INJECTION COMPRISING DOCETAXEL AND ITS PREPARATION BACKGROUND OF THE
INVENTION FIELD OF THE INVENTION 5The present invention discloses a injection containing
Docetaxel compounds, particularly a injection containing Docetaxel compounds with a prolonged stability
and convenience for medical personnel, said injection is a three-part injection containing Docetaxel
compounds. 10 DESCRIPTION OF RELATED ART Paclitaxel, which belongs to the class of taxane,
was approved]i¥ JE € T¢Q RnEeME RIS RGUID EI0T ANEI A NEiIT SRR BATRA MO8, arid
have been recognized as one of the most important anti-cancer drugs since then. However, it was not
very successful when the drug first entered the market, for that, in addition to the limited 15 resource of
its raw material such as Taxus brevifolia and Taxus sumatrana (Miq) de Laub, it is also found that the
patient administered with the Paclitaxel suffered from serious allergy in Phase | clinical trials. The allergen
is not PaclitaxmgﬁygQé*ﬂn[rtg@@%mm;ggg%el, Cremophor EL. To prevent the allergy from
Cremophor EL the current research direction has focused on finding a new solvent to replace Cremophor
EL. 20 Due tdFifdRdPTEHEMOYEN EMxane, whose solubility in water is less than 10ug/mL, the
process to find a new solvent to replace Cremophor EL for dissolving the Paclitaxel is not very successful.
The only Paclitaxel-cbheaiprierswirugvapipeovdisdasesndyiisedimool¢onivinmacitnreievel opuupoyndss.
Bristol-Myers Squibb company. However, the solvent of the IV injection used for dissolving Paclitaxel is
still a mixture pithdady antiEreomophioriBEinatDodetane itisnpilipdssitfle toralmwed etghiiypaniénts even
with low Cremophor EL content. 5Some researchers have proposed to use organic solvent in place of
Cremophor Elkdowdissodee Padiitahiel] (geesohindersadnin:ctiarenterahifeqlitdx el toteStabiealonetoxic
Formulation”, USP5,877,205, March 2, 1999; Hausheer, F.H., Mural D., and, Seetharamulu, P.,
USP6,040,33Md&arehacepboati-ormulations of Taxanes", March 21, 2000). Even though the
preparation process disclosed by these prior art is simple and has 10high potential in the market it is not
widely accepted due to high toxicity of the organic solvent. To find a substitute solvent, many
researchers forward the study in two different aspects: 1. Improvement of the formula of the injection 15It
mainly uses lipBESCRIPUEONaOF REAIAPEY Agent to dissolve Paclitaxel. However, the liposomal
formulation forms precipitation during storage, which lowers the stability of the drug. In order to solve the
problem, the injectiopisiitaesdvis diriize dt € iystal ROWd esxiewRerapbis veguisest to fieezaglry the
liposomal formulation into lyophilized crystal powder by using a costly freeze drying preparation
technique, whighder28net 8¢0008NIcalbANENE IV EINMARIAsHsisNWPBRY th boominerailizéden The
research of emulsion have been disclosed by Panayiotis, P. et al, W002/26208, "Emulsion Vehicle for

Poorly Solublgdosdased kit AQBE AL IMeek AttanARARIG RS Jinke WP HBHRR30it Wiakiet
Oil-In-Water Emulsions Incorporating a Taxine (Taxol) and Method of Making Same", April 1, 1997; Chu,

| M., and Wange,F RoddSRE 38 48L o Qi ths\\ater-E THISiARdar FneaRswRlinnBAGiaKeliafeR 19, 2002,

and the Paclitaxel emulsion produced with an emulsifying agent shows excellent effects. But the

preparatign SpIGRISINAISRL memplicriet and cost.iANd e Faimschyshal MiegiPiaigns like the

liposomal formulation during storage, therefore this pharmaceutical formulation has an‘insufficient

stability. it is also found that the patient administered with the Paclitaxel suffered from serious

allergy in Phase I clinical trials. The allergen is not Paclitaxel itself, but the solvent to
dissolve Paclitaxel, Cremophor EL. To prevent the allergy from Cremophor EL, the
current research direction has focused on finding a new solvent to replace Cremophor EL.
20 Due to the high hydrophobicity of taxane, whose solubility in water is less than
10ug/mL, the process to find a new solvent to replace Cremophor EL for dissolving the

Paclitaxel is not very successful. The only Paclitaxel-containing drug approved currently is

1=



2 Synthesis of Docetaxel having a higher solubility than Paclitaxel It is very difficult to find a good solvent
for taxane due to its low solubility in water, 10 so Docetaxel with a higher solubility than Paclitaxel is
synthesized chemically. Taxotere(r) IV injection made by Docetaxel has been approved by FDA to enter
the market, wherein the injection is dissolved with a surfactant. It is a great breakthrough in this field.
However, there are still some disadvantages for dissolving Docetaxel with surfactant instead of
Cremophor EITawdiild Vwieentisselectepas tels$rfatantlwithess $Huiblvecdmpinity tHamwtypicaherganic
solvents, a formulation in which Docetaxel is dissolved with Tween needs to be mixed with perfusate such
as 5% glucosediodtiti@f firgorvoinigettinmsAs rekbisdng PaxtitheonRystik sannsoaustettaiol augel, thus the
dissolution requires a vigorous stirring. To improve the defects above, Rhone-Poulenc proposed a
two-part injectieraophpesiliont With, theladditiai] of cysibidemeias e saliion pheneb e véh pretredvihe mixture
from gelling (see, JEAN-MARC BOBEE, PATRICK DE LANTY, GILLES GUERIN, MICHEL VELLLARD,
TWO00271395 CrdmspRarEinjestieatcomposition comprising a taxane derivative in surfactant and an
additive to prevent gelling on dilution ), wherein the intermediate solution includes an additive such as

organic cgmpounds QAM<rROICRGTAD FRIPHRR A dwaiehnlhsolvtaimepiate selidaibishan@gueous
solution having the additive at a concentration higher 6% by weight than that of surfactant. According to

the claims of sgidiRaRRL phaitaleIediaienaeilian is apaldirnpipackdierihandahidiadbinaier.
However, the addition of the intermediate solution may result in the following problems: (a) Problems in
usage: Accordipghigiiai2 7 Gepermptalkrdd o3> Rbgsmagawical dosage foRRainiBClionsy itis

required to fill the syringe with excess volume when injecting a general viscous fluid. For instance, the

excess volumg o fll 5, Gik 2N (R¥H i Wi hpndQleada Ml iRIasiBRasRaURknEhe NiSegsisy of the

injection containing Docetaxel and surfactant is so high that a high excess volume is required as well,

thus increasing s, do5t AR ILIRES 100G UG AT SORUGRLRRIOAIRIIL BN e iRogHs fiection

