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DEFINITIONS
Excess Lifetime Risk means
– the additional risk to contract cancer as a result of exposure to 1,2-DCE over the lifetime of
an individual, in comparison to the risk to contract cancer when not exposed to 1,2-DCE.
– ELRs are expressed per activity and per exposure route over 'lifetimes' defined as 40 years
(workers) or 75 years (general population)
Combined ELR
means the ELR per activity over all exposure routes
over 'lifetimes' defined as 40 years (workers) or 75 years (general population)
Total ELR
means the ELR over all activities and all exposure routes
over 'lifetimes' defined as 40 years (workers) or 75 years (general population)
Total actual additional cancer risk
means Σ(Combined ELR * #people exposed)
over 'lifetimes' defined as 40 years (workers) or 75 years (general population)
Total actual additional cancer risk per year
means Σ(Combined ELR * #people exposed) per year
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1. SUMMARY OF ANALYSIS OF ALTERNATIVES AND SOCIOECONOMIC ANALYSIS
1.1. Background
Olon SpA (Olon) is one of the world’s leading developers and producers of active pharmaceutical
ingredients (APIs). All five of their manufacturing sites are based in Northern Italy, and they also
have non-manufacturing subsidiaries in the US and China. Their headquarters are located in Milan.
The subject of this Application for Authorisation (AfA) is an API called epirubicin, which is
(partly) made at Olon’s site in Rodano (Milan), Italy. Olon has a single customer for the epirubicin
API, The Client (
)(8), which in turn makes the epirubicin medicinal product
which is one of the principal chemotherapy drugs used to treat cancer, which has been shown to
possess antineoplastic activity against a number of malignancies. The Client is one of the leading
global suppliers of the epirubicin medicinal product, and Olon is its sole source of the epirubicin
API.
The synthesis of epirubicin involves several steps, and in the manufacturing step where a precursor
for epirubicin is synthesized, Olon makes use of the solvent 1,2-Dichloroethane (1,2-DCE). 1,2DCE (C2H4Cl2, CAS 107-06-2) has been designated a substance of very high concern (SVHC)
according to Annex XIV of Regulation (EC) N° 1907/2006 due its classification as a carcinogen,
Category 1B. It has been included in the list of substances subject to authorisation (Annex XIV)
with a sunset date of 22/11/2017. Authorisation is therefore required for continued use after this
date. The use of 1,2-DCE which is the subject of this analysis of alternatives (AoA) and socioeconomic analysis (SEA) is as follows:
•

The use of 1,2 dichloroethane (1,2-DCE) as a solvent in the manufacturing of the
active pharmaceutical ingredient for epirubicin.

1,2-DCE has three main functions in the manufacturing of the epirubicin API:
•
•
•

It helps remove residual solvents, including the reaction solvent;
It facilitates precipitation of the intermediate by reducing its solubility; and
It helps purify one of the epirubicin intermediates.

This report sets out within one document the findings of both the AoA and the SEA. Section 3
demonstrates that there are no suitable alternatives available to Olon by the sunset date, Section 4
provides the tonnage of 1,2-DCE used, and Section 5 sets out the non-use scenario if Olon must
cease use of 1,2-DCE in the EEA by the sunset date (based on results of the AoA as set out in
Section 3). Section 6 sets out the net impacts from a societal perspective of the non-use scenario
relative to the applied for use scenario with continued use of the substance by Olon after the sunset
date. Finally, Section 7 sets out the issues relevant for determining the length of the review period.
For the purposes of the SEA, a time frame of 20 years after the sunset date (i.e. 2017-2036) has
been assumed. The methodology employed in the analysis follows the ECHA guidance on
undertaking socio-economic analysis for applications for authorisation.
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1.2. Applied for use scenario
Under the applied for use scenario, Olon would continue to use 1,2-DCE in the manufacturing of
epirubicin API at their site in Rodano, Italy. They would continue supplying the API to The Client
for use in the production of the epirubicin medicinal product which is sold in 100 countries
worldwide, of which 16 are in the EU. For the period 2017-2023, the volume of 1,2-DCE purchased
by Olon for epirubicin API manufacturing only is expected to grow to an average of around 10
tonnes per year, from just under seven tonnes on average per year over the previous five years.
According to The Client, demand for the medicinal product is expected to grow due to increasing
demand in China.
The risks to human health associated with Olon’s continued use of 1,2-DCE at Rodano have been
estimated and found to be vanishingly small. Epirubicin is produced by Olon under highlycontrolled conditions necessary to guarantee minimum contamination by outside agents, and
minimum emissions and exposures of workers to the API and chemicals used. Despite the substance
being a non-threshold carcinogen, the estimated additional risk of cancer from Olon’s use of 1,2DCE is tiny - 0.00000783 per year for workers exposed directly through inhalation and through
dermal exposure, and 0.00000725 per year for workers and local residents exposed indirectly via
the environment. The total annual value of these risks is estimated at under €31 – with a net present
value over 20 years (at four per cent) of under €387.
Olon and The Client would investigate further the possibility of finding a replacement solvent for
1,2-DCE. However, any significant investments in research and development (R&D) specifically on
the substitution of 1,2-DCE are unlikely due to the following factors:
•
•
•
•

Risks are already well controlled (as discussed in the CSR);
There is a high cost associated with finding an alternative solvent (and/or technology);
Any change in solvent would require a long (and complex) testing period; and
Any changes in the resulting API would result in a need for re-approval of the medicinal
product in over 100 markets which alone will take around seven years and will also be
significantly costly.
1.3. Analysis of alternatives (AoA)

Epirubicin is the API used in a medicinal product for cancer therapy. The synthesis of epirubicin
consists of several steps, and 1,2-DCE is used as a solvent in the crystallization of one of the
intermediate substances made during one of these steps. This API is then used by The Client
(Olon’s sole customer) to produce the medicinal product epirubicin.
The alternatives to this use of 1,2-DCE can be grouped into four types:
•
•
•
•

13
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Alternative API manufacturing (synthesis) process;
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the sunset date.
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Olon in collaboration with its customer The Client has carried out a strategic review of possible
options to replace 1,2-DCE in light of upcoming regulatory requirements. However, when
considering alternatives to this existing use, it is important to set out the overriding context of drugs
regulation and manufacture, to understand what measures must be undertaken and procedures
followed if any significant changes are proposed to an already-approved drug, or in the way it is
manufactured.
The epirubicin medicinal product manufactured by The Client from Olon’s API has demanding
specifications both in itself and in terms of the API. These specifications are filed with regulatory
agencies around the world and must be met before the medicine is released to the patient. The API
specification determines the quality parameters against which the API is tested and released, and is
an integral part of the market filing to ensure the safety of the product for the patient. If the API
manufacturing process is changed from what was filed with the relevant regulatory board, a requalification of the API is required. All four types of alternative identified above constitute changes
which would require re-qualification of the API and re-approval of the medicinal product (in each
of the 100 countries in which it is currently marketed). Within the EU, all such changes would be
classed as ‘major Type II’, and subject to specific and demanding requirements.
A programme of re-qualification and re-approval, in the context of a project to redesign the
epirubicin manufacturing process, introduce a new solvent, or relocate the existing manufacturing
(4)
facility, would take an estimated 13 years and cost (around
) less than €25m (with
(4)
additional costs of (around
) less than €100m for relocation).
In other words, the time taken to obtain requalification and re-approval is so long that it
immediately renders unavailable all potential alternatives to Olon’s use of 1,2-DCE in the
(4)
manufacturing of the epirubicin API. Moreover, the estimated cost of (over
) less than €25m
represents a ‘fixed cost’ of switching to a substitute substance or technology. This means that, if it
was to be economically feasible, any such alternative would need to result in a reduction in costs
(e.g. through increased manufacturing efficiency) or an increase in product price (e.g. through
increased quality and performance) which would at least compensate for this amount. This is
unachievable in practice. Moreover, this effectively removes the commercial rationale to search for
a technically feasible alternative in the first place. Rather, R&D efforts tend to focus on potential
new sources of patient and commercial value, either in terms of better performance from existing
drugs, or new drugs to provide novel treatments or to address less-treated conditions.
1.4. Non-use scenario
Olon has considered a range of potential alternatives to its use of 1,2-DCE. In all cases, the time and
resources required to implement them are significant, and in many cases, technical feasibility is
highly uncertain. In addition, any attempt to implement one of these alternatives would constitute a
major financial and commercial risk, since they would be dependent on The Client waiting to
complete the entire process, whereas in practice it is likely that a better option for The Client would
be to find an alternative supplier of the epirubicin API which does not use 1,2-DCE and/or which is
located outside of the EEA. As a result, Olon considers that its most likely non-use scenario in the
event that it must cease its use of 1,2-DCE in the EEA by the sunset date would be shut down its
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to The Client while it searched for a replacement supplier of the epiribucin API, and The Client
would also incur costs of qualifying this new supplier and seeking re-approval of the medicinal
product made with the new supplier’s API. There would be reduction in the already tiny risks to
human health associated with Olon’s current use of 1,2-DCE. Depending on the technology
employed by The Client’s new supplier, these risks could be eliminated or simply exported out of
the EEA to another country.
These impacts have been valued in monetary terms using methodologies which are compliant with
guidance issued by ECHA on conducting socio-economic analyses for applications for
authorisation. Table 1 presents a comparison of the monetised costs and benefits of continuing the
use of 1,2-DCE in the manufacturing of the epirubicin API. Thus it can be seen that the total
benefits of the continued use of the substance (the avoided costs of the non-use scenario) are
(2)
estimated (at just under
) less than €220m over the period 2017-2036 (present value terms,
discounted at four per cent). For confidentiality reasons, this figure does not include the loss in
profits to The Client which would result from Olon stopping the manufacturing of the epirubicin
API. The (direct and indirect) risks to human health from continued exposure to 1,2-DCE are
estimated at €387 over the same period (present value terms, discounted at four per cent).
Therefore, the benefits of Olon’s continued use of 1,2-DCE clearly outweigh the risks by several
orders of magnitude.
1.6. Conclusion and requested review period
Olon considers a review period of 20 years to be appropriate for their use of 1,2-DCE in the
manufacture of the epirubicin API which is the basis of The Client’s anti-cancer drug of the same
name. This is based on the following considerations:
•

•
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Epirubicin is indicated for the treatment of a wide range of cancers. It is an important
cytotoxic agent in the chemotherapy armamentarium and an important factor in optimizing
adjuvant and neoadjuvant treatment for the treatment of a variety of tumours. It is
an integral component of most regimens and central to the accepted treatment standards. It
interacts directly with DNA, inhibiting tumour cell proliferation and gene expression, and
also lead to production of free radicals that may destroy tumour cells. It has received
widespread regulatory approval and is used to treat cancer patients in many countries around
the world. The Client provides epirubicin to patients in 100 countries around the world,
including most EU markets;
Any switch to a substitute for 1,2-DCE would take several years’ development time, and
would require requalification of the API and re-approval of the associated drug for sale in
each of the markets in which it is currently licensed. This process would take over 10 years
(even assuming the R&D process was successful). Just as importantly, developing and
(6)
switching to an alternative solvent or technology is estimated to cost (around
) less
than €25m. On top of this, there would be a loss in profits during any period in which 1,2DCE could not be used but before the qualification of the new products. To be economically
feasible, the substitute would need to result in a level of cost savings (to offset this
development cost) which is unrealistic. In reality, given the significant costs associated with
developing a substitute and then gaining approval for it and the associated medicinal
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•

•

•

product, and the intervening loss of profits, it will never be economically feasible for Olon
to substitute away from the use of 1,2-DCE in the manufacture of epirubicin;
In reality, therefore, if Olon had to cease its use of 1,2-DCE in the EEA by the sunset date of
November 2017, it would do so by closing its epirubicin API manufacturing facilities, at a
(2)
cost of (almost
) less than €200m in net present value terms. Olon is the sole supplier
of epirubicin to The Client, one of the major producers of the epirubicin medical product in
the world. This would have significant sales and profit implications for The Client, but there
would also be expected to be major ramifications for the global availability of epirubicin –
and hence for clinical practice and, ultimately, patients – until The Client were able to find
another API supplier, qualify and re-approve its epirubicin produce, and eventually start to
re-supply its customers in 100 countries worldwide.
Epirubicin is produced by Olon under highly-controlled, conditions necessary to guarantee
minimum contamination by outside agents, and minimum emissions and exposures of
workers to the API and chemicals used. Despite the substance being a non-threshold
carcinogen, the estimated additional risk of cancer from Olon’s use of 1,2-DCE is tiny 0.00000783 per year for workers exposed directly through inhalation and through dermal
exposure, and 0.00000725 per year for workers and local residents exposed indirectly via
the environment. The total annual value of these risks is estimated at under €31 – with a net
present value over 20 years (at four per cent) of under €387;
Hence, the additional risks of Olon’s continued use of 1,2-DCE are exceedingly small, and
the costs of developing and implementing an alternative would be very high, and are always
expected to remain so. As a result, it is not considered likely that the benefits of Olon’s
continued use will ever not exceed the risks by many orders of magnitude, and hence that
the case for authorisation will not be made.

