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Annivtical Report for the Assessment of O~caliol~tin Solulion Containine 1'anaric Acid 

Analytical Assessment of Oxaliplatin Solutions 
Containing Tartaric Acid 

(Patent Application # WO 2005/024980 Al) 

1 . Objective 

The objective of this study is to assess the possible formation of tartaropZatin through ligand 
exchange of oxalic acid and tartaric acid in Oxalipiatin solutions containing tartaric acid. The analytical approach for this study is documented in the attached protocol (Doc# IAD- . 
060530-EI.X) . This report describes the analytical study results . 

2. Analytical Approach 

Lab scale Oxutiplatin solutions containing (+)-tartaric acid were prepared according to 
patent application number 2005/020980 A1 titled "Acid Containing Oxaliplatin 
Formulation" . Three tartaric acid concentrations, 0.2, 3 .0, and 6.7 mM, were assessed at pH 
4.0 and 5.0. The solutions were tested for the presence and formation of Ttxrtaroplatin . 
Oxaliplatin aqueous solution was used as analytical control. 

3. Materials 

3 .1 Oxaliplatin drug substance: Lot# L002TQ89, manufactured by Tanaka Kikinzoku 
Kogyo K.K. 

3.2 (+)-tartaric acid : Sigma Aldrich, A.C.S . reagent, >_ 99.5°l0, Lot# 02316AA 
33 Water: HPLC grade, IT . Baker, I.ot# B28E53 
3.4 NaOH solution : IN, EMD, Lot# 4345 

NaOH Solution : 6N, IT. Baker, Lot# A50517 
3 .5 Tartaroplatin reference solution : 

Molecular Profiies, LJK, provided the tartaropiatin reference solution shipped on dry ice. 
The solutions were in frozen condition upon receipt The tartaroplatin reference 
solutions were stored at - 20°C prior to analysis . This solution served as a retention time 
marker for the tartaroplatin peak formation through (igand exchange in this study. 

4 . Experimental Procedure 

4.1 . Preparation of Test and Control Solutions 
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Analytical Reoort for the Assessment af Ozuliolutin Solution Containing Tartaric Acid 

Lab scale OxAliplatin solutions containing 0.2, $ .0, and 6 .7 mM of tartaric acid at target 
pH 4.0 and 5.0 were prepared. The compositioni of the solutions is listed below: 

Oxaliplatin concentration : 5 mglmL 
Tartaric acid concentrations : 0.2, 3 .1 
Water: Water For Injection (WFI) 
pH: 4.0 (range 3.7 - 4.3) and 5.0 (mnl 

and 6.7 mM 

4.7-5 .3) 

The following example demonstrates the steps 
containing 0:? mM of tartaric acid at pH 4.0. 

preparation of Oxalipla6n solution 

As per the reference patent application, one o a of Oxaliplatin drug substance was 
dissolved in ?00 mL of water at 50-55°C to a target concentration of 5 mg/mL. A total 
of 120 E,iL, of tartaric acid solution (5°!o w/v) was added to the Oxatiplatin solution to 
achieve target tartaric acid concentration of 0.? . The pH of the solution was 
adjusted to 4.1 using 1N sodium hydroxide solution . 

Five additional Oxalipladn solutions containin tartaric acid us listed in Table 1 were 
prepared in a similar procedure as the above ex mple. The pH of each solution was 
adjusted with 1N or 6N sodium hydroxide solu ions and recorded in Table l . 

An Oxaliplatin solution containing no tartaric a id was also prepared as an analytical 
control solution . The pH of this solution was m~asured at 5.6 and not adjusted. 

Table 1 . Formula Composition ol~ Oxal[platin Test Solutions 

. . . ll ~,s ." ' 
Tartanc ncid;Concentrntion � x ~ I10"Ff1M 0 ~ ] hilM , . . > 

~ ~ 
- 

~ 
. - . .,u_ . ..̂;, . . . . ,. . . : 

Tormulation`TD - - Control 14 .0 0 114 .0 15 I15 0 1114 0 IIIS 0 . . . . 

