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Generic cancer 
drugs that we 
can trust 

MARC BE I SHON

Generics markets are gearing up for the expiry of 

patents on some of the first targeted cancer drugs. 

It’s good news for greater access, but patients want 

reassurance that switching to generics won’t put them at risk. 

reduced to just a few 
cents a dose, incentives 
to remain in production can disap-
pear, which is one of the contributors 
to well-publicised shortages of cancer 
drugs in recent years.

And there are concerns about the 
quality of generic drugs. While most 
of the small-molecule cancer agents 
are straightforward to produce, they 
may be produced in facilities that dif-
fer from those of the originator com-
pany in levels of quality control and 

eneric drugs are a huge and 
complex part of the health-
care market. Each year, doz-

ens more become available as the 
patents that protect exclusive mar-
keting rights for the originator drugs 
expire or are circumvented, and as 
developing countries gear up their 
pharmaceutical sectors. 

Cancer drugs are no exception. 
According to recent figures, in a 
total global oncology drugs market 
approaching $100 billion, revenues 
from generics are growing at twice the 
rate of the market as a whole, and will 

reach more than $20 billion by 2018. 
The vast majority of all drug prescrip-
tions are already for generics – more 
than 80% in the US, for example. 

The market is complex for several 
reasons. One is that rules for market-
ing exclusivity for medicines, e.g. for 
orphan drugs (for rare diseases), vary 
across countries, giving rise to a patch-
work of opportunities for generics. 
Indeed in India there has been a direct 
challenge to drug patents, the nota-
ble case being for imatinib (Glivec). 
Then there is the economics of pro-
ducing generics. With prices for some 
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“Doctors and patients can be confident that most generic 
drugs dispensed in Western nations are of high quality”

also in the amount of active 
and other substances used to make 

up a pill or an injectable dose.
A clear distinction can be made 

between small-molecule drugs, such 
as tyrosine kinase inhibitors (TKIs) 

like imatinib and chemotherapies 
like cisplatin on the one hand, and 
large-molecule ‘biologics’, such as 
monoclonal antibodies, on the other. 
The latter cannot be copied in the 
same way as small-molecule agents, 
and are part of a growing interest 

and market in ‘biosimilars’, which 
have more demanding regulatory 
requirements.

However, there is also a 
growing category in-between, 
so-called complex non-bio-
logical drugs, which also 
cannot be subject to conven-
tional generic regulation. A 
good example in cancer is 
Doxil, which is a nanotech-
nology formulation of the 
chemotherapy drug doxo-
rubicin, and was introduced 
in 1995. Here the drug is 

encapsulated in nano-sized 
liposomes, so assessing the 

equivalence of a generic version 
poses challenges concerning the 

size and behaviour of particles. In 
2012, the US regulatory body, the 
FDA, rapidly approved a generic ver-
sion of Doxil to ease a shortage of 
the drug. However, questions about 
how regulators approve follow-on 
versions of drugs with novel delivery 
mechanisms and multiple agents are 
still the subject of discussion. 

Quality control
The vast majority of generic can-
cer drugs today are small molecules 
that have been subject to relatively 
simple regulation for a single active 
ingredient. For oral drugs, regula-

tors look for evidence that the drug is 
‘bioequivalent’ to the original through 
tests on bioavailability, which is the 
amount of the drug that reaches the 
bloodstream – the tests measure the 
rate and extent of absorption, and 
bioequivalence is shown by test-
ing both the generic and the origi-
nal in small groups of people, usually 
healthy male volunteers. Drugs deliv-
ered intravenously are usually exempt 
from bioequivalence tests, as it is 
assumed that all the drug is reaching 
the bloodstream. 

Regulators also look for data on the 
manufacturing process and stabil-
ity of the drug, to ensure compliance 
with the general regulations con-
cerning good manufacturing practice 
(GMP) that apply to any drug. Other 
than that, a generic small molecule 
faces far less stringent regulation 
to reach the market than does the 
original agent, which will have been 
required to go through clinical trials 
to demonstrate good evidence of effi-
cacy and safety in patients with the 
target disease. 