Olon and The Client face significant and fixed costs of (and time requirement for) developing and
implementing a substitute for 1,2-DCE in the manufacturing of the epirubicin API and the
associated medicinal product. As a result, it is not expected that substitution would ever be
economically feasible, and certainly not within 25 years. The risks of Olon’s continued use of 1,2DCE are very small. Olon’s view is that these features represent an exceptional case (as per
ECHA’s (2013) paper on the setting of review periods) for a review period longer than 12 years.
For these reasons, Olon requests a review period of 20 years for its continued use of 1,2-DCE in the
manufacturing of epirubicin.
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2. AIM AND SCOPE OF AOA AND SEAi
2.1. Aim
1,2-Dichloroethane (1,2-DCE) (C2H4Cl2, CAS 107-06-2) has been designated a substance of very
high concern (SVHC) according to Annex XIV of Regulation (EC) N° 1907/2006 due its
classification as a carcinogen, Category 1B. On June 5, 2015 ECHA published a document
“Application for Authorisation: Establishing a Reference Dose Response Relationship for
Carcinogenicity of 1,2-Dichloroethane”ii, which constitutes the opinion of the Risk Assessment
Committee (RAC) that 1,2-DCE is considered to be a non-threshold carcinogen.
1,2-DCE has been included in the list of substances subject to authorisation (Annex XIV) with a
sunset date of 22/11/2017. Authorisation is therefore required for continued use after this date. The
use of 1,2-DCE which is the subject of this analysis of alternatives (AoA) and socio-economic
analysis (SEA) is as follows:
The use of 1,2 dichloroethane (1,2-DCE) as a solvent in the manufacturing of the active
pharmaceutical ingredient for epirubicin.
This application demonstrates that:
•

•
•

Emissions of 1,2-DCE have been minimised: the Chemical Safety Report (CSR)
within this authorisation application demonstrates minimization of the emissions of 1,2DCE.
There are no suitable alternatives by the sunset date for the applicant for this specific
use: this is shown within this report and in particular in Section 3.
The benefits to society from continued use outweigh the risks to human health and
the environment: this is shown within this report and in particular Section 6.

This report sets out within one document the findings of both the AoA and the SEA. Section 3
demonstrates that there are no suitable alternatives available to Olon by the sunset date
(22/11/2017), Section 4 provides the tonnage of 1,2-DCE used, and Section 5 sets out the non-use
scenario if Olon must cease use of 1,2-DCE by the sunset date (based on results of the AoA as set
out in Section 3). Section 6 sets out the net impacts of the non-use scenario relative to the applied
for use scenario with continued use of the substance by Olon after the sunset date. Finally, Section 7
sets out the issues relevant for determining the length of the review period.

i

Monetary values presented in this section are converted from $ to € assuming an exchange rate €0.745223 per US
dollar in 2015 based on the OECD. See: https://stats.oecd.org/Index.aspx?DataSetCode=SNA TABLE4.

ii

ECHA: http://www.echa.europa.eu/documents/10162/13641/rac 33 dose response+ 1 2dichloroethane en.pdf

18

Use number: 1

Olon S.p.A

ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS
2.2. The applicant and the manufacturing site in question
Olon (the applicant) is one of the world’s leading developers and producers of active
pharmaceutical ingredients (APIs). All five of their manufacturing sites are based in Northern Italy,
and they also have non-manufacturing subsidiaries in the US and China. Their headquarters are
located in Milan.
Olon produce APIs for use in both human and animal pharmaceuticals, within dedicated high
containment facilities to ensure the safety of their workers, the surrounding environment, and
ultimately the quality of the resulting APIs. Olon are a major specialist global producer of high
quality (and potency) drugs and cytotoxic substancesi that are used to help patients as part of their
treatment for a variety of illnesses, including cancerii.
The subject of this Application for Authorisation (AfA) is an API called epirubicin, which is
(partly) made at Olon’s site in Rodano (Milan), Italy. At Rodano, Olon directly employs 400
workers (300 manufacturing workers and 100 office-based), and indirectly employs around 40
people via subcontracting and/or services. Rodano is a city and ‘comune’ (administrative division)
in the province of Milan with a population of less than 5,000 people. There are 400 people working
and 300 people residing within a 1 km radius of Olon’s manufacturing site in Rodanoiii.
2.3. The product
2.3.1.

Epirubicin API

Epirubicin (CAS number: 56390-09-1) is a biologically active ingredient in a medicinal product of
the same name. The World Health Organisation (WHO) defines an API as:
“A substance used in a finished pharmaceutical product (FPP), intended to furnish
pharmacological activity or to otherwise have direct effect in the diagnosis, cure,
mitigation, treatment or prevention of disease, or to have direct effect in restoring,
correcting or modifying physiological functions in human beings (WHO, 2011).”

i

Substances containing chemicals that are toxic to cells, such as cancer cells, thereby preventing their reproduction or
growth.
ii

In addition, Olon produce antineoplastic compounds, immunosuppressive agents, hormones and antibiotics, retinoids,
antivirals, psychotropic and controlled substances as well as compounds for the central nervous system, and for
cardiovascular and metabolic diseases. A list of APIs currently manufactured by Olon is available at:
http://www.olonspa.com/products/pdf-commercial. APIs that are still in research and development are listed at:
http://www.olonspa.com/products/pdf-rd.
iii

See Figure 1 in the chemical safety report (CSR) for a picture of the manufacturing site
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Figure 1: Epirubicin active pharmaceutical ingredient

Source: Olon

Epirubicin received first regulatory approval on 28 June 1982 in France. Epirubicin is approved in
120 countries and is currently marketed in 100 countries. There were no actions taken regarding
epirubicin for safety reasons by either a health authority or by the Marketing Authorisation Holder
(MAH).
The epirubicin API manufactured by Olon has a 12-month shelf life meaning that it is an API which
cannot be stockpiled. As the resulting epirubicin medicinal product (also called epirubicin) equally
only has a shelf-life of two to three years, the epirubicin produced is typically consumed within one
year, many markets stipulate that a product must have a minimum shelf life before expiration at the
time of delivery.
2.3.2.

Epirubicin medicinal product

Epirubicin is an anthracycline cytotoxic agent, which has been shown to possess antineoplastic
activity against a number of malignancies by the intravenous (IV), intravesical and intra-arterial
routes of administration. It forms a complex with DNA by intercalation of its planar rings between
nucleotide base pairs, with consequent inhibition of nucleic acid (DNA and RNA) and protein
synthesis. Such intercalation triggers DNA cleavage by topoisomerase II, resulting in cytocidal
activity. Epirubicin also inhibits DNA helicase activity, preventing the enzymatic separation of
double-stranded DNA and interfering with replication and transcription. Epirubicin is also involved
in oxidation/reduction reactions by generating cytotoxic free radicals. The antiproliferative and
cytotoxic activity of epirubicin is thought to result from these or other possible mechanisms.
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•

•

•

highest number of EU countries (the underlying source used by the Client is data from
http://www.imshealth.com/en/).
Based on available data for 18 (out of 28) Member States in 2013-14, the Client has a notable
overall share in the EU market for the epirubicin medicinal product and is the lead supplier in
several markets. This means that overall the EU medical community and, in particular, some EU
member states are heavily reliant on the Client’s supply of the epirubicin medicinal product.
The Client is estimated to have a market share of around 50 per cent or more in some larger EU
countries.
Because: (i) not all suppliers can supply to all EU Member States; (ii) the Client’s overall EU
market share is significant; (iii) the Client has lead supplier status in many large EU countries;
and (iv) the number of API suppliers is limited, a requirement to cease the use of 1,2-DCE at the
sunset date is likely to result in (at least temporarily) a shortfall of epirubicin medicinal product
available in some EU (and non-EU) countries until either competing suppliers gain market
approval and/or existing suppliers within that country are able to increase their production.
A similar pattern would be observed across other regions and countries of the world.
2.7. The applied for use scenario

Under the applied for use scenario, Olon would continue to use 1,2-DCE in the manufacturing of
epirubicin API at their site in Rodano, Italy. They would continue supplying the API to the Client
for use in the production of the epirubicin medicinal product which is sold in over 100 countries
worldwide, of which 16 are in the EU.
Olon and The Client would investigate further the possibility of finding a replacement solvent for
1,2-DCE. However, any significant investments in research and development (R&D) specifically on
the substitution of 1,2-DCE are unlikely due to the following factors:
•
•
•
•

Risks are already well controlled (as discussed in the CSR);
There is a high cost associated with finding an alternative solvent (and/or technology);
Any change in solvent would require a long (and complex) testing period; and
Any changes in the resulting API would result in a need for re-approval of the medicinal
product in over 100 markets which will take up to 10 years and will also be costly.
2.8. Risks from continued use

Within the CSR included in this application for authorisation, a risk assessment has been performed
in function of Olon’s authorisation application dossier for the following use:
•

The use of 1,2 dichloroethane (1,2-DCE) as a solvent in the manufacturing of the
active pharmaceutical ingredient for epirubicin.

As Article 62.4(d) of REACH stipulates that the authorisation dossier shall contain a CSR covering
the risks to human health and/or the environment related to the intrinsic properties specified in
Annex XIV, i.e. Carcinogenic Cat.1B properties, the risk assessment focuses on those endpoints.
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The applicant collected information to:
•

•

•

•

Evaluate the daily (combined) worker exposure to determine (combined) Excess Lifetime
Risks (ELRs). An ELR means the additional risk to contract cancer as a result of exposure to
1,2-DCE over the lifetime of an individual, in comparison to the risk to contract cancer
when not exposed to 1,2-DCE.
Evaluate the daily (combined) worker exposure and determine (combined) ELRs based on
the Reference Dose Response Relationship for carcinogenicity published by ECHA on June
5, 2015i.
Evaluate the exposure of man via the environment to determine (combined) ELRs for
workers in the industrial area as well as for inhabitants living in the vicinity of the industrial
site.
Demonstrate minimization of risks for the uses applied for by demonstrating that the
emissions related to the continued use of 1,2-DCE are minimized as far as technically and
practically possible.
2.8.1.

Environmental exposure & risk assessment

1,2-DCE is not classified for any environmental endpoint, and therefore an environmental
assessment is not in the scope of the assessment. Nevertheless, technical controls and working
procedures are in place to ensure that emissions to the different environmental compartment are
minimized:
•

•

•

•

The majority of the used 1,2-DCE (95.02%) is released as waste. A small part of the 1,2DCE is released as part of the waste packaging. All waste is treated as hazardous chemical
waste by a certified waste handler.
All vapour spaces are connected to an abatement system consisting of a scrubber, a
cryogenic condensation unit and an active carbon absorber (thermal oxidizer as of August
2016).
All wastewater is sent to an on-site WWTP, which removes 93% of the 1,2-DCE from the
water. The sludge of the on-site WWTP is not used for agricultural purposes. The effluent of
the on-site WWTP is sent after treatment via pipeline to a municipal WWTP.
Direct exposure of soil is avoided by means of hard, watertight flooring and a concrete basin
for the secondary containment of the underground storage tank.

An environmental assessment was generated to allow the evaluation of human health hazards/risks,
which may relate to the potential 1,2-DCE exposure of the general population via the environment
(see below). For this part of the risk assessment the inhalation and oral route of exposure were taken
into account.
The overall tonnage taken into account for the exposure/risk assessment was 9,990 kg/year.
i

ECHA: http://echa.europa.eu/documents/10162/13641/rac_33_dose_response+_1_2dichloroethane_en.pdf
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2.8.2.

Human health exposure & risk assessment - Workers

Minimization of exposure is achieved by technical and procedural means. The installations used for
the manufacturing of epirubicin are characterized by a high level of containment, which is inherent
to the manufacturing of active pharmaceutical ingredients (API).
•
•
•
•
•

The manufacturing occurs in closed installations (reactor, filter-dryer) that are equipped
with local exhaust ventilation or glove boxes.
All transfers of 1,2-DCE and 1,2-DCE-containing products occurs via dedicated and fixed
piping.
Storage of 1,2-DCE occurs in closed drums and in a vented underground storage tank, to
which the 1,2-DCE is transferred via a dedicated installation equipped with a glove box.
All local exhaust ventilation installations, and the vent of the storage tank, are connected to
the site vapour collection system.
The building in which the installations are located have a general ventilation system that
ensures 7 air changes per hour.

