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DESCRIPTION

Field of the Invention

[0001] The present invention relates to an improved process for production of Aluminium
phosphate (AlPhos) gel. It also relates to the use of Aluminium phosphate gel, especially In
Immunogenic/and or vaccine compositions, for adsorption of antigen(s).

Background of the Invention

[0002] Vaccine composition may comprise one or more of adjuvants. "Adjuvants’' are
substances that are incorporated into, or injected simultaneously, with an antigen and that
potentiate non-specifically the ensuing immmune responses. The resultant iImmune responses
last longer by maintenance of sufficient levels of antibodies in the administered population. For
practical and economic reasons, this prophylactic immunization needs to be obtained with
minimum number of administrations and employing least amount of antigen compatible with
efficient immunization. The nature of these adjuvants may be inorganic like alum, such as
aluminium phosphate and aluminium hydroxide which are most commonly used in human
vaccines, and organic adjuvants like squalene.

[0003] Veterinary vaccines commonly make use of oil-based adjuvants. A vaccine used for
prevention of influenza caused by HS5N1 virus, which iIs commonly referred to as an avian
iInfluenza or "bird flu", contains the adjuvant AS03, an oil-in-water emulsion. The AS03 adjuvant
IS made up of the oily compounds D, L-alpha-tocopherol (vitamin E), squalene, an emulsifier -
polysorbate-80, which helps ingredients to mix together and keep them from separating, and
water containing small amounts of salts.

[0004] Aluminium salts are widely used, since 1930s. The only adjuvants approved by the
Food and Drug Administration for use in human vaccines are aluminium-containing adjuvants,
due their long history of safe and effective use. Glenny et al., had described the effect of
aluminium compounds as adjuvant (Glenny AT, Pope CG Waddington H, Wallace U.
Immunological Notes XVII to XXIV. J. Pathol. 29, 31-40, 1926).

[0005] Despite this, aluminium-containing adjuvants have been described as being difficult to
manufacture with reproducible physicochemical properties. Scholtz et al., in 1984, prepared
pure aluminium phosphate using equimolar amounts of aluminium chloride and trisodium

phosphate.

[0006] Aluminium Phosphate gel i1s used as the 'adjuvant' in the formulations of the liquid
pentavalent vaccine (LPV), helping to boost the immunogenic responses to Hepatitis-B Surface
Antigen, Diphtheria and Tetanus toxoids which get adsorbed onto the gel particles, and also
possibly for the whole-cell Pertussis antigens. The aluminium salts are used in DTaP vaccines,
the pneumococcal conjugate vaccine and hepatitis-B vaccines. Although there has been a
search for alternate adjuvants, aluminium compounds (aluminium phosphate and hydroxide)
will continue to be used as adjuvants for human vaccines for many years owing to their good



DK/EP 3307315 T3

track record of safety, low cost and adjuvanticity with a variety of antigens.

[0007] Two methods have been commonly used to prepare vaccines and toxoids with
aluminium compounds-in situ precipitation of aluminium compounds in the presence of antigen
(developed originally to purify toxoids by precipitation with alum), and adsorption of antigen
onto preformed aluminium gel. Adsorption of antigens on aluminium adjuvants, either during in
situ precipitation of aluminium adjuvants or onto preformed aluminium gels, depends upon
physical and chemical characteristics of antigen, type of aluminium adjuvant and conditions of
adsorption. These conditions are often overlooked, and a poorly formulated aluminium
adjuvant preparation does not exhibit optimal adjuvanticity.

[0008] SU481539 disclosed a method of producing a porous hydrogel alumino-phosphate by
reacting aluminium chloride with 85% phosphoric acid. The resulting solution was cooled to -8
to -10°C, slowly introduced with vigorous stirring, cooled to the same temperature as ethylene
oxide. The resulting gel was heated at a temperature of 30-350°C and a water vapour

pressure of 1-170 atm for 2 hours, washed with distilled water, dried and calcined at 200°C In
air at 650-700°C for 4-6 hours.

[0009] SUS50340 disclosed a method of producing aluminium phosphate gel by reacting
aluminium acetate with phosphoric acid, followed by filtration, washing, drying at 30-40°C for
12 hours, then at 110-120°C for 4 hours and at 600°C product activation within 4 hours. The
proposed method is also complicated and laborious, because it requires prolonged drying time
and the activation of the final product at high temperatures.

[0010] SUS59895 disclosed a method of producing an amorphous aluminium phosphate
hydrate by reacting a solution of aluminium nitrate and phosphoric acid in the molar ratio
1:0.95-1.05, followed by neutralization with ammonia to pH=6.0 with temperature in the range

of 15-20°C. The resulting product is filtered, washed with water and dried at a temperature of
60-80°C.

[0011] DE 2152228 disclosed a process, for the production of aluminium phosphate gel, which
comprises of forming a mixture of sodium aluminate, phosphoric acid and aluminium sulphate
IN aqueous medium, reacting the mixture in such a way that the pH value of the resulting
suspension Is between 5 and 6, and heating the aluminium phosphate, which is precipitated, to
a temperature above 70°C either during or after its precipitation.

