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Aim: To provide a systematic overview on: i) safety profi les; ii) pharmacokinetic parameters; and iii) regulatory framework of anti-
cancer tyrosine kinase inhibitors (TKI).
Methodology: Recherché of pharmakokinetic (PK)-parameter i) Germany’s federal drug database (public domain part) was accessed in 
November 2013. Section 5.2 (PK) of Summary of Product Characteristics systematically was searched for available PK-parameters. ii) A search 
in PubMed/Medline was performed also in November 2013 using the international non-proprietary name of the respective medicinal prod-
uct combined with the term ‘early phase’ or ‘dose escalation’. PubMed recherché was restricted by searching only in clinical trials.
Safety profi le assessment: On 11 November 2013, Summary of Product Characteristics of currently marketed medicinal products 
was accessed. Side eff ects were categorized as mentioned in the table’s legend by frequency for each preferred term of the systems 
organ class system. Source: Summary of Product Characteristics published on the Heads of Medicines Agencies homepage: http://mri.
medagencies.org/Human
Results: PK-parameters and safety profi les are presented in the respective tables. Throughout the text, clinical meaning, orphan drug 
status and current discussion on narrow therapeutic index (NTID)-status by European committees and working parties is discussed.
Conclusion: Tyrosine kinase inhibitors are a valuable addition of the therapeutic armamentarium. Especially in certain haematologic 
diseases, i.e. chronic myeloid leukaemia (CML)-therapy, TKI have revolutionized pharmacotherapy with survival rates not signifi cantly 
diff erent from healthy matched population. However, as their safety profi le diff ers substantially from conventional cytostatic drugs, 
new side eff ects impact on patient’s quality of life. About ten years after fi rst substances were authorized, patent protection will end 
within the next years. Thus, product specifi c guidance is needed to accurately perform bioequivalence studies and fi le marketing 
authorization applications for registration of TKI-generics.

Introduction
Initially, great expectations were associated with these drugs; 
some were met, others not. Tyrosine kinase inhibitors (TKIs) 
are a very worthy additional option for physicians in clinical 
management of certain types and lines of treatment of cancer, 
see Table 1 for a tabular overview. In haemato-oncology, they 
are contributing to the tendency of chronifi cating rather than 
curing the disease. In contrast, the expectation of a new era of 
cancer-therapy without or at least substantially less side effects 
were not fulfi lled, TKI have numerous, partly severe side effects 
eventually entailed with fatal outcome, see Table 2. On the 
other hand, after evolving of resistance to conventional (cyto-
toxic) or targeted anti-cancer therapy, TKI serve as additional 
therapy options in second, third and/or fourth-line therapy 
regimes according to their approved indications. For instance, 
Sunitinib is approved after Imatinib resistance formation in gas-
trointestinal stromal tumours (GIST), and Lapatinib after non-
responding to antracycline- or taxane-based chemotherapy in 
combination with Trastuzumab in HER-2 positive breast cancer. 
Taken together, TKI are a valuable extension of the cancer drug 
armamentarium [1, 2].

Challenges of generic TKI drugs in cancer therapy
According to their European birth date during the past decade, 
these substances successively will be running off-patent within 
the next years, see Table 1. From a regulatory point of view, 

this raises the question how marketing authorization applica-
tions (MAA) should be fi led and especially, how therapeutic 
equivalence should be established for generic applications. 
In general, demonstrated bioequivalence (BE) allows generic 
medicinal products to refer to the effi cacy and safety data 
of the originator medicinal product. It is easy to anticipate, 
that numerous questions in this regard will arise in the near 
future.

Aqueous (non-complicated) intravenously applied drug prod-
ucts have a 100% bioavailability directly per defi nition, thus, no 
BE studies are required for a MAA of such generic drugs. How-
ever, for orally applied drug products, BE with the originator 
product needs to be shown, which may be done using patients 
or healthy volunteers in respective in vivo studies or by means 
of comparative in vitro investigations.