Moreover, this would lead to a’poor control on the actual amount'withdrawn, thus affecting the dosage
accuracy and ' ect h iti ' iate, splui cil to reduce
the visoagty dl B e T S B TIPS SR NSRS e a
commercially %\)ﬁ%@%{)'e ethanol solution has a ethanol concentration of 95%. In order to prepare 13% by
weight ethanol intermediate solution, a 95% ethanol solution must be weighted and mixed accordingly
with water. However,{ee, 20 g1 Moy b s variance ameng e, coneentiation el sthanal solution
prepared by each human aclit eac hme. %esﬁés, qadditional sterilization stsep % requwed or ftlljtlfilling the
safety issue, which greatly increases the complexity and risk of the manufacturing process. Therefore,
the use of theacsgrencrt'nErcially available 95% ethanol solution would enable a relatively easier production
and a lower riik in the sterilizatip?giep, \{ﬁith q}obviouségrogress. (c) Stability problem The formulation
prepared can not §?é’6{86|?1t8pt %élé ""Sogé fotRIER ver, it is emphasized in the instruction of the
product Egovided by Rhone-Poulenc. that thaj product must b ll'és’ed within 4 ho%rs inc mixed with the
perfusion> Moreover''a'@ I'ﬂ)sr%sci(ﬁﬁgﬁ%ﬂ oA LN SR RSB e BIONE prodliételt has been

proved by an experimentation. The crystal precipitation may clog hlood vessels, and cause fatal danger to

Cc
the patient. 1&4@@@/'9%};@? wesemgl fQrp\gHiRyNorms precipitation during storage, which lowers the

stability of the drug. In order to solve the problem, the injection is stored as lyophilized
crystal powder. However, it is required to freeze dry the liposomal formulation into
lyophilized crystal powder by using a costly freeze drying preparation technique, which is

20  not economical and results in a product unworthy to be commercialized.
The research of emulsion have been disclosed by Panayiotis, P. et al, W002/26208,

“Emulsion Vehicle for Poorly Soluble Drugs”, April 4, 2002; Kaufman, R.J., and Richard,



In view of the low stability of the TV injection of Docetaxel (Taxotere ) which is dissolved with the
aforementioned solvent, a three-part injection containing Docetaxel is developed. 15An object of the
present invention is to provide a three-part injection containing Docetaxel with a prolonged stability and
convenience for medical personnel. For the above purpose, the present invention provides a
three-part injection containing Docetaxel, which includes: a mother liquid, which is a solution
comprising DokétakidlPeviell &, phayr friaskelatioatiy AV aeedipialie ssfiacignitatinget HBnaheWhiotols anl
anti-gelling agent for preventing gel formation after the injection is mixed, and water,which serves as
a flow agent tovkelgithod viakies 183uid in AphidrhogenizachatataViin sydhargyigyith Rneesrais 491Wherein,
the weight ratio of the anti-gelling agent to the surfactant is not less than 1% he weight ratio of the flow
agent to the sudaqiamw isenatdassidhafdd (Ycapiinetpie Faoliinuantioshee REZE Hnd Ay He]
anti-gelling agent, gel formation when the mother liquid is mixed with perfusion solution, such as an
aqueous 5% gluensensplodecedanting Bawlagent aamadissidhecdpaastiyeelseungidprdiiigiowgether
with the anti-gelling agent. Therefore, the three-part injection prepared by the method according to the

present irveniipscbastReregEIResbMIBRESIE and A/MATLRegus i ehael fpraaiamohd Tikis teovides
convenience for medical personnel to withdraw the injection with a syringe and confirm the amount

withdrawn. Flﬂﬁﬂlﬁﬁﬂﬁfefoﬁlﬁ%%ﬁﬁddf&ﬁr@o%ﬁﬁéej adriR & ahysiprrReRiiRE ffamdheidnastiogsolution is
prolonged, thereby increasing the stability of the injection, reducing the fatal danger to patients
administered yithemedicaagintand enhancing the therapeutic quality. 15In the injection containing

Docetaxel according to the present invention, the pharmaceutically acceptable surfactant is preferably

Tween. The cgncggy;@gg}g gﬁﬁ@fh@c’e&‘ﬁ%ﬁg%@@l@ Q&‘ﬁfﬁﬂﬁ?%@x‘??’ﬁﬁa@@” 90%, more preferably not

less than 95%. The concentration of Docetaxel in the mother liquid is preferably 20 mg/ml to 60 nrig/ml.

The weight of the anfeqeling ageniabaitiRIol s PLBTLARY A IERSLA S UL OL TR e 20 weight of

the water is preferably at least 10% of that of Tween. The present invention also provides a method

for prepaing aJTIRGHE ONIANNGRACEIRGIUIEN FATANSES SRR AL iR Malheigud and

ethanol evenly into a mixture liquid; an ding water Into t rementioned mixture liquid and
mixing it evenP(, BRII%-F DES(%RIP%I(BI}I OIIZJH% DRAWINQ FDA It:IG. illslt"?)ows a,schematic top view
of a cylindrica infél{:etlcolr?l\ln%]lam tPn}é Roerna())(Senaesltyeteensta the preysent mv%ﬁ%o%. eé?ﬂfﬁﬁ?fowggg&mmeN
OF THE INVENT {ﬁje’\c'tion is &E‘%f&’e” "%Eﬂ?f%?"&%&e qrslgt:%orre]aobtrfga%rregl?q}%lﬁ] ﬁ%?fé?d?s made referring to
the accompanied frgures and does not intend to limit the s€ope of Implementing the present 10invention.
However, there are still some disadvantages for dissolving Docetaxel with
surfactant instead of Cremophor EL. While Tween is selected as the surfactant with a
15  lower toxicity than typical organic solvents, a formulation in which Docetaxel is dissolved
with Tween needs to be mixed with perfusate such as 5% glucose solution prior to
injection. As a result, the mixture may be so viscous to form a gel, thus the dissolution
requires a vigorous stirring. To improve the defects above, Rhone-Poulenc proposed a
two-part injection composition with the addition of an intermediate solution, thereby

