponent of counterfeit-drug surveillance, 
full implementation of the DSCSA (such as 
the requirement for tracking medications 
at the unit level) is nearly a decade away, 
and the law has limitations. Specifically, the 
focus of the DSCSA on issuing guidance 
on specific scenarios that could increase 
the risk of sourcing illegitimate products 
might not address the criminal element of 
the counterfeit-drug trade.52 Criminals who 
knowingly sell and purchase counterfeit 
medicines would be unlikely to report vio-
lations, could circumvent the law through 
countermeasures to track-and-trace and 
anticounterfeiting technologies, and might 
use alternative sourcing options that remain 
largely unregulated.28,53 Additionally, 
although the DSCSA requires systems of 

notification, quarantine, and investigation 
of suspect and/or illegitimate products by 
manufacturers and trading partners, more 
proactive regulatory actions, such as random 
risk-based testing of drug quality, enhanced 
penalties and sanctions for criminal vio
lations of the law, and notification of possible 
safety risks at the patient level, are absent.

Opposition to national track-and-trace 
legislation by the pharmaceutical industry, 
citing compliance costs and technical chal-
lenges, could represent a major barrier to 
timely implementation of the DSCSA, and 
could limit the effectiveness of future FDA 
guidance.54,55 Instead, industry stakeholders 
should recognize the benefits of full DSCSA 
implementation as one important element in 
the fight against counterfeit medicines, and 
should pursue cooperation and coordination 
(such as establishing uniform parameters 
and standards) in order to mitigate risk, 
separate legitimate from criminal elements 
in the supply chain, and enhance patient 
safety. This approach could also establish 
the DSCSA as a model anticounterfeiting 
strategy, although translation of its obliga-
tions would have to be contextualized to 
different global settings, such as markets 
in which counterfeit-drug sourcing occurs 
outside of traditional drug-supply chains, 
as in rural (for example, Chinese) and 
informal (for example, Indian) economic 
sectors.28,56–58 Other solutions, such as 
increasing criminal penalties for those 
involved in the trade, sale, purchase, and use 
of counterfeit medicines, as in the proposed 
US Counterfeit Drug Penalty Enhancement 
Act, should also be seriously considered as 
complementary legislation to the DSCSA, 
but could also face opposition.59

Specific risk factors associated with 
the grey market that were prominent in the 
detection of counterfeit bevacizumab have 
yet to be adequately addressed. This includes 
aggressive marketing to US medical clinics 
of counterfeit versions at deeply discounted 
prices (up to 60–80% discounts, according 
to legal filings).3,13,15,60,61 With an estimated 
cost per patient of up to $100,000 per year, 
the popularity and high cost of Avastin® are 
likely to create continued market opportu-
nity for illegal production and sourcing of 
counterfeit versions, despite ongoing debate 
regarding the drug’s cost-effectiveness in 
relation to cancer treatment and survival.62–64 
Depending on the purchase price and the 
method of reimbursement, hospitals and 
clinicians in the USA can even lose money 
when administering Avastin®, so they can be 
extremely sensitive to pricing of the drug.63
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A further complication is Genentech’s 
recent decision to limit distribution of 
Avastin®, and the anticancer drugs Hercep
tin® (trastuzumab) and Rituxan® (rituximab), 
through six speciality drug distributors.65 
Although Genentech has cited the counter
feit bevacizumab incident as a reason for 
its supply-chain modification, critics have 
argued that this change will lead to delays in 
treatment, and will increase drug costs for 
providers and patients.65 Drug manufactur-
ers should address the underlying problem 
that leads to market demand for counterfeit 
versions, which is the general lack of afford-
ability and accessibility to oncology drugs.66,67 
This aim can be accomplished by proactively 
assessing innovative strategies for pricing 
and intellectual-property management, such 
as differential pricing based on ability-to-
pay, expanding available prescription patient 
access and assistance programmes, and out-
licensing production to local manufacturers 
in underserved global markets.68,69

Conclusions
The detection of counterfeit bevacizumab 
in the legitimate and controlled drug-supply 
chain of the USA is a reflection of the larger 
pharmaceutical criminal enterprise that profits 
by the illegal trade of counterfeit medicines at 
the expense of patient populations all around 
the world.5,28 This egregious form of pharma-
ceutical crime can affect the poorest popula-
tions in the least-developed countries, and, as 
the Avastin® case shows, intensively treated 
patients in the most-developed countries.6 
Clinicians should be wary, and public health 
researchers and policymakers should study 
and prioritize greater understanding of this 
patient-safety event, to prevent the unethical 
from profiting from the most vulnerable of 
groups: patients. Although domestic-policy 
responses aimed at improving pharmaceuti-
cal security are important first steps, renewed 
international commitment to combating 
counterfeit medicines is urgently needed 
in this era of globalized, but complex and 
vulnerable, drug-supply chains. Domestic and 
global policy solutions should also prioritize 
patients with cancer as a group that is particu-
larly susceptible to the dangers of counterfeit 
medicines. Although some might view the 
discovery of counterfeit bevacizumab as an 
isolated incident in the history of US drug 
safety, we assert that it is in fact a symptom of 
one of the most serious and underaddressed 
global public-health challenges that we face 
in the 21st century, and one that requires  
immediate and tangible action in order to 
prevent another counterfeit-drug incident.
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