Atholl Johnston, professor of clin-
ical pharmacology at Queen Mary, 
University of London, says that doc-
tors and patients can be confident 
that most of the generic drugs that 
are dispensed in Western nations 
are of high quality. The manufactur-
ing plants are inspected frequently, 
he says, and the dossiers submitted 
to the European Medicines Agency 
(EMA) and other regulators for 
approval will tick all the right boxes 
for bioequivalence and safety factors. 
This is borne out by a 2009 review 
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“Globally there are many generic drugs for which
companies offer little or no support and monitoring”

of 12 years of bioequivalence data 
from the FDA of more than 2,000 
studies of approved oral drugs, which 
showed the criteria used have been 
working well (Ann Pharmacother 
2009, 43:1583–97). 

“But there have been problems 
with both branded and generic 
drugs,” Johnston notes. “Recently 
there have been several recalls for 
Tylenol [paracetamol] products 
in the US, and the FDA has also 
uncovered many shortcomings in 
the major Indian generics maker, 
Ranbaxy, such as signatures on 
quality documents of people who 
are on holiday and falsification of 
drug stability data.” In 2013, Ran-
baxy’s US arm had to pay fines and 
claims totalling $500 million relat-
ing to the manufacture and distri-
bution of certain adulterated drugs 
made at two of Ranbaxy’s manu-
facturing facilities in India, the US 
Department of Justice reported. 

Johnston adds: “All drug regulation 
is based on trust and what compa-
nies tell you – and if we go looking for 
problems we will find them.” Harm-
ful contamination may be unusual 
in products made in or supplied to 
Western nations, but they can reach 
patients, such as in the UK where an 
intravenous feed caused a bacterial 
infection that killed three premature 
babies in 2014. In India last year a 
number of women undergoing sterili-
sation died after receiving antibiotics 
contaminated with rat poison – devel-
oping countries face greater risks from 
lower standards, but many generics 
that are used in the West are made in 

plants in countries such as India. 
Impurities, excipients (the many 

different substances such as pre-
servatives and coatings that the 
active ingredient is packaged with 
in a pill or vial), and the amount 
of active agent itself can all have 
an impact on the efficacy and side-
effects of drugs, adds Johnston, and 
the approval of oral generics mainly 
depends on meeting an acceptable 
range of activity compared with the 
original drug, not an exact match. 
Dossiers submitted to the EMA do 
have to disclose impurities, and the 
EMA also asks for ‘pharmacovigi-
lance’ follow-up of generics, but 
globally there are many generic 
drugs for which companies offer lit-
tle or no support and monitoring, 
and regulators don’t require gener-
ics to undergo phase IV post-mar-
keting studies. 

A number of classes of drugs, 
including those used in oncology, 
have a narrow therapeutic window 
(a narrow dose range where the drug 
is effective but not too toxic). The 
potential variation in a generic could 
therefore result in a patient receiv-
ing a less than optimum dose – or 
too much. There are few studies on 
variation in more than a few generic 
cancer drugs, but Johnston points 
to one carried out by a French team 
that compared the quality of generic 
formulations of docetaxel available 
in emerging countries – docetaxel is 
a chemotherapy drug widely used in 
a number of tumours including met-
astatic breast cancer (proprietary 
name Taxotere, from Sanofi).

Wide variations
The researchers acquired 31 versions 
of docetaxel in 14 countries including 
Brazil, China, Egypt, India and Viet-
nam, demonstrating the large num-
ber of generics that can be available 
for one agent (at the time of the study 
generic docetaxel was not yet avail-
able in the US, Japan or Europe as 
it was still on-patent). Using Taxo-
tere as the reference, they found that 
21 generics contained less than 90% 
docetaxel, 11 of which had less than 
80% of what would be expected. Only 
10 were in the acceptable range of 
90–110%. They also measured impu-
rities, setting a conservative limit of 
3% (the reference was 1.6%). They 
found that 23 of the generics had 
impurities levels of more than 3%, 
and many of the impurities were not 
detected at all in the reference drug, 
although this study could not identify 
what these substances were (see Curr 
Med Res Opin 2008, 24:2019–33).