O,laMA"' ~ . 1000 1000 1000 1000 1000 1000 1 b ." 

.y 
WV 

9'artarac+Acx~(mp~ 0 6 6 90 90 200 200 x=a + 4.;~r.~, . .~ : 

TarisY~clAcid 5'Yo~~~lv (uI;) '. 0 120 120 1800 1800 4000 4000 
. rF~iStK~�,,a9x`°. .A~,i 

' V4FIaqs' t(~iL)~ : 200 200 200 200 200 200 200 y ~:~ ~x 

4P 
i 
A~x~~~' ~ 5.6 4 .0 5 .1 4.0 5 .1 4 0 0 5 : ::t;".4 A 'M 

. . 

Note : molecular weight of tartaric acid = 150.09 I 

I : formulation containing tartaric acid at 0.2mM (equivalent to 0.03 mo/mL) 
II: formulation containing tartaric acid at 3.OmM (equivalent to 0.45 mg/mL) 
III: formulation containinle, tartaric acid at 6.7mM (equivalent to 1 .0 mg/mL) 
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Analytical Report for the Assessment of Oxuliolatin Solution Comninin¢ Tartaric Acid 

4.2 Stability Testing 

The solutions prepared as presented in Table 1 were stored at ambient conditions (?2°C t 
2°C). Aliquots of each solution were tested at initial, 1, 3, 5 and 7 days for the possible 
formation of Tartaroplatin . Test and control solutions were subjected to mass spectrometry 
and compared with tartaroplatin reference solution . 

5. Analytical Results and Discussion 

The tartaroplatin peak was observed in all six preparations (14.0, 15 .0, II 4.0, II 5.0, III 4.0, 
and III 5.0) of the Oxaliplatin solutions containing tartaric acid from day 1 through day 7. 
The retention time of the tarturoplatin peak in those solutions matched well with the 
retention time of tartaroplatin reference solution received from Molecular Profiles . The 
tartaroplatin peak was absent in the unbuffered aqueous Oxaliplatin control solution 
throughout the 7 days of study. Representative chromatograms are shown Figure 1. 

soo 

400 

~ aoo 

Co 
~, 200 

cc 4 100 

.Sp 

AU WVL:2101xn 

Tartaroplatin F Oxaliplatin 

! 

; 

6.7 mM Turtnric acid, pH 5 

4. Tartaric acid, pH 4 1 J 

Tartnroplntin reference solution 

. UnbufFered Oxaliplatin solution 

Chromatogr aphic blank- Water 

min 

0.0 2.0 4.0 6.0 8.0 10 .0 12.0 14 .0 16.0 15.0 20! 

Time (minutes) 

Figure 1 . Representative Chromatograms of Oxaliplatin Solution Containing Tartaric 
Acid (III4.0 and III5.0 at 7 days) in Comparison with Tartaroplatin Reference Solution, 

Unbuffered Oxaliplatin Control Solution, and Chromatographic Blank (Water). 
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Analytical Report for the Assessment of Oxalialatin Solution Conqainine Tarmric Acid 

5.1 Analytical Results for pH 4.0 

At pH 4.0, the increase of the tartaroplatin peak w observed in all three Oxalipladn 
solutions containing tartaric acid (0.2, 3.0, 6.7 from day 1 through day 7 . The retention 
time of the tartaroplatin peak in those three experimental solutions was consistent with the 
reference solution provided by Molecular Prof les . he peak was absent in the unbuffered 
aqueous Oxalipladn control solution throughout the 7 days . Data is summarized in Table 2. 

