
EP 0 317 281 81 Description The present invention relates to novel
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 for- mula: 10 [err] This compound is also known variously as
L-phenylalanine mustard; L-PAM; L-sarcolysine; NSC-8806 and CB3025. 20
German Patent specification DE-B-1292660 discloses a process for preparing
melphalan hydrochloride by leaking melphalan and hydrogen chloride in an
alcohol for a period of 10 to 15 minutes (column 5, line 11). European
patent specification EP-A-0233733 discloses the synthesis of melphalan by
reaction of ethyl N-phthaloyl-p-amino-L-phenylalanine with ethylene oxide,
followed by chlorination and hydrolysis (Example 25 2). Melphalan is
presently commercially available under the name Alkeran (TM. The Wellcome
Foundation Umited) in the form of both tablets and injectable preparations.
Alkeran injection is supplied as a three component presentation and has to
be reconstituted in two stages, shortly prior to use. Thus, the three
component system comprises a vial containing melphalan, as a powder, an
ampoule containing an 30 acid/alcohol 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 clearly somewhat inconvenient and it would
therefore be desirable to have available an injectable 35 formulation which
is simpler to reconstitute and thus more convenient for the physician to
use. A further disadvantage of the 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 over- comes the
disadvantages of the currently available formulation. 40    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, water and ethanol. Component (a) may advantageously include a
non-hydroxylated matrix-forming agent, such as poly- 45 vinylpyrrolidone
(PVP). 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 K1 2. 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 melphalan
hydrochloride 50 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. 55 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 comprise from 0.05 to 5% w/v e.g. 1.5 to 2.5% w/v of
the solvent-diluent. Component (a) may be prepared using freeze-drying
procedures well known to those skilled, in the art 3    EP 0 317 281 B1 of
pharmaceutical formulation. Thus, for example 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
hydrochloric acid is used. Alternatively melphalan hydrochloride itself may
5  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 will 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. 10     The preparation of component (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. 15
The solvent-diluent (component (b)) may be prepared by mixing together 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
syringes. Again aqueous solutions are preferably prepared using Water for
Injections, and the preparation is carried out under asaptic conditions. 20
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 of the solvent-diluent component (b). It will
be appreciated that the amount of melphalan hydrochloride in component (a)
and volume of solvent-diluent in component (b) can be selected to provide
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 25  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 those 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 30  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 anymethod 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
hydrochloride (i.e. having a purity of 95% or above, preferably 97% or
above, 35  measured by high pressure liquid chromatography (HPLC)).
Melphalan hydrochloride may be prepared in highly pure form by
crystallization, for example from a [err] alkanol. This may conveniently be
achieved by forming a suspension or slurry of melphalan in a mixture of a
[err] alkanol, preferably ethanol, and hydrogen chloride, heating the
mixture conveniently to reflux temperature and then cooling to about [err]
whereupon melphalan hydrochloride crystallises out. In order to minimize
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 crystallization process may
be operated in which the suspension is formed at a temperature of [err] 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, 45
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 [err]
and preferably is in the range 20 to [err] 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 50 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
considerably, for example up to [err] Controlling the temperature in the
range 20 to [err] 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 55 conditions in analogous manner
to the currently available injectable melphalan preparations. Thus for
example the formulations may be used in the treatment of localized
malignant melanoma and localized 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 4    EP 0 317 281 B1 myeloma. The dose of melphalan to be
administered via the formulations of the present invention will depend upon
the nature and severity of the conditions to be treated. In general the
dosage schedules to be followed may be similar to those currently used for
intravenous melphalan formulations. A variety of dosages 5  schedules have
been described in the literature. Thus, for example in the treatment of
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[err]) 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/[err]) every 2 weeks for 10
four doses and monthly thereafter may also be used. The formulations
according to the present invention will now be illustrated by the following
non-limiting examples:- Example 1 15 Component (a) Ingedients
content per vial Melphalan BP                     50.0 mg Hydrochloric
Acid, BP/Ph Eur     34.5 [err] Povidone BP*                     20.0 mg
Water for Injections, BP/Ph Eur    to 2.0 g 25
polyvinylpyrrolidone Method 30  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 stli until
solution is complete. Add and dissolve the Povidone. 3 5 Make up to weight
with Water for Injections. Sterilize the solution by aseptic filtration. 