20  prevent the mixture from gelling (see, JEAN-MARC BOBEE, PATRICK DE LANTY,

GILLES GUERIN, MICHEL VEILLARD, TWO00271395, “ Two-part injection

composition comprising a taxane derivative in surfactant and an additive to prevent gelling



The injection containing Docetaxel according to this invention including: a mother liquid, comprising a
solution of Docetaxel and one or more pharmaceutically acceptable surfactants, wherein the surfactant is
Tween (i.e. polysorbate), and the concentration of Docetaxel dissolved in Tween is 20 mg/ml to 60
mg/m1; 15 an anti-gelling agent, which prevents gel formation when the mother liquid is mixed with a
perfusate, such as 5% glucose solution, wherein the anti-gelling agent is preferably 95% ethanol, and the
weight of the efihafilotisniol)|eshdienn b oidhatdbitvwetnifethaciotddabyaddioht aichwaea)gatid a flow
agent, which is water to keep the mother liquid in a homogenized state, in 20 synergy with the ethanol,

and serves 1o agjih ing m@()@f e anaiher dvigevharein:the figwiaQeRkERUG Wale! A water for

injection, and the weight w agent is not less than 10% of that of Tween (water 10% by weight of

Tween).  ThedMEeSRALINRHAD NGH FOMPrSEs G ARIA RIS ANy (R IR RAGE A.22¢ the

mother liquid, can be prepared in a'more flexible way, and the adjustment to’viscosity of the mother liquid

can be more Mgl GompAYR WIS AARYERUANZISATARSTIRN SORUSINAINE J0iergsliats solution

and mother liquid. 5The metho preparing a three-part injection containing Docetaxel according to the

present inventanneldee g S Meineidaud anthe Antioching aaenhexan iR adgipa and
evenly mixing the flow agent. he preparation’method described above enables eac cor?gponent
mixed to reach autlj[olm engous statgbl%}:ntshe time to use, by mixing them directly through hand shake or a

10machine (Slﬂ%sn as desk Vor é% B3N ambient temperature. The advantages of the injection

containing Docetaxe| gompounds of the,pres ntinviﬁ' e fur depict glo with the. illustration
of examples, Whicxgl%g\fv(geg\%rpss %‘df&%'?of%goc{ohn rtt?e aiss)ihr%% aff(r)anqlet[bagﬁ%ssﬁgp% o \ﬁ%‘g%ar(éesue%hc rnvention.

15 Example 1; Observati | formation resulted. from different methods af mixing Th t
ienton adofoUTSOUTRERL of a0 L RSP Bt B S e G ML R Boserved

Control group: The test in this, group was performed by mixing firstly the antj-gelling agent with the
fow agont, wHETERNRPS B LGP ASHET BB o g it ot AR HE ing
steps. The mather liquid, anti-gelling agent and flow agent used. are listed in Table 1, whereas Table 2
and 3 |is{%iffef%@nqe?h%%?%%r?gnaﬁatca}?sswm&ag QB HE G ReSORE RSN Atithid

Intermediatesolution comprising mixture of anti-gelling agent and flow agent Docetaxelandsurfactant

Tween (0.5 mPHAiRSEAN 1359 igReha ¢ sty RrearrarIrres g By Rthan g Ol s itreastiss £98 mi water

and it takes long time for medical personnel to withdraw the viscous injection. Moreover,

this would lead to a poor control on the actual amount withdrawn, thus affecting the

dosage accuracy and therapeutic effect. Even though the addition of intermediate solution

15  facilitates to reduce the viscosity of the injection, this reduction is limited and the problem
still exists.

(b) Preparation risk: A commercially available ethanol solution has a ethanol

concentration of 95%. In order to prepare 13% by weight ethanol intermediate solution, a

95% ethanol solution must be weighted and mixed accordingly with water. However, there

20  are may be some variance among the concentration of ethanol solution prepared by each

human at each time. Besides, an additional sterilization step is required for fulfilling the

safety issue, which greatly increases the complexity and risk of the manufacturing process.



Table 2 Mixing method | Observation Result Step | inject the intermediate solution of Table 1 into the
mother liquid to form a mixture solution No gel formation Step 2 injectthemixturesolutioninto500m|
perfusate No gel formation Table 3 Mixing method 2 Observation Result Step | inject the intermediate
solution of Table 1 into 500 ml perfusate No gel formation Step 2 then inject the mother liquid to perfusate
(containing anti-gelling agent and flow agent) Gel formation It can be found, by comparing the two
mixing methodhaletive, that the tifiahentxinradicialtls haddlie S&Preetamyplositimingibwaifterenblecal
compositions surrounding Tween molecules. In mixing method 1, the anti-gelling agent and flow agent
would attach teetie diweasisnglechiesolirsiyd, aoltvairthiskeiweahe merkiamibgetépg aghniimotetsles
surrounding Tween molecules (i.e. the local concentration of anti-gelling agent around surfactant
molecule is highgfrde prevent gel formation. In mixing method 2, the anti-gelling agent and flow agent
had already been diluted by the perfusate before the mother liquid containing Tween was injected into the
perfusate, which lquesdvifie, Corbenirating G thelanthoslipgadenh meless g aneundaTyeRimgaalecules,
so the gel formed in variable extents throughout the whole solution.