Furthermore, Olon has procedural systems in place to support and safeguard the existing processes.
Where relevant, workers wear appropriate personal protective equipment.
In function of the risk assessment for workers, the Reference Dose Response Relationship for
carcinogenicity published by ECHA on June 5, 2015 were taken into account for the calculation of
the ELRs. The exposure assessment was generated based on Olon specific measurement
information. The inhalation and dermal route of exposure was taken into account.
For the inhalation route, exposure information is primarily based on recent personal monitoring
data. Only in one worker contributing scenario modelling was required for this route.
The dermal exposure assesses direct contact of the skin via splashing or the manipulation of
contaminated objects as well as the absorption of airborne concentrations of the substance through
the skin.
There are different activities taking place with potential for exposure of workers to 1,2-DCE. For a
process description of the use of 1,2-DCE in the manufacturing of epirubicin, please see section 3.1.
The relevant process steps are described by 4 worker contributing scenarios:
•
•
•
•

Storage of 1,2-DCE
Transfer of 1,2-DCE into storage tank
Use of 1,2-DCE in the manufacturing of Epirubicin
Transfer of 1,2-DCE-containing waste

Exposure and risks were assessed for each contributing scenario. All workers involved in the
manufacturing of epirubicin are dedicated to only one of the relevant activities; there are no workers
that combine several of the described activities. In case the duration of an activity as described in
the contributing scenario covers only part of a shift, the worker combines this activity with another
task not involving 1,2-DCE. As workers never combine different tasks involving 1,2-DCE, the total
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ELR levels as determined in the contributing scenarios provide an estimation of the actual ELR to
which a worker is subject when this worker performs that activity under the conditions as described
in the contributing scenario during a 40 years long career.
The ELRS, calculated for the use of 1,2-DCE in the manufacturing of epirubicin and taking into
account the frequency of exposure, are summarized in Table 7.
Table 7 Overview of Excess Lifetime Risk values per activity for Use 1 (Epirubicin)
Worker
Dermal
Total
Inhalation
Contributing Activity
ELR
ELR
ELR
Scenario
1

Storage

0

0

0

2

Transfer to
underground tank

< 1.03 x 10-6

0

< 1.03 x 10-6

3

Use in the
manufacturing
(near-field and farfield)

< 1.82 x 10-5

< 1.84 x 10-8

< 1.82 x 10-5

4

Transfer of waste

< 9.75 x 10-6

< 1.23 x 10-9

< 9.75 x 10-6

It is to be noted that the ELRs are worst case values.
•

•

For Worker Contributing Scenarios 1-3, the detection limit is used as the starting point for
the calculations. The actual measured airborne concentrations of 1,2-DCE were below
detection limit at every point in time.
For Worker Contributing Scenario 4, the exposure concentration is modelled with ART v1.5
due to the lack of measured data for this activity. The model output value is a worst-case
starting point for the calculation of the ELRs as the reduction factor used for the vapour
return system is 80%, whereas in reality it concerns a fully closed system.

Figure 4 depicts the total ELR per activity and provides insight in the contribution of the different
contributing scenarios and of the dermal and inhalation exposure routes.
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2.8.3.

Human health exposure & risk assessment – ‘Man via the environment’

Indirect exposure of man via the environment may occur by inhalation of air, consumption of
contaminated food (fish, crops, meat and milk) and drinking water. As described above (see section
2.8.1), technical controls and working procedures are in place to ensure that emissions to the
different environmental compartment are minimized.
In function of the risk assessment for man via the environment, inhalation exposure is assessed for
both workers in the industrial area and for inhabitants living in the vicinity of the industrial site.
Within 1 km radius around the plant, approximately 400 workers were counted, and 300 citizens.
Exposure due to the consumption of contaminated food and drinking water was only assessed for
the general population since it is assumed that food/drinking water of the workers is not locally
sourced.
EUSES is used to estimate the air concentration at 100m of the emission source, and this value is
kept constant for the full range of 1 km. This is a worst-case assumption as additional air dilution is
not accounted for. The average air concentration is 0.0000065 mg/m3. This concentration is below
the reported background concentration range of 0.1 – 1.5 ppbi (0.0004 to 0.0065 mg/m3)ii described
for urban, suburban, rural and remote sites. This further demonstrates that the emissions to the
different environmental compartment are minimized.
The ELRs and total actual additional cancer risk associated with exposure of man via the
environment are provided in Table 9 for the general population and for workers in the nearby area
of the plant (1 km).

i

Toxicological profile for 1,2-dichloroethane, U.S. Department of health and human services, Public health
service, Agency for Toxic Substances and Disease Registry (September 2001)

ii

http://www.lenntech.com/calculators/ppm/converter-parts-per-million.htm
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The process can be divided in the following activities:
1. Storage of 1,2-DCE in a warehouse and transfer to an underground storage tank
2. Use of 1,2-DCE in the crystallization of Epi3 in a closed system
3. Storage and transport of 1,2-DCE containing waste
Storage and transfer to underground storage tank (common with Use 2)
1,2-DCE is delivered to the API manufacturing plant in closed 200l drums. The drums are stored in
a warehouse and transferred to an underground storage tank (Figure 7) using a dedicated installation
which is common with Use 2. This installation contains a large glovebox (Figure 8) as secondary
containment for the drum when it is unloaded. The vapour space of the glovebox is connected to the
site vapour collection system.

Figure 7: Underground storage of 1,2-DCE

Figure 8: Glovebox for the unloading of 1,2DCE containers

Use of 1,2-DCE in the crystallization of Epi3 in a closed system
Epi3 is an intermediate in the manufacturing of Epirubicin. The reaction of its precursor Epi2 to
Epi3 yields a concentrated mother liquor consisting of Epi3 dissolved in a solvent (not 1,2-DCE).
1,2-DCE is used for the crystallisation of Epi3.
The relevant process steps are described in some more detail in Figure 9.
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The “mother liquid” containing the intermediate is transferred via fixed piping to the filter-dryer in
(7)
the glovebox (Figure 12). Subsequently, the solution is cooled to
, and kept at that
(7)
temperature for
, during which a red solid crystallizes from the solution.
The precipitate is filtered off (filter “F” in Figure 6) inside the glovebox and the crystalline solid
obtained is washed, first with 1,2-DCE, then with another solvent. Afterwards, the solid is collected
(7)
from the filter and dried under vacuum at raised temperature
. Vapours
from the filter-dryer in the glovebox are evacuated to the site vapour collection system.
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Figure 10: Mixing reactor for the manufacturing of the intermediate

Figure 12: Close-up of the filterdryer inside the glove box

Figure 11: Gloveboxes for the
manufacturing of the intermediate

After rinsing and drying, a crystalline solid intermediate (Epi3) is obtained. At this point in time,
the filter-dryer is opened to collect the solid Epi3. The material is manually transferred into the
primary package (glass bottle). Subsequently, the glovebox is cleaned with solvent (not 1,2-DCE)
and the bottle’s exterior is washed. The bottle is then moved to the pre-chamber of the glovebox
where it is put into a clean polythene bag. From the pre-chamber, the bottle is taken out of the
glovebox and inserted in a second clean bag.
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As this red crystalline solid is an intermediate product in the manufacturing process, it is further
reacted to obtain the final API. In the subsequent reaction steps, 1,2-DCE is not used.
Storage and transport of 1,2-DCE containing waste
The 1,2-DCE that is evaporated off during the crystallization step and the filtrate obtained during
filtration of the crystallized intermediate Epi3 is transferred via dedicated piping to the liquid waste
storage neutralisation reactor. In this reactor, liquid organic waste streams from different processes
in Olon’s Rodano site are collected, and where necessary, neutralized. The neutralisation reactor is
vented to the vapour collection system.
From the neutralisation reactor, the waste stream is further transferred via fixed piping to a liquid
waste storage tank (Figure 13). In these tanks, the condensates obtained from the site’s vapour
collection system (connected to storage tank, glove boxes, etc.) are also collected. This vapour
collection system and the liquid waste storage is common with use 2.
The liquid waste is sent off site by tank truck (600 tonnes/year or about 30 times per year) to a
specialized waste treatment plant. The truck loading installation is a closed system as it is equipped
with a vapour return system.

Figure 13: Storage of liquid waste

3.3. Approach to the identification and assessment of alternatives
Epirubicin is the API used in a medicinal product for cancer therapy. The synthesis of epirubicin
consists of several steps, and 1,2-DCE is used as a solvent in the crystallization of one of the
intermediate substances (Epi3) made during one of these steps. This API is then used by the Client
(Olon’s sole customer) to produce the medicinal product epirubicin.
The alternatives to this use of 1,2-DCE can be grouped into four types:
•
•
•
39
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•

‘Managerial’ responses to complying with the need to cease use of 1,2-DCE in the EEA by
the sunset date.

Olon in collaboration with its customer the Client has carried out a strategic review of possible
options to replace 1,2-DCE in light of upcoming regulatory requirements. These are considered in
the following sections. In each case, the key functional requirements for the alternative grouping are
described, the research undertaken into each type of alternative is summarised, and candidate
alternatives are identified. There is then an assessment of these alternatives against the following
standard criteria:
•
•
•
•

Technical feasibility;
Economic feasibility;
Overall reduction of risk;
Availability.

However, before considering the possible alternatives, it is important to set out the overriding
context of drugs regulation and manufacture, to understand what measures must be undertaken and
procedures followed if any significant changes are proposed to an already-approved drug, or in the
way it is manufactured. The measures and procedures represent ‘fixed costs’ – in terms of time and
resources – of switching to any meaningful alternative and have important and critical implications
for the availability and economic feasibility of any candidate alternatives.
3.4. Key procedural and resource requirements of switching to an alternative to Olon’s
use of 1,2-DCE in the manufacturing of epirubicin
The epirubicin medicinal product manufactured by the Client from Olon’s API has demanding
specifications both in itself and in terms of the API. These specifications are filed with regulatory
agencies around the world and must be met before the medicine is released to the patient. The API
specification determines the quality parameters against which the API is tested and released, and is
an integral part of the market filing to ensure the safety of the product for the patient. If the API
manufacturing process is changed from what was filed with the relevant regulatory board, a requalification of the API is required. Examples of changes which will require a re-qualification of
the API and a re-approval of the medicinal product include:
•
•
•
•

Changing a registered/filed starting material or intermediate;
Changing the route of synthesis;
Changing the source (supplier or supplier location) of the API;
Changing to a solvent that is not registered as an alternative or option etc. e.g. removing 1,2DCE and replacing it with an unregistered equivalent.

In other words, all four types of alternative identified in Section 3.3 constitute changes which would
require re-qualification of the API and re-approval of the medicinal product (in each of the 100
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The estimates assume that the chemical composition of the API remains the same. If the chemical
composition of the API changes, even more extensive testing – e.g. clinical testing – of the
medicinal product made with the API would be required.
The key point in relation to the analysis of alternatives is that the time taken to obtain
requalification and re-approval is so long that it immediately renders unavailable all potential
alternatives to Olon’s use of 1,2-DCE in the manufacturing of the epirubicin API. In fact, the only
way in which there could be a suitable alternative, given these requalification and approval
requirements, is if Olon was to have a technically and economically feasible alternative already in
the process of requalification, which is not the case.
(6)
Moreover, the estimated cost of (over
) less than €25m represents a ‘fixed cost’ of switching
to a substitute substance or technology. This means that, if it was to be economically feasible, any
such alternative would need to result in a reduction in costs (e.g. through increased manufacturing
efficiency) or an increase in product price (e.g. through increased quality and performance) which
would at least compensate for this amount. However, further reductions in manufacturing cost are
broadly unrealistic because the original process, implemented over the years, has already been
optimised. (As an example, chloroform and diethyl ether were used in large quantities in the
original process but have since been eliminated.) Significant increases in price are also unlikely in a
competitive market with relatively comparable product quality. In any case, this requirement clearly
places an additional constraint on the identification of suitable alternatives to the current use of 1,2DCE, but in actual fact, it means that, even if a technically feasible alternative could be identified, it
would be unlikely ever to be economically feasible and hence suitable. Moreover, this effectively
removes the commercial rationale to search for a technically feasible alternative in the first place.
Rather, R&D efforts tend to focus on potential new sources of patient and commercial value, either
in terms of better performance from existing medicinal products, or new medicinal products to
provide novel treatments or to address less-treated conditions. Activity relating to the substitution of
SVHCs will therefore tend to take the form of the gradual phase-out of ‘older’ medicinal products,
which do use SVHCs in their production to be replaced by newer and better medicinal products
which do not. In addition, the nature of production processes in the medicinal products field (e.g.
laboratory conditions) means that the use of hazardous substances, and hence exposures, will
always be extremely highly controlled and minimised.

