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Claim

An injectable formulation of melphalan comprising as
two separate components packaged together

a) freeze-dried melphalan hydrochleride, and
b) a solvent-diluent comprising a citrate, propylene

glycol and ethanol.

A process for preparing substantially pure melphalan
hydrochloride which comprises heating a =ixture of
melphalan and hydrogen chloride in a Cyys alkanol
for up to 5 minutes and cooling to effect
crystallisation of melphalan hydrochloride.

A method of treating neoplastic diseases in a subject
comprising administering to a subject in need of such
treatment a formuation of

a) ftreeze-dried melphalan hydrochloride and
b) a solvent-diluent comprising a citrate, propylene
glycol and ethar sl.
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Complete Specification for the invention entitled:

PHARMACEUTICAL FORMULATION oF ™MeLPHALAN

The following statement is a full description of this invention,
i-mguding tiie best metkod of performing it known to me/us:-
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Pharmaceutical Formulation oF gg;@:&gys .

The present invention relates to mnovel pharmaceutical formulations, in

particular to formulations containing melphalan as the active ingredient.

Melphalan is a well-established cytotoxic agent which is used to treat a
range of neoplastic diseases, including in particular multiple myeloma and

ovarian cancer.

Melphalan has the chemical name 4-[bis(2-chloroethyl)amino]-L-phenylalanine

and the structural formula:

HOOC-(‘IHCH2 ' \\ /r—N— (CHZCHZCI) 2
NH :

2

This compound is also known variously as L-phenylalanine mustard; L-PAM;

L-sarcolysine; NSC-8806 and CB3025.

Melphalan is presently commercially available under the name Alkeran (TM.
The Wellcome Foundation Limited) im the form of both tablets and injectable
preparations. Alkeran injection is supplied as a three coempenent
presentation and has to be reconstituted in two stages, shortly prier to
use. Thus, the three component system comprises a vial containing
melphalan, as a powder, an ampoule contairing an acid/aleohol solvent and
an ampoule containing ‘a phosphate buffer diluent, together with propylene
glycol. To reconstitute the Alkeran injection, the melphalan powder is
first dissolved in the acid/alcohol solvent and when dissolution is
complete the solution is then neutralised and adjusted to the required
concentration by addition of the diluent. This three-component system and
the consequent two-step reconstitution procedure is ¢learly somewhat
inconvenient and it would therefore be desirable to have available an
injectable formulation whick is simpler  to reconstitute and thus more

convenier* for the physician to wuse., A further disadvantage of the

B/DR/4th November 1988
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presently available injectable formulation is that in some instances the

melphalan powder dissolves only slowly or does not completely dissolve.

The present invention provides a novel two-component injectable melphalan
preparation which overcomes the disadvantages of the currently available
formulation.

£
In a first aspect the present invention provides an injectable formulation

of melphalan comprising as two separate components

a) freeze-dried melphalan hydrochloride; and
b) a solvent-diluent comprising a citrate, propylene glycol and

ethanol.

Component. (a) may advantageously include a non-hydroxylated matrix-forming
agent, such as polyvinylpyrrolidone (PVR). A suitable grade of PVP for use
in the formulation according to the invention comprises PVP having a
molecular weight of less than 25,000, for example in the range 2,000 to

25,000. A particularly suitable grade of PVP is that designated K12.

The amount .of melphalan hydrochloride present in component (a) may vary
within wide limits and may constitute for example 1 to 99% by weight of
component (a). Advantageously the melphalanfhydrochloride comprises 5 to
80% by weight of component (a). When a matrix-forming agent is present the
amount of matrix-forming agent may also vary within wide limits and may for
example constitute between 0.1 and 99% :by weight of component (a).
Preferably however the amount of matrix forming agent is in the range 20 to

95% by weight of component (a),

In component (b), the citrate may be an alkali metal citrate, e.g.

potassium or preferably sodium citrate. The amount of propylene glycol in
component (b) is generally in the range 40 to 80% by volume. The
proportion of ethanol present in component (b) will generally be in the
range 0.1 to 10% by volume. The citrate will generally écmprise from 0.05
to 5% w/v e.g. 1.5 te 2.5% w/v of the solvent-diluent.