5  period. Moreover, it is emphasized in the instruction of the product provided by Rhone-
Poulenc that the product must be used within 4 hours once mixed with the perfusion.
Moreover, a crystal precipitation forms after 12 hours in the mixture of said product, it has

been proved by an experimentation. The crystal precipitation may clog blood vessels, and

cause fatal danger to the patient.

10
SUMMARY OF THE INVENTION
In view of the low stability of the IV injection of Docetaxel (Taxotere™) which is
dissolved with the aforementioned solvent, a three-part injection containing Docetaxel is
developed.
15 An object of the present invention is to provide a three-part injection containing

Docetaxel with a prolonged stability and convenience for medical personnel.
For the above purpose, the present invention provides a three-part injection
containing Docetaxel, which includes:
a mother liquid, which is a solution comprising Docetaxel and a pharmaceutically
20  acceptable surfactant;
ethanol, which is an anti-gelling agent for preventing gel formation after the

injection is mixed; and



It is thus known that the main cause to prevent gel formation is not the amount of the anti-gelling agent
used, but is whether the anti-gelling agent can be mixed evenly with surfactant molecule in the mother
liquid during the process of mixing so as to prevent aggregation with other surfactant molecules.
Experimental Group: The mother liquid, anti-gelling agent and flow agent used in this group are listed
in Table 4, but the mixing steps are different from those described in the control group in that: the
anti-gelling agent andvther flowicty segent averdlowxaegkwitio theepnttb endifuidigephiatefiohabmizdists the
mixing steps and corresponding observation results which can be compared with those in the control
group. Table 4tMethesyiguig Aviti-gellstignagient Flow agent Docetaxelandsurfactant Tween (2m1 in total)
0.1 ml ethanol 0.53 ml water Table 5 Mixing method 3 Observation Result  Step 1 inject

the anti-gelling agentneréhe motheplioudoNg gel jammalion Sieatddnjecttrtdtow agentisntokhe mother
liquid (containing the anti-gelling agent)
1%, the weight ratio of the flow agent to the surfactant is not less than 10%.

5 The present invention can prevent, by adding the anti-gelling agent, gel formation
when the mother liquid is mixed with perfusion solution, such as an aqueous 5% glucose
solution, and the flow agent can adjust the viscosity of the mother liquid, together with the
anti-gelling agent. Therefore, the three-part injection prepared by the method according to
the present invention has a reduced viscosity and is homogeneous without gel formation.

10 This provides convenience for medical personnel to withdraw the injection with a syringe
and confirm the amount withdrawn. Furthermore, the period for Docetaxel to form a
crystal precipitate from the injection solution is prolonged, thereby increasing the stability
of the injection, reducing the fatal danger to patients administered with medicament and
enhancing the therapeutic quality.

15 In the injection containing Docetaxel according to the present invention, the
pharmaceutically acceptable surfactant is preferably Tween. The concentration of ethanol
used therein is preferably not less than 90%, more preferably not less than 95%. The
concentration of Docetaxel in the mother liquid is preferably 20 mg/ml to 60 mg/ml. The
weight of the anti-gelling agent of ethanol is preferably at least 1% of that of Tween; the

20  weight of the water is preferably at least 10% of that of Tween.

The present invention also provides a method for preparing a injection containing

Docetaxel, which comprises steps of: (a) mixing a mother liquid and ethanol evenly into a



No gel formation Step 3 inject the mother liquid (containing the anti-gelling agent and the flow agent) into
the perfusate No gel formation In this example, the anti-gelling agent and the flow agent were added
to the mother liquid sequentially (i. e., the flow agent and the anti-gelling agent were mixed with the
mother liquid), which is different from mixing method 2. It was observed that the concentration of
anti-gelling agent molecules around surfactant molecules was higher. According to this mixing method,
the ratio of anthigelitadiqdénimiqlecudditg sufactant the koue eatiohedSn¥ixtoyenejgidt 4xdonYixing weight)
without gelling Example 2: Fluidity test The injections with or without the flow agent are listed in Table
6, and mixing efeaich of the injections was observed and compared Table 6 Mother liquid Anti-gelling
agent Flow agent Observation Result 0.5 ml 0.24 ml ethanol No gel formation 0.5 ml 0.24 ml ethanol 1.26

ml water No gBROPPHRSERIPTEON Oy THE [DRawhNGSample item | 1.0 ml

FIG. 1 shows a schematic top view of a cylindrical injection vial in the

5  homogeneity test of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description to the present invention is made referring to the

accompanied figures and does not intend to limit the scope of implementing the present
10 invention.

The injection containing Docetaxel according to this invention including:

a mother liquid, comprising a solution of Docetaxel and one or more
pharmaceutically acceptable surfactants, wherein the surfactant is Tween (i.e. polysorbate),
and the concentration of Docetaxel dissolved in Tween is 20 mg/ml to 60 mg/ml,;

15 an anti-gelling agent, which prevents gel formation when the mother liquid is mixed
with a perfusate, such as 5% glucose solution, wherein the anti-gelling agent is preferably
95% ethanol, and the weight of the ethanol is not less than 1% of that of Tween (ethanol

= 1% by weight of Tween); and

a flow agent, which is water to keep the mother liquid in a homogenized state, in
20  synergy with the ethanol, and serves to adjust the viscosity of the mother liquid, wherein
the flow agent is pure water or water for injection, and the weight the flow agent is not

less than 10% of that of Tween (water = 10% by weight of Tween).



0.24 ml ethanol No gel formation ~ No gel formation and 1.0 ml 0.24 ml ethanol 1.26 ml water the
fluidity was better than sample item 1 From the results of this example, it was known that the addition
of flow agent in the injection reduces the viscosity of the solution, and therefore reduces the excess
volume filled so as to reduce the production cost. Furthermore, it is more convenient to withdraw the
injection, which allows a precise control on the dosage of injection withdrawn. Example 3: Homogeneity
test After each cdrhpdesigsaar mjeixied, tedhjeatipriscydre quodaliad byedifferefiostinget pratesses,
and then tested for their homogeneity. As shown in FIG. 1, homogeneity test was performed by using
the top view ofte aydithdritighidjeckiore \pad@sed iefeiaocefltakitgvhe eadttat pdjntaseel asspainis at 0, 90,
180 and 270 of the circumference of the cross section of the vial as sampling points for homogeneity, and

then analyzingbyhtligbtRariajnivres biguier€ eaibatogiaphiing oRtholigr evpventioRiNUtanosikien
intermediate solution in prior art, a intermediate solution was formed in this group by mixing the

anti-gelling agesthpyitnthehé avengedibiy sthutndidendinerintgimediate solution thus formed was
withdrawn, injected slowly into the mother liquid, stirred by different stirring processes, and analyzed.