Since decades BE-acceptance criteria for area under the curve 
(AUC) and, maximum plasma concentration (C

max
) require the 

90% confi dence intervals being completely within 80–125% (for 
AUC and C

max
) to assume BE. The acceptance range may be 

tightened to 90–111% for one or both pharmacokinetic (PK) 
characteristics according to the European BE-Guideline [3] in 
the case of narrow therapeutic index drugs (NTID). In cases 
of class I and III compounds having identifi ed not to have a 
narrow  therapeutic index – specifi c in vitro dissolution data 
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Table 1: General information on anti-cancer tyrosine kinase inhibitor (TKI)

TKI (INN) Branded 
name

Market authorization 
holder (MAH)

Target tyrosine 
kinases

Indication(s) European birth 
date

CMA Orphan 
designation

Bosutinib Bosulif Pfi zer BCR-ABL,SRC Patients with CML 
for which Imatinib, 
 Nilotinib, and Dasatinib 
are not appropriate

27 March 2013 Yes CML

Dasatinib Sprycel Bristol-Myers Squibb BCR-ABL CML 23 December 2005 No CML, ALL

Erlotinib Tarceva F. Hoffman-La 
Roche

EGFR NSCLC, pancreatic 
cancer

19 September 2005 No No

Gefi tinib Iressa AstraZeneca EGFR NSCLC in carriers of 
activating EGFR-
mutations

24 June 2010 No No

Imatinib Glivec Novartis BCR-ABL, KIT, 
PDGFR-A, 
PDGFR-B

CML, GIST, BCR-ABL- 
positive ALL, dermato-
fi brosarcoma protuber-
ans,  myeloproliferative 
 neoplasms, hypere-
osinophilic syndromes

7 November 2001 No Expired 
and 
withdrawn

Lapatinib Tyverb GlaxoSmithKline ERBB2 
(HER-2)

HER-2 positive breast 
cancer

10 June 2008 Yes No

Nilotinib1 Tasigna Novartis BCR-ABL, KIT,
PDGFR-A, 
PDGFR-B

CML 19 November 2007 No CML

Pazopanib Votrient GlaxoSmithKline VEGFR, 
PDGFR, KIT

Renal cell carcinoma, 
STS

14 June 2010 No Withdrawn

Ponatinib2 Iclusig Ariad BCR-ABL Patients with CML for 
which Imatinib,  Nilotinib, 
and Dasatinib are not 
appropriate (or patients 
carrying a T315I single-
point-mutation)

1 July 2013 CML, ALL

Sorafenib Nexavar Bayer VEGFR-2, 
VEGFR-3

Renal cell carcinoma, 
hepatocellular 
carcinoma

19 July 2006 No Renal cell 
carcinoma, 
hepato-
cellular 
carcinoma

Sunitinib Sutent Pfi zer VEGFR 1–3, 
PDGFR-A, 
PDGFR-B; 
KIT, FLT3

Renal cell carcinoma, 
GIST, pNET

19 July 2006 Initially, 
then full 
approval

Withdrawn

ALL: acute lymphatic leukaemia; CML: chronic myeloid leukaemia; CMA: conditional marketing authorization (none of the above-mentioned is currently authorized under exceptional circum-

stances, according to European Medicines Agency website accessed in September 2013 [4]); EGFR: epidermal growth factor receptor; GIST: gastrointestinal stromal tumour; INN: international 

non-proprietary name; NSCLC: non-small cell lung cancer; PDGFR: Platelet-derived growth factor receptors; pNET: pancreatic neuroendocrine tumours; STS: soft tissue sarcoma. TKI: tyrosine 

kinase inhibitors.
1Nilotinib is similar to Imatinib according to the orphan regulation.
2US Food and Drug Administration asked the manufacturer of Ponatinib to suspend marketing due to the risk of life-threatening blood clots and severe narrowing of blood vessels.

Source: European Public Assessment Reports (EPARs) of the above-mentioned TKI [4].

may  substitute for human BE-studies considering also particular 
requirements on excipients. This concept follows the principles 
of the biopharmaceutical classifi cation system (BCS) [3].

It is likely that numerous questions in regard to the appropriate 
data package will arise in the near future including  questions 
on the appropriate study design, on the appropriate study 

 population, nutrition status, single or repeated dose design, 
appropriate BCS classifi cation of the individual compound or 
the classifi cation as NTID.