[0012] RU2149138C disclosed a process of producing Aluminium phosphate gel wherein an
initial solution of water-soluble salts of aluminium and sodium phosphate was subjected to
filtration on microfiltration unit with a threshold bandwidth of 0.22 microns, and reacted with a
soluble aluminium salt with sodium phosphate. The desired product was precipitated under

vigorous stirring for 15-45 min. at a rotation speed of the stirrer of 3.3-8.3 sec™!. Aluminium
phosphate gel is formed at a temperature of 18-60°C for 5-7 days, followed by its washing.

[0013] WO 2009/136233A1 disclosed method for production of nanoparticles of aluminium
phosphate with particle diameter less than 1000 nm, preferably 10 to 600 nm, comprising: a.
preparation of aluminium phosphate gel; b. adjusting pH of the aluminium phosphate gel; c.
subjecting the aluminium phosphate gel to size reduction; d. affording aluminium phosphate
nanoparticles of desired size; and €. optionally suspending the nanoparticles in a suitable
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buffer, wherein the aluminium phosphate gel can be prepared (i) in situ, (i) by suspending
aluminium phosphate powder in suitable solvent, or (i) by treatment of equimolar aluminium
chloride with trisodium phosphate to effect aluminium phosphate gel formation, followed by
chloride removal, if required.

[0014] US Patent No. 8,540,955 disclosed an improved method, for producing the aluminium
adjuvant AIPO4, which comprises the steps of mixing a solution of aluminium chloride and a

solution of sodium phosphate tribasic to produce an aluminium phosphate precipitate, wherein
the improvement comprises settling the aluminium phosphate precipitate at a temperature In
the range of about 50°C to about 70°C.

[0015] Burrell et al. [Vaccine. 1999 Jun 4;17(20-21):2599-603] disclosed that Aluminium
phosphate adjuvant remained amorphous when autoclaved for 30 or 60 min. at 121°C.
However, deprotonation and dehydration reactions occurred as evidenced by a decrease In
the pH. The protein adsorption capacity, rate of acid neutralization at pH 2.5 and point-of-zero

charge also decreased, indicating that the deprotonation/dehydration reactions resulted in a
decreased surface area.

[0016] Burrell et al. [Vaccine. 2000 Sep 15;19(2-3):275-81] disclosed a process for preparing
Aluminium phosphate adjuvant wherein an aqueous solution containing aluminium chloride and
sodium dihydrogen phosphate was pumped into the reaction vessel at a constant rate. A
second pump infused a sodium hydroxide solution at the rate required to maintain the desired
pH. Precipitations were performed between pH 3.0 and 7.5, at intervals of pH 0.5.

[0017] WO2013/078102 describes a method for the preparation of aluminum
hydroxyphosphate adjuvant comprising the steps of: (a) co-mixing a solution of an aluminum
salt with a solution of a phosphate at a defined P/Al molar ratio in the presence of a buffer that
maintains a constant pH; and (b) buffer exchanging with a buffer exchange solution to remove
at least 30% of any excess phosphate, buffer or other residual salts from the original reactants.

[0018] The characteristics of aluminium adjuvants, such as size of the gel particles, adsorption
capacity, i1soelectric point, and ratio of aluminium to phosphate depend upon the conditions of
making these gels, including order of adding reagents, speed at which the reagents are added
& mixed, mixing speed, time taken to adjust pH, and scale of gel preparation. Therefore,
aluminium adjuvants have been described as difficult to manufacture in a physico-chemically
reproducible way, thus resulting in batch to batch variations.

[0019] The methods of preparing aluminium phosphate gel disclosed in the above prior arts
are tedious and complex. Although methods for producing aluminium phosphate adjuvant have
been described, there remains a need in the art for methods that are more efficient on an
Industrial scale. In addition, it i1s desirable that the characteristics of aluminium phosphate
adjuvant produced by any new method should satisty the properties of the adjuvant already
present in various marketed products to enable its usage in vaccine preparations.

Objective of the Invention
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[0020] The main objective of the present invention 1s to provide an improved process for the
production of Aluminium phosphate gel through a simple and cost-effective method.

[0021] An another objective of the present invention iIs to avoid use of addition of alkali or acid
for different pH management as previously used in the state of art, rather the process
materials and parameters are adjusted so that the Aluminium phosphate gel is produced In
optimised conditions and concentration; this would avoid use of alkalis like carbonates and
hydroxides that would create new species of salts and non-uniform gel structure which,
therefore, may require removal.

[0022] Yet another objective of the present invention is to have a method which iIs simple, easy
to control, quicker to produce and which avoids extreme temperatures or long durations for
maturation, etc.

[0023] A final objective of the present invention Is to demonstrate suitability of the aluminium
phosphate gel prepared as described In vaccine preparations as an adjuvant.

[0024] In a nut-shell, the invention relates to an improved, scalable process for producing a
sterile Aluminium Phosphate Gel with good efficiency, but reduced time, efforts and cost, with
demonstration of its suitability in making stable vaccine preparations.

Summary of the Invention

[0025] The invention is as defined in the claims.