Table 7 shows the ugag methed igyebpantingiingagantgediiawaganinywhreasdialles§aneh9 show
the observation results after stirring. Table 7 composition of two-part injection composition
the present invention includes mixing the mother liquid and the anti-gelling agent evenly,
then adding and evenly mixing the flow agent.
The preparation method described above enables each component mixed to reach a
homogeneous state, at the time to use, by mixing them directly through hand shake or a
10 machine (such as desk Vortex) at an ambient temperature.
The advantages of the injection containing Docetaxel compounds of the present

invention are further depicted below with the illustration of examples, which however

should not be construed as limitations to the scope of the present invention.

15  Example 1: Observation on gel formation resulted from different methods of mixing
The present invention adopts different methods of mixing to ensure ease of use,
and the gel formation was observed.
Control group:
The test in this group was performed by mixing firstly the anti-gelling agent with
the flow agent, which is similar to the intermediate solution in prior art, then carrying out
different mixing steps. The mother liquid, anti-gelling agent and flow agent used are listed

in Table 1, whereas Table 2 and 3 list different methods of mixing and corresponding



Sample item Mother liquid intermediate solution comprised the mixture of anti-gelling agent and flow
agent 1 0.5 ml 1.5 ml 13 % by weight ethanol (mixture of 0.24 ml ethanol and 1.26 ml water) 2 2,0m1 6.0
ml 13 % by weight ethanol (mixture of 0.96 ml ethanol and 5.04 ml water) The intermediate solutions
of sample 1 and 2 were withdrawn and injected slowly into the mother liquid, and then the resulting
mixture liquid was mildly spinned and stirred for at least 40 seconds so as to prevent the formation of gas
bubbles duringlibevaixingesfiltaother liquid and intermediate solution. The analysis results obtained are
shown below: Table 8 Homogeneity test of two-part injection composition after mild stirring Test Central
Relative standard item points 0

Table 1

o Intermediate solution comprising mixture of anti-gelling
Mother liquid
agent and flow agent

Docetaxel and surfactant|1.5 ml 13% by weight ethanol formed by mixing 0.24 ml

Tween (0.5 ml in total) ethanol and 1.26 ml water

Table 2

Mixing method 1 Observation Result

inject the intermediate solution of Table 1 into ‘
Step 1 o . _ No gel formation
the mother liquid to form a mixture solution

inject the mixture solution into 500 ml

Step 2 No gel formation
perfusate
Table 3
Mixing method 2 Observation Result
inject the intermediate solution of Table 1 into _
Step 1 No gel formation
500 ml perfusate

then inject the mother liquid to perfusate ‘
Step 2 o _ _ Gel formation
(containing anti-gelling agent and flow agent)

It can be found, by comparing the two mixing methods above, that the final mixture
liquids had the same composition, but different local compositions surrounding Tween
molecules. In mixing method 1, the anti-gelling agent and flow agent would attach to the

Tween molecules firstly, so that there were more anti-gelling agent molecules surrounding



90 180' 270' deviation 15.54.41.78.24.349% 2 7.5 8.9 7.3 6.6 9.0 13% (the unit of concentration is
mg/ml) The intermediate solutions of sample item 1 and 2 were withdrawn, injected slowly into the
mother liquid, and then stirred vigorously by a desk Vortex for at least 40 seconds to create gas bubbles
in the mixture liquid of intermediate solution and mother liquid The analysis results obtained are shown
below. Table 9 Homogeneity test of two-part injection composition after vigorous stirring
Tween molecules (i.e. the local concentration of anti-gelling agent around surfactant
molecule is higher ) to prevent gel formation. In mixing method 2, the anti-gelling agent
and flow agent had already been diluted by the perfusate before the mother liquid
containing Tween was injected into the perfusate, which lowered the concentration of the
anti-gelling agent molecule around Tween molecules, so the gel formed in variable extents
throughout the whole solution.
It is thus known that the main cause to prevent gel formation is not the amount of
the anti-gelling agent used, but is whether the anti-gelling agent can be mixed evenly with
surfactant molecule in the mother liquid during the process of mixing so as to prevent
aggregation with other surfactant molecules.
Experimental Group:
The mother liquid, anti-gelling agent and flow agent used in this group are listed in
Table 4, but the mixing steps are different from those described in the control group in that:
the anti-gelling agent and the flowing agent were mixed with the mother liquid separately.

Table 5 lists the mixing steps and corresponding observation results which can be

compared with those in the control group.

Table 4
Mother liquid Anti-gelling agent Flow agent
Docetaxel and surfactant
0.1 ml ethanol 0.53 ml water
Tween (2ml in total)
Table 5
Mixing method 3 Observation Result

— 10—



Sample Central Relative standard item points 0 90 180 270" deviation 1 9.4 8.8 10 9.8 9.1 5% 2 9.1 9.4

inject the anti-gelling agent into the mother _
Step 1 No gel formation
liquid

inject the flow agent into the mother liquid ‘
Step 2 _ No gel formation
(containing the anti-gelling agent)

inject the mother liquid (containing the anti-
Step3  |gelling agent and the flow agent) into the No gel formation

perfusate

In this example, the anti-gelling agent and the flow agent were added to the mother
liquid sequentially (i. e., the flow agent and the anti-gelling agent were mixed with the
mother liquid), which is different from mixing method 2. It was observed that the
concentration of anti-gelling agent molecules around surfactant molecules was higher.
According to this mixing method, the ratio of anti-gelling agent molecule to surfactant

molecule can be 5 % by weight (< 6 % by weight) without gelling.