Table 2. Tarfaroplatin Peak Area and R~lative Area Percentage at pH 4 

1 1.0205 0.21 

0.2 mM 3 1.6276 0.33 

5 1.7017 0.34 

7 1 .8387 037 

1 4 .5935 0.93 

3.0 mM 3 6.7317 1.36 

5 8 .1292 1 .65 

7 9.1832' 1 .86 

1 3.2858 0.66 

6.7 mM 3 6.7757 1 .37 

5 9.4814 1.92 

7 12.141 2.46 

'Tartaroplatin peak area = absolute peak area recorded by HPLC 
'Tartaroplatin relative area (%) ='oTartaroplatin peak urea relati~e to total chromatographic peak am 

As shown in Figure 2, at day 7, the peak areas of the t aroplatin peak were relative to the 
concentration of tartaric acid in the solutions . The 6.7 solution contained the highest 
tartaropla[in peak response . The increases of tartaropl tin in the solutions were 8°Ia for 0.2 mM, 
13% for 3.0 mM, and 28% for the 6.7mM from day 5 o day ? of the study . The rates of 
increase for the higher tartaric acid containing solutio s (3.0 mM and 6.7 mlVn were significant . 
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Figure 2. Tartaroplatin Peak Area Comparison of Oxaliplatin Solutions Containing 
Tartaric Acid at pH 4. 
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Analytical Reoort for the Assessment of Oaalinlatin Solution Conginina Tartaric Acid 

5.2 Analytical Results for pH 5.0 

At pH 5.0, the increase of the tartaroplatin peak w observed in all three Oxaliplatin 
solutions containing tartaric acid (0.2, 3 .0, 6.7 mM) from day 1 through day ?. The retention 
time of tartaroplatin peak in those three experimental solutions was consistent with the 
reference solution provided by Molecular Profiles. The peak is absent in the unbuffered 
aqueous Oxaliplutin control solution throughout the 7 days . Data is summarized in Table 3 . 

Table 3. Tartaroplatin Peak Area and 

1 1.4764 

0.2 mM 3 2.2834 
5 2.5025 
7 2.5963 

1 3.9646 

3.0 MM 3 7.4-728 

5 10.0415 
7 12.5816 

1 4.5716 

6.7 mM 3 9.4960 
5 13.3199 

7 17.4894 

Ta op al tin peak area = absolute peak area recorded by HPLC 
'Tnnaroplaun relative area (9b) _ %Tnrtaroplatin peak area relaU 

Area Percentage at pH 5 

0.30 
0.46 
0.50 

0.52 

0.80 

1 .50 

2.04 

2.54 

0.92 

1 .91 

2.68 

3.51 

to total chromatographic peak area 

As shown in Figure 3, at day 7, the peak areas of the t rtaroplatin peak were relative to the 

concentration of tartaric acid in the solutions. The 6.7 mM solution contained the highest 

tartaroplatin peak response . The increases of tartaropl tin in the solutions were 3.7% for 0.2 

mM, 259'o for 3.0 mM, and 31 % for the 6.7mM from ay 5 to day 7 of the study. The rates of 

increase for the higher tartaric acid containing solutio s (3.0 mM and 6 mlV) were significant. 
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Figure 3. TartaroplAtin Peak Area Comparison of Oxaliplatin Solutions Containing 
Tartaric Acid at pH 5. 
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Analytical Report for the Assessment of Oxnliplatin Solution Containing Tartaric Acid 

5.3 Analytical Data Summary for Day 7 ', 

As shown in Table 4, tartaroplarin peak responses r Inged from 0.37°Xv to 3.51% relative 
peak area after 7 days . The content of tartaroplatin as relative to the concentration of 
tartaric acid . In addition, pH 5 solutions yielded hig r tartaropiatin concentrations than pH 
4 solutions at the same tartaric acid concentration a indicated by Figure 4 . 