[0026] The present invention provides a process for the preparation of aluminum phosphate
gel having particles with a size distribution having a median particle size d(50) in the range of
3.0 um to 9.0 ym and a mean particle size less than 7 um, wherein the process comprises the
steps of: 1) adding solutions of aluminum salt and alkaline phosphate salt to water in specific
concentrations to maintain the pH between 3.0 and 4.0, under stirring to obtain a precipitate, i)
sterilizing the aluminum phosphate precipitate of step (i) by heating the aluminum phosphate
precipitate to a temperature in the range of 120-150°C for a period of 30 to 90 minutes; and Iii)
obtaining the aluminum phosphate gel, wherein the process is devoid of the steps of settling
the aluminum phosphate suspension and removal of supernatant, and wherein the process
does not involve the addition of any other acid or alkali for pH adjustment.

[0027] The invention also provides an aluminum phosphate gel obtainable by a process of the
iInvention, which has a particle size distribution wherein the median particle size d(50) is in the
range of 3.0 um to 9.0 ym, the mean particle size is less than 7 um, and the 90% cumulative

distribution d(90) is in the range of < 15 ym.

[0028] The invention provides additionally a vaccine composition comprising one or more
antigens adsorbed on an aluminum phosphate gel according to the invention.

[0029] Essentially the invention relates to the process as recited in the claims for producing
Aluminium Phosphate Gel with controlled and consistent particle size distribution, by
manipulation of solutions' concentrations, mixing parameters and addition rates, but without
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any need for sizing and gel-washing steps.

Detailed Description of the Invention

[0030] The invention is as defined in the claims.

[0031] The present invention provides a method as recited in the claims of producing
aluminium phosphate gel which comprises the steps of adding aluminium salt and alkaline
phosphate salt to water by maintaining the pH between 3.0 and 4.0, under stirring to obtain a
precipitate.

[0032] Aluminium salt, as used according to the present invention, is in the form of Aluminium
chloride hexahydrate.

[0033] Alkaline phosphate used according to the present invention Is Sodium phosphate,
preferably, tribasic sodium phosphate or dibasic sodium phosphate.

[0034] The pH is maintained by adding specific concentrations of the solutions of aluminium
chloride and trisodium phosphate. Preferably, the concentration between 400 and 3500
milliMolar (mM) Is used, more preferably between 480 and 490 mM Is used.

[0035] Both aluminium chloride and trisodium phosphate are added to water under stirring for
a period of 10 to 60 minutes, preferably, 35 to 35 minutes, with the addition of initial amount of
aluminium chloride solution for a period of 1 to 60 seconds, preferably 30 seconds, more
preferably 2 to 10 seconds, prior to the addition of sodium phosphate solution, so as to
maintain the pH of precipitation between 3.0 and 4.0, preferably between 3.2 and 3.5, almost
throughout the reaction except the last 5-10% part of addition.

[0036] The solutions are added to water under stirring at not less than 400 rpm, preferably
between 500 and 600 rpm, and more suitably at the mid-to higher range.

[0037] The solutions of aluminium chloride and trisodium phosphate are added to water at
room temperature or at a temperature between 20°C and 25°C.

[0038] The solutions of aluminium chloride and trisodium phosphate are added and mixed with
water in a vessel, which has baffles, minimum 2 and preferably between 2 and 4 in number.
The stirring mechanism iIs top-mounted and the stirring rod has at least 3 impellers, each
having not less than 4 blades.

[0039] According to the process of the present invention, gel is formed at a pH range of 3.2 to
3.5 without addition of any other acid or alkali. This method may be used to provide a gel with
a concentration not more than 3 mg/mL of aluminium, preferably, in the range up to 2.5 mg/mL
of aluminium'.

[0040] The Aluminium phosphate gel prepared according to the present invention has a
particle size distribution wherein the median particle size d(50) is in the range of 3.0
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micrometers to 9.0 micrometers, the mean particle size 1s less than 7 micrometers and the
90% cumulative distribution d(90) is in the range of <15 uym, preferably 5 to 10 um.

[0041] The efficiency of the method i1s improved significantly by adding the aluminium chloride
and sodium phosphate tribasic to water at a constant ratio, and by maintaining pH &
temperature. Such a process also makes the steps required in purification and concentration of
final product, i.e. Aluminium Phosphate Gel, redundant.

[0042] The process involves, sterilizing the aluminium phosphate precipitate of step (1) by
heating the aluminium phosphate precipitate to a temperature in excess of 120°C, preferably,
120-150°C for a period of not less than 30 minutes, and preferably 30 to 90 minutes.

[0043] Another improvement of the present invention is performing the process steps recited In
the claims within a closed system, thereby increasing the sterility assurance of the final product
and reducing the need for sterility testing. This makes the overall process more efficient since it
reduces the number of sterility tests that need to be performed.

[0044] In yet another embodiment, the present invention provides a process as recited in the
claims for the preparation of sterile Aluminium Phosphate gel aseptically within 60 minutes,
more preferably within 45 minutes with the use of pre-sterilized WFI in a vessel, sterile-filtered
chemical solutions and other process-related accessories, which can be immediately used for
formulation of vaccines without any purification, sizing or other testing.