Fill into sterile vials. Freeze dry. Close and seal the vials. Component
(b) Ingredients                  content per vial Sodium Citrate BP/Ph Eur
0.2 g 45                          Propylene Gylcol BP/Ph Eur        6.0 ml
Ethanol (96%) BP                  0.52 ml Water for Injections BP/Ph Eur
to 10.0 ml 50  Method Dissolve the Sodium Citrate in part of the Water for
Injections. Add a mixture of the Propylene Glycol 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
EP 0 317 281 B1 solution for injection in the pH range 6 to 7.5. Example 2
5 Component (a) Ingredients                  content per vial Melphalan BP
10.0 mg 10                        Hydrochloric Acid, BP/Ph Eur     25.875
[err] Povidone BP                     90.0 mg Water for Injections, BP/Ph
Eur   to 1.5 g 15 Method The freeze-dried melphalan hydrochloride is
prepared as described in Example 1. Component (b) The solvent-diluent is
prepared as described in Example 1. Example 3 25 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 solution, which 30  was continuously filtered on discharge
from the coil. The filtrate was stirred at [err] for 18 hours. The solid
which crystallized was filtered, washed with diethylether and dried at
[err] in vacuo to yield melphalan hydrochloride (1 586g, 71%). Purity
(HPLC) 97.5% 35 Analysis Calculated for [err]   C 45.7%;    H 5,6%;    N
8.2%;   Cl 31;13% Found:                      C 45.82%;  H 5.37%;   N
8.06%;  Cl 31.08% An infra-red spectrum was obtained which was consistent
with the structure of melphalan hydrochloride. Example 4 



45 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 (205ml), with stirring. Ethylene
oxide (83.0g, 1.9 moles) was 50  added slowly at [err] with cooling, then
the solution stirred overnight at [err] The, excess ethylene oxide was
removed by stirring the solution in vacuo 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. Phosphorus
oxychloride (600g, 3.9 moles) was added slowly 55 to the benzene solution,
whilst stirring under reflux, the reaction mixture stirred under reflux for
a further hour, then evaporated to dryness at [err] in vacuo. The residue
was dissolved in a mixture of butan-1-ol (625 ml) and ethanol (155 ml) at
[err] and the solution was cooled to [err] until the product crystallised.
The NN-p-di (2-chloroethyl)-amino-N'-phthaloyl-L-phenylalanine ethyl ester
hydrochloride was filtered, 6    EP 0 317 281 B1 stirred as a suspension in
diethyl ether (625 ml), filtered, washed with diethyl ether (340 ml) and
dried at [err] in vacuo to afford a white solid (167.4g 67%). The
chloroethyl compound was added to concentrated hydrochloric acid (840 ml).
and the mixture stirred under reflux for 5 hours, cooled to [err] and
filtered. The aqueous solution was evaporated to dryness in vacuo and the
residue dissolved in methanol (840 ml). 5 Melphalan was precipitated by the
addition of diethylamine (ca 90ml) at [err] until the final suspension was
at pH7. The melphalan was filtered, washed thoroughly with methanol (1000
ml) and dried at [err] in vacuo to afford the title compound as a white
solid (68.2g, 66%). Purity (HPLC) 97.3% 10 Claims Claims for the following
Contracting States: AT, BE, CH, DE, FR, GB, IT, LI, LU, Ni, SE 1. A
injectable formulation of melphalan comprising as two separate components
a) freeze-dried melphalan hydrochloride, and 15       b) a solvent-diluent
comprising a citrate, propylene glycol, water and ethanol. 2. A formulation
according to claim 1 wherein component (a) includes a non-hydroxylated
matrix-forming agent. 20  3. A formulation according to claim 2 wherein the
non-hydroxylated matrix-forming agent is polyvinylpyr- rolidone. 4. A
formulation according to any of claims 1 to 3 wherein the citrate is an
alkali metal citrate. 25  5. A method for preparing an injectable
formulation of melphalan which comprises formulating as two separate
components a) freeze-dried melphalan hydrochloride and b) a solvent-diluent
comprising a citrate, propylene glycol, water and ethanol. 30 6. A process
for preparing substantially pure melphalan hydrochloride which comprises
heating a mixture of melphalan and hydrogen chloride in a [err] alkanol for
up to 5 minutes and cooling to effect crystallisation of mephalan
hydrochloride. Claims for the following Contracting States: ES, GR 35 1. A
method for preparing an injectable formulation of melphalan which comprises
formulating as two separate components a) freeze-dried melphalan
hydrochloride, and b) a solvent-diluent comprising a citrate, propylene
glycol, water and ethanol. 



2. A method according to claim 1 wherein component (a) includes a
non-hydroxylated matrix-forming agent. 3 A method according to claim 2
wherein the non-hydroxylated matrix-forming agent is polyvinylpyr- 45
rolidone. 4. A method according to any of claims 1 to 3 wherein the citrate
is an alkali metal citrate. 5. A process for preparing substantially pure
melphalan hydrochloride which comprises heating a mixture 50     of
melphalan and hydrogen chloride in a [err] alkanol for up to 5 minutes and
cooling to effect crystallisation of mephalan hydrochloride.