MAA for new generics may be processed via different regula-
tory authorizations routes, i.e. national procedures in  European 
 Member States, decentralized procedures involving several 
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 European  Member States or centralized procedures for all 
 European  Member States. As the latter is an option only for 
generics for which the originator medicinal products already 
obtained marketing authorization from a centralized procedure, 
this option may receive more attention with the increasing 
number of  medicinal  products with  centralized authorizations 
that are running off data protection and patent in the next 
years.

With the intent to enable a consistent approach for these differ-
ent routes the European Medicines Agency (EMA) issued an ini-
tiative to harmonize the data requirements throughout  European 
Member States, i.e. EMA initiated a pro-active programme 
‘ Product-Specifi c Bioequivalence – Guidance for  Generics’ [4]. 
EMA defi nes the objective of this initiative as  follows: ‘Product 
specifi c guidance for the bioequivalence assessment of  immediate 
release generic formulations should a priori be defi ned.’ Thus, 
applicants should be given a clear scientifi c guidance, how to 
design BE-studies and, thus, how to fi le generic  applications. This 

programme includes BCS 
 classifi cations for drug 
 substances, so that a har-
monized view on the BCS 
classifi cation and con-
sequently the appropri-
ateness of a BCS-based 
biowaiver approach can 
be expected for respective 
products. Furthermore, the 
guidance provides infor-
mation on the type of 
expected data, e.g. appro-
priate study population 
(patients or healthy vol-
unteers), mode of admin-
istration (fasten or fed), 
 single dose or steady-state 
design, appropriate dose 
strength and analytes, the 
classifi cation as NTID. The 
fi rst wave of 16 medicinal 
products is dominated by 
anti-infectives and TKI. 
Dasatinib,  Erlotinib, Ima-
tinib, Sorafenib and Suni-
tinib are covered in this 
fi rst round of harmoniza-
tion [4].

From a clinician’s point 
of view regarding drug 
safety, see Table 2, 
one could be tempted 
to assume that all anti-
 cancer medicinal products 
including TKI are consid-
ered as NTID. However, 
this is not the case. Differ-
ent defi nitions of NTID by 
different regulatory agen-
cies do exist. US Food 

and Drug Administration classifi cation of  narrow  therapeutic 
ratio:

less than a 2-fold difference in median lethal dose (LD •
50
) and 

median effective dose values (ED
50
), or

less than 2-fold difference in the minimum toxic concentra- •
tions (MTC) and minimum effective concentrations (MEC) in 
the blood, or
safe and effective use of the drug products requires careful  •
titration and patient monitoring.

In contrast to the US, for the EU no list of substances with NTID-
designation is available. So far the consideration of a given sub-
stance as NTID is mainly based on national traditions. Only 
for a few medicinal substances, e.g. Ciclosporine, Tacrolimus, 
a harmonized EU decision was issued by a referral procedure. 
According to the draft ‘Product-Specifi c Bioequivalence - Guid-
ance for Generics’ no drug is newly considered as NTID, only 
Tacrolimus is considered as such based on the previously fi nal-
ized referral procedure.

Table 2: Safety profi les of tyrosine kinase inhibitor (TKI)

Small molecule 
TKI (INN)

CNS Nerve 
disorders

Eye disorders Heart 
disorders

Lung airways 
disorders

Thyroid 
disorders

Liver, bile 
disorders

Bosutinib XX XX XX XX

Dasatinib X XX XX XX XX X

Erlotinib X XX XX XX X

Gefi tinib XX XX XX

Imatinib X XX XX X XX X XX

Lapatinib X XX X XX XX

Nilotinib X XX XX XX XX XX

Pazopanib XX XX X XX XX XX

Ponatinib XX XX XX XX XX

Sorafenib X XX X X X

Sunitinib X XX XX X XX XX X

Small molecule 
TKI (INN)

Gastro-
intestinal 
disorders

Renal 
disorders

Musculoskeletal 
and bone 
disorders

Blood and 
lymphatic 
system

Vascular 
disorders

Skin 
disorders

CMR

Bosutinib XX XX XX XX XX

Dasatinib XX X X XX XX XX XX

Erlotinib XX XX X XX XX

Gefi tinib XX XX XX XX XX

Imatinib XX X XX XX X XX XX

Lapatinib XX XX XX XX XX

Nilotinib X X X XX X XX XX

Pazopanib XX XX XX XX XX XX XX

Ponatinib XX XX XX XX XX

Sorafenib X X X XX XX XX XX

Sunitinib XX XX XX XX XX XX XX

CMR: carcinogenic, mutagenic and toxic for reproductive system; CNS: central nervous system; TKI: tyrosine kinase inhibitors; X = rare, uncommon; XX = 

common, very common.