[0045] In yet another embodiment, the Aluminium Phosphate gel produced according to
present invention is as recited in the claims and is more resistant to changes in particle sizing
and other physicochemical parameters. Further, the pH of the gel, post-sterilization, i1s in the
range more suitable for blending of antigens which have an iso-electric point (pl) above 5.0,
and thereby requiring no pH adjustment.

[0046] In yet another embodiment, the present invention provides a process as recited in the
claims for the preparation of sterile Aluminium Phosphate gel which, unexpectedly, aids In
avoiding the steps of settling and thereby there is no formation of supernatant. Hence, the
entire process Is completed within a time period of 1 to 5 hours, towards the latter if a post-
preparation sterilization mode is followed, which makes it simple, economical and operationally
highly feasible.

[0047] In a preferred embodiment, the present invention provides a process as recited in the
claims and which comprises the steps of:

1. 1) adding the solutions of aluminium chloride and trisodium phosphate to water for
Injection under stirring within 60 minutes, preferably between 35 to 55 minutes, by
maintaining the pH of the precipitate formed between 3.0 and 4.0, preferably between
3.2 and 3.95;

2. 1) sterilizing the aluminium phosphate precipitate of step (i) by heating the aluminium
phosphate precipitate to a temperature in the range of 120-150°C for a period of 30 to
90 minutes; and

3. 1y obtaining the aluminium phosphate gel having particles with a size distribution having
d(50) in the range of 3.0um to 9.0ym and a mean particle size less than 7um, wherein
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the process is devoid of the steps of settling the aluminium phosphate suspension and
removal of supernatant and does not involve the addition of any other acid or alkali for

pH adjustment.

[0048] The Aluminium Phosphate adjuvant prepared according to the present invention
remained stable during the shelf life when stored at or below room temperature.

[0049] In a more preferred embodiment, the present invention provides a method as recited In
the claims of producing aluminium phosphate gel having a particle size distribution wherein
d(90) is in the range of <15 ym, which comprises the steps of:

1. 1) adding the solutions of aluminium chloride and trisodium phosphate at a concentration
between 400 and 500 milliMolar (mM) to Water For Injection, wherein initial amount of
aluminium chloride solution is added 2 to 10 seconds, prior to the addition of sodium
phosphate solution, under stirring within 60 minutes, preferably between 35 to 335
minutes, by maintaining the pH of the precipitate formed between 3.0 and 4.0, preferably
between 3.2 and 3.95;

2. 1} sterilizing the aluminium phosphate precipitate of step (i) by heating the aluminium
phosphate precipitate to a temperature in the range of 120-150°C for a period of 30 to
90 minutes and,

3. 1) obtaining the aluminium phosphate gel having particles with a size distribution having
d(50) in the range of 3.0um to 9.0uym and a mean particle size less than 7um, wherein
the process is devoid of the steps of settling the aluminium phosphate suspension and
removal of supernatant and does not involve the addition of any other acid or alkali for

pH adjustment.

[0050] The mechanism of adjuvanticity of aluminium compounds includes formation of a depot,
efficient uptake of aluminium adsorbed antigen particles by antigen presenting cells due to
their particulate nature and optimal size (<10um); and stimulation of immune competent cells
of the body through activation of complement.

[0051] In yet another aspect, the present disclosure provides a formulation process of vaccine
which comprises the steps of:

1. 1. adding the solutions of sterile-filtered aluminium chloride and trisodium phosphate to
pre-sterilized water for injection under stirring within 60 minutes, preferably between 35
to 55 minutes, by maintaining the pH of the precipitate formed between 3.0 and 4.0,
preferably between 3.2 and 3.5;

2. 1. adding the antigens to the aluminium phosphate gel obtained in step (i) immediately
without any purification, sterilization, sizing.

[0052] In yet another embodiment, the present invention provides use of Aluminium Phosphate
Gel as recited in the claims for adsorption of antigens in vaccine preparations.
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Advantages of the invention

[0053]

1. 1. The process of the present invention does not involve any addition of acid / alkali for
pH adjustment.

2.2. The process does not involve any step for particle size reduction of aluminium
phosphate gel.

3.3. The process does not Involve the steps of settling and thereby removal of
supernatant.

4. 4. The process does not involve any washing step.

9. 9. The process avoids high temperature conditions and longer durations for maturation.

[0054] The present invention will be more specifically illustrated with reference to the following
examples. However, it should be understood that the present invention is not limited by these
examples in any manner, but includes variations thereof within the parameters described
herein, as can be known to those well-versed in the art and as recited in the claims.

Example-1. Preparation of Aluminium Phosphate Gel.