Example 2: Fluidity test
The injections with or without the flow agent are listed in Table 6, and mixing of

each of the injections was observed and compared.

Table 6
Mother liquid Anti-gelling agent Flow agent Observation Result
0.5 ml 0.24 ml ethanol No gel formation
No gel formation and
0.5 ml 0.24 ml ethanol 1.26 ml water the fluidity was better
than sample item 1
1.0 ml 0.24 ml ethanol No gel formation
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9.5 10.3 8.8 5% (the unit of concentration is mg/ml) From the above results, it is known that the
injection stirred vigorously is mixed more homogeneous than the injection stirred mildly. Experimental
group: In the experimental group, the anti-gelling agent and the flow agent were injected into the
mother liquid separately, stirred by different ways, and then analyzed. The used mother liquid, anti-gelling
agent and flow agent are shown in Table 10, whereas the analysis results after stirring are shown in
Tables 11 and 12 and were compared with those of coptrol group. Table 10 Sergpbfitiaatiohthrde-part

Injection composition Sample item) Motlé rli w%ﬂ ti- g=II|n e tFIow agent ml 0.24 ml ethanol
1.26 ml water{ 4 2.0 mﬁ@‘@g ml ethanol 502 ﬂﬁ ‘i’ %n%% il water - [the ﬂmglty was better

than sample item 1

From the results of this example, it was known that the addition of flow agent in
the injection reduces the viscosity of the solution, and therefore reduces the excess volume
filled so as to reduce the production cost. Furthermore, it is more convenient to withdraw
the injection, which allows a precise control on the dosage of injection withdrawn.
Example 3: Homogeneity test

After each components are mixed, the injections were produced by different
stirring processes, and then tested for their homogeneity.

As shown in FIG. 1, homogeneity test was performed by using the top view of a

cylindrical injection vial as a reference, taking the central point as well as points at 0°, 90",
180° and 270" of the circumference of the cross section of the vial as sampling points for

homogeneity, and then analyzing by High Performance Liquid Chromatography.

Control group:

Similar to the intermediate solution in prior art, an intermediate solution was
formed in this group by mixing the anti-gelling agent with the flow agent firstly. And then
the intermediate solution thus formed was withdrawn, injected slowly into the mother
liquid, stirred by different stirring processes, and analyzed. Table 7 shows the used mother
liquid, anti-gelling agent and flow agent, whereas Tables 8 and 9 show the observation

results after stirring.
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0.24 ml ethanol 1.26 ml water 6 2.0 ml 0.48 ml ethanol 2.52 ml water Each anti-gelling agent in the
three-part injection composition from sample items 3, 4, 5, 6 was withdrawn and added into the mother
liquid, and then was stirred vigorously by a desk Vortex for at least 20 seconds. After that, each flow
agent was respectively added and mildly spinned and stirred for at least 20 seconds so as to prevent the
formation of gas bubbles in the final solution during stirring. The analysis results obtained are shown
below: Table ﬂﬁﬂ@?ﬂﬂgﬁp@ﬂtﬁd&ﬁf@ﬁvﬁ\mmmmmomsition after mild stirring Sample item

Central pOInto O 90 18 '2970" Raolativie otf\nnlr\vrl dovintinn- 20909 102 0 Q

L)

Sample = '\C'_am"c > HFe(;r‘fﬁJeHﬁ{éoég‘fﬁhgndéomprlsed the mixture of anti-gelling
Mother liquid
item agent and flow agent

| 1.5 ml 13 % by weight ethanol (mixture of 0.24 ml ethanol

1 0.5m
and 1.26 ml water)

6.0 ml 13 % by weight ethanol (mixture of 0.96 ml ethanol

2 2.0 ml

and 5.04 ml water)

The intermediate solutions of sample 1 and 2 were withdrawn and injected slowly
into the mother liquid, and then the resulting mixture liquid was mildly spinned and stirred
for at least 40 seconds so as to prevent the formation of gas bubbles during the mixing of

mother liquid and intermediate solution. The analysis results obtained are shown below:

Table 8 Homogeneity test of two-part injection composition after mild stirring

Test Central . . . . Relative standard
0 90 180 270
item points deviation
1 55 4.4 1.7 82 43 49%
2 7.5 8.9 73 6.6 9.0 13%

(the unit of concentration is mg/ml)

The intermediate solutions of sample item 1 and 2 were withdrawn, injected slowly
into the mother liquid, and then stirred vigorously by a desk Vortex for at least 40 seconds
to create gas bubbles in the mixture liquid of intermediate solution and mother liquid. The
analysis results obtained are shown below:

Table 9 Homogeneity test of two-part injection composition after vigorous stirring
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10.19.7 2% 4 10.2 9.7 9.6 9.9 20 2% 5 19.8 20.1 20.2 19.6 19.5 1% 6 15.7 16.3 16.1 15.6 15.4 2%

Sample | Central . . . . Relative standard
0 90 180 270
item points deviation
1 9.4 8.8 10 9.8 9.1 5%
2 9.1 9.4 9.5 10.3 8.8 5%

(the unit of concentration is mg/ml)

From the above results, it is known that the injection stirred vigorously is mixed
more homogeneous than the injection stirred mildly.

Experimental group:

In the experimental group, the anti-gelling agent and the flow agent were injected
into the mother liquid separately, stirred by different ways, and then analyzed. The used
mother liquid, anti-gelling agent and flow agent are shown in Table 10, whereas the
analysis results after stirring are shown in Tables 11 and 12 and were compared with those
of control group.