JIB/DR/4th November 1988
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Component (a) may be prepared using freeze-drying procedures well known to
those skilled in the art of pharmaceutical formulation. Thus, for ¢xample
the melphalan base and the matrix forming agent may be dissolved in aqueous
hydrochloric acid, the resulting solution sterilised by aseptic filtration,
filled into sterile vials and freeze dried. The melphalan base and
hydrochloric acid may be used in a stoichmetric (1:1) ratio, but preferably
a slight excess of hydroc?loric acid is used. Alternatively melphalan
hydrochloride itself may advantageously be used to prepare the freeze dried
component. In this case the hydrochloride may simply be dissolved in
Water for Injection together with the matrix forming agent. If necessary
further hydrochloric acid may be added as required. It wilil be appreciated
that in the the preparation of the freeze dried component aqueous solutions
will generally be prepared with Water for Injections to ensure the

sterility of the product.

The preparation ofdcomponent (a), which is obtained as a sterile product,
is considerably simpler and more efficient (and hence more economical) than
the preparation of sterile melphalan powder and the subsequent procedure of
aseptically filling the powder into vials, which is required in the case of
the currently available injectable melphalan formulation. The formulation
according to the present invention thus has advantages in manufacturing
terms, as well as in its use by physicians.

The solvent-diluent (component (b)) may be prepared by mixing togelaer an
aqueous solution of the citrate with the propylene glycol and ethanol,
sterilising the solution by aseptic filtration and filling into sterile
ampoules or vials. The solvent-diluent may also be presented in pre-filled
sytringes. Again aqueous solutions are preferably prepared using Water for

Injections, and the preparation is carried out under aseptic conditions.

The freeze-dried melphalan hydrochloride in component (a) of the
formulation according to the present invention can readily be reconstituted
by the single step addition 6f theé solvént-diluent component (b). It will
be appreciated that the amount of melphalan hydrochloride in component (a)

and volume of solvent-diluent in component (b) &an be selected to provide

JB/DR/4th November 1988
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the desired dose and concentration of melphalan in the reconstituted
product. The concentration of melphalan in the final formulation suitably
lies in the range 0.5 to 10 mg/ml. A suitable unit dose may contain from 1
to 100 mg of melphalan. Preferred unit doses of melphalan contain 10 to 50
mg of the active ingredient in component (a). The volume of solvent
diluent in component (b) may for example be from 1 to 50 ml, e.g. 5 to 25
ml, preferably 10 ml. Particularly preferred formulations according to the
present invention are thoseg' in which component (a) contains 10 or 50 mg of
melphalan and component (b) comprises 10 ml of the solvent/diluent, such
that the final reconstituted formulations have concentrations of 1 mg/ml

and 5 mg/ml respectively.

The melphalan starting material which is used for the preparation of
component (a) of the present formulation may itself be prepared by any
‘method known in the art for preparing melphalan. A preferred form of
melphalan for use in the preparation of component (a) is melphalan
hydrochloride, most preferably substantially pure melphalan 'hy“drochl“oride‘
(i.e. having a pur?'.ty of 95% or above, preferably 97% or above, measured by
high pressure liquid ch,romato,g‘raphy (HPLC)). ielphalan hydrochloride may
be prepared in highly pure form by ecrystallisation, for example from a C2_4
alkanel. This may conveniently be dchieved by forming a suspension or

slurry of melphalan in a mixture of a C alkanol, preferably ethanol, and

hydrogen chloride, heating the mixturezc;the,niently to reflux temperature
and then cooling to about 002 whefeupon melphalan hydrochloride
; crystallises out. In order to minimise the level of impurities, it is
preferred that the duration of heating -should be kept to a minimum, e.g.
less than 5 minutes, preferably 1 to 3 minutes. In order to achieve this,
a continuous crystallisation process may be operated in which the
suspension is formed at a temperature of 10-20°C, is then passed through a
heated vessel e.g. a heated coil, and finally collected and cooled.
Alternatively the substantially pure hydrochloride may be prepared from
substantially pure melphalan; which may itself be prepared by reacting
ethyl N-phthaloyl-p-amino-L-phenylalanine or an acid addition salt thereof
with ethylene oxide, such that the reaction temperature does not exceed

JB/DR/4th November 1988

L

Ln Yt e, 4R 3 Al 3o oo ek, e o e g - B} - e WQ‘ 5

. - = 2 + - N .
- v »Ci-”v

L T SRV A 3 w\&g&'m-,ﬁm} e e W el Womogthie GRS Ak -3
es AR AR B! )
'

"
3
N



NI 1 1)

bt Lot naee i - [ SO Vo . —am

-5- A813

35°C, and preferably is in the range 20 to 30°C, followed by the steps of
chlorination and hydrolysis, which may be carried out in conventional
manner, to produce melphalan, which can then be converted into the
hydrochloride salt in known manner. We have found the temperature during
the reaction with ethylene oxide is critical to the purity of the final
product and hence must be carefully controlled. As the reaction with
ethylene oxide is exothermic the temperature can, if not controlled, rise

3
considerably, for example up to 80°C,

Controlling the temperature in the range 20 to 30°C also has the advantage
of permitting a reduction in the amount ethylene oxide employed and thus

results in an environmentally favourable process.