[0055] Solutions of aluminium chloride and trisodium phosphate at a concentration of 48541
mM were used as raw materials and Water For Injection (WF1) as the solvent for producing the
aluminium phosphate gel. Both solutions were added as shown in the Table given below at a
constant rate, within 45£10 minutes, to WFI| (at a volume 3.1-3.15X of a solution's volume)
under stirring at 550x50 rpm In a vessel having 2-4 baffles, a top-mounted stirrer with
minimum 3 impellers at different heights and each having 4-blades. Addition of aluminium
chloride solution was started 2-5 seconds prior to start of addition of Sodium phosphate
solution to maintain the pH of precipitation below 3.5 throughout the process, except for the
last 5-10% of addition time, during which the pH was seen to rise to around 5.0. Post-
completion of addition, the gel was sterilized in situ using steam at 2121.1°C for 30-45 minutes.
pH of the gel, post-sterilization, reduced by ~1 unit to reach around 4.0+£0.3.

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Solution volumes required for gel
Qty./L volume of ...

1.8 L 18 L

L T T

il i i

(Solution 2)

| WFI required 1.1L 11 L 24.6 L

Final Concentration of both salts in the gel is 94.3 mM; 1:1 ratio.

Aluminium Ch':g)rlde (Solution 1171 g/L 350 ml 35|
Tr-Sodium Phosphate {10430/ 1 350m | 35L 7.7 L
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[0056] Aluminium phosphate gel, using the above process, was produced from 1L to 40L
scales, giving results reproducibly at each scale provided the parameters are within the given
range. There iIs no other settling, purification - r.e. washing of the gel using any buffers for e.g.
saline, etc. in this process and hence it Is very simple, straight-forward and results in a gel
which Is ready-to-use for blending. The process, thereby, proved its versatility, scalability and
ts cost-effectiveness, thereby confirming its suitability for commercial production.

Example-2. Particle size of Aluminium Phosphate Gel Preparation.

[0057] The particle size of the aluminium phosphate gel prepared as described in Example 1
was determined and the mean particle size was found to be in the range of not more than
/um, with the d(10), d(50) & d(90) ranges being >1pum, 3-8um and <14um, respectively,
without any additional processing step, e€.g. homogenization, fines selection/removal, etc.
Representative data for pH and particle sizes, along with PZC and Zeta-potential values,
estimated during preparation of gel lots made at 18L and 40L scales, both before and after
sterilization, iIs given in Table-2. The data indicates that without any of the additional process
requirements, the process has proven its simplicity and reproducibility.

Table-2: pH, Particle Size Ranges & Other Parameters Tested on 3 Lots E.a..ch
of Aluminium Phosphate Gel (AlPhos Gel) prepared at 18L. and 40L Scales

Batch No. | APG 18/01 |APG 18/02 [APG 18/03 |APG 40/01 | APG 40/02

APG 40/03 |
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Example-3. Formulation of Aluminium Phosphate Gel adjuvant In iImmunogenic
compositions.

[0058] The aluminium phosphate gel prepared as described in the Example-1, was used In
formulation of liquid pentavalent vaccine (LPV) comprising Diphtheria toxoid (DT), Tetanus
Toxoid (TT), Whole-cell pertussis (wP), Hepatitis-B surface antigen (HBsAgQ) and Haemophilus
influenzae type-b Polyribosyl Ribitol phosphate-TT conjugate (Hib) as the antigenic
components, Iin saline as the final diluent. In this formulation, to the gel obtained as In
Example-1 under stirring at 200-300 rpm the HBsAg, DT and TT antigens were added one
after the other without requirement of any pH adjustment, as it is the ideal pH for their
adsorption to the gel (adjuvant) as per literature and proved in our studies. This blend was
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then added with up to 80% of saline required for final volume make-up followed by addition of
wP; then the whole blend was chilled to below 10°C, and Hib component was added with
stirring. The final volume was then made-up to the required level with saline. The pH of the
blend, If required, was then adjusted to be between 6.2 and 6.5, but was not found to be
necessary in most cases.

[0059] The process, as described above, was optimized for the LPV blending process using
the aluminium phosphate gel prepared as described in Example 1 at different scales. LPV
blends of volumes ranging from 100mL to 60L was made using this process, and all were
tested and proved to meet the specifications for the vaccine, including the safety and potency
parameters of each antigen used in the formulation.

[0060] The aluminium phosphate gel was also shown to be suitable in the preparation of Liquid
Quadravalent vaccine (LQV) comprising Diphtheria toxoid (DT), Tetanus Toxoid (TT), Whole-
cell pertussis (wP), and Haemophilus influenzae type-b Polyribosyl Ribitol phosphate-TT
conjugate (Hib) as the antigenic components, in saline as the final diluent. The formulation of
this vaccine follows the same antigens and sequences of their addition, except non-use of
HBsAg which is added first in the LPV preparation.

[0061] LQV blends of volumes ranging from 1L to 60L have been made using this process,
and all have been tested and proved to meet the specifications for the vaccine, including the
safety and potency parameters of each antigen used in the formulation.

Example-4. Antigen adsorption capacity procedure and results.