Source: Summary of Product Characteristics (SmPCs) of marketed TKI [5].
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According to the European Bioequivalence Guideline [3] clinical 
considerations are the basis for NTID decisions. Thus, safety and 
effi cacy profi le have to be taken into account.

Most conventional cytotoxic medicinal products are given 
 parenterally for a short duration in repeated cycles. They are 
mostly dosed on an individual basis, e.g. body surface or weight. 
The recommended dose is normally the maximum  tolerated 
dose (MTD) or close to it.

Marketed TKI drugs are typically given continuously via the oral 
route and at a fl at dose. Although a most effective and durable 
target saturation is the primary objective for dose development 
of TKI drugs, it is obvious that for several TKI drugs the recom-
mended dose is the same as the reported MTD, e.g. Bosutinib, 
Pazopanib, Ponatinib or Sunitinib, see Table 3. The dose-
limiting toxicities include grade 3 gastrointestinal and hepatic 
toxicities, grade 3 skin toxicities, grade 3 fatigue, and grade 3 
hypertension. For Sunitinib grade 2 bullous skin toxicity, grade 
3 fatigue, and grade 3 hypertension are reported as dose-limiting 
toxicities. Furthermore, at approximately twice the therapeutic 
 concentration a grade 2 QT-prolongation is expected (Summary 
of Product Characteristics Sutent [5]).

From a clinical point of view there are arguments for consider-
ation as an NTID for selective TKI which are elucidated for the 
example of Sunitinib: The dose of 50 mg/d is the recommended 
dose for renal cell carcinoma and the MTD at the same time. 
The documented adverse events (AE) and adverse drug reactions 
(ADR) are serious, and toxicity may be diffi cult to control due to 
long half-life of parent compound and main metabolite (40–60 h 
and 80–110 h, respectively). The described toxicity induces a high 
probability of dose reductions with the intent to reduce expo-
sure. The patient safety may be impaired in case of an exchange 
between originator and generic medicinal product following dose 
reduction: dose reductions of 12.5 mg represent a 25% and 33% 
decrease from the recommended dose for renal cell carcinoma 
and neuroendocrine tumours of pancreatic origin, respectively. 
In case of exchange of the originator for a generic drug the AUC 
from the reduced dose of the generic may be nearly the same as 
the AUC from the normal dose of the originator if normal accep-
tance criteria for BE (90% CI for AUC and C

max
 80–125%) are 

applied.

From a safety point of view it should be mentioned that chronic 
exposure to a dose that was identifi ed as the maximum tolerable 
dose in a short-term study may render the tolerable  short-term 
toxicity into intolerable long-term toxicity.

Safety of certain TKI
Dasatinib, Nilotinib and Bosutinib – CML (chronic  myeloid 
leukaemia) – TKI with  different safety profi les from a regula-
tory point of view and availability of second generation TKI
In general TKI are well tolerated in clinical practice, particu-
larly, if compared with the toxicity of cytostatic drugs normally 
used in oncology. Often side effects are only mild (grade 2 and 
lower) and occur early in the treatment course. Frequently they 
last only some days or weeks and resolve spontaneously. More-
over, even if drug-related toxicity requires drug discontinuation, 
re- exposition is often successful and permanent dose reduction is 
rarely necessary.

The advent of Imatinib in 2001 has dramatically changed the 
prognosis in patients with chronic myeloid leukaemia (CML): 
The fi ve-year survival rate of patients with chronic phase CML 
improved from approximately 20% in the pre-TKI era to more 
than 90% [6]. In those patients who achieve a stable cytogenetic 
response with Imatinib overall survival is reported with 95.2% at 
8 years in the literature and thus does not differ statistically signifi -
cantly from that of the general population [7]. Imatinib is still the 
most common TKI modality used as a front-line therapy in CML 
across the world. However, due to the occurrence of Imatinib 
resistance and intolerance, second generation TKI as Dasatinib, 
Nilotinib and Bosutinib have been developed. In non-clinical 
models they are 30 to 300 times more potent than Imatinib and 
can inhibit most Imatinib-resistant BCR-ABL mutations (EPARs 
for Imatinib, Dasatinib and Nilotinib [4]). Comparable with the 
experience in anti-infective drugs, multidrug-resistant BCR/ABL 
mutations occurs which preclude further use of the approved 
TKI. For example, patients with T315I mutation respond only on 
treatment with third generation TKI Ponatinib, which was spe-
cifi cally designed as a treatment option for these populations.