The formulations according to the present invention may be used to treat a
variety of neoplastic conditions in andlogeus maimer to the e¢currently
available injectable melphalan preparations. Thus for example the
formulations may be used in theé treatment 6f localised malignant melanoma
and localised soft tissue sarcoma of the extremities, by regional
perfusion. The formulations may also be used in the treatment of relapsed
acute myeloid leukaemia, ovarian carcinoma, malignant melanoma, and

multiple myeloma.

The dose of melphalan to be administered via the Fformulations of the
present invention will depend upon the mnature and severity of the
conditions to be treated. In general the dosage schedules to be followed
may be wsimilar te those currently wused for intravenous melphalan
formulations. A variety of dosages schedules have been described in the
literature. Thus, for example in the treatment o6f ovarian carcinoma a
single intravenous infusion of 1 mg/kg bodyweight over 8 hours may be given
every 4 weeks. High doses of melphalan (e.g. 140-200 mg/mz) administered
intravenously, may be used with or without autologous bone marrow
transplantation , in the treatment of relapsed acute myeloid luekaemia,
ovarian carcinoma, malignant melanoma and multiple myeloma. Low
intravenous doses of melphalan (e.g. 16 mg/mz) every 2 weeks for four doses

and monthly thereafter may also be. used.

JB/DR/4th November 1988
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The formulations according to the present invention will now be illustrated

by the following non-limiting examples:-
Example 1

Component (a)

Ingedients content per vial
Melphalan BP 50.0 mg
Hydrochloric Acid, BP/Ph Eur 34.5 ul
Povidone BP* 20.0 mg

Water for Injections, BP/Ph Eur to 2.0 g
* polyvinylpyrroelidone

Method

Prepare a suitable dilution of the Hydrochloric Acid in Water for
Injections.

Add the Melphalan to part of the Water for Injections.

Add the Hydrochloric Acid solution and stir un;ii solution is complete.

Add and dissolve the Povidone.

Make up to weight with Water for Injectiomns.

Sterilise the solution by aseptic filtration.:*

Fill into sterile vials.

Freeze dry.

Close and seal the vials.

JB/DR/4th Nevember 1988
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Component (b)
Ingredients content per vial
Sodium Citrate BP/Ph Eur 0.2 g
Propylene Gylcol BP/Ph Eur 6.0 ml
Ethanol (96%) BP 0.52 ml

Water for Injections BP/Ph Eur to 10.0 ml
Method

Dissolve the Sodium Citrate in part of the Water for Injections.
Add a mixture of the Propylene Glyecol and Ethanol.

Make up to volume with Water for Injections.

Sterilise the solution by aseptic filtration.

Fill into sterile ampoules or vials.

Stopper with sterile closures and secure with aluminium collars.

Addition of component (b) to component (a) rapidly reconstitutes the freeze

dried product to yield a solution for injection in the pH range 6 to 7.5.

JB/DR/4th November 1988
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Example 2

Component (a)

Ingredients content per vial
Melphalan BP 10.0 mg
Hydrochloric Acid, BP/Ph Eur 25.875 pl
Povidone BP 90.0 mg

Water for Injections, BP/Ph Eur to i.5 g

Method

The freeze-dried melphalan hydrochloride 4s prepared as described in

Example 1.

Component (b)

The solvent-diluent is prepared as described in Example 1.

Example 3

Preparation of substantially pure melphalan hydrochloride

A suspension of melphalan (2.0 kg) was stirred in 0.36 M ethanolic hydrogen
chloride solution (18.0 litres) and then passed through a heated coil over
a period of ca 2 minutes to give a clear soluti6n3 which was continuously
filtered on discharge from the coil. The filtrate was stirred at 0-5°C for
18 hours. The solid which crystallised was filtered, washed with
diethylether, and dried at 30n40°C in wvacuo teo yield melphalan
hydrochloride ¢1586g, 71%).

Purity (HPLE) 97.5%
Analysis

JB/DR/4th November 1988
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Calculated for 013H1902N2013: C 45.7%; H 5,6%; N 8,2%; Cl 31;13%

Found : C 45.82%; H 5.37%; N 8.06%; C1 31.08%

An infra-red spectrum was obtained which was consistent with the structure

of melphalan hydrochloride.

