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associated costs for consumables and/or energy are high and

IgG monomer/dimer recovery is always less than 90%.

The present authors have developed a process through which the
use of reagents to precipitate high molecular weight
aggregates/polymers and/or proteins as described in the prior
art has been digpensed with, and surprisingly have achieved
virtually total elimination of the polymers generated, with
high productivity, lower production costs and easy
implementation in compariseon with the processes in the prior
art. Furthermore, through the use of this process, stability
has been achieved for the final product in liquid, preferably
formulated in the presence of amince acids or polyalcohols, and
it may be kept in ligquid for at least 1 year at a temperature

of between 2 and 30°C and a pH of 4.6 or above and up Lo 5.8.

This invention therefore relates tc a process for cobtaining an
IgG composition from a partly purified IgG solution from human

plasma which comprises the steps of:

a) diafiltering the partly purified IgG soiution;

b) stabilising the soclution cbtained in step a);

¢} heat treating the soliution obtained in step b);

d) selectively adsorbing the high molecular weight aggregates
and/or polymers from the heat treated solution in step c)
through caﬁion chromatography; and

e) diafiltering and formulating the solution obtained in step

al .

In one embodiment, there is provided a process foxr obtaining

an IgG compogition from an IgCG solution partly purified from

human plasma having an IgG content of more than 95% in

relation to total proteins comprising the steps of:

a) diafiltering the partly purified IgG solution;
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b) stabilising the sclution obtained in step aj;

¢} heat treating the golution obtained in step b);

d} selectively adsorbing high molecular weight aggregates

and/or polymers from the zolution heat treated in step ¢)

through cation chromatographv; and

e) diafiltering and formulating the sclution obtained in

step d) .

Through the use of this process a gignificant reduction in the
high molecular weight aggregates/polymer content, that ig to
say those higher than the dimer of IgG and other unstable
preoteins, 1s achieved, giving rise to a solution which
essentially  contains IgG monomers/dimers that can be
formulated in a slightly acid medium, and can be kept in a

ligquid at ambient temperature without noticeable gigns of
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1. A process for obtaining an Ig8 composition from an IgG.
solution partly purified frowm human plasma comprising the

steps of:
a) diafiltering the partly purified IgG solution;

b) stabilieing the solution obtained in step a);

c} heat trezting the sgolution cbtained in step b);

d) selectively adsorbing high wolecular weight /aggregates
and/or polymers from the solution heat treated in step <}

through cation chromatography; and

e) diafiltering. and formulating the solution /obtained in step
a . - '

Z. A process sccording to claim 1, charfécterised in that the
said process is carried out starting/ with an . IgG solution
purified from human plasma having an/IgG content of more than

95% in relation to total proteins.

3. A process according to claim/1 or 2, characterised in that
said procesgs is carried out /starting with an IgG solution
purified from human plasma ving an Ig@ content of more than

97% in relatlion to total pxiteins.

4, A process according/to any one of the preceding claims,
characterised in that/ the diafiltration step (a) 18 carried
out until the etjlancl concentration is less than 0.5%

{weight/volume), pfeferably less than 0.1% {weight/volume).

5. A process cording to any one of the preceding claims,
characterised/in that the diafiltration step (&) igs carried
out until xLhe concentration of non-denatured precipitation

reagents Auch as PEG, octancic acid, compatible non-ionic
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detergents or any mixture thereof is lesg than 2%
{weight/volume) and in any case will not give rise to more

than 3% of polvmer after step c¢).

6. A process according to any one of the preceding claims,
characterised in that the diafiltration step (a) is carrieg
out until the ionic strength of the starting IgG seclution A s

less than 1 m&/cm.

7. A process according to any one of the preceding laims,
characterised in that the pH wvalue at the end of step (a) is

within the range from 4.2 to 6.0.

8. A process according to any one of the pregéding claims,

characterisad in that the diafiltration step /{a} is carried
out with water for injection or with a buffer sclution of low

ionic strength.

9. A process according to claim 8, charhcterised in that the
buffer soluticn of low ilonic strength/is a £ 5mM solution of
acetic acid or sodium acetate, having a pH between 4.0 and

5.0.

10. A process according to any/ cne of the preceding claims,
characterised in that the digfiltration step (a) is carried
out in tangential flow gpiode acrosgss membranes having a

molecular cut-~off between Y0 kbDa and 1006 kD=a.