[0062] Among the antigens used for formulating LPV HBsAg, DT & TT were the three which
bind to aluminium phosphate gel. The in-house requirement for binding in LPV for HBsSAg was
=90%, for that of DT it was 228% and for TT it was 230%. The aluminium phosphate gel
produced at different scales has consistently met these requirements, when tested as
produced up to 40L gel lot and LPV blend volume of up to 60L. The variations in the %
adsorption values between LPV blends produced using the Aluminium Phosphate gel prepared
as per the procedure described in Example-1, both made at different scales, Is insignificant.
Also, exposure of the vaccine to stress conditions (37°C for 14 days) did not change the %
adsorption values significantly. A representative example of this property of the gel, made at
different scales (1L and 18L) and used for LPV blending at 2L and 60L scales, along with a 2L
and 60L blends of LPV made using Adju-Phos® of Brenntag Biosector (commercial supplier) Is
summarised in Table-3.

[0063] As an example of the proof of stability of the gel / LPV blend made using the Aluminium
Phosphate gel prepared as per Example-1, the % adsorption results for the three antigens of a
4L LPV blend made and tested on days O (release), after incubation at 37°C on days 5, 7 & 14
are summarised in Table-4.
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Table-3: % Adsorption Results, in LPV Blends with Different Gel Sources &

Blend Sizes
Adju-Phos® Prepared as per the procedure
(Brenntag) described in Example-1

Antigen

60L
2L LPV | PV 2L LPV 60L LPV

1 HBsAg | 948 | 997 98.9

Diphtheria
Tooid | 47 | %9 -
fetanus 442 | 467 44 8 46.7
Toxoid

[0064] The data presented in Table-3 confirm that the % adsorption of the aluminium
phosphate gel prepared as per the procedure described in Example-1 matches with that of
Adju-Phos of Brenntag.

Table-4: % Adsorption Results - 4L LPV Blend at Release (Day-0) & After
Incubation at 37°C for 14 days

HBsAgQ
Day-0

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Day-5 771 98.7

Example-5. Other procedures for characterizing the gel and their results.
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[0065] Several lots of aluminium phosphate gel produced as described in Example 1 were
analysed for various physico-chemical properties so that they are fully characterized. Other
than pH, particle size and aluminium content, few more parameters were also tested which,
along with the reasons for their analysis, are summarised in Table-5.

Table-5: Physico-chemical Properties of AIPhos Gel to be Tested & Rationale

. ‘ Impact/Reason for

White turbid suspension in
which the mineral carrier Describes the general
tends to settle down slowly §physical appearance
upon

Aluminium content Not Less Than 2 mg/mL  Determines the binding

Mean{Nor More Than (NMT) 7

Particle >1 i Determines surface area,

Slze .......................... .................................................................................. ; aggregatlon potentlal,
(um) -8 binding capacity

Appearance

U
©
o

IA

—

L
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Table-5: Physico-chemical Properties of AIPhos Gel to be Tested & Rationale

Determines adsorption ratio/
rates;: main factor
determining aggregation:
also determines

Zeta Potential (@ pH

7.5) -28 to -40 mV

rNBsAg: 290% Determines relative
DT: 228% i distribution of antigens in

Antigen Adsorption

capacity T =300 gsollgel phases
o rree NMT 50 ppm
Impurity jaluminium . L. .
Profile . | ~ i Gives indication of gel purity
Soluble NMT 0.5% as PO,

Phosphates

Sedimentation Rate NMT 35% Determines the settleability
of the gel
. Reflects the concentration of
Osmolality 550+50 mOsm/Kg solutes in the gel

[0066] Representative quantitative data from the six batches of Aluminium Phosphate Gel
produced at 18L scale prepared as per the procedure described in Example-1 for process
validation batches of LPV and LQV batches are summarised in Tables 6 & 7. All these batches
complied with requirements for all the parameters tested at both post- & pre-sterilization
stages; while all batches complied with the specifications for appearance, sterility and
impurities levels, the quantitative parameters among those were analysed in these tables.

- Table-6: Analysis of Results of Physico-chemical Parameters -TeSin-glo'f
Aluminium Phosphate Gel Prepared as per the procedure described in
Example-1 — Pre-Sterilization Stage -

InLPV Batches | InLQV Batches |  Amalyses -

S| e _ _ B
No.| -Test . I'ypv [LPV [LPV N Tstd. T %
’ , b1 | 2| 3] A 'S | Dev. | CV.
g | Mean]| 350 ' ' 346021 | 6.10
% | Diw| 203 | 186 | 1.93 | 1.97 | 2.12 | 2.26 |2.03]0.14] 7.09
REE: 419 | 429 |4.07]/032]|7.77 |
av - !
A

ZCp) | 533 | 54 550 53 |53 [543 0]

| 3 [fcta Potential | 55 0 | 396 (-31.8]|-33.4]-30.7| —33.7

s & = 1323 1.5'\
|~ |(@pH 7.5) . -

32.3

Sedimentation | | | i ] I



DK/EP 3307315 T3

Rate @ 48
hours (in %)

| S |

[0067] The CV (Co-efficient of Variation) values for all parameters tested, without considering
the individual distribution ranges of particle sizes, were well within 10% and more so with the
post-sterilization stage; this indicated good consistency of the gel preparation procedure over
six batches analysed, produced over a period of 6 months with different lots of input materials.
The data also confirmed that only minor, insignificant changes occur post-sterilization iIn
physico-chemical parameters of the gel.