Olon is a manufacturer of APIs and has extensive experience in the chemistry and the
manufacturing of complex APIs. But Olon has to rely on their clients, who develop, manufacture
and market the medicinal products, for the evaluation of the suitability of a specific API for a
certain therapy. It would also be the manufacturer of the medicinal product who would investigate
the regulatory impact of any change in the API manufacturing process and who would seek
regulatory approvals. This means that the R&D on existing APIs will be done in collaboration with
the medicinal product manufacturer.
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or which could be used as a drop-in solvent for this process. This means that any attempt at the
replacement of the current solvent would require at least four phases:
•
•
•
•

Identification of an alternative solvent and proof of concept;
Development of an industrial process;
Qualification of the API produced with the alternative solvent.
Filing for market approval of the medicinal product produced with the API

The starting point for the identification of an alternative solvent is the 53 "classical solvents" in the
Solvent Guide Publicationi. This recently published solvent guide is from an industry/academia
collaboration, which was part-funded by the European Union to promote sustainable chemistry as
part of the Innovative Medicines Initiativeii. The guide ranks solvents either as recommended,
problematic, hazardous or highly hazardous. In the first step, Olon eliminated the 22 solvents
ranked as either hazardous or highly hazardous. Methyl acetate was eliminated because of its low
boiling point (57oC), potential for exposure and high flammability. DMPU (1,3-Dimethyl-3,4,5,6tetrahydro-2(1H)-pyrimidinone) was eliminated because of its reprotoxicity (Rep 2). Acetic
anhydride was eliminated because of its potential to react with the hydroxyl group in the
aminosugar. Finally ethylene glycol, DMSO (Dimethylsulfoxide) and benzyl alcohol were
eliminated because of their high boiling points, which would complicate their removal. This left 25
solvents for consideration:
methanol, ethanol, isopropanol, n-butanol, acetone, methyl ethyl ketone, methyl isobutyl
ketone, cyclohexanone, ethyl acetate, isopropyl acetate, n-butyl acetate, THF, MethylTHF,
anisole, heptane, cyclohexane, methyl cyclohexane, toluene, xylenes, chlorobenzene,
acetonitrile, formic acid, acetic acid and water.
To this list, methylene chloride, one of the best, chlorinated solventsiii, can be added because
chlorinated solvents are reported to be very effective for the crystallisation of anthracyclinesiv. This
list of solvents can be further screened on their dissolving power either by means of theoretical
models or HPLC testing. Solvents that have poor solubilising power would not give the
purification, which is obtained with 1,2-DCE. Solvents that have too much solubilising power will
probably give too low a yield in the crystallisation/precipitation step. On the basis of this first
screening, a development plan would have to be set up by Olon and The Client to check all the key
functional requirements of the solvent and the API.

i

D Prat, A Wells, J Hayler, H Sneddon, C R McElroy, S Abou-Shehada, P J Dunn, Green Chem., 2016, 18, 288-296.

ii

CHEM 21 is the largest public-private collaboration in Europe with the objective of promoting Green and Sustainable
Chemistry. CHEM21 is part funded by the European Union through the Innovative Medicines Initiative. It is a large
collaboration with a budget of 26 million Euros.

iii

K. Alfonsi, J. Colberg, P. J. Dunn, T. Fervig, S. Jennings, T. A. Johnson, H. P. Kleine, C. Knight, M. A. Nagy, D. A.
Perry, M. Stefaniak, Green Chem., 2008, 10, 31-36)
iv

See for example W. Slawinski, I . Oszczapowicz, K. Chichocka, A. Zimniak, Acta Poloniae Pharmaceutica – Drug
Research 2001, 58, 263-268. In addition daunorubicin API is recystallised from chloroform (Personal communication
from Dr Angelo Bedeshi).
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A research plan is described in Appendix A
Technical feasibility
The functional requirements for the alternative solvent and for the API produced with this solvent
are listed in Table 13. The technical suitability of an alternative solvent needs to be evaluated on the
basis of this list of requirements.
Because of the sensitivity of the manufacturing process to any changes such as temperature,
residence time, batch size etc., such an evaluation can only be done by means of extensive testing,
including the qualification of the API and the medicinal product. As a result, an alternative
described in the literature, or even already used elsewhere in industry, is not feasible to the
applicant until qualification has been completed. Only at that point in the process will it be certain
that the alternative process effectively yields a technically equivalent (or at least feasible) product.
In the previous section a long list of possible solvents was provided. None of these solvents has
been tested by Olon or is described in literature as being used as a substitute for 1,2-DCE. Olon has
no other solvent included in the description of the manufacture of the API. This means that no other
solvent can be considered technically feasible at present for Olon. The previous section described
the process which would need to be followed to identify one.
Conclusion: There is no known alternative which is technically feasible to Olon for the
manufacturing of epirubicin without the use of 1,2-DCE.
Economic feasibility
As set out in Section 3.5, switching to an alternative solvent would require further investigation to
determine if it is technically feasible; this involves steps like pilot testing and requalification of the
API. Assuming that it is theoretically possible to switch to a different solvent, Table 11 shows that
(6)
it would cost (
) less than €25m and take about 13 years before The Client can start to sell
epirubicin again using the newly qualified API in all 100 markets.
During this transition period, Olon would no longer make any epirubicin API, resulting in a loss in
profit (i.e. lost sales revenue less the avoided costs of producing the API). Profits to Olon under the
(2)
applied use scenario are estimated to be (
) less than €200m over a 20 year period (2017(2)
2036) ((
in PV terms) less than €200m in present value terms, using a using a 10%
discount rate to reflect the opportunity cost of capital to business). Once The Client gradually
regains market approval across all 100 markets (as the time taken to get market approval varies by
region/country), it can start to sell the epirubicin medicinal product again, and profits to Olon from
API sales will start again to be earned (although might not be fully restored).
During this transition period, The Client would also lose its market share to rival medicinal product
manufacturers. For the purposes of this assessment, it is optimistically assumed that The Client
would gradually regain its market share over a five year period following re-approval, resulting in
Olon increasing sales of the API, eventually back to the level assumed under the applied for use
(2)
scenario. It is estimated that profits gained from the newly qualified API would be (
) less
(2)
than €50m (PV, 2017-2036), resulting in an overall net loss in profit to Olon of (
) less than
€200m (PV).
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Conclusion: Based on the long list of alternative solvents to be investigated, an alternative solvent
potentially could reduce risk.
Availability of alternative
Olon does not have any alternative technology available which could replace 1,2-DCE as a drop-in
solvent for the current process. This technology would have to be developed. Based on the
development plan in Appendix A, this technology would not be available by the sunset date.
It is expected that all of the listed solvents could be purchased in sufficient quantity and quality.
However, this would be subject to further investigation during the development of the process when
specifications are known in more detail.
Conclusion: There is no suitable alternative solvent available today and there will be no suitable
alternative solvent available to Olon at the sunset date.
Overall conclusion
There are no alternative solvents to 1,2-DCE which are technically feasible from Olon’s
perspective, and development would take a period of many (ca. 13) years, with costs of (at least
(2)
) less than €200m (NPV). The alternative can therefore not be regarded as economically
feasible or available. Depending on the solvent identified, risks could be reduced compared with
1,2-DCE. Overall, this alternative is not suitable.
3.5.2.

Alternative 2: Alternative synthesis route

This alternative would involve the re-engineering of the synthesis process for epirubicin to avoid
the use of 1,2-DCE.
Research on the manufacturing process for epirubicin
As previously mentioned, Olon in collaboration with The Client has done extensive research in the
past on optimizing the original manufacturing procedure for epirubicin (as described in the patent).
Specifically, alternative safer solvents were tested to avoid the use of diethyl ether and large
volumes of chloroform and acetone. As a result of these changes, an additional purification step by
crystallization using 1,2-DCE was required.
Olon did not continue with further research after the development of the current epirubicin
manufacturing process. The Epi3 intermediate as an intermediate for an API is a cytotoxic product
requiring a high level of containment during handling of the substance. In practice this means that
only specialized labs equipped with specific equipment such as gloveboxes and clean rooms can do
research on these products.
A literature review was performed by The Client and Olon using tools such as SciFinder to search
for alternative synthesis routes for epirubicin. This search was done using key words, CAS
numbers, citation searching etc. From that review, four possible routes were identified. The first of
these is the basis for the current process at Olon. The feasibility of the other synthesis routes is
discussed in the next section.
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Technical feasibility
As a result of the literature search on possible alternative synthesis routes for epirubicin, the
following four options were found:
•
•
•
•

Synthesis starting from daunorubicin;
Synthesis starting from hydroxyanthraquinone;
Synthesis starting from 13-dihydrodaunorubicin;
Synthesis by direct fermentation.

The technical feasibility of any of these options depends not only on the feasibility of developing an
industrial process but also on the qualification of the medicinal product made with the API. The
development of such an alternative will consist of at least three steps:
•
•
•

Development of the industrial process
Qualification of the API produced via the alternative synthesis (see Table 10)
Qualification of the medicinal product made with the API (see Table 10)

However, realistically, before the development of an industrial process, laboratory-scale tests will
be needed to understand the process fully. Typically, published literature or patents are not
sufficient as the basis for developing industrial installations. Detailed and practical experience has
to be gained with the processes and reactions at a laboratory scale before a scale-up is possible.
Of the four options listed, the first, starting from daunorubicin, would be technically feasible, since
it is the origin of the current Olon process. However, Olon has already developed away from this
process to reduce its use of hazardous substances. In the Arcamone patenti the product is purified by
column chromatography on silica gel using a mixture of chloroform and acetone (98:2) as eluent.
Although the quantity of eluent is not specified in the patent, this type of purification normally uses
very large volumes of solventii and the use of very large volumes of toxic chloroformiii is clearly
(7)
undesirable. The process used by Olon also uses
but using
(7)
, which is a major step forward but has the downside that
(7)
(7)
additional purification
is required, and
uses1,2-DCE.

i

A. Suarato, F. Arcamone, European Patent 0030295 (18th November, 1980) (US Patent 4,345,068)

ii

W. Clark Still. J. Org. Chem., 1978, 43, 2923-2925.

iii

http://www.echa.europa.eu/web/guest/brief-profile/-/briefprofile/100.000.603

50

Use number: 1

Olon S.p.A

ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS

Figure 14: Synthesis starting from hydroxyanthraquinone
The second option seems an attractive way of preparing a variety of doxorubicin and epirubicin
analogues for pre-clinical screening. In this option, hydroxyanthraquinone (8) in Figure 14 is
coupled with a 1-halo amino sugar such as (9). The procedure typically uses a soluble silver salt
such as silver triflate, or in some cases a mercury salt or mercury oxide, to promote the reactioni.
The use of silver or mercury salts to prepare compounds such as this is well established in
carbohydrate chemistryii. Hence, the reaction of hydroxyanthraquinone (8) with the protectediii 1halo amino sugar (9) in the presence of silver triflate gives the protected epirubicin (10).
Subsequent de-protection with aqueous sodium hydroxide gives epirubicin (1) itself. This
methodology allows epirubicin analogues to be made quickly; hence carrying out the equivalent
reaction sequence on the isomeric 1-halo amino sugar (11) in Figure 15 gives the epirubicin isomer
(12) and makes that analogue available for pre-clinical screening.iii However the methodology is
much less useful for large scale manufacture since:
1. Silver is relatively expensive and mercury is toxic;
i

F. Arcamone, A. Bargiotti, A. di Marco, S. Penco, German Patent, Deutsches Patentamt, 2618822 (29th April, 1976)
(US Patent 4,112,076)
ii

See for example a review on Glycoside synthesis, G. Wulff, G. Roehle, Ang. Chem. Int. Ed., 1974, 13, 157-170

iii

A protecting group or protective group is introduced into a molecule by chemical modification of a functional group
to obtain chemoselectivity in a subsequent chemical reaction. It plays an important role in multistep organic synthesis
(Wikipedia).
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2. This technology often produces a mixture of stereoisomers, alpha- and beta- isomers at the
bond being formed which means the yield is lower and hence the technology is less
attractive from a manufacturing perspective;
3. The hydroxyanthraquinone (8) may need to be prepared by degrading doxorubicin. Hence
the synthesis destroys the key bond it then sets out to make, and this is inefficient;
4. Protecting group chemistry is required which makes the synthesis more complex.

Figure 15: Preparation of epirubicin from the hydroxyanthraquinone 8
The Client have recently conducted a technical review of epirubicin API manufacturers which gave
a high level technical understanding of the type of technology being used. No supplier appears to be
using this type of technology.
The third option, starts from 13-dihydrodaunorubicine. In 2006, Zabudkin et ali filed a patent
describing the preparation of epirubicin from 13-dihydrodaunorubicin. The method (described in
Figure 16) has some similarities with the Arcamone synthesis but proceeds through some novel
intermediates. 13-dihydrodaunorubicine (13) is treated with trifluoroacetic anhydride in
dichloromethane to give the N-trifluoroacetylated amine (14). Compound (14) is then oxidised
using DMSO and oxalyl chloride to give the ketone (5), which is a common intermediate in the
Arcamone synthesis shown in Figure 15.

i

A. F. Zabundkin, V. Matvienko, A. M. Itkin, A. Matveev, European Patent 1,963,348 (19th December, 2006) (US
8,802,830)
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Figure 16: The synthesis of Epirubicin 1 from 13-dihydrodaunorubicin
The oxidation of (14) to give compound (5) uses the well-known Swern oxidation which over the
last four decades has been the most common oxidation method in the organic chemistry literature.
The Swern oxidation oxidises both the hydroxyl group in the 13-position of the anthraquinone and
the hydroxyl group in the 4-position of the amino sugar. The remainder of the synthesis follows the
Arcamonei route, although for some steps, different reagents are used. Reduction of (5) with sodium
triacetoxyborohydridii gives the epi-alcohol (6). Removal of the trifluoroacetyl protecting group
with aqueous sodium hydroxide yields (7). Bromination of (7) with hydrogen dibromobromate bis
(dimethylformamide) in N,N-dimethylformamide (DMF) as solvent gives the brominated
intermediate (15) which is then reacted with aqueous sodium formate to give epirubicin (1).

i

A. Suarato, F. Arcamone, European Patent 0030295 (18th November, 1980) (US Patent 4,345,068).

ii

The experimental section of the patent reports this reagent as sodium triacetyl borohydride, which is not commercially
available. It is likely that this is an error in the patent and the actual reagent is sodium triacetoxyborohydride a widely
used reducing agent in this type of chemistry. The detailed description of the invention in the patent gives the reagent as
sodium triacetoxyborohydride.
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This patent is certainly very interesting but there are a number of questions and disadvantages.
•

•
•

It is not clear from the patent how the 13-dihydrodaunorubicin is prepared. If it is by
reduction of daunorubicin then the route is equivalent to Option 1 but with an additional,
but unnecessary step. To be of value, the route must involve the preparation of the 13dihydrodaunorubicin by direct fermentation;
This technology was patented in 2006. It will be some years before the patent expires and
the technology is free for Olon and other suppliers to use;
The synthesis still uses a substance of very high concern (SVHC) included in the candidate
list for authorisation under REACH, namely N,N-Dimethylformamide (DMF)i. DMF has a
harmonized classification as a reprotoxic substance Cat 1B and has therefore been included
also in the 5th XIV recommendation of the ECHA, 6 February 2014ii, for the inclusion of
substances in Annex XIV to REACH.