One of the generics, from India, had 
a docetaxel content of less than 40% 
of the reference drug and a 20% level 
of impurities, showing just how poor 
they can be. The authors conclude: 
“The number of generic docetaxel 
formulations failing to meet interna-
tionally recognised quality criteria is a 
concern, in particular given the poten-
tial clinical consequences of patients 
receiving a lower dose of docetaxel 
than expected.” They also note that 
the findings were in line with studies 
of other types of generic drugs, such 
as for ciprofloxacin and clarithromy-
cin (both antibiotics) and clopidogrel 
(which prevents blood clotting). 
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One generic had a docetaxel content of less than 40%
of the reference drug and a 20% level of impurities
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A 2008 study of the chemotherapy docetaxel (original drug, Taxotere), produced in a variety of developing countries when the drug was still in-
patent, showed why governments need to protect patients from sub-standard generics by effective regulation. The study, which found unacceptably 
low levels of active drug in 21 of the 31 generic versions and >3% impurities in 23 of the 31 was funded by Sanofi, which manufactures Taxotere.

Source: J Vial, M Cohen M, P Sassiat et al (2008) Curr Med Res Opin 24:2019–33

ACTIVE DRUG LEVELS AND IMPURITIES IN 31 GENERIC VERSIONS OF DOCETAXEL IN 14 COUNTRIES
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“You can’t do effective pharmacovigilance 
if you keep switching among a number of generics”

Since the study was published, doc-
etaxel has come off patent, and the 
quality in emerging markets may have 
improved, and different products will 
be available, but it shows what can 
happen in countries with poor regu-
lation, where a generic drug may bor-
der on being counterfeit. It’s hard to 
get a picture of the market because, 
although countries should have their 
own database of authorised agents, 
there is no public global database of 
generic drugs that could make their 
way into various supply chains, often 
rebranded by other suppliers.

A recent clinical study on docetaxel, 
carried out in Canada on a population 
of breast cancer patients, compared 
just one generic with the original. 
It found little difference in adverse 
events, bar quite a large increase in 

grade IV febrile neutropenia in the 
generic group (see Ann Pharmacother 
2014, 48:447–455). But this drug is 
likely to be of high quality, given it is 
on the Canadian market, which is said 
to have one of the world’s best bio-
equivalence inspection regimes.  

Also last year, the FDA issued 
a warning about an adverse effect 
from docetaxel. The drug is adminis-
tered in a solvent containing ethanol 
(alcohol) and has been issued in two 
vials, one containing the solvent, that 
are mixed before administration. In 
2009, Sanofi introduced a single-for-
mulation already prepared with alco-
hol, which had the effect of doubling 
the alcohol content over the two-vial 
preparation; other generic suppliers 
of a single-vial docetaxel can have 
even more – Pfizer’s preparation has 

over three times more. 
This might seem relatively trivial, 

but the FDA references a letter by 
two oncologists in the UK who found 
a male patient receiving palliative care 
showed symptoms of alcohol intoxica-
tion with the new formulation. They 
point out that alcohol behaves differ-
ently when injected rather than drunk, 
and in cases such as their patient it 
could render him unfit to drive, which 
may have led to him rejecting further 
chemotherapy, and for this patient 
there was also “a real risk of a relapse 
in alcoholism”. People may also have 
religious objections. 

In Australia, Pfizer’s docetaxel appli-
cation was withdrawn before a final 
decision by the country’s regulator, 
but it was about to be refused owing to 
both alcohol and propylene glycol con-

tent, and concerns about bio-
equivalence – in this case the 
regulator seemed to want a 
human study despite it being 
an intravenous drug (Pfizer 
did submit a study carried 
out on dogs). In contrast, the 
UK, which acted as a refer-
ence member for most EU 
countries, and the US have 
both authorised this generic. 

For Johnston, this is just 
one of many examples of 
the difficulties that patients 
can face when they are 
switched to a new formula-
tion or generic, often with-
out warning or appreciation 
of differences that, while 
not necessarily intrinsi-
cally harmful, could have 