Table—‘? Analysis of Results of Physwo-chemlcal Parameters Testmg of Alummlum -

Phesphate Gel Prepared as per the procedure described in Example—l Post—

‘ L ] Sterlhzatmn Stage ST
- - | InLPVBatches | InLQV Batches | _A.nalysesj;.gf"
No.' Test = 'LPV LPV _L_PV LQY LQVILQV [, . [Sta.] " %

- 3 A1 -B | -C |- " Dev.| CV _
210 |2.26|017| 771
content | | T

,- 3.77 1.04 | 421 [409]022] 532 |

3 391 4.00 (424390 | 4.00 |4.03]013] 328

3 | o fg D | 46 | 2.38 .2.47, 0.07 3. OO_
~§ = Dso : 15 | 4.68 5.01(0.59 I 11, 81
A | Doo| 51| 7.85 ‘8'-..56 0. 78 C o4

| 4 PzCc) | s 5;44,@0.-07 1.33
Zeta Potential | — . PR

(@pH 7.5) 28 3L 33 43 33.7 060 L 177 |

6 f’jpe"{ﬁc 1.020 { 1.020 [ 1.019|  NotChecked |- -Not Applicable -

ravity - - O APPHCAE.
|Osmolality | 528 | 542 | 509 |  Not Checked _ Not Applicable

(Sedimentation ' ' _ 1 -

{Rate (@ 48 27 28 28 | 28 277,052 1.87

hours (in %) T

[0068] Some of these parameters, for a few batches, have been tested over the gel's storage
period (up to 7 days) at different stages viz. after preparation, after in-situ sterilization, and
after autoclaving of in-situ sterilized gel. Representative data from one batch tested for storage
effect on different parameters is summarized in Table-8. The data confirm that the parameters
do not change much up to 7 days post-sterilization/autoclaving. These characterization data
and their analyses confirm the consistency of the gels made at different scales and also
reconfirm the robustness of the gel preparation process.

- TEL THL TE THe TH T T THe T T TE T T T TE T T T TE T T TE T T T T T T T T T T TH T T T T T TE TE T T T T T T TE T T TE T T T TH T T TE T T T TE T T T T T T TH T T TE T T TE TE T T TE T T T T T T TE T T T TH T T T T T T TE T T T T T T T T T TE T T T TE T T TE T T T TE T T T T T T TE T T TE T T T TH T T TE T T T TE T T TE T T T TE T T TE T T T TH T T TE T T T TE T T TE TH T T TE T T T T T T TE T T T T T T T T T TE T T T TE T T TE T T T TE T T TE T T T TE T T T T T T TE T T T T T T TE T T T T T T T T T T T T TR T T TR TR W
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Table-8: Physico-Chemical Parameters of an Aluminium Phosphate Gel Batch at
Different Stages of Productlon and Storage

Sedimentation ‘

Osmolality o
(mOSmIKG) Rate (h/",’s); @48

..........................................................................

Post autoclavmg
of in-situ
sterilized gel

Post autoclaving ‘
of in-situ
sterilized gel 2.9430.79710.043 4.54 {4605} 5.0 {-34.6/
(Day-7)

Post- 2.1914.741 8.45 { 3.78 14.30} 5.1 {-32. oo

autoclaving
Example-6. Efficacy & Stability of AlIPhos gel as Adjuvant in Vaccine Preparations.
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[0069] Three batches of 60L LPV were formulated with three different batches of aluminium
phosphate gel prepared as described in Example-1, and one 60L LPV batch was formulated
with Brenntag's Adju-Phos gel as a 'control' - for comparison of the product produced using the
procedure as described in Example-1 and Brenntag's AlPhos gels. The aluminium phosphate
gel was prepared at 18L scale using sterilized solutions & in sterile vessel and was transferred
In sterile glass bottles for sterilization by autoclaving; this sterile gel was transferred to blending
vessel for LPV blending.

[0070] Three Final Bulks of LPV were produced using in-house aluminium phosphate gel, with
the following batch numbers (as mentioned in tables 6 & 7, under Example-35): LPV-1, LPV-2
and LPV-3. The 'reference' batch of LPV Final Bulk produced with Brenntag's Adju-Phos was

given the number 'LPV-4'.

[0071] The lots of antigens used for formulation of LPV-1 and LPV-4 were the same, to enable
comparison of impact of gel made prepared according to the present invention and that of
Adju-Phos available commercially, made by Brenntag Biosector.

The results of all qualitative & quantitative tests complied with the acceptance criteria for
respective parameter, and thus confirm that the AlPhos Gel prepared according to the present
iInvention produced the LPV lots which were highly comparable with that produced using the
Adju-Phos of Brenntag, thus confirming the suitability of in-house AlIPhos gel in making the
vaccine preparations.
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[0072] Similar to the LPV, three Final Bulks of LQV (D-T-P-Hib vaccine) were also produced
using aluminium phosphate gel prepared according to the present invention, with the following
batch numbers (as mentioned in tables 6 & 7, under Example-5): LQV-A, LQV-B and LQV-C.
The results of all qualitative & quantitative tests complied with the acceptance criteria (same as
that for LPV) for respective parameter, thus reconfirming that the gel prepared according to the
present invention for blending of LQV lots were also highly consistent. These data reaffirm the
suitability of AlIPhos gel of the present invention in making the vaccine preparations.