1i. A process according te any one of the preceding claims,
characterised in thet in the diafiltration step (a) the
proteins are concegtrated to a concentration not excesding
some 5% (weight/volume), opreferably between 2% and 4%

{(weight /volume)

12. & procesf according to any one of the preceding claims,
characterigéd in that sorbitol i1s used as a stabilising agent

in the st@bilisation step {(b).
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13. A procesg according teo claim 12, characterised in that the
concentration of sorbitol used in the stabilisation step (b)
is less than 50% (weight/weight), and preferably is between
30% and 35% by weight.

14. A process according to any one of the preceding claims,
characterised in that the pE is adjusted to beiwsen 4.6 ayd

5.2 in the stabilisation =ztep (b).

15. A process according to any one of the preceding aims,
characterised in that the heat treatment (step ¢} is/ carried
cut at a temperature betwesn 55°C and 63°C, for time of

between 1 and 24 hours.

i16. A process according'to any ¢ne of the prgceding claims,

characterised in that the heat treatment (stép ¢} is carried

out at a temperature of 60 % 1°C, for 10-11 Aours.

17. A process according to any one of Ahe preceding c¢laims,
characterised in that the selective adgorption step 1s carried

out in a strong cation exchange chromdtography column.

18. A process according to claim . Characterised in that the
strong cation exchange resin mprises at least one of the
cationic sulfone groups su as sulfonyl, sulfonic, or

sulfopropyi groups covalently bonded to an insoliuble synthetic

'perfusion matrix cowprisifig polymethacrylate or polystvrene

whose particle size varigs between 20 and 100 um.

19. A process acecordfng te any one of the preceding claims,
characterised in that in the selected adsorption step the

injection flow is/5-30 column volumes/hour.

20. A process faccording to any one of the preceding claims,
characterised in that sodium chloride is added to the solution
heat treated in step ¢} up to a final concentration of hetween

0.2 and .5 M (mol/litre).
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21. A process according te claim 20, characterised in that
after the addition of sodium chloride the pH of the =olution

in step ) is adiusted to between 4.2 and 5.5.

22. A process aceording to any one of the preceding claims,

characterised in that in the selective adsorption step betwee

1 and 10 litres of resin are used for each kg of IgG (4

requiring purification, which is equivalent to a loading of
between 100 and 1000 mg of Ig&/ml of resin.
23. A process acceording to any one of the preceding claims,

characterised in that in the selective adsorption sfep elution

is carried out using a decresasing saline gradient.

24, A process according to any one of the préceding claiums,
characterised in that the process comprisés at least one

additicnal viral imactivation/elimination tyeatment step.

25. A process according to claim 22, chafacterised in that the
on treatment steps are

carried out before or after the heat Lfreatment step.

26. A process according to claim 22, characterised in that the

additional wviral inactivation/¢limination treatment step 1is
carried out by incubation acid pH in the presence or
absence of pepsin, or by trdgatment with non-icnic detergents,

jonic solvents or by nancfyitration.

27. A process according to any one of the preceding claims,
characterised in that the diafiltration step {e) iz carried
out with water for Antdection or with a buffer solution of low

ionic strength.

28. A process Jaccording to any one of the preceding claims,
characterise in that in the diafiltration step {e)

stabilisers/for the final formulation are added.
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29. A process according to claim 28, characterised in that the

pH of the £inal formulation is between 4.6 and 5.8.

30. A process ac:cording" to any one of the preceding claims,
characterised in that the diafiltration step (e) is carried
out in the tangential flow mode through membranes having

molecular cut-off between 10 kDa and 100 kDa.

31. A process according to any one of the preceding claims,
characterised in that in the diafiltration step

proteins are concentrated to a value of between 5%

(w/v) .
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Claims

1. A process for obtaining an IgG composition from an IgG
sclution partly purified from human plasma having an IgG
centent of more than 95% in relation to total proteins

compriging the steps of:

a) diafiltering the partly purified IgG sclution;

b) étabilising the solution obtained in step a);

c) heat treating the solution obtained in étep b);

d) selectively adsorking high molecular weight
aggregates and/or polymers from the solution heat
treated in step ¢) through cation chromatography; and
e) diafiltering and formulating the solution obtained

in step 4d).

2, A procegs according to claim 1, characterised in that
sald process ig carried out starting with an IgG sclution
purified from human plasma having an IgG content of more

than 97% in relation to total proteins.

3. A progess according to claim 1 or 2, characterised in
that the diafiltration step (a) is c¢arried out until the

ethanol concentration is less than 0.1% (weight/volume) .