Table 4. Tartaroplatin Relative Peak Are# (%)Compacison for Day 7 

0.2 mM 0.37 

3.0 mM 1.86 

6.7 mM 2.46 

latin relative %area = %Tartaroplatin peak 

4 .0 

m 
m 
a`~ 3.0 
Y 
l0 
d 

2.5 
> 
m 

2.0 
c a m 
a 1 .5 0 
m t 

1 .0 
0 

02mM 3.OmM 

Figure 4 . Day 7 Tartaroplatin Data 
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Analytical Rcoort for the Assessment of Oxuliplatin Solution Containing Tartaric Acid 

5.4 Mass Spectrometry Data 

The unbuffered Oxaliplatin control solution and the 6 test solutions were analyzed by 
LC/M3 with electrospray mass spectrometry using the same HPLC column and mobile 
phase as the Tartaroplatin assay procedure. Under the experimental conditions employed for 
analysis, the spectra of the test solutions were consistent with the spectrum of tartaroplfltin 
reference solution as shown in Figures 5, 6 and 7 . The parent ion with a mass of 457 amu 
(M+I-)+, was present in a116 test solutions and the tartaroplatin reference solution . The 
same ion was absent in the unbuffered Oxaliplatin control solution (Figure 1) . This data 
further confirmed the formation of tartaroplatin in Oxaliplatin solutions containing tartaric 
acid . 
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Figure 5. Spectrum of Tartaroplatin Reference Solution Received From Molecular Profiles . 
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6. Conclusion 

This experiment demonstrated that tartaroplatin was formed in tartaric acid containing 
Oxaliplatin solution through ligand exchange with oxalic acid as illustrated in Figure 8 . The 
concentration of the tfutaroplatin increased over the 7 days of the study with the highest 
amount detected in 6.7mM tartaric acid at pH 5 . For the same tartaric acid concentration 
solutions, pH 5 solution contained higher tartaroplatin than pH 4 solution. This tartaroplatin 
peak was absent in the control unbuffered Oxaliplatin solution . 

HZ O 
/o N` ~O 

~ ~o 
w2 o 
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1I 
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o 0 
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"~aN/ Kzo OH ~~u, N ~ o OH \/ 
r2 Hz ~O 

O 0 
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Figure 8. Illustration of Tartaroplatin Formation 
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Appendix A- Stud$ Protocol 
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Analvtical Protocol for the Assessment of Oxnlinladn Solution Coittninina Tartaric Acid 

Analytical Assessment of 
Containing 

Platin Solutions 
Acid 

(Patent Application # WO 2005/020980 Al) 

1. Study Objective 

The purpose of this protocol is to assess the formation i 
of oxalic acid and tartaric acid in Oxaliplatin solutions 

tartaroplatin through ligand exchange 
ntainintt tartaric acid. 

Z. Study Outline 

This study will investigate Oxaliplatin solutions contai ina (+)-tartaric acid . Lab scale tartaric 
acid containing Oxaiiplatin solutions will be prepared nd tested according to the according to 
patent application number 2005/020980 A 1 titled "Aci Containing Oxaliplatin Formulation" . 
Three tartaric acid concentrations, 0.2, 3.0, and 6.7 , will be assessed. 

3. Material and Reference Standard 

3.1 Oxaliplatin reference standard : manufactured 
aventi s 

3.2 Oxaliplatin drug substance: manufactured by 

3 .3 (+)-tartaric acid : Sigma Aldrich, A.C.S . reagc 

3 .4 Tartaroplatin reference solution : 

This solution will serve as a retention time m 
this study. 

Molecular Profiles, UK, will provide the tarti 
and documented purity and stability (minimu 
4°C) . 

Tanaka will be obtained by sanofi- 

will be obtained by sanofi-aventis 

? 99.5% 

for tartaroplatin peak generated in 

platin reference solution with assured 
of 85% purity and 4-5 hours stability at 

Molecular Profiles will provide a characteriZa on report, which will be reviewed and 
approved by professor Farrell . This document ill serve as a reference for confirmation 
of the tartaroplatin generated by ligand exchan e in this study. 
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Analytical Protocol for the Assessment of Oxalinladn Solution Containing Tartaric Acid 