Table 10 composition of three-part injection composition

Sample item Mother liquid Anti-gelling agent Flow agent
3 0.5 ml 0.24 ml ethanol 1.26 ml water
4 2.0ml 0.96 ml ethanol 5.04 ml water
5 1.5 ml 0.24 ml ethanol 1.26 ml water
6 2.0ml 0.48 ml ethanol 2.52 ml water

Each anti-gelling agent in the three-part injection composition from sample items 3,
4, 5, 6 was withdrawn and added into the mother liquid, and then was stirred vigorously by
a desk Vortex for at least 20 seconds. After that, each flow agent was respectively added

and mildly spinned and stirred for at least 20 seconds so as to prevent the formation of gas
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(the unit of concentration is mg/me Each anti-gelling agent of the three-part injection composition from
sample items 3, 4, 5, 6 was withdrawn and added into the mother liquid, and then was vigorously stirred
by a desk Vortex for at least 20 seconds. After that, each flow agent was respectively added and
vigorously stirred by the desk Vortex for at least 20 seconds to creates gas bubbles in the mixture liquid of
anti-gelling agent and mother liquid. The analysis results obtained are shown below: Table 12
Homogeneity bebblek thrde- fiaat sjeciiordodnyasition dtienuidmioussstisrsigabrhpte sterwmCehdral points 0"
90 180" 270" Relative standard deviation 3 10 9.9 10.19.99.9 1% 4 9.9 10

Table 11 Homogeneity test of three-part injection composition after mild stirring

Sample | Central . . . . Relative standard
0 90 180 270
item points deviation
3 9.8 10.2 9.8 10.1 9.7 2%
4 10.2 9.7 9.6 9.9 20 2%
5 19.8 20.1 20.2 19.6 19.5 1%
6 15.7 16.3 16.1 15.6 15.4 2%

(the unit of concentration is mg/ml)

Each anti-gelling agent of the three-part injection composition from sample items 3,

4, 5, 6 was withdrawn and added into the mother liquid, and then was vigorously stirred by

a desk Vortex for at least 20 seconds. After that, each flow agent was respectively added

and vigorously stirred by the desk Vortex for at least 20 seconds to creates gas bubbles in

the mixture liquid of anti-gelling agent and mother liquid. The analysis results obtained are

shown below:

Table 12 Homogeneity test of three-part injection composition after vigorous stirring

Sample | Central . . . . Relative standard
0 90 180 270
item points deviation
3 10 9.9 10.1 9.9 9.9 1%
4 9.9 10 10 9.8 10.1 1%
5 20.1 19.9 20 20.2 19.8 1%
6 16.2 16 15.9 15.8 16 1%

(the unit of concentration is mg/ml)

It is known from example 1 that the local concentration of anti-gelling agent
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109.810.11% 5 20.119.9 20 20.2 19.8 1% 6 16.2 16 15.9 15.8 16 1% (the unit of concentration is
mg/m1) It is known from example | that the local concentration of anti-gelling agent around the surfactant
molecule is higher, therefore, in addition to reduce the ratio of gel in the solution, the resistance against
homogeneity from the gel itself can be reduced Compared to the experimental group of present invention,
the surfactant in the two-part injection composition of the control group was pre-diluted, which leads to a
low local concawiradiohmeciitiieanti rgeliagcaig dig laero tinatesuréa aiaaiditioletutedsoettiat thterafigebigel in the
solution and the resistance against homogeneity from the gel itself cannot be reduced. Even after a
vigorous stirrinke thslhiamodgeneiyiwinentgligso upisdsidhdwetshantibhatcdfitbelfthae partdhjestion
composition of the present invention Example 4: Stability test

Compared to the experimental group of present invention, the surfactant in the two-part

injection composition of the control group was pre-diluted, which leads to a low local

concentration of the anti-gelling agent around surfactant molecule, so that the ratio of gel

in the solution and the resistance against homogeneity from the gel itself cannot be reduced.

Even after a vigorous stirring, the homogeneity of control group is still lower than that of

the three-part injection composition of the present invention.

Example 4: Stability test

The injection composition was mixed, and placed at room temperature to observe
the formation of crystal at different time.

Control group:

The intermediate solutions of sample item 1 and 2 in Table 7 were withdrawn,
injected slowly into the mother liquid respectively, then stirred vigorously by a desk
Vortex for at least 40 seconds, and tested for their stabilities. The results are shown in

Table 13:

Table 13 Crystal test for two-part injection composition after vigorous stirring

Sample
‘ 0 hour 4 hours 8 hours 12 hours 16 hours 24 hours
1tem

1 | No crystal | No crystal | No crystal |Few crystals| Obvious crystals | Massive crystals

2 | No crystal | No crystal | No crystal |[Few crystals| Obvious crystals | Massive crystals
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The injection composition was mixed, and placed at room temperature to observe the formation of crystal
at different time. Control group: The intermediate solutions of sample item 1 and 2 in Table 7 were
withdrawn, injected slowly into the mother liquid respectively, then stirred vigorously by a desk Vortex for
at least 40 seconds, and tested for their stabilities. The results are shown in Table 13: Table 13 Crystal
test for two-part injection composition after vigorous stirring Sample item 0 hour 4 hours 8 hours 12 hours
16 hours 24 hours 1 No crystal No crystal No crystal Few crystals Obvious crystals Massive crystals 2 No
crystal No crystal No crystal Few crystals
Experimental group:
Each anti-gelling agent of the three-part injection composition of sample item 3, 4,
5, 6 in Table 10 was withdrawn and added to the mother liquid and then was stirred
vigorously by a desk Vortex for at least 20 seconds. After that, each flow agent was
respectively added and vigorously stirred by the desk Vortex for at least 20 seconds, then

was tested for their stabilities. The results are shown in Table 14, and compared with

control group:

Table 14 Crystal test for three-part injection composition after vigorous stirring

Sample
0 hour 4 hours 8 hours 12 hours 24 hours 48 hours
item
3 No crystal | No crystal | No crystal | No crystal | No crystal | No crystal
4 No crystal | No crystal | No crystal | No crystal | No crystal | No crystal
5 No crystal | No crystal | No crystal | No crystal | No crystal | No crystal
6 No crystal | No crystal | No crystal | No crystal | No crystal | No crystal