The fourth option relies on direct fermentation. In many ways the best method of making epirubicin
would be to make it directly by a fermentation reaction so no synthetic modification would then be
required. The DSM group have made a preliminary report that this might be possible,iii giving
conditions where levels of epirubicin and epidaunorubicin are produced in higher quantities than
with the parent strains. Before this patent was published, The Client (as Pharmacia) had also
explored making epirubicin directly from fermentation broth. Lab experiments yielded a proof of
concept but an industrial process was not developed because the cell strain did not have sufficient
productivity. Although this approach is very attractive, there are a number of problems:
The reported technology is some way away from being a commercial process;
The patent was filed in 2006 and hence it will be some years before the patent expires, and
this could complicate developing the technology;
• The methodology uses sodium tetraborate, a material which is a substance of very high
concern (SVHC) included in the candidate list for authorisation under REACH iv. Sodium
tetraborate has a harmonized classification as a reprotoxic substance Cat 1B and has
therefore been included also in the 6th XIV recommendation of the ECHA, 1 July 2015v, for
the inclusion of substances in Annex XIV to REACH.

•
•

Conclusion: Three of the four alternative synthesis routes is technical feasible. Each of the methods
has significant technical deficiencies which makes them impossible to implement
without further technical development or without significant drawbacks. In particular,
in some cases, they involve the use of SVHCs, which makes them fundamentally
unattractive as substitutes for 1,2-DCE.
i

http://www.echa.europa.eu/web/guest/brief-profile/-/briefprofile/100.000.617

ii

http://www.echa.europa.eu/documents/10162/13640/5th_a_xiv_recommendation_06feb2014_en.pdf

iii

B. V. Assets, M. A. Van Den Berg, E. R. A. Matulewicz, World Patent (WO 2006/111561).

iv

http://www.echa.europa.eu/web/guest/candidate-list-table/-/dislist/details/0b0236e1807d9481

v

http://www.echa.europa.eu/documents/10162/13640/6th_a_xiv_recommendation_01july2015_en.pdf
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Reprotox 1B, Eye Irrit 2 and is already included in the 6th XIV recommendation of the ECHA, 1
July 2015i, for the inclusion of substances in Annex XIV to REACH.
The option to manufacture epirubicin starting from 13-dihydrodaunorubicine does not constitute a
reduction in risk as the use of N,N-dimethylformamide is required for this synthesis. N,Ndimethylformamide is harmonized classified as Reprotox 1b, Acute Tox 4, Eye Irrit 2, Acute Tox 4
and is already included in the 5th XIV recommendation of the ECHA, 6 February 2014ii, for the
inclusion of substances in Annex XIV to REACH.
The option to manufacture epirubicin starting from hydroxyanthraquinone does not constitute a
reduction in risk as the use of mercury is required for this synthesis. Mercury is harmonized
classified as Aquatic Chronic 1, Stot RE 1, Reprotox 1b, Aquatic Acute 1 and Acute Tox.
The original patent makes use of large quantities of chloroform for the manufacturing of the Epi3
intermediate. Chloroform is harmonized classifiediii as Carc 2, Skin Irrit 2, Acute Tox 4
(swallowed), Eye Irrit 2, Reprotox 2, STOT Re 1, Acute Tox 3 (inhaled). Chloroform has a much
lower boiling point (61-62°C) compared to 1,2-DCE (83,6°C). Based on the higher volume required
and the lower boiling point of chloroform, an increased exposure compared with the exposure of
1,2-DCE can be expected.
Conclusion: None of the alternative synthesis routes provides an overall reduction of risk.
Availability
Some of the options considered here are subject to patent protection (direct fermentation, starting
from 13-dihydrodaunorubicine) and hence will not available to the applicant for some years. Olon
does not have the technology to implement three of the four options on an industrial scale, and
additional development would be required to use all four technologies. This would take so much
time that they could not be available by the sunset date.
Conclusion: None of the alternative synthesis routes for the manufacturing of epirubicin is available
to Olon or will be available to Olon by the sunset date.
Overall conclusion
Three of the four alternative synthesis routes are technically infeasible, and the fourth would
represent a ‘backward step’ technically over the current Olon process. Each of the methods has
significant technical drawbacks which makes them impossible to implement without further
technical development. They involve the use of SVHCs or other hazardous substances which
indicates that they would not provide an overall reduction in risk. They are also either protected by
patents or would take so long to develop that they could not be available by the sunset date. Finally,
(6)
the costs of implementation would be significant, (over
) less than €200m (NPV). Hence
this alternative cannot be judged suitable.
i

http://www.echa.europa.eu/documents/10162/13640/6th_a_xiv_recommendation_01july2015_en.pdf

ii

http://www.echa.europa.eu/documents/10162/13640/5th_a_xiv_recommendation_06feb2014_en.pdf

iii

http://www.echa.europa.eu/web/guest/brief-profile/-/briefprofile/100.000.603
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3.5.3.

Alternative 3: Use of an alternative API

This alternative would involve Olon manufacturing an alternative API for the same therapeutic
range as epirubicin (see Section 2.3.2).
Research on alternative APIs
The medicinal product itself, epirubicin, is the result of an optimisation of existing similar APIs
such as doxorubicin, still the main therapeutic alternative product for epirubicin. Doxorubicin is
chemically very similar to epirubicin and has the same mode of action. Both medicines provide
treatment for a variety of cancers.
Olon do not have the capability or experience in the development of medicinal products for specific
diseases. As a consequence, the research done by Olon is limited to optimizing the manufacturing
process of the API.
Technical feasibility
This alternative where Olon would manufacture an alternative API can be considered technically
feasible if Olon can manufacture an API which can be used in a medicinal product which has the
same therapeutic application as the current one, epirubicin. Anthracyclines, such as epirubicin are
considered to be among the most active agents for the treatment of various malignancies as first or
second line-treatment. This means that for the purpose of this AfA, only this group of API’s is
evaluated as an alternative.
The alternative API needs to be at least as effective as the current one to treat the same kind of
cancers without additional side effects. Depending which anthracycline and dosing schedule the
patient tolerates better and the treatment protocol and the established institutional preferences
physicians need to have the option to choose for optimal outcome. This means the larger number of
possible treatment strategies are available, the higher the chance to find one matching the patient
specific needs.
The manufacture of the known anthracycline types of API is potentially within the range of
knowledge and experience of Olon. Olon in fact already manufactures the anthracycline API,
doxorubicin at their manufacturing site Settimo Torinese (Italy) (although Olon would not currently
have sufficient spare capacity for doxorubicin to compensate for the loss of epirubicin
manufacturing). Any other API would require extensive process development time before Olon
would be capable of manufacturing it.
Epirubicin is a component of many adjuvant or palliative care in various hematological and solid
tumors malignancies (transitional cell bladder cancer, early breast cancer, metastatic/advanced
breast cancer, gastro-oesophageal cancer, head and neck cancer, primary hepatocellular cancer,
acute leukemia, non-small cell lung cancer, small cell lung cancer, non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, multiple myeloma, ovarian cancer, pancreatic cancer, hormone-refractory
prostatic cancer, rectal cancer, soft-tissue and bone sarcomas.)
For the approved indications dose intense and conventional-dose epirubicin regimens are suggested
by various guidelines treatment (i.e. Head and neck cancer – NCCN Guidelines, Non-Hodgkin’s
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lymphoma – NCCN Guidelines, Stage IV and Recurrent Gastric Cancer – NICE Guidelines, Breast
Cancer ESMO Clinical Practice Guidelines etc ). The availability of those drugs around the world
are the cornerstone of cancer patient care which often based on their stage and underlying
malignancies are important as they might have limited amount of treatment options. Epirubicin is
considered among the essential drugs for many of those oncology regimens.
This means that no other existing API can provide a technical feasible alternative for epirubicin in
the sense that all existing API’s are considered in treatment of patients. The choice between the
drugs is based on established protocols and patient specific requirements. In this way, a reduced
choice of anthracycline will never be able to cover as successfully the same therapeutic range for
the same range of patients.
On the other hand, developing new APIs for cancer treatment is a continuous process, but outside of
the scope of Olon which has neither the knowledge nor the financial means for such a development.
Conclusion: the manufacture of an alternative API, as a replacement for epirubicin, is not a
technically feasible alternative for Olon.

Economic feasibility:
For the purposes of this economic feasibility assessment, it is assumed that Olon would replace
current epirubicin API manufacturing with increased manufacturing of doxorubicin API, since it
already produces this API and hence this option would be quicker and cheaper to implement.
However, capacity is currently limited, and hence replacing epirubicin with doxorubicin would
involve some capital investment. The existing epirubicin line has some similarities to the
doxorubicin line (given the similarities between the two medicinal products), which should permit
an expansion of doxorubicin capacity at reduced cost. There would be a need for Olon to qualify the
API from the converted line but it is hoped that full requalification and re-approval would not be
necessary.
However, the main driver of the economic feasibility of a switch to doxorubicin is the response on
the part of clinicians to no longer having The Client’s epirubicin available on the market. In the vast
majority of countries in which The Client currently markets epirubicin, there are competing
suppliers of the same generic product. In these cases, it might be expected that demand would
switch almost entirely to these competing versions of epirubicin, and there would be no increase in
the demand for The Client’s doxorubicin. In the short run, there might be an effect on epirubicin
availability, since suppliers might not be able to increase output immediately in response to the
removal of The Client’s product, and hence there might be an increase in demand for doxorubicin.
However, this would only be temporary (while the supply of epirubicin was increased), and could
just as easily result in an increase in demand for other versions of doxorubicin rather than The
Client’s (and hence Olon’s).
As a result of these uncertainties, is it not considered possible (or proportionate) to estimate what
the increase in profit might be from changes in Olon’s sales of doxorubicin. In any case, at best, any
switch to doxorubicin would lead to only a temporary increase in profit. The medium-to-long term
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implication is that a wholesale switch to an alternative API would not be sustainable for Olon and
The Client in the presence of alternative supplies of epirubicin from other companies. As a result,
the longer term impacts would be:
•

•

•

The loss in profit (i.e. lost sales revenue less the avoided costs of producing the API). Profits
(2)
under the applied use scenario are estimated to be (
) less than €200m over a 20 year
(2)
period (2017-2036) ((
) less than €200m in present value terms, using a using a
10% discount rate);
The costs of making 60 workers redundant at the Rodano plant, costing (
(2)
) less than €10m (less than €10m PV); based on a redundancy package of a year’s
salary and an average salary for these 60 workers of
)(2);
Costs associated with shutting down the epirubicin line. The net impact is estimated at
(2)
(
) less than €10m (PV in 2018) which relates to the cost of cleaning and
decontamination of certain specialist equipment which can be-reused to make other API
products.

The costs to Olon of switching from the epirubicin API to doxorubicin would therefore be expected
to be (around
(PV)(2)) less than €220m (PV). This figure does not include the capital costs
associated with expanding the doxorubicin line. Costs in practice could be slightly higher or lower
than this, depending on the extent to which temporary doxorubicin profits offset any additional
costs of expanding doxorubicin capacity.
Conclusion: This alternative is not economically feasible.
Overall reduction in risk
The use of 1,2-DCE is specific for the manufacture of Epi3. Olon manufactures doxorubicin API
and no SVHCs are used in that process. Olon has no firm knowledge of whether 1,2-DCE or any
other SVHC is used for the manufacture of any of the other epirubicin APIs.
Availability
Olon manufactures some of the alternative APIs (doxorubicin). However this capacity is limited
and not sufficient to cover the market currently using epirubicin. There are similarities between the
manufacturing processes for doxorubicin and epirubicin, and it is hoped that this would make it
easier to switch the use of the existing epirubicin line. However, this could not be undertaken before
the sunset date, and hence this option cannot be considered available. All other alternative APIs
would require significant development and investment taking many years, and hence these too are
not available.
Overall conclusion
The option to produce an alternative API would be likely to focus on doxorubicin, since Olon
already produces this substance. The options can therefore be considered technically feasible. The
manufacturing of doxorubicin does not involve the use of SVHCs so is likely to result in an overall
reduction in risk. Olon does not currently have capacity to increase doxorubicin manufacturing and
expansion would not be possible before the sunset date, so the alternative cannot be considered
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available to Olon. Finally, although doxorubicin is a close analogue to epirubicin, there is imperfect
overlap in terms of their therapeutic range, and epirubicin is chosen as a drug on its own or in
combination therapy. Therefore, if The Client’s epirubicin medicinal product is no longer available,
clinicians are in most cases likely to switch to an alternative version of epirubicin produced by
another supplier. This will result in an almost complete loss of the epirubicin profit stream for both
Olon and The Client. Accordingly, this alternative cannot be considered economically feasible, and
the alternative API option is not suitable.
3.5.4.