TKI indicated in CML have some side effects in common as myelo-
suppression, gastrointestinal complaints, rash, fatigue, headache 
and peripheral and periorbital oedema; however, intensity varies 
signifi cantly between the different products. Other AE are pecu-
liar of each drug: Imatinib has been uncommonly associated with 
severe heart failure, while Nilotinib is associated with QT pro-
longation, pancreatitis, increased rate of cardiovascular events, 
and occurrence of peripheral arterial occlusive disease (PAOD). 
Dasatinib may cause  pleural, pericardial and peritoneal  effusions; 
 additionally interaction with platelet function is discussed to 
explain higher rates of gastrointestinal bleeding observed in clin-
ical practice. Bosutinib is associated with signifi cant gastrointes-
tinal toxicity (diarrhea) and  hepatotoxicity. Serious AE observed 
with Ponatinib are an alarming high rate of arterial thrombosis, 
and cardiovascular events as well as hepatotoxicity.

Differences in the safety profi les of these TKI seems to be at 
least partially explained by the additional inhibition of other 
signalling pathways apart BCR-ABL [c-Kit, Src family kinases, 
platelet-derived growth factor receptors (PDGFR), and others].

However, it should be kept in mind that TKI treatment of CML 
has to be administered lifelong and knowledge about potential 
long-term risks and effi cacy, especially for the second  generation 
TKI Dasatinib, Nilotinib and Bosutinib, is still limited. Whether 
risks associated with Ponatinib treatment can be tolerated is 
 currently under discussion again.

Not only from a regulatory perspective careful attention on 
recommended risk minimization measures as defi ned in the 
product information is at the end essential to avoid treatment 
complications that may completely jeopardize the sought treat-
ment success.

Can TKI be curative in CML? – Current strategies to avoid 
emergence of resistance
The availability of at least fi ve TKI approved for the treatment 
for CML and the emergence of drug resistance and intolerance 
have induced a lively and complex debate on the best strategy 
to optimize TKI treatment.
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Currently, CML treatment is ruled by the paradigm that patients 
with newly diagnosed CML who respond rapidly to initial treatment 
with a TKI and who do not develop severe intolerance against TKI 
should continue TKI therapy lifelong. On the other hand, long-
term follow up of patients treated in the pivotal  trials for Imatinib, 
Dasatinib and Nilotinib has shown that a relevant proportion of 
these patients not only achieved complete cytogenetic response 
but also sustaining reductions in BCR-ABL transcripts below the 
lower level of quantifi cation (‘complete molecular response’). 
 Stability of BCR-ABL absence over years in these patients has led 
to speculations that these patients are cured of CML.

However, can treatment be discontinued safely in patients with-
out evidence for minimal residual disease? Results from two 
studies (STIM; TWISTER) [8, 9] indicate that if TKI (Imatinib) 
is discontinued, more than half are expected to relapse within 
one year. At two years post-discontinuation, 47% of patients 
in TWISTER were still relapse free and remained off therapy. 
Those with molecular relapse responded to re-treatment, but 
patients may not attain the same degree of response upon 
re-treatment, which illustrates the potential risks of treatment 
discontinuation approach. As data available is derived from rela-
tively small studies and follow-up is limited, larger studies are 
needed (and planned) to determine further the safety of such 
strategies. Thus, current CML treatment guidelines still recom-
mend lifelong therapy with TKI.

Other open topics in the scientifi c discussions on TKI treat-
ment in CML refl ect the question, whether a more rapid and 
deeper molecular response observed for second generation TKI 
like Dasatinib and Nilotinib is clinically relevant and indicates 
a better prognosis. In this context high dose treatment (‘MTD 
approach’) or sequential therapy with different TKI to lower 
development of resistance are under discussion.