It is known from examples 1 and 3 that the local concentration of anti-gelling agent
around the surfactant molecule is higher, therefore, in addition to reduce the ratio of gel in
the solution and the resistance against homogeneity of the gel itself, it is also possible to
increase the energy barrier between surfactant molecules to prevent crystal precipitation
due to the intermolecular aggregation of Docetaxel molecules. Accordingly, the local

concentration of anti-gelling agent around surfactant molecules in the two-part injection
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Obvious crystals Massive crystals Experimental group: Each anti-gelling agent of the three-part
injection composition of sample item 3, 4, 5, 6 in Table 10 was withdrawn and added to the mother liquid
and then was stirred vigorously by a desk Vortex for at least 20 seconds. After that, each flow agent was
respectively added and vigorously stirred by the desk Vortex for at least 20 seconds, then was tested for
their stabilities. The results are shown in Table 14, and compared with control group: Table 14 Crystal test
for three-part tjegtmiticompasitiah @fbap vigoroers sittrihg Saradie e boviedteosesBshdacsadf hours 24
hours 48 hours 3 No crystal No crystal No crystal No crystal No crystal No crystal 4 No crystal No crystal

molecules is reduced. Thus, the two-part injection composition forms crystal precipitate

after standing for 12 hours, whereas all the three-part injections of the experimental group

of the present invention have no crystal precipitate within 48 hours.

The addition of anti-gelling agent prevents gel formation in the mother liquid when

it is mixed with the perfusate at the time of use, and the flow agent can adjust the viscosity

of mother liquid, in synergy with the anti-gelling agent. Therefore, the three-part injection

prepared by the method of present invention has a reduced viscosity and is homogeneous

without gel formation. The three-part injection of the present invention allows medical

personnel to withdraw it more conveniently with a syringe, and confirm the amount

withdrawn. Besides, the period for Docetaxel to form a crystal precipitate from the

injection solution is prolonged, thereby increasing the stability of the injection, reducing

the fatal risk to patients and improving the medical quality.
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No crystal No crystal No crystal No crystal 5 No crystal No crystal No crystal No crystal No crystal No
crystal No crystal No crystal No crystal No crystal No crystal No crystal It is known from examples |
and 3 that the local concentration of anti-gelling agent around the surfactant molecule is higher, therefore,
in addition to reduce the ratio of gel in the solution and the resistance against homogeneity of the gel
itself, it is also possible to increase the energy barrier between surfactant molecules to prevent crystal
precipitation duaygq Jr& iGighmpglgcular aggregation of Docetaxel molecules. Accordingly, the local
concentration of anti-gelling agent around surfactant molecules in the two-part injection composition of
control group is lower, and therefore the energy barrier between surfactant molecules is reduced. Thus,
the two-part injection compasitiepdarsdciystahpiecipide-aftel, stafgisiggor 12 hours, whereas all the
three-part injections of the experimental group of the present invention have no crystal precipitate within

48 hours. The addition of anfiogRiing;agienivRiayants gsdfarsmatiempndhe nohesdguidavhen it is
mixed with the perfusate aﬁthe tim(ta oﬁ use, an fhe flpvx{ agent can adjust the viscosity of mother liquid, in
a Jﬁtll tat e %H actan

synergy with the anti-gelliﬁg gréaé:r? ré greg ree-part injection prepared by the method of present

invention has a reduced viscosity and is hamogeneous without gel formation. The three-part injection of
the present nvention allows HEHIRAIFEFL S BUHHEPEASE %%Sﬁ%%ﬁﬁ{/&ﬁmagoéwﬁﬂe, and
confirm the amount withdtbeinjeBesides)itied; pediod for Docetaxel to form a crystal precipitate from the
injection solution is prolonged, thereby increasing the stability of the injection, reducing the fatal risk to
patients and improving the medieal whialityserves as a flow agent to keep the mother liquid in a

homogenized state, in synergy with the ethanol,

wherein the mother liquid, ethanol and water are mixed in sequence to reach a

10 homogenous state at the time of use, and then diluted into the perfusate.

2. The injection containing Docetaxel according to claim 1, wherein the

pharmaceutically acceptable surfactant is polysorbate.

3. The injection containing Docetaxel according to claim 1, wherein the ethanol

has a concentration of no less than 90%.

15 4. The injection containing Docetaxel according to claim 1, wherein the ethanol

has a concentration of no less than 95%.

5. The injection containing Docetaxel according to claim 2, wherein the

Docetaxel in the mother liquid has a concentration of 20 mg/ml to 60 mg/ml.

6. The injection containing Docetaxel according to claim 2, wherein the weight

20 of the ethanol is at least 1% of the weight of the polysorbate.

7. The injection containing Docetaxel according to claim 2, wherein the weight

of the water is at least 10% of the weight of the polysorbate.

8. A method for preparing the three-part injection containing Docetaxel

according to claim 1, comprising steps of:
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What is claimed is 1. A three-part injection containing Docetaxel, comprising: a mother liquid, which is a
solution comprising Docetaxel and a pharmaceutically acceptable surfactant; 5ethanol, which is an
anti-gelling agent for preventing gel formation after the injection is mixed; and water, which serves as a
flow agent to keep the mother liquid in a homogenized state, in synergy with the ethanol, wherein
the mother liquid, ethanol and water are mixed in sequence to reach a 10homogenous state at the time of
use, a_nd then diluted mtp the p@{jqﬁg{tﬁ %Ihﬁo't’ﬂ@cﬂ‘c?ﬂi&%@'ﬁﬂ@g:t?é?l%‘?té‘%‘éﬂl?%%dd”&ﬁ&ﬁ@'m 1,
wherein the pharmaceutically acceptable surfactant is polysorbate. 3. The injecCtion containing Docetaxel
according to claim 1, wherein the Sifictihs a concentration of no less than 90%. 154. The injection
containing Docetaxel according to claim 1, wherein the ethanol has a concentration of no less than 95%.
5. The injection containing DocEtazefiaedbedittantddin pixitesindradspEataxeritie mother liquid has
a concentration of 20 mg/ml to 60 mg/ml. 6. The injection containing Docetaxel according to claim
2, wherein the weight 200f the ethanol is at least 1% of the weight of the polysorbate. 7. The injection
containing Docetaxel according to claim 2, wherein the weight of the water is at least 10% of the weight of
the polysorbate. 8. A method for preparing the three-part injection containing Docetaxel according to
claim 1, comprising steps of: (b) adding the water into the mixture liquid and mixing it evenly.
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