PatentansprUche Patentansprtlche fUr folgende Vertragsstaaten: AT, BE, CH,
DE, FR, GB, IT, Li, LU, NL, SE 55 1. Injizierbare Melphalan-Formulierung
umfassend als zwei getrennte Bestandleile a) gefriergetrocknetes
Melphalan-hydrochlorid und b) ein L6sungsmittel-Verd[]nnungsmittel,
umfassend ein Citrat. Propylenglykol, Wasser und Ethanol. 7    EP 0 317 281
BI                  11111111111 111 I 111 stirred as a suspension in
diethyl ether (625 ml), filtered, washed with diethyl ether (340 ml) and
dried at 200C in vacuo to afford a white solid (167.4g 67%). The
chloroethyl compound was added to concentrated hydrochloric acid (840 ml),
and the mixture stirred under reflux for 5 hours, cooled to 200C and
filtered. The aqueous solution was evaporated to dryness in vacuo and the
residue dissolved in methanol (840 ml). 5  Melphalan was precipitated by
the addition of diethylamine (ca 90ml) at 5-100C until the final suspension
was at pH7. The melphalan was filtered, washed thocoughly Witih methanol
(1000 ml) and dried at 30-400C in vacuo to afford the title compound as a
white solid (68.2g. 66%). Purity (HPLC) 97.3% to Claims Claims for the
following Contracting States: AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 1.
A injectable formulation of melphalan comprising as two separate components
a) freeze-dried melphalan hydrochloride, and 15       b) a solvent-diluent
comprising a citrate, propylene glycol, water and ethanol. 2. A formulation
according to claim 1 wherein component (a) includes a non-hydroxylated
matrix-forming agent. ?.o 3. A formulation according to claim 2 wherein the
non-hydroxylated matrix-forming agent is polyvinylpyr- rolidone. 4. A
formulation according to any of claims 1 to 3 wherein the citrate is an
alkali metal citrate. 25  5. A method for preparing an injectable
formulation of melphalan which comprises formulating as two separate
components a) freeze-dried melphalan hydrochloride ahd b) a solvent-diluent
comprising a citrate, propylene glycol, water and ethanol. 30  6. A process
for preparing substantially pure melphalan hydrochloride which comprises
heating a mixture of melphalan and hydrogen chloride in a C2-4 alkanol for
up to 5 minutes and cooling to effect crystallisation of mephalan
hydrochloride. Claims for the following Contracting States: ES, GR 35 1. A
method for preparing an injectable formulation of melphalan which comprises
formulating as two separate components a) freeze-dried melphalan
hydrochloride, and 



b) a solvent-diluent comprising a citrate, propylene glycol, water and
ethanol. 40 2. A method according to claim 1 wherein component (a) includes
a non-hydroxylated matrix-forming agent. 3. A method according to claim 2
wherein the non-hydroxylated matrix-forming agent is polyvinylpyr- 45
rolidone. 4. A method according to any of claims 1 to 3 wherein the citrate
is an alkali metal citrate. 5. A process for preparing substantially pure
melphalan hydrochloride which comprises heating a mixture so     of
melphalan and hydrogen chloride in a 02-4 alkanol for up to 5 minutes and
cooling to effect crystallisation of mephalan hydrochloride.
PatentansprUche PatentansprUche fUr folgende Vertragsstaaten : AT, BE, CH,
DE, FR, GB, IT, LI, LU, NL, SE 55 1. Injizierbare Melphalan-Formulierung
umfassend als zwei getrennte Bestandteile a) gafriergetrocknetes
Melphalan-hydrochlorid und b) ein L6sungsmittel-Verdinnungsmittel,
umfassend emn Citrat. Propylenglykol, Wasser und Ethanol. 7    EP   3i17
281 81            I 1111111       Ill!! II I!l 2. Formulierung nach
Anspruch 1, worin der Bestandteil (a) ein nicht-hydroxyliertes
matrixbildendes Mittel enthalt. .~,>  3. Formulierung nach Anspruch 2,
worin das- nicht-hydroxylierte matrixbildende Mittel Polyvinylpyrrolidon 5
ist. 4. Formulierung nach einem der Anspruche 1 bis 3, worin das Citrat ein
Alkalimetallcitrat ist. 5. Verfahren zur Herstellung elner injizierbaren
Melphalan-Formulierung, welches darin besteht, 10       a)
gefriergetrocknetes Melphalan-hydrochlorid und b) ein
Losungsmittel-Verdfnnungsmfttel, umfassend ein Citrat. Propylenglykol,
Wasser und Ethanol, als zwei getrennte Bestandteile zu formulieren. 6.