Alternative 4: Relocation of API manufacturing outside of the EEA

This option would involve closing the epirubicin manufacturing facility at Olon’s Rodano site and
relocating it to a new site outside of the EEA where the use of 1,2-DCE is not subject to
authorisation. In this way, Olon could comply with a requirement to stop the use of 1,2-DCE in the
EEA by the sunset date, and continue to supply The Client with the epirubicin API.
Technical feasibility
Epirubicin and some of the intermediate substances to synthesise epirubicin are cytotoxic. Handling
of such substances requires equipment with a high level of containment. The infrastructure required
for the manufacturing of APIs is more complex compared with the manufacturing of fine chemicals.
Contamination has to be prevented and exposure of workers and emissions to the environment have
to be minimised for many of the substances involved in the manufacturing of an API. The
management of a manufacturing location manufacturing APIs requires a certain experience to
implement the various requirements regarding good manufacturing practices (GMP). As a result,
the relocation of an API manufacturing site is complex and requires the right expertise.
Olon has no manufacturing locations outside of the EEA and has no experience of relocating
manufacturing units. This means that any relocation of the epirubicin manufacturing unit will also
require the selection of a new and suitable site, and the construction of all the required
infrastructure. Because the infrastructure in the Rodano plant is shared with many other production
units, relocation could not include the relocation of storage, abatement or other shared systems. All
of these systems would have to be designed, engineered, purchased and built.
More importantly, relocation would be considered by The Client as a major change, requiring
requalification of the product of the API as well as reapplying for market approval of the resulting
medicinal product. The steps and time possibly involved in this process are outlined in Table 10.
Until this requalification of the API is successful, it remains uncertain if the API product made on
the new location is technically feasible for the production of the medical product. In this sense,
although setting up a new facility might be technically feasible in itself, there is no guarantee that
the product produced at the new facility will be a suitable replacement for the current API, and
hence technical feasibility in this sense is not assured. In addition, a relocation option is still subject
to the time constraints already described regarding requalification and re-approval.
Conclusion: The relocation of the manufacturing of epirubicin is, as a construction project,
technically feasible. Whether the relocation of the manufacturing itself is technically
feasible depends on a successful requalification of the API.
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Economic feasibility
The Client have estimated (see Table 16) that relocating an API manufacturing facility outside of
(4)
the EEA would cost (approximately
) less than €200m ((
PV(4)) less than
€200m PV using a 10% discount rate). For both AfAs, the lower bound estimate is used (i.e. a
conservative estimate). In addition, there would also be a cost associated with shutting down the
(2)
line in Rodano. The net cost is estimated at (
) less than €10m (PV in 2018) which relates
to the cost of cleaning and decontamination of certain specialist equipment that can be-reused to
make other API products (rather than disposing of or scrapping it).
The Client estimate the whole process would take a minimum of five years, with approximately two
years required to find and procure an actual site, developing designs, and get planning approvals.
(6)
The construction would take approximately
The main activities that would
need to be carried out include:
•
•
•
•
•
•

Due diligence on a possible new site locations outside of the EEA
Decommissioning the Rodano manufacturing line
Purchase of land outside of the EEA
Designs for planning approval
Recruitment of personnel and contractor to carry out works
Construction – preparation of land, utilities, manufacturing facility, manufacturing line
equipment, storage facilitates and waste management.

Table 16: Costs of relocating manufacturing outside of the EEA
Activity

Estimated Cost (€m)
(4),(6)

Process Equipment (installed)
Land and Facility Construction
Utilities
Indirect costs- Design/CM/PM/C&Q (30%)
Contingency (30%)

(4),(6)
(4),(6)
(4),(6)
(4),(6)
(4),(6)

TOTAL
Source: The Client and Olon

This alternative would also require requalification of the API as well as reapplying for market
approval of the resulting medicinal product. As set out in Table 11 this is expected to take about 7
years at a cost of less than €20m (step 3, 4, 5 and 6 in Table 11).
This implies a total time to implement a relocation of around
(6)

During this time, The Client’s product would be effectively absent from all 100 countries it
currently supplies to. Although there might be some scope for building up stocks of the API before
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Conclusion: This alternative is not economically feasible.

Overall reduction in risk
The relocation of the epirubicin manufacturing facility outside of the EEA would result in a
reduction of risk within the EEA. However on a larger scale, the risks would remain unchanged,
and would just be exported to whichever country Olon decided to locate its new plant.
Conclusion: The relocation of the manufacturing would result in a local reduction of risk in the
EEA, but no reduction on a global scale.
Availability
Olon has no site or manufacturing location outside of the EEA. An alternative location is currently
not available and will not be available by sunset date.
Conclusion: the alternative to relocate the manufacturing site is not available
Overall conclusion
This alternative is technically feasible as a project, but is subject to requalification of the API
produced at the new site and to re-application for medicinal product approval in all 100 countries
where epirubicin is currently supplied. It would result in a reduction in overall risk in the EEA (but
not globally). It could not be completed by the sunset date and hence is not available. The cost of
(2)
the project has been estimated at (
) less than €250m (PV terms) and is therefore not
economically feasible. As a result, the alternative cannot be regarded as suitable.
3.5.5.
Alternative 5: Closure of epirubicin manufacturing and the epirubicin
business
This option would involve closing Olon’s epirubicin manufacturing facility.
Technical feasibility
There is no formal or other barrier which would prevent Olon from stopping manufacturing of the
epirubicin by the sunset date, and hence the alternative can be considered technically feasible.
Economic feasibility
Shutting down epirubicin API manufacturing would mean after the sunset date (Nov 2017), Olon
would no longer make any epirubicin API, resulting in a loss in profit (i.e. lost sales revenue less
the avoided costs of producing the API). Profits under the applied-for-use scenario are estimated to
(4)
(2)
be less than €200m over a
which equates to (
) less than
€200m in present value (PV, using a 10% discount rate). Under this scenario, Olon would still
(2)
make the API prior to the sunset date resulting in profits of (
) less than €10m in 2017. The
(2)
overall net loss in profit to Olon is estimated at (
) less than €200m (PV).
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5. NON-USE SCENARIO
The non-use scenario sets out the likely responses by affected parties if Olon S.p.A would need to
cease use of 1,2-DCE by the sunset date of 22/11/2017. This draws on the results of the AoA
(Section 3) to determine the most likely response(s) along the supply chain.
5.1. Response by Olon S.p.A
As set out in Section 3, the most likely option for Olon if it must stop use of 1,2-DCE by the sunset
date is to shut down its epirubicin API manufacturing facility.
It would not be possible for Olon to stockpile any excess manufacturing of the epirubicin API for
use after the sunset date, because the API only has a 12-month shelf life and there would be only
very limited excess capacityi available to produce more API. Therefore, at the sunset date, Olon
would stop producing and supplying the epirubicin API.
5.2. Response by The Client
Epirubicin is an important medicinal product for The Client which they would want to continue to
manufacture and supply (for both reputational and financial reasons). If Olon was to stop
manufacturing by the sunset date, it is assumed that The Client would attempt to find another API
supplier outside of the EEA. The new epirubicin product made with a different API and by a
different API supplier would need to be tested and requalified, and this would mean that The Client
(6)
would not be able to sell any epirubicin product in their existing 100 markets for
(step
(6)
3, 4, 5 and 6 in Table 9.
).
In the meantime, The Client’s market share would be lost to its competitors. This would lead to a
single supplier of epirubicin in some countries and possibly temporary shortages of epirubicin.
It is optimistically assumed that it would take The Client a further five years following
requalification with the new API supplier to regain its market presence in these 100 markets (as
assumed under the applied for use scenario), but in reality, there could be some permanent loss of
market share in some countries.

i

If output of the epirubicin API was to be increased to permit some stockpiling, this would probably happen in the
event of a negative draft opinion from the ECHA Committees, indicating that authorisation was not likely to be granted.
The likely timing for this would be May 2017, one year after the latest application date for 1,2-DCE. This means that
Olon would have around six months to increase capacity and build stocks. Current forecasts for output in 2017 are
75kg, and the highest annual output in recent years was in 2014 (140kg). Assuming this latter figure represents
maximum capacity, this means that during these six months, output might be increased from a forecast 37.5kg (half of
75kg) to 70kg (half of 140kg), giving an increase in output of 32.5kg. The current forecast for manufacturing in 2018 is
100kg. Hence, this stockpile would represent about four months' worth of forecast 2018 supply. This is not considered
sufficient to alter the costings significantly, and would not affect the relative costs of different options (since the
stockpiling could take place under all possible non-use alternatives)
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5.3. Response by other API suppliers, MP producers and medical clinicians
The closure of Olon’s epirubicin API business would create a (temporary) gap in the market for
both the API and The Client’s epirubicin MP. Other API suppliers and MP producers would seek to
win market share in the longer term, but in in the short to medium term there would likely be a
global shortage of epirubicin. During this time, some clinicians might switch where possible to
doxorubicin or change their treatment regimes. To the extent that this would represent a divergence
from preferred clinical practice, there could be implications for patients.
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6. ANALYSIS OF IMPACTS
6.1. Introduction
The aim of this Section is to determine if the benefits of the continued use of 1,2-DCE as a solvent
in the manufacturing of the epirubicin API outweighs the risks to human health and the
environment. This is done by comparing the impacts from the applied-for use scenario with the
non-use scenario. The changes in impacts (often referred to as the ‘net’ impacts) form the basis of
the cost-benefit analysis (CBA) and stem from changes in consumer prices, producer profits, and
risks to the environment and human health (e.g. due to work place exposure)i. An overall positive
net impact would mean that continued use – and hence authorisation – is justified from the overall
perspective of society. A negative net impact would indicate that society is better off if the use
stopped (and hence that authorisation should not be granted).
Impacts were screened to determine those to be assessed within this section. The assessment
focuses on the EEA (i.e. EU28), as recommended in the ECHA SEA guidance. The assessment
considers continued use of 1,2-DCE to produce the API for 20 years (which includes the review
period required by Olon) and then considers all relevant impacts (whenever they occurs) associated
with a refused authorisation (e.g. any changes in workplace exposure and operating costs).
Anthracyclines are considered to be among the most active agents for the treatment of various
malignancies as first or second line-treatment. Depending which anthracycline and dosing schedule
the patient tolerates better and the treatment protocol and the established institutional preferences
physicians need to have the option to choose for optimal outcome.
Epirubicin is a component of many adjuvant or palliative care in various hematological and solid
tumors malignancies ( transitional cell bladder cancer, early breast cancer, metastatic/advanced
breast cancer, gastro-oesophageal cancer, head and neck cancer, primary hepatocellular cancer,
acute leukemia, non-small cell lung cancer, small cell lung cancer, non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, multiple myeloma, ovarian cancer, pancreatic cancer, hormone-refractory
prostatic cancer, rectal cancer, soft-tissue and bone sarcomas.)
i

It is important to note some key caveats about the scope of the analysis that can be practically undertaken to support
the SEA. Formally – in terms of the underlying principles of economic analysis – the CBA should be based on changes
in consumer and producer ‘surpluses’. Consumer surplus is the difference between what a consumer is willing to pay to
purchase a product and the price they actually a pay. Producer surplus is the difference between they price received for
a product and the minimum that producers would be willing to sell it for (typically represented by the marginal cost of
manufacturing). In combination, the combined net change in consumer and producer surpluses (the ‘economic surplus’)
represents the genuine change from the overall social welfare perspective that the SEA is concerned with; hence if
product prices or manufacturing costs change as a result of a refused authorisation, there are consequential changes in
economic surpluses along the supply chain. However, data to calculate these changes in economic surplus are often not
readily observable (e.g. information on average and marginal costs of manufacturing are confidential to upstream
suppliers and downstream users). Hence the analysis that supports a SEA is typically based on financial flows (e.g.
sales revenue, profits, operating costs) from which changes in social welfare may be inferred. In many instances, this is
an appropriate approach as it is sufficient to demonstrate the balance of impacts in terms of order of magnitude (i.e.
whether the risks to human health and the environment from continued use outweigh the benefits of authorisation, or
vice versa).
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For the approved indications dose intense and conventional-dose epirubicin regimens are suggested
by various guidelines treatment (i.e. Head and neck cancer – NCCN Guidelines, Non-Hodgkin’s
lymphoma – NCCN Guidelines, Stage IV and Recurrent Gastric Cancer – NICE Guidelines, Breast
Cancer ESMO Clinical Practice Guidelines etc. ). The availability of those drugs around the world
are the cornerstone of cancer patient care which often based on their stage and underlying
malignancies are important as they might have limited amount of treatment options. Epirubicin is
considered among the essential drugs for many of those oncology regimens.
6.2. Human health or environmental impact
For the impact analysis of human health and environment we refer to the DEFINITIONS for
clarification of the terminology “excess lifetime risk” and “total actual additional cancer risk”. The
terminology used is consistent with the risk assessment in the CSR.
6.2.1.

Environmental Impact

1,2-DCE is not classified, nor specified for any environmental endpoint in Annex XIV of the
REACH Regulation. Therefore there is no environmental impact considered for the continued use
of 1,2-DCE. Nevertheless, an environmental assessment was generated in the CSR to allow the
evaluation of human health hazards/risks which may relate to the potential 1,2-DCE exposure of the
general population via the environment. This is described in section 6.2.3.
6.2.2.