4. A process according to any cne of the preceding claime,
characterised in that the diafiltration step (a) is carried
out until the concentration of non-denatured precipitation
reagents such as PEG, octanoic acid, compatible nonionic
detergents or any mixture thereof 1s less than 2%
(weight/volume} and in any case will not give rige to nmore

than 3% of polymer after gtep c).
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5. A process according to any one of the preceding claims,
characterised in that the diafiltration step (a) is carried
out until the lonic strength of the starting IgG sclution is

less than 1 mS/cm.

6. A process according to any one of the preceding claims,
characterised in that the pH value at the end of =step (a) is

within the range from 4.2 to 6.0.

7. A process according to any one of the preceding claims,
characterised in that the diafiltration step (a) is carrisd
cut with water for injection or with a buffer solution of

low ionic strength.

8. A process according to claim 7, characterised in that the
buffer solution of low ionic strength is a = 5mM solution of
acetic acid or sodium acetate, having a pH between 4.0 and

5.0.

8. A process according to any one of the preceding claims,
characterised in that the diafiltration step {(a) 1s carried
out in tangential flow mode across membranes having a

molecular cut-off between 10 kDa and 100 kba.

10. A process according to any one of the preceding claims,
characterised im that in the diafiltration step (a) the
proteins are concentrated to a concentration not exceeding
some 5% {(weight/volume), preferably between 2% and 4%

(welght/volume) .
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11. A process according to any one of the preceding claims,
characterised in that sorbitol is used as a stabilising

agent in the stabilisation step (b).

12. A procegeg according to claim 11, characterised in that
the concentration of sorbitol used in the gtabilisation step
(b) is less than 50% (weight/weight), and preferably is
between 30% and 35% by weight.

13. A process according to any one of the preceding claims,
characterised in that the pH is adjusted to between 4.6 and

5.2 in the stabilisation step (b).

i4. A process according to any one of the preceding claimsg,
characterised in that the heat treatment (step ¢) ig carried
out at a temperature between 55°C and &3°C, for a time of

petween 1 and 24 hours.

15. A process according to any one of the preceding claims,
characterised in that the heat treatment (step ¢) is carried

out at a temperature of 60  1°C, for 10-11 hours,

16. A process acceording to any one of the preceding claims,
characterised in that the selective adsorption step is
carried out in a strong cation exchange chromatography

column.

17. A process according to claim 16, characterised in that
the strong cation exchange resin comprises at least one of
the catiocnic sulfone groups such as sulfonyl, sulfonic, or
sulfopropyl groups covalently bonded to an  insoluble

synthetic perfusion wmatrix comprising polymethacrylate or
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polystyrene whogse particle gize varies between 20 and 100

Bl

18. A process according to any one of the preceding claims,
characterised in that in the selected adsorption step the

injection flow is 5-30 column volumes/hour.

19. A process according to any one of the preceding claims,
characterised in that sodium chloride is added to the
solution heat treated in step ¢) up to a final concentration

of between 0.2 and 0.5 M (mol/litre).

20. A process according to claim 1%, characterised in that
after the additicn of sodium chloride the pH of the sclution

in step ¢} is adjusted to between 4.2 and 5.5.

21. A process according to any one of the preceding claims,
characterised in that in the selective adsorption step
between 1 and 10 litres of resin are used for each kg of IgG
(dry) requiring purification, which i1is eqguivalent to a

loading of between 100 and 1000 mg of IgG/ml of resin.

22. A process according to any one of the preceding claims,
characterised in that in the selective adsorption step

elution is carried out using a decreasing saline gradient.

23. A process according to any one of the preceding claims,
characterised in that the process comprises at least one

additional viral inactivation/elimination treatment step.

24. A process according to claim 23, characterised in that

the additional wviral inactivation/elimination treatment
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steps are carried out before or after the heat treatment

step.

25. A process according to claim 23, characteriged in that
the additional wviral inactivation/elimination treatment step
is carried ocut by incubation at acid pH in the presence or
absence of pepsin, or by treatment with non-ionic

detergents, ionic sclvents or by nanofiltration.

26. A procesgs according to any one of the preceding claims,
characterised in that the diafiltration step (&) is carried
out with water for injection or with a buffer soluticon of

low icnic strength.

27. A process accerding to any one of the preceding claimsg,
characterised din that in the diafiltration step (e)

sgtabllisers for the final formulation are added.

28. A process accerding to claim 27, characterised in that

the pE of the final formulation is between 4.6 and 5.8.

29. A process according to any one of the preceding claims,
characterised in that the diafiltration step (&) ig carried
out in the tangentiazl flow mode through membranes having a

molecular cut-0ff between 10 kDa and 100 kDa.

30. A process according to any one of the preceding claims,
characterised in that in the diafiltration step (e) the
proteins are concentrated to a value of between 5% and 22%

(w/v) .