The outstanding progress made in this area of therapy is best 
illustrated by the fact that since approval of Imatinib the ‘gold 
standard’ endpoint ‘overall survival’ is no longer suffi ciently dis-
criminative for clinical trials in patients with CML under TKI; 
surrogate marker as ‘complete cytogenetic response’ or ‘major 
molecular response’ have been validated and are now accepted 
as effi cacy correlate by regulatory agencies.

Orphan drug status of TKI
The orphan regulation aims at fostering drug development for 
 serious or life-threatening diseases with a prevalence of less than 
fi ve in 10,000 people in the EU. A sponsor may apply for orphan 
designation any time prior to an application for marketing authori-
zation (usually even before clinical development). The orphan drug 
status then needs to be confi rmed during the marketing authoriza-
tion procedure. The most important incentive of the regulation is 
10-year market exclusivity for an orphan medicinal  product with 
respect to similar medicinal products. Neither EMA nor EU  Member 
States can authorize a product, which is regarded similar with 
respect to chemical structure and mode of action and therapeutic 
indication. Generics, by defi nition, fulfi l all of these criteria.

Imatinib is the paradigm of targeted therapy with its target, the 
Philadelphia chromosome, occurring in two rare forms of  cancer, 
CML and acute lymphatic leukaemia (ALL), which remain rare in 

spite of recent advances for treatment. Other cancers, e.g. renal 
cell carcinoma, was recently reported to exceed the prevalence 
threshold of fi ve in 10,000 people so that no further orphan 
designations are expected.

Orphan similarity and market exclusivity
In addition to the incentive of the above-mentioned 10-year 
market exclusivity intended by the European orphan regulation 
[10], there maybe a probably unintended additional incentive. 
Special circumstances are conceivable under which the market 
exclusivity granted for orphan products may exclude  marketing 
authorization of a generic product. These special circumstances 
fi rst occurred when the orphan drug Tasigna (Nilotinib) was 
assessed as ‘similar’ to Glivec (Imatinib). Glivec was fi rst autho-
rized in the EU in 2003. The Committee for Medicinal Products 
for Human Use (CHMP) gave a positive opinion on its bene-
fi t-risk balance, the Committee for Orphan Medicinal Products 
(COMP) confi rmed the signifi cant benefi t and so Glivec got the 
most important incentive for the development of medicines for 
orphan diseases – the market exclusivity. Under the condition 
of the European orphan drug regulation no medicinal  product 
‘similar’ to Glivec would get marketing authorization for ten 
years – unless the similar product had superior effi cacy or safety 
or the market authorization holder (MAH) of the protected 
product gives consent to the marketing of the similar product.

Several years after marketing authorization of Glivec was granted, 
similarity assessment of Tasigna concluded that Tasigna was a 
similar product to Glivec and the market exclusivity of Glivec 
would therefore be prohibitive for the authorization of Tasigna. 
In the context of a similarity assessment, three characteristics of 
a given drug are decisive:

the chemical structure (respectively structural similarity to 1) 
the innovator product)
the molecular mechanism of action, and2) 
the indication.3) 

In the fi rst step of Tasigna marketing authorization, this was not 
problematic, because Tasigna was fi rst authorized in  second line 
after fi rst-line therapy with Glivec. However, with the extension of 
indications to fi rst-line treatment of CML, Tasigna was authorized 
only with the consent of the MAH of Glivec (not surprisingly, as 
both medicines are products of Novartis). The COMP confi rmed a 
signifi cant benefi t and thus Tasigna received its ten own year  market 
exclusivity beginning with the  commission decision in 2007.

When data protection and orphan market exclusivity expired for 
Glivec generic Imatinib products to the reference product Glivec 
were submitted. There was, however, the previous  regulatory deci-
sion that Glivec and Tasigna are similar  products –  including the 
assessment of Imatinib and Nilotinib as similar active substances 
based on their chemical structure and pharmacological mecha-
nism. An authorization of a generic Imatinib product to the refer-
ence product Glivec would therefore not be granted if it violated 
the 10-year market exclusivity of Tasigna, which began in 2007.