[0073] All the lots of LPV and LQV produced as above were filled into glass vials in single
(0.5mL) dose 10-dose (5.0mL) presentations and subjected to stability studies at real-time (2-
8°C) and accelerated (25+£2°C) temperature storage conditions. The test parameters were
evaluated to check the stability were all complying with the specifications up to 3 months
storage, when last tested, at both conditions for both vaccines; and the results of stability
parameters tested on the Final Lots filled from LPV-1 and LPV-4 up to 9 months' time-point
when stored at Real-time storage conditions are again comparable, indicating no change In
any of the parameters tested due to change in the AlPhos gel source.

[0074] Hence the process of the present invention to prepare Aluminium-Phosphate gel using
the unique process has proven to be easily reproducible, scalable and highly suitable for use in
vaccine preparations as an adjuvant.
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Patentkrav

1. Fremgangsmade til fremstillingen af aluminiumphosphatgel som har partikler
med en stgrrelsesdistribution med en medianpartikelstgrrelse
d(50) i omradet pa 3,0 um til 9,0 um og en middelpartikelstgrrelse mindre end 7

um, hvor fremgangsmaden omfatter trinnene:

1) tilsaetning af oplgsninger af aluminiumsalt og alkaliphosphatsalt til vand |
specifikke koncentrationer for at vedligeholde pH'en mellem 3,0 og 4,0,

under rgring for at opna et preecipitat,

i1) sterilisering af aluminiumphosphatpraecipitatet af trin (i) ved at opvarme
aluminiumphosphatpreaecipitatet til en temperatur i omradet pa 120-150 °C

for en periode pa 30 til 90 minutter; og

i) opnaelse af aluminiumphosphatgelen, hvor fremgangsmaden er fri for
trinnene at sedimentere aluminiumphosphatsuspensionen og at fjerne
supernatant,

og hvor fremgangsmaden ikke involverer tilseetningen af nogen anden syre

eller alkali for pH-justering.

2. Fremgangsmaden ifglge krav 1, hvor fremgangsmaden ikke involverer noget

trin til partikelstgrrelsesreduktion af aluminiumphosphatgelen.

3. Fremgangsmaden ifglge krav 1, hvor aluminiumsaltet er aluminiumchlorid og
alkaliphosphatsaltet er trinatriumphosphat, og koncentrationerne af de anvendte
oplgsninger af aluminiumchlorid og trinatriumphosphat er n omradet pa 400 og
500 milliMolar (mM), fortrinsvis mellem 480 og 490 mM.

4. Fremgangsmaden ifglge krav 1, hvor aluminiumsaltet er aluminiumchlorid og
alkaliphosphatsaltet er trinatriumphosphat, og tilseetningen af oplgsningerne af
aluminiumchlorid og trinatriumphosphat udfgres under rgring ved ikke mindre end

400 rpm, fortrinsvis mellem 500 og 600 rpm.
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5. Fremgangsmaden ifglge krav 1, hvor tilsatningen i trin (i) udfgres ved
stuetemperatur eller ved en temperatur mellem 20 °C og 25 °C.

6. Fremgangsmaden ifglge krav 1, hvor tilsaetningen udfgres for en periode pa 10

til 60 minutter, fortrinsvis, 35 til 55 minutter.

7. Aluminiumphosphatgel opnaeligt med en fremgangsmade ifglge kravene 1 eller
2, som har en partikelstgrrelsesdistribution, hvor medianpartikelstgrrelsen d(50)
er i omradet pa 3,0 mikrometer til 9,0 mikrometer, middelpartikelstgrrelsen er
mindre end 7 mikrometer og den 90 % kumulative distribution

d(90) er i omradet pa <15 um.

8. Aluminiumphosphatgelen ifglge krav 7, hvor d(90) er i omradet pa
5 til 10 pm.

9. Fremgangsmaden ifglge krav 1, hvor fremgangsmaden udfgres i et lukket

system.

10. Fremgangsmaden ifglge krav 1, hvor fremgangsmaden udfgres med et pH-
omrade pa 3,2 til 3,5.

11. Fremgangsmaden ifglge krav 1, hvor fremgangsmaden undgar trinnene at

sedimentere, og hvorved der ikke er nogen formation af supernatant.

12. Fremgangsmade til fremstillingen af aluminiumphosphatgel ifglge krav 1, hvor
| trin i),

oplgsninger af aluminiumchlorid og trinatriumphosphat tilsaettes til vand for
indsprgjtning under rgring indenfor 60 minutter, fortrinsvis mellem 35 til 55
minutter, ved at vedligeholde pH'en af det dannede preaecipitat mellem 3,0 og 4,0,

fortrinsvis mellem 3,2 og 3,5.
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13. Vaccinesammensaetning omfattende et eller flere antigener adsorberet pa
aluminiumphosphatgel ifglge krav 7 eller 8.
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