Human health - Workers

To quantify the health impacts, the following steps are necessary:
1. Assessment of worker exposure
2. Estimation of total actual additional cancer risk relative to the baseline lifetime risk
3. Monetary valuation of cancer risks
The CSR undertakes a calculation of the total actual additional cancer risk from worker exposure,
based on the dose-response relationship report provided by ECHA.i Following the exposure
scenario stated in the CSR and in accordance with ECHA (2015), the relevant health risk endpoint
is taken to be all-cancer risk.
For the cancer calculation, Excess Lifetime Risk (ELR) is defined as the additional or extra risk of
contracting cancer due to exposure to a toxic substance incurred over the lifetime of an individual.
Note that developing cancer may occur during working life or after retirement. Two routes of
exposure are considered relevant for workers – inhalation and dermal. The oral route proposed by
ECHA (2015) is considered irrelevant as, based on general occupational hygiene principles,
operators are not allowed to eat or drink on the factory floor. Therefore, the relevant linear
exposure-risk relationships for all-cancer as estimated by ECHA (2015) are given by:

i
ECHA (2015) Establishing a reference dose response relationship for carcinogenicity of 1,2-Dichloroethane, Helsinki: ECHA:
http://www.echa.europa.eu/documents/10162/13641/rac 33 dose response+ 1 2dichloroethane en.pdf
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includes all point sources in that area. Releases at the continental scale are not used as endpoints for
exposure. The end results of the exposure estimation are concentrations - Predicted Environmental
Concentrations (PECs) - in the environmental compartments for both local and regional scales
which have been calculated in the ES.
The PEClocal is used for the estimation of excess risk to the local population (on-site workers;
workers in nearby sites and local residents). Following ECHA (2015), risks to the local population
(inhabitants) are defined in terms of all cancer from inhalation and oral exposure (via food and
drink). The dermal route is assumed not to be relevant for man-via-environment exposure. With
regard to on-site workers or workers employed within a 1km radius of the Rodano plant, only risks
of cancer from inhalation exposure were considered as it is assumed that food and drinking water
for these workers are not locally sourced (and hence the oral route is not relevant).
Workers – Olon workers and workers on nearby sites
With regard to the excess lifetime risk defined for workers, reference is made to Section 6.2.2
where it is described that the unit for occupational excess lifetime cancer risk from inhalation is 6 x
10-7 per μg/m3. As indicated above, oral intake and dermal exposure are not considered relevant for
the population of workers (exposed via the environment) under consideration in this SEA.
General population – Inhabitants
With regard to the inhalation route of exposure, the linear exposure-risk relationship for all-cancer
as estimated by ECHA (2015) is given by:
Unit excess lifetime risk = 3.45 × 10-6 per μg/m3
With regard to the oral route of exposure, the linear exposure-risk relationship for all-cancer as
estimated by ECHA (2015) is given by:
Unit excess lifetime risk = 1.2 × 10-5 per μg)/kg bw/day.
Both for inhalation and oral exposure risk, this risk estimate is measured up to the age of 89, and is
based on a 24-hour day for 365 days per year over an exposure period of 75 years. Accordingly, it is
necessary to adjust the exposure duration for the period of this analysis, following the same
approach as for worker exposure, by calculating total actual additional cancer risk per year,
attaching a valuation to the relevant risk endpoint, and then estimating present values for the chosen
analytical timeframe.
Table 25 summarises the information from the CSR regarding inhalation and oral exposure to 1,2DCE of inhabitants and workers in the vicinity of the Olon Rodano plant, and estimates of the total
actual additional cancer risk which results. It can be seen that, in total, there are 300 local inhabitants
within a 1km radius of the plant, and 400 workers are potentially exposed, with an estimated total
annual total actual additional cancer risk of 7.25 × 10-6.
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6.3.3.

Cost to The Client to qualify an epirubicin API from a different supplier

Under the non-use scenario, after the sunset date, The Client will no longer be able to get more API
from Olon to make their epirubicin medicinal product. With Olon shutting down epirubicin API
manufacturing, The Client would be forced to find an alternative API supplier, as The Client has
indicated that the epirubicin medicinal product is an important product (reputation wise and
financially) that they would seek to retain as part of their portfolio of medicinal products.
In order for The Client to continue to make the epirubicin medicinal product in the future it will
first have to test the quality of the epirubicin API from different suppliers and, once a suitable (e.g.
in terms of quality, environmental health and safety, and continuity of API supply) supplier has
been found, to carry out qualification of the API and then market approval in all 100 countries. As
(4)
shown earlier in Table 11, this would cost The Client (
) less than €20m ((
in PV)(6)
less than €20m in PV, using a 4% discount rate) and would take approximately seven years before
The Client would be able to continue to sell in the epirubicin medicinal product in all 100 markets
again. This is a genuine social cost associated with non-use since the effort and resources to requalify and re-approve would not be necessary if Olon’s use of 1,2-DCE to produce the epirubicin
API could continue past the sunset date.
6.3.4.

Lost profit to The Client

The Client have indicated to Olon that they are willing to provide information about lost profits to
The Client confidentially to ECHA during or following the public consultation for this AfA. A nonconfidential summary of the information is provided below:
•
•
•
•
•

•
•

•
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The Client gets all of their supply of the epirubicin API from Olon;
The Client is approved (has market approval) to sell their epirubicin medicinal product in
100 countries;
The Client does not have market approval to use any other epirubicin API other than the one
supplied by Olon from their Rodano site;
After the sunset date The Client would be forced to cease supplying epirubicin after 2018
(as the API made in 2017 would only have a shelf life of one year)
As shown in Table 11 it would take The Client around seven years before it could resell
(approved) epirubicin from a different supplier. Therefore, over this period, The Client
would lose out on profits from lost sales of the epirubicin medicinal product.
The epirubicin medicinal product is made in four other locations, one of which is in Italy
and the other three sites are outside of the EEA.
The confidential information on lost profits refers only to the epirubicin medicinal
production made in Italy (i.e. profit within the EEA is derived from the manufacturing of the
epirubicin rather than just on the volume of epirubicin sold in the EEA).
The loss in profits to The Client under the non-use scenario is significant and would have
implications for The Client both financially as well as in terms of its reputation, given the
importance of cancer treatment products to society.

Use number: 1

Olon S.p.A

ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS
6.4. Social impacts
This section summarises the expected social impacts of the non-use scenario. Primary impact of this
type considered is the temporary unemployment associated with an estimated 60 redundancies
resulting from the closure of Olon’s epirubicin API manufacturing facility at Rodano, and the
expected reduction in operations at the manufacturing facility in Italy and at the distribution centre
in Belgium which handle The Client’s epirubicin MP (estimated to number approximately 15 and
three respectively). (There could be further redundancies at The Client’s epirubicin MP
manufacturing sites in non-EEA countries but these are considered outside of the scope of this
SEA). Along with the loss of output implied by workers’ temporary unemployment, there are also
costs associated with the long-term effects of unemployment on workers’ labour market
performance (‘scarring’). Offsetting these two costs is the fact that individuals place a positive
value on their time when they are not working (the value of leisure time, as indicated by the
‘reservation wage’).
It is assumed that all those made redundant as a result of the closure would experience a period of
temporary unemployment. The assumption that this unemployment would be temporary is justified
on the grounds that the workers involved have generally valuable skills and hence operate in a
labour market with frictional unemployment. Thus, all will be re-employed at a given rate, and the
cost of the unemployment is approximated by the loss in economic output/value added for the
duration of this unemployment. Eurostat publishes data on the numbers of individuals unemployed
in each country of the EU, by the time they have been unemployed.i From these data it can be
calculated that the average duration of unemployment in Italy is approximately 21.5 months, and in
Belgium is approximately 18.5 months. The value of output lost during this period is taken to be
equal to the gross employee wage including employer labour tax contributions. For the workers at
(2)
Olon, the gross mean wage of those subject to redundancy is given as
per month, with a
ii
non-wage cost rate of 28.2 per cent for Italy, to give a total mean value of output of just under
(2)
. Olon does not have information on the salaries of workers employed by The Client or its
subcontractors, so estimates have been used: for Italy, Rogers and Philippe (2014)iii calculate a
mean annual gross wage of €29,704, giving a total mean value of output (using the same non-wage
cost rate as before) of just under €38,100 per year; for Belgium, a wage estimate was obtained from
the Salariskompas survey,iv the principal source of sectorial salary data in Belgium, giving a mean
annual gross wage of €49,836, and a total mean value of output of €63,690 (based on non-wage
costs for Belgium of 27.8 per cent).
Following a recent review for ECHA (2016)v, the value of leisure time/reservation wages is
assumed to be 80 per cent of the expected wage in employment, net of employee contributions
i

http://appsso.eurostat.ec.europa.eu/nui/show.do?wai=true&dataset=lfsq ugad

ii
iii

http://ec.europa.eu/eurostat/statistics-explained/index.php/Wages and labour costs
http://europeanreform.org/files/New Direction - 2014 Tax Burden of Typical Workers in the EU.pdf

iv

http://www.vacature.com/salariskompas. The value obtained is for a professional employee with a bachelor’s degree and 10 years’ experience, in a
pharmaceutical company of 500+ employees in the Brussels area.

v

Dubourg (2016) Valuing the social costs of job losses in applications for authorisation, Draft report to ECHA, February 2016.
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7. INFORMATION FOR THE LENGTH OF THE REVIEW PERIOD
Olon considers a review period of 20 years to be appropriate for their use of 1,2-DCE in the
manufacture of the epirubicin API which is the basis of The Client’s anti-cancer drug of the same
name. This is based on the following considerations:
•

•

•

•

•
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Epirubicin is indicated for the treatment of a wide range of cancers, including transitional
cell bladder cancer, early breast cancer, metastatic/advanced breast cancer, gastroesophageal cancer, head and neck cancer, primary hepatocellular cancer, acute leukaemia,
non-small cell lung cancer, small-cell lung cancer, non-Hodgkin’s lymphoma, Hodgkin’s
lymphoma, multiple myeloma, ovarian cancer, pancreatic cancer, hormone-refractory
prostatic cancer, rectal cancer and soft-tissue and bone sarcomas;
Epirubicin is an important cytotoxic agent in the chemotherapy armamentarium and an
important factor in optimizing adjuvant and neoadjuvant treatment for the treatment of a
variety of tumours. It is an integral component of most regimens and central to the accepted
treatment standards. It interacts directly with DNA, inhibiting tumour cell proliferation and
gene expression, and also lead to production of free radicals that may destroy tumour cells.
Epirubicin has received widespread regulatory approval and is used to treat cancer patients
in many countries around the world. The Client provides epirubicin to patients in 100
countries around the world, including most EU markets;
Any switch to a substitute for 1,2-DCE would take several years’ development time, and
would require requalification of the API and reapproval of the associated drug for sale in
each of the markets in which it is currently licensed. This process would take over 10 years
(even assuming the R&D process was successful). Just as importantly, developing and
(6)
switching to an alternative solvent or technology is estimated to cost (around
) less
than €25m. On top of this, there would be a loss in profits during any period in which 1,2DCE could not be used but before the qualification of the new products. To be economically
feasible, the substitute would need to result in a level of cost savings (to offset this
development cost) which is unrealistic. In reality, given the significant costs associated with
developing a substitute and then gaining approval for it and the associated medicinal
product, and the intervening loss of profits, it will never be economically feasible for Olon
to substitute away from the use of 1,2-DCE in the manufacture of epirubicin;
In reality, therefore, if Olon had to cease its use of 1,2-DCE in the EEA by the sunset date of
November 2017, it would do so by closing its epirubicin API manufacturing facilities, at a
(2)
cost of (almost
) less than €200m in net present value terms. Olon is the sole supplier
of epirubicin to The Client, one of the major producers of the epirubicin medical product in
the world. This would have significant sales and profit implications for The Client, but there
would also be expected to be major ramifications for the global availability of epirubicin –
and hence for clinical practice and, ultimately, patients – until The Client were able to find
another API supplier, qualify and re-approve its epirubicin produce, and eventually start to
re-supply its customers in 100 countries worldwide.
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•

•

Olon produces Epirubicin under highly-controlled, conditions necessary to guarantee
minimum contamination by outside agents, and minimum emissions and exposures of
workers to the API and chemicals used. Despite the 1,2-DCE being a non-threshold
carcinogen, the estimated additional risk of cancer from Olon’s use of 1,2-DCE is tiny 0.00000783 per year for workers exposed directly through inhalation and through dermal
exposure, and 0.00000725 per year for workers and local residents exposed indirectly via
the environment. The total annual value of these risks is estimated at under €31 – with a net
present value over 20 years (at four per cent) of under €387;
Hence, the additional risks of Olon’s continued use of 1,2-DCE are exceedingly small, and
the costs of developing and implementing an alternative would be very high, and are always
expected to remain so. As a result, it is not considered likely that the benefits of Olon’s
continued use will ever not exceed the risks by many orders of magnitude, and hence that
the case for authorisation will not be made.