Following in-depth discussions involving groups from many countries, the CML Advocates Net-
work set out its approach to the use of generic forms of imatinib and other drugs used by their 
members.
The statement, issued in August 2014, welcomed the greater patient access that generics can 
bring, but raised concerns “about the impact on their cancer when switched between different 
products for non-medical reasons, if these products’ equivalence in terms of quality and effi-
cacy is uncertain”.
The statement called on governments, health authorities and healthcare professionals to mini-
mise potential uncertainties and risks for patients with the following five measures: 
n Provision of reliable proof of quality and equivalence of pharmacokinetics and bioavailability 
n Collection of comparative clinical data to ensure comparable efficacy
n No switching for non-medical reasons if a patient is responding optimally and tolerating well 
n No switching between products of the same compound more frequently than once a year to 

allow consistent follow-up, and in case of loss of response or increased toxicity, switch back 
or switch treatment 

n More frequent monitoring (obligatory: PCR tests; optional: plasma level testing).
Source: www.cmladvocates.net/133-generics/354

CML PATIENTS ARE DEMANDING CONSISTENCY AND QUALITY
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The molecular targeting of drugs such as imatinib poses
 particular challenges for assessing their efficacy and safety

a significant impact, for instance on 
adherence. Healthcare providers and 
pharmacists are often able to switch 
prescriptions between a number of 
generics, and patients only find out if 
they look closely at the packaging.

A primary motivation to dispense 
generics is of course cost, but John-
ston says that if there are problems 
with drugs the savings could be wiped 
out. He has a particular interest in 
transplant drugs where, as he points 
out, the cost of rejection episodes 
and of losing a transplanted kidney 
owing to a poor drug could be great. 
“You have to ask whether a drug is 
mission critical – if so it’s a nonsense 
to keep switching among a number of 
generics as you just can’t do effective 
pharmacovigilance then.”

Patients want harmonisation 
and transparency
A group that is keeping a close watch 
on ‘mission critical’ cancer gener-
ics is the CML Advocates Network, 
which unites chronic myeloid leukae-
mia patient groups across the world. 
It has a dedicated section for generics 
on its website and has organised sev-
eral sessions at conferences. As with 
so many other issues in oncology, it is 
the drug imatinib – the first TKI – that 
is the main focus. Imatinib has been 
copied extensively, and the network 
is surveying these generics, present-
ing the results in an ‘unofficial’ CML 
TKI register. Currently there are more 
than 60 imatinib and dasatinib gener-
ics – dasatinib (Sprycel) is another 
TKI used in first-line CML treatment 
– and there will more to come for var-

ious cancers, as other drugs come 
off patent or are even compulsorily 
licensed for generics. 

In 2012, India compulsorily 
licensed one drug – Nexa-
var (sorafenib), a can-
cer drug – giving a 
generic maker (Natco 
Pharma) a licence to 
make it, as Natco 
argued that the pat-
ent holder, Bayer, 
had not adequately 
introduced the drug 
in India. In another 
high-profile case, India 
rejected a claim by Novartis 
for exclusive marketing of its 
formulation of imatinib, as generic 
versions were already on the market 
because the country did not recog-
nise the patent system until 2005, and 
Novartis’ imatinib also did not meet the 
requirement of ‘enhanced therapeutic 
efficacy’. Currently, imatinib is made 
by ten generics companies in India. 

Šarūnas Narbutas, who is a CML 
patient active in the advocates net-
work and in cancer advocacy in his 
home country, Lithuania, says there 
is concern that the molecular target-
ing of drugs such as imatinib poses 
particular challenges for assessing 
their efficacy and safety. “We just 
don’t have the long-term data about 
possible effects of different excipi-
ents and stability of these drugs, and 
in any case generic companies must 
use an alpha form of the imatinib 
crystal, at least until the patent expi-
ration in 2019, whereas Novartis, the 
marketing authorisation holder for 

Glivec, uses the beta form. Legally, 
they are ‘bioequivalent’ but they can 
produce different side-effects and clin-

ical outcomes.”
Imatinib has been a spec-

tacular success with 
CML, but it is a strong 

candidate for thera-
peutic drug moni-
toring to ensure that 
patients attain and 
maintain response, 
and Narbutas says 

people are rightly 
worried about put-

ting their response at 
even the slightest risk if 

they are switched to a generic. 
“Before imatinib generics came to 
Europe we had case reports from 
India that some patients who were 
switched to substandard versions had 
severe side-effects or lost response, 
and there have been conflicting stud-
ies since from Colombia, Egypt, Iran 
and Turkey.”