It is safe to assume that the European orphan legislation was 
never meant to preclude the authorization of generics after the 
data protection and the ten years orphan protection of the refer-
ence product had expired. And it also seems that this was not a 
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deliberate abuse of a complicated legal and regulatory situation 
by Novartis but rather unintended. If that had been a wicked, 
albeit brilliant, marketing-driven strategy, the exact alignment of 
the indications of Glivec and Tasigna would have effectively pre-
vented any Imatinib generics for many years. As the indications 
of Tasigna and Glivec overlap for the majority of patients but 
are not identical, a marketing authorization for Imatinib generics 
restricted to the indications not granted for Tasigna became pos-
sible. This is why the indications of generic Imatinib products are 
different from the indications of the reference product Glivec.

Is the approved dose recommendation always the right 
choice – notions on Erlotinib?
Sometimes the question is raised, whether dose-regimes for pivotal 
phase III studies (derived from early phases of clinical develop-
ment) are the right ones. Especially with Erlotinib, where different 
dose regimes are recommended for different tumour types and 
toxicity is high, the question is raised: is there a minimal effective 
dose (MED) in epidermal growth factor receptor (EGFR)-mutated 
tumours below recommended dosage (or do patients indeed have 
to be titrated until MTD is reached)? In this regard, dose limiting 
toxicities (DLT) do not have to be the same for different tumour 
types or even in one tumour entity for all patients, see Table 3.

Regarding Erlotinib (apart from case reports) currently one pub-
lication is available, trying to bridge in vitro evidence directly 
with patient data [11]. This article is pointing to the fact that the 
MED of Erlotinib might in fact be below the recommended dose 
of 100 mg (pancreatic carcinoma) and 150 mg non-small cell 
lung cancer (NSCLC), respectively. The rationale of this study 
is: ‘The usual clinical dose of Gefi tinib (250 mg/day) is only one 
third of its MTD, while the dose of Erlotinib (150 mg/day) is at 
its MTD. In NSCLC cell lines both TKI have similar micromolar 
(μM) inhibitory concentrations.’ Therefore, the authors investi-
gated whether Erlotinib when administered at only 25 mg/day 
can inhibit the mutated form of the EGFR in NSCLC. Apart from 
similar in vitro-IC

50
-values, blood concentrations of both drugs 

differ remarkably (by a factor of more than 5):
C

steady state
 (Gefi tinib at 250 mg/day) ∼ 0.5 μM

C
steady state

 (Erlotinib at 150 mg/day) ≥ 2.5 μM

These values were derived from early phase clinical develop-
ment programmes of the respective drugs [12, 13].

The authors conclude: ‘In NSCLC cell lines, Gefi tinib and  Erlotinib 
have similar inhibitory profi les. In patients with NSCLC and EGFR 
activating mutations, a dose of Erlotinib 25 mg/day (equivalent 
to Gefi tinib 250 mg/day) leads to impressive response rates and 
 progression free survival similar to the growing experience with 
the approved doses of Gefi tinib (250 mg/day) and Erlotinib 
(150 mg/day). Identifying prospectively the lowest, clinically active 
dose ranges of Erlotinib and Gefi tinib will help further personal-
ize care for patients with tumours harbouring EGFR mutations.’ 
Unfortunately, this study is limited in evidence: it is basically an 
in vitro study correlated with data from only seven patients. Thus, 
no answer on what is the MED of Erlotinib can be given by now.

Conclusion
A decade ago, TKI were introduced into clinical anti-cancer 
 therapy. At fi rst sight, the molecular mechanism of action appears 
to comprise only a targeted approach in blocking tyrosine 

kinases. However, this should not be misleading; numerous 
closely interconnected signalling pathways are involved and the 
complexity of TKI molecular mechanism is far from being under-
stood completely. For clinicians, TKI are a worthy new  modality 
of tumour-therapy amending classical cytotoxic regimes. TKI 
are of substantial benefi t in terms of effi cacy with a tolerable 
safety profi le. However, long-term safety issues might not be 
fully elucidated at present and, thus, cannot be fi nally judged 
upon. Throughout the next years, many of these substances will 
run off-patent. Thus, regulatory guidance will be required for 
instance on whether certain substances like Sunitinib fulfi l the 
criteria of a narrow therapeutic index drug. Apart from that, 
most TKI are orally administered, thereby raising the question 
whether BCS-based biowaiver can apply. In addition, design 
and requirements of BE-studies will be an issue in the EMA-
initiative of product specifi c guidance on anti-cancer TKI.
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