Verfahren zur Herstellung eines im wesentlichen reinen
Melphalan-hydrochlorids, welches darin be- 15     steht, eine Mischung aus
Melphalan und Chlorwasserstoff in einem C2-4-Alkanol wahrend bis zu 5
Minuten zu erhitzen und zur Kristallisation von Melphalan-hydrochlorid
abzukUhlen. Patentanspruche fUr folgende Vertragssten: ES, GR 1. Verfahren
zur Herstellung einer injizierbaren Melphalan-Formulierung, welches darin
besteht, a) gefriergetrocknetes Melphalan-hydrochlorid und b) ein
Losungsmittel-VerdOnnungsmittel, umfassend Citrat, Propylenglykol, Wasser
und Ethanol, als zwei getrennte Bestandteile zu formulieren. 25  2.
Verfahren nach Anspruch 1, worin der Bestandteile (a) ein
nicht-hydroxyliertes matrixbildendes Mittel enthalt. 3. Verfahren nach
Anspruch 2, worin das nicht-hydroxylierte matrixbildende Mittel
Polyvinylpyrrolidion ist. 30  4. Verfahren nach einem der AnsprUche 1 bis
3, worn das Citrat ein Alkalimetallcitrat ist. 5. Verfahren zur Herstellung
eines im wesentlichen reinen Melphalan-hydrochlorids, welches darin be-
steht, elne Mischung aus Melphalan uhd Chlorwasserstoff in einem
C2-4-Alkanol wahrend bis zu 5 Minuten zu erhitzen und zur Kristallisation
von Melphalan-hydrochlorid abzukUhlen. 35 Revendlcatlons Revendlcatlons
pour les Etats contractants sulvants: AT, BE, CH, DE, FR, GB, IT, LI, LU,
NL, SE 1. Composition injectable de melphalan comprenant sous la forme de
deux composants distincts: 



(a) du chlorhydrate de melphalan lyophilis6, et (b) un solvant-diluant
comprenant un citrate, du propyleneglycol, de 1'eau et de l'ethanol. 2.
Composition suivant la revendication 1, dans laquelle le composant (a)
comprend un agent formant matrice non hydroxyl6. 45 3  Composition suivant
la revendication 2, dans laquelle l'agent formant matrice non hydroxyle est
la polyvinylpyrrolidone. 4. Composition suivant l'une quelconque des
revendications 1 a 3, dans laquelle le citrate est un citrate so     de
m6tal alcalin. 5. Proc6d6 pour pr6parer une composition injectable de
melphalan, qui comprend la mise en composition sous la forme de deux
composants distincts: (a) de chlorhydrate de melphalan Iyophilis6, et 55
(b) d'un solvant-diluant comprenant un citrate, du propyleneglycol, de
l'eau et de l'6thanol. 6. Procede pour pr6parer du chlorhydrate de
melphalan sensiblement pur, qui comprend le chauffage d'un m6lange de
melphalan et de chlorure d'hydrogbne dans un alcanol en C2-4 pendant un
temps 8    s'dlevant jusqu'a 5 minutes et le refroidissement pour provoquer
la cristallisation du chlorhydrate de melphalan. >j     Revendicatlons pour
les Etats contractants suivants: ES, GR 5 1. Proc6d6 pour pr6parer une
composition injectable de melphalan, qui comprend la mise en composition
sous la forme de deux composants distincts: (a) de chlorhydrate de
melphalan Iyophilise, et (b) d'un solvant-diluant comprenant un citrate, du
propylbneglycol, de l'eau et de 1'ethanol. 10 2. Proo6d4 suivant la
revendication 1, dans lequel le composant (a) comprend un agent formant
matrice non hydroxyle. 3. Procd6 suivant la revendication 2, dans lequel
l'agent formant matrice non hydroxyle est la polyvinyl- is     pyrrolidone.
4. proc6de suivant lune quelconque des revendications 1 a 3, dans lequel le
citrate est un citrate de m6tal alcalin. ?o 5. Procede pour pr6parer du
chlorhydrate de melphalan sensiblement pur, qui comprend le chauffage d'un
m6lange de melphalan et de chlorure d'hydrogbne dans un alcanol en C2-4
pendant un temps s'6levant jusqu'A 5 minutes et le refroidissement pour
provoquer la cristallisation du chlorhydrate de melphalan. 25 30 35 50 55