4. Formulation Details 

Lab scale Oxaliplatin solutions containing 0, 0.2, 3.0, and 0.7 mM of tartaric acid at target 
pH 4.0 and 5.0 will be prepared. Detailed composition of the solutions are listed below : 

Oxaliplatin concentration : 5 mglmL 
Water: Water For Injection (WFI) 
Tartaric acid concentrations: 0.0, 0.2, 3.0, and 0.7 mM, equivalent to 0, 0.03, 0.45, 
and 1 .0 mg/mL of tartaric acid. 
pH : 4.0 and 5 .0 (pH of the 0.0 mM will not be adjusted) 

The following example provides the steps for preparation of oxaliplatin solution containing . 
0.2 mM tartaric acid at pH 4.0. 

As per the reference patent application, one gram of Oxaliplatin will be dissolved in 200 
mL of water at 50-55°C to a target concentration of 5 mglmL. Total of 1?0 pL of tartaric 
acid solution (5% w/v) will be added to the Oxaliplatin solution to achieve target tartaric 
acid concentration of 0.2 mM. The pH of the solution will be adjusted to 4.0 with a range of 
3.7 to 4.3 using sodium hydroxide solution . 

Five additional oxaliplatin solutions containing tartaric acid will be prepared using the 
above example. The pH will be adjusted to the target pH of 4.0 or 5.0 according to the 
formula composition listed in the table below . The pH range for the target of 4.0 will be 
3.7 to 4.3, and the target pH of 5.0 will be 4.7 to 5 .3 . The analytical control is the 
unbuffered OxAliplatin solution at 5 mglmL concentration . 

The following table provides details for the preparation of the oxaliplaCin solutions 
containing 0.2, 3.0, and 6.7 mM of (+)-tartaric acid . 

-, ; Gontrol` 
d :Tartanc acid Concent~ation No' tarcanc pc~ 

(d :2 ~ r3v1) r ~ f(3°0~~ ~ ,cY (b'3 mM} ~,n ~, r 

Formulation ID Control 14 .0 15 .0 114 .0 115 .0 II14 .0 IIIS .O 

Oxaliplatin (mc) 1000 1000 1000 1000 1000 1000 1000 

Tartaric Acid (mg) 0 6 6 90 90 200 200 
Tartaric Acid 5%wlv (PL) 0 120 130 1800 1800 4000 4000 

WFI qs (ml-) 300 

- 

200 200 200 200 200 200 

~ Target pH Not adjusted r4.0 4.0 5 .0 5 .0 . 4 .0 5 .0 
Note: molecular weight of tartaric acid = 150.09 

I : formulation containing tartaric acid at 0.2 mM 
II : formulation containing tartaric acid at 3.0 mM 
III: formulation containing tartaric acid at 6.7 mM 
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Analydcal Protocol for_the Assessment of Oxalivlatin 5olution Coriiuinine Tartaric Acid __ _ ___ 

5. Stability Testing 

The solutions prepared above will be stored at am 
will be monitored at the initial, 1, 3, 5 and 7 days . 

conditions . Tartaroplatin content 

6. Analytical Tests 

Tartaroplatin content will be monitored at each ti point . 

7. Analytical Procedures for Tartaroplatin 

The following chromatographic conditions were re eived and will be used in this study. 

This is the same as the procedure used by Molecul r Profiles . This procedure has not been 

validated due to the lack of tartaroplatin reference tandard availability . 

Mobile phase: A : B = 985 : 15 (v/v) 
A = water, pH adjust to .0 with phosphoric acid 
B = methanol 

HPLC column: Hypersil BIDS, C18, 
Flow . rate : 1.2 mLJmin 
Injection volume : 10 p-I, 
UV detection : 210 nm 
Column temperature : 10°C 
Autosampler temperature : 4°C 

250 mm by 4.6 mm 

8. Turtaroplatin Concentration Calculation 

The tartaroplatin levels throughout the study will 

total HPLC chromatographic area . 
monitored and reported as %area of the 

9. Summary of Results 

A final analytical report will be provided upon of the study . 
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