He notes that one of the largest 
ongoing studies so far is in Serbia, 
where all existing and new patients, 
about 220 people, were put on a 
generic imatinib called Anzovip 
without warning in 2012, much to 
the alarm of advocates in the coun-
try. Although supplied by a local 
company, the suspicion was that it 
is repackaged from an Indian pro-
vider, and it is much cheaper. But so 
far, concerns about its efficacy and 
safety have been unfounded, report 
Serbian haematologists, who are 
monitoring their patients closely. 
A few long-term patients did lose 
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Advocates are not against generics, but there must be
 much more transparency and information about their use

cytogenetic response and were 
switched to nilotinib (Tasigna), but 
most patients followed up so far 
have seen equivalent responses to 
Glivec and no different toxicity after 
18 months. Another year’s data is 
needed, Narbutas adds, but ideally 
Serbia’s CML patients would have 
liked to have had the drug indepen-
dently tested by the government at 
a European laboratory. 

“There are similar issues with 
TKIs for other cancers, and also for 
biosimilars,” says Narbutas. “You 
need to be closely followed up to 
see whether you are responding in 
the same way as if you were taking 
the originator drug, and we strongly 
advocate not to keep jumping 
between generics; you should stick 
to one generic for at least a year to 
allow for comparable medical his-
tory in each patient.” The key point 
is that advocates are not against 
generics given that they open up 
access to key drugs, but there 
needs to be much more transpar-
ency and information about their 
use, and effective regulation on 
efficacy and safety. CML advocates 
in Canada note that patients can be 
switched to a generic by pharma-
cists and their oncologists may not 
know unless the patient tells them. 
A recent review of generic imatinib 
in Canada and the EU does provide 
reassurance, finding there is no evi-
dence of less effectiveness (J Oncol 
Pharm Pract 2015, 21:76–79). 

And it is not just poorer nations 
that can benefit from generic can-
cer drugs. A recent study in the US 

found that women taking hormone 
therapy for receptor-positive breast 
cancer are more likely to continue 
treatment on generics owing to 
lower out-of-pocket costs.

There is research at stake too, as 
cancer generics are increasingly in 
demand not only for standard treat-
ments but also for clinical trials. In 
a number of cases the original mar-
keting authorisation holder may not 
even be in the market anyway. This 
places more responsibility on the 
major generics firms to provide edu-
cation and support for their products, 
and transparency about quality pro-
cesses. Johnston mentions a South 
African generics firm that rejected 
an approach to produce a drug under 
contract, when it was asked to cut 
the number of quality control steps 
it takes – there can be 40 or more 
such steps. Narbutas adds that advo-
cates who have been invited to see 
how Glivec is made by Novartis were 
impressed by the extent of the qual-
ity control, and inevitably this raises 
questions about smaller companies 
with fewer resources. 

But the market remains confus-
ing, and there are no guidelines 
for patients about the issues aris-
ing from switching to and among 
generics. While the world’s drug 
regulators are mostly in agree-
ment about the bioequivalence 
approaches used to assess generic 
drugs – there are more similarities 
than differences, as a review found 
(AAPS Journal 2013, 15: 974–990) 
– patient groups want more regula-
tory harmonisation. 

Signs of progress
Two recent initiatives may help. In 
2012, the International Generic 
Drug Regulators Pilot (IGDRP) 
was launched to develop a more 
global picture, and recently the 
European Union has announced it 
will lead a project within this using 
the EU’s decentralised procedure 
“as a model to accelerate the assess-
ment of applications for generic 
medicines”, one of the pilot’s work 
packages. 

Then in 2013, the EMA, FDA 
and some EU member states said 
they would start sharing informa-
tion on inspections of bioequiva-
lence studies submitted to them – a 
move that advocates had pushed for 
at a meeting at an ASCO confer-
ence, according to Narbutas. The 
collaboration also includes inspec-
tions of facilities where the studies 
are carried out. 

It is early days for these projects 
and India is notable for its absence 
so far from the international pilot, 
and is not yet an observer at the 
longer standing ICH (Interna-
tional Conference on Harmoni-
sation of Technical Requirements 
for Registration of Pharmaceuti-
cals for Human Use), which is led 
by Europe, the US and Japan.  

However, the recent focus on 
generics at international level is 
encouraging, though an overriding 
issue is that countries may have to 
pay more for high-quality gener-
ics rather than driving the prices 
down to levels where some com-
panies will cut corners. n