Example 4

Substantially pure Melphalan

N-phthaloyl-p-amino-L-phenylalanine ethyl ester hydrochloride (187.25g, 0.5
mole) was dissolved in a mixture of glacial acetic acid (205ml) and water
(205mly, with stirring. Ethylene oxide (83.0g, 1.9 moles) w=s added slowly
at 20~3Q°C, with cooling, then the solution stirred overnight at 20-30°¢.
The excess ethylene oxide was rémoved by stirring the solution in wvacuo for
1 hour, then benzene (700ml) and water (950ml) were added. The acetic acid
was neutralised by the addition of sodium bicarbonate (280g), “and the
aqueous phase separated and extracted with benzene (2 x 140ml). The
benzene solutions were combined, washed with water (2 x 140ml) and dried by
distillation. Phoesphorus oxychloride (600g, 3.9 moles) was added slowly to
the benzene solution, whilst stirring under reflux, the reaction mixture
stirred under reflux for a further hour, then evaporated to dryness at 60°C
in vacuo. ‘The residue was dissolved in a mixture of butan-1l-ol (625 ml)
and ethanol (155 ml) at SOOC, and the solution was cooled to 10°C until the
product erystallised. The N,N-p-di (2-chloroethyl)-amino-N’-phthaloyl-L-

phenylalanine ethyl ester hydrochloride was filtered, stirred as a
suspension in diethyl ether (625 ml), filtered, washed with diethyl ether
{340 ml) and dried at ZOOG:ig vacuo to afford a white solid (167.4g 67%).
The chlorcethyl compound was added to concentrated hydrochloric~acid (840
ml), and the mixture stirred under reflux for 5 hours, cooled to 20°C and

filtered. The aqueous solution was evaporated to dryness in vacuo and the

residue dissolved in methanol (840 ml). Melphalan was prec.ipitated by the
addition of diethylaminé (ca 90ml) at 5-10%¢ until the final suspension was
at pH7. The melphalan was filtered, washed thoroughly with methanol (1000
mly and dried at 30-40°C in vacuo to afford the title compound as a white
solid (68.2g, 66%).
Purity (HPLGC) 97.3%

JB/DR/4th November 1988
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

l&

An injectable formulation of melphalan comprising as
two separate components packaged together

a) freeze—-dried melphalan hydrochloride, and
b) a solvent-diluent comprising a citrate, propylene
glycol and ethanol.

An injectable formulation according to claim 1 wherein
component (a) includes a non-hydroxylated
matrix-forming agent.

An injectable formul~tion according to claim 2 wherein
the non-hydroxylated matrix-forming agent is
polyvinylpyrrolidone.

An injectable formulation according to any of claims 1
to 3 wherein the citrate is an alkali metal citrate.

A method for preparing an injectable formulation of
melphalan which comprises formulating as two separate
components.

a) freeze-dried melphalan hydrochlorice and
H) a solvent-diluent comprising a citrate, propylene
glycol and ethanol.

An injectable formulation comprising
ay freeze~dried melphalan hydrochloride and

b} a solvent-diluent comprising a citrate, propylene
glycol and ethanol:

89035/29.08.91/1n
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A process for preparing substantially pure melphalan
hydrochloride which comprises heating a mixture of

melphalan and hydrogen chloride in a C alkanol

2~4
for up to 5 minutes and cooling to effect

crystallisation of melphalan hydrochloride.

Melphalan hydrochloride when prepared by the process
of claim 7.

A process for preparing melphalan; or melphalan
hydrochloride in substantially pure form which
comprises reacting ethyl
N-phthaloyl-p—amino~-L-phenylalanine or an acid
addition salt thereof with ethylene oxide such that
the reaction temperature does not exceed 35°C,
followed by the steps of chlorination and hydrolysis
to produce melphalan, and if desired conversion into
the hydrochloride salt.

Melphalan or melphalan hydrochloride when prepared by

the process of claim 9.

A method of treating neoplastic diseases in a subject
comprising administering to a subject in need of such
treatment a formuation of

a) freeze~dried melphalan hydrochloride and
b) a solvent-diluent comprising a citrate, propylene
glycol and ethanol.

An injectable formulation comprising melphalan
hydrochloride substantially as disclesed in Example 1
or 2.

A process of preparation of an injectable formulation
comprising melphalan hydrochloride substantially as
disclosed in Example 1 or 2.
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14. A process of preparation of melphalan or melphalan
hydrochloride substantially as disclosed in Example 3
or 4.

Dated this 29th day of Notember 1991

THE_WELLCOME,FOUNDATION,LIMITED
By their Patent Attorney
GRIFFITH HACK & CO
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