Olon and The Client face significant and fixed costs of (and time requirement for) developing and
implementing a substitute for 1,2-DCE in the manufacturing of the epirubicin API and the
associated medicinal product. As a result, it is not expected that substitution would ever be
economically feasible, and certainly not within 25 years. The risks of Olon’s continued use of 1,2DCE are very small. Olon’s view is that these features represent an exceptional case (as per
ECHA’s (2013) paper on the setting of review periods) for a review period longer than 12 years.
For these reasons, Olon requests a review period of 20 years for its continued use of 1,2-DCE in the
manufacturing of epirubicin.
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8. CONCLUSION
8.1. Background
Olon SpA (Olon) is one of the world’s leading developers and producers of active pharmaceutical
ingredients (APIs). All five of their manufacturing sites are based in Northern Italy, and they also
have non-manufacturing subsidiaries in the US and China. Their headquarters are located in Milan.
The subject of this Application for Authorisation (AfA) is an API called epirubicin, which is
(partly) made at Olon’s site in Rodano (Milan), Italy. Olon has a single customer for the epirubicin
API, The Client, which in turn makes the epirubicin medicinal product which is one of the principal
chemotherapy drugs used to treat cancer, particularly breast cancer. The Client is one of the leading
global suppliers of the epirubicin medicinal product, and Olon is its sole source of the epirubicin
API.
The synthesis of epirubicin involves several steps, and in the manufacturing step where a precursor
for epirubicin is synthesized, Olon makes use of the solvent 1,2-Dichloroethane (1,2-DCE). 1,2DCE (C2H4Cl2, CAS 107-06-2) has been designated a substance of very high concern (SVHC)
according to Annex XIV of Regulation (EC) N° 1907/2006 due its classification as a carcinogen,
Category 1B. It has been included in the list of substances subject to authorisation (Annex XIV)
with a sunset date of 22/11/2017. Authorisation is therefore required for continued use after this
date. The use of 1,2-DCE which is the subject of this analysis of alternatives (AoA) and socioeconomic analysis (SEA) is as follows:
•

The use of 1,2 dichloroethane (1,2-DCE) as a solvent in the manufacturing of the
active pharmaceutical ingredient for epirubicin.

1,2-DCE has three main functions in the manufacturing of the epirubicin API:
•
•
•

It helps remove residual solvents, including the reaction solvent;
It facilitates precipitation of the intermediate by reducing its solubility; and
It helps purify one of the epirubicin intermediates.

This report sets out within one document the findings of both the AoA and the SEA. Section 3
demonstrates that there are no suitable alternatives available to Olon by the sunset date, Section 4
provides the tonnage of 1,2-DCE used, and Section 5 sets out the non-use scenario if Olon must
cease use of 1,2-DCE in the EEA by the sunset date (based on results of the AoA as set out in
Section 3). Section 6 sets out the net impacts from a societal perspective of the non-use scenario
relative to the applied for use scenario with continued use of the substance by Olon after the sunset
date. Finally, Section 7 sets out the issues relevant for determining the length of the review period.
For the purposes of the SEA, a time frame of 20 years after the sunset date (i.e. 2017-2036) has
been assumed. The methodology employed in the analysis follows the ECHA guidance on
undertaking socio-economic analysis for applications for authorisation.
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8.2. Applied for use scenario
Under the applied for use scenario, Olon would continue to use 1,2-DCE in the manufacturing of
epirubicin API at their site in Rodano, Italy. They would continue supplying the API to The Client
for use in the production of the epirubicin medicinal product which is sold in over 100 countries
worldwide, of which 16 are in the EU. For the period 2017-2023, the volume of 1,2-DCE purchased
by Olon for epirubicin API manufacturing only is expected to grow to an average of around 10
tonnes per year, from just under seven tonnes on average per year over the previous five years.
According to The Client, demand for the medicinal product is expected to grow due to increasing
demand in China.
The risks to human health associated with Olon’s continued use of 1,2-DCE at Rodano have been
estimated and found to be vanishingly small. Epirubicin is produced by Olon under highlycontrolled conditions necessary to guarantee minimum contamination by outside agents, and
minimum emissions and exposures of workers to the API and chemicals used. Despite the 1,2-DCE
being a non-threshold carcinogen, the estimated additional risk of cancer from Olon’s use of 1,2DCE is tiny - 0.00000783 per year for workers exposed directly through inhalation and through
dermal exposure, and 0.00000725 per year for workers and local residents exposed indirectly via
the environment. The total annual value of these risks is estimated at under €31 – with a net present
value over 20 years (at four per cent) of under €387.
Olon and The Client would investigate further the possibility of finding a replacement solvent for
1,2-DCE. However, any significant investments in research and development (R&D) specifically on
the substitution of 1,2-DCE are unlikely due to the following factors:
•
•
•
•

Risks are already well controlled (as discussed in the CSR);
There is a high cost associated with finding an alternative solvent (and/or technology);
Any change in solvent would require a long (and complex) testing period; and
Any changes in the resulting API would result in a need for re-approval of the medicinal
product in over 100 markets which will take between six and 10 years and will also be
significantly costly.
8.3. Analysis of alternatives (AoA)

Epirubicin is the API used in a medicinal product for cancer therapy. The synthesis of epirubicin
consists of several steps, and 1,2-DCE is used as a solvent in the crystallization of one of the
intermediate substances made during one of these steps. This API is then used by The Client
(Olon’s sole customer) to produce the medicinal product epirubicin.
The alternatives to this use of 1,2-DCE can be grouped into four types:
•
•
•
•
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Alternative solvent;
Alternative API manufacturing (synthesis) process;
Alternative API;
‘Managerial’ responses to complying with the need to cease use of 1,2-DCE in the EEA by
the sunset date.
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Olon in collaboration with its customer The Client has carried out a strategic review of possible
options to replace 1,2-DCE in light of upcoming regulatory requirements. However, when
considering alternatives to this existing use, it is important to set out the overriding context of drugs
regulation and manufacture, to understand what measures must be undertaken and procedures
followed if any significant changes are proposed to an already-approved drug, or in the way it is
manufactured.
The epirubicin medicinal product manufactured by The Client from Olon’s API has demanding
specifications both in itself and in terms of the API. These specifications are filed with regulatory
agencies around the world and must be met before the medicine is released to the patient. The API
specification determines the quality parameters against which the API is tested and released, and is
an integral part of the market filing to ensure the safety of the product for the patient. If the API
manufacturing process is changed from what was filed with the relevant regulatory board, a requalification of the API is required. All four types of alternative identified above constitute changes
which would require re-qualification of the API and re-approval of the medicinal product (in each
of the 100 countries in which it is currently marketed). Within the EU, all such changes would be
classed as ‘major Type II’, and subject to specific and demanding requirements.
A programme of re-qualification and re-approval, in the context of a project to redesign the
epirubicin manufacturing process, introduce a new solvent, or relocate the existing manufacturing
facility, would take an estimated 13 years and cost around €7.1m (with additional costs of around
€36m for relocation).
In other words, the time taken to obtain requalification and re-approval is so long that it
immediately renders unavailable all potential alternatives to Olon’s use of 1,2-DCE in the
(6)
manufacturing of the epirubicin API. Moreover, the estimated cost of (over
) less than €25m
represents a ‘fixed cost’ of switching to a substitute substance or technology. This means that, if it
was to be economically feasible, any such alternative would need to result in a reduction in costs
(e.g. through increased manufacturing efficiency) or an increase in product price (e.g. through
increased quality and performance) which would at least compensate for this amount. This is
unachievable in practice. Moreover, this effectively removes the commercial rationale to search for
a technically feasible alternative in the first place. Rather, R&D efforts tend to focus on potential
new sources of patient and commercial value, either in terms of better performance from existing
drugs, or new drugs to provide novel treatments or to address less-treated conditions.
8.4. Non-use scenario
Olon has considered a range of potential alternatives to its use of 1,2-DCE. In all cases, the time and
resources required to implement them are significant, and in many cases, technical feasibility is
highly uncertain. In addition, any attempt to implement one of these alternatives would constitute a
major financial and commercial risk, since they would be dependent on The Client waiting to
complete the entire process, whereas in practice it is likely that a better option for The Client would
be to find an alternative supplier of the epirubicin API which does not use 1,2-DCE and/or which is
located outside of the EEA. As a result, Olon considers that its most likely non-use scenario in the
event that it must cease its use of 1,2-DCE in the EEA by the sunset date would be shut down its
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to The Client while it searched for a replacement supplier of the epirubicin API, and The Client
would also incur costs of qualifying this new supplier and seeking re-approval of the medicinal
product made with the new supplier’s API. The would be reduction in the already tiny risks to
human health associated with Olon’s current use of 1,2-DCE. Depending on the technology
employed by The Client’s new supplier, these risks could be eliminated or simply exported out of
the EEA to another country.
These impacts have been valued in monetary terms using methodologies which are compliant with
guidance issued by ECHA on conducting socio-economic analyses for applications for
authorisation. Table 34 presents a comparison of the monetised costs and benefits of continuing the
use of 1,2-DCE in the manufacturing of the epirubicin API. Thus it can be seen that the total
benefits of the continued use of the substance (the avoided costs of the non-use scenario) are
estimated at (just under
) less than €220m over the period 2017-2036 (present value terms,
discounted at four per cent). For confidentiality reasons, this figure does not include the loss in
profits to The Client which would result from Olon stopping the manufacturing of the epirubicin
API. The (direct and indirect) risks to human health from continued exposure to 1,2-DCE are
estimated at €387 over the same period (present value terms, discounted at four per cent).
Therefore, the benefits of Olon’s continued use of 1,2-DCE clearly outweigh the risks by several
orders of magnitude.
8.6. Conclusion and requested review period
Olon considers a review period of 20 years to be appropriate for their use of 1,2-DCE in the
manufacture of the epirubicin API which is the basis of The Client’s anti-cancer drug of the same
name. This is based on the following considerations:
•

•
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Epirubicin is indicated for the treatment of a wide range of cancers. It is an important
cytotoxic agent in the chemotherapy armamentarium and an important factor in optimizing
adjuvant and neoadjuvant treatment for the treatment of a variety of tumours. It is
an integral component of most regimens and central to the accepted treatment standards. It
interacts directly with DNA, inhibiting tumour cell proliferation and gene expression, and
also lead to production of free radicals that may destroy tumour cells. It has received
widespread regulatory approval and is used to treat cancer patients in many countries around
the world. The Client provides epirubicin to patients in 100 countries around the world,
including most EU markets;
Any switch to a substitute for 1,2-DCE would take several years’ development time, and
would require requalification of the API and re-approval of the associated drug for sale in
each of the markets in which it is currently licensed. This process would take over
(6)
(even assuming the R&D process was successful). Just as importantly, developing and
(6)
switching to an alternative solvent or technology is estimated to cost (around
) less
than €25m. On top of this, there would be a loss in profits during any period in which 1,2DCE could not be used but before the qualification of the new products. To be economically
feasible, the substitute would need to result in a level of cost savings (to offset this
development cost) which is unrealistic. In reality, given the significant costs associated with
developing a substitute and then gaining approval for it and the associated medicinal
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•

•

•

product, and the intervening loss of profits, it will never be economically feasible for Olon
to substitute away from the use of 1,2-DCE in the manufacture of epirubicin;
In reality, therefore, if Olon had to cease its use of 1,2-DCE in the EEA by the sunset date of
November 2017, it would do so by closing its epirubicin API manufacturing facilities, at a
(2)
cost of (almost
) less than €200m in net present value terms. Olon is the sole
supplier of epirubicin to The Client, one of the major producers of the epirubicin medical
product in the world. This would have significant sales and profit implications for The
Client, but there would also be expected to be major ramifications for the global availability
of epirubicin – and hence for clinical practice and, ultimately, patients – until The Client
were able to find another API supplier, qualify and re-approve its epirubicin produce, and
eventually start to re-supply its customers in 100 countries worldwide.
Epirubicin is produced by Olon under highly-controlled, conditions necessary to guarantee
minimum contamination by outside agents, and minimum emissions and exposures of
workers to the API and chemicals used. Despite the 1,2-DCE being a non-threshold
carcinogen, the estimated additional risk of cancer from Olon’s use of 1,2-DCE is tiny 0.00000783 per year for workers exposed directly through inhalation and through dermal
exposure, and 0.00000725 per year for workers and local residents exposed indirectly via
the environment. The total annual value of these risks is estimated at under €31 – with a net
present value over 20 years (at four per cent) of under €387;
Hence, the additional risks of Olon’s continued use of 1,2-DCE are exceedingly small, and
the costs of developing and implementing an alternative would be very high, and are always
expected to remain so. As a result, it is not considered likely that the benefits of Olon’s
continued use will ever not exceed the risks by many orders of magnitude, and hence that
the case for authorisation will not be made.

Olon and The Client face significant and fixed costs of (and time requirement for) developing and
implementing a substitute for 1,2-DCE in the manufacturing of the epirubicin API and the
associated medicinal product. As a result, it is not expected that substitution would ever be
economically feasible, and certainly not within 25 years. The risks of Olon’s continued use of 1,2DCE are very small. Olon’s view is that these features represent an exceptional case (as per
ECHA’s (2013) paper on the setting of review periods) for a review period longer than 12 years.
For these reasons, Olon requests a review period of 20 years for its continued use of 1,2-DCE in the
manufacturing of epirubicin.
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