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The increased competition in the global pharmaceutical market and the necessity to reach higher levels of quality of the pharmaceutical
products force the manufacturers to seek and adopt more effective and reliable quality management methods and techniques which
allow them to introduce products with the highest possible quality level and reduced quality costs while maintaining conformance to the
pharmaceutical GMPs, technical and legislative requirements.

One of the popular modern quality management methodologies is Six Sigma, which proved its high ability to increase business
profits and competitiveness within more than 30 years of implementation in manufacturing and service sectors. Recently, Six Sigma
methodology has been adopted by global pharmaceutical companies such as Baxter, Eli Lilly, Johnson & Johnson and Novartis and
obtained considerable benefits from its abilities.

This research aims at investigating the possibility to improve the quality of medications through implementing the six sigma
methodology, and to find out what benefits a pharmaceutical company can get through the implementation of this methodology. A case
study was conducted in a pharmaceutical company in Syria (Orient-Pharma) in order to examine the ef fectiveness and advantages of
Six Sigma methodology.

For this purpose, a quality improvement project was conducted using DMAIC roadmap to enhance the quality for one of the
main products of the company. The obtained results of DMAIC project showed an enhanced process capability, an enhanced process
Sigma level, decreased variability in the process outputs, as a result the quality of the medication had been enhanced sufficiently. As
a conclusion, considerable benefits can be obtained through implementing Six Sigma methodology in the pharmaceutical industry to

improve the medications quality and the production processes as well.
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Introduction

Six Sigma methodology was developed at Motorola
company in 1987 as a way to achieve business excellence.
Many researchers attempted to provide a comprehensive
description of Six Sigma concept. Six Sigma is a rigorous
and high efficiency application of the proved quality
principles and techniques. It combines elements from
the scientific works of quality management pioneers
and different methodologies, and aims to reach a level of
performance which does not contain any defects [1-4].

The term «Sigma» is symbolized by the Greek
letter o and used by statisticians to measure the variability
in process outputs, so the company’s performance is
measured by the Sigma level of its processes. Historically,
companies accepted performance level at three or four
sigma standard in spite of the fact that the processes at
that performance level produced 6200-67000 defects per
million opportunities (DPMO). However, the standard
six sigma (equal to 3.4 DPMO) represents a response
to the growing requirements of the customers and the
growing complexity of manufacturing processes and
new products [2, 18]. Six Sigma is defined as a strategy
to improve business performance of an organization as a
whole. It is characterized by a high degree of organization
and discipline, and a strong focus on the customers and the
efforts towards improving organization’s profitability. Six
Sigma uses effective statistical methods and is based on
quality principles used to improve processes and products

through a framework known as DMAIC that consists
of five consecutive phases (Define, Measure, Analyze,
Improve, Control) [3]. Six Sigma also is a systematic data-
driven methodology aimed at solving chronic problems,
which business sectors encounter. It provides an excellent
framework to manage improvement projects; and applies
a lot of statistical and non-statistical tools in a manner
provides the best solutions of the investigated problems
[4]. Six Sigma is a much-disciplined methodology that
relies on statistics to eliminate the defects in products
and processes, and depends on the full involvement of the
company’s personnel [5].

Methodology

This research aims at implementing Six Sigma
methodology in a Syrian Pharmaceutical Company
(ORIENT PHARMA) to improve the perceived quality
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Table 1
Project Charter

Problem statement | The analytical data (supplied by the quality
control lab. In the considered company)
demonstrated a significant variability in the
concentration of APT in the finished product
Orientocin — Tablets (the standard deviation
value near 3500). This problem decreases

the homogeneity of the produced unites and
affects the quality and effectiveness of the
medicine negatively

To decrease the variability in the
concentration of APT in the finished product
Orientocin — Tablets, to enhance process
capability and to sigma level to the higher
possible value

Improvement goal

The project covers the first two stages of the
manufacturing process of the product Stage
1 ‘Formula preparation’ and Stage 2 ‘Tablets
formation’

Project scope and
limitation

Process capability index Ppk , Process Mean ,
Standard deviation Std . D, Sigma level
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©. ‘nghl weights

ights ?
Yes

A cross-functional team includes members
from production department, quality control
laboratories, quality assurance

Project team

API concentration in the finished product
each tablet should contain (774900 IU) £10%

Critical-to-quality
characteristic

Packaging the mixture

Adding Mg Stearat to the mixture

he inner and outer,
xcept Mg Stearat

mixing the inner phase with the bonding phase

y

Forming the granules

Drying the granules

phases

level of one of the main products manufactured by this
company. The project goals include enhancement of
process capability and decrease of its variability in order
to achieve a higher Sigma level while keeping the full
fulfillment of GMPs and ISO 9001 requirements and other
regulations [12-15]. To achieve this purpose, a DMAIC
quality improvement project was designed in collaboration
between the researchers and the interested departments
in the company.

Table 2
Data set (before improvement)
Concentration of Spiramycine in each single tablet Sample

814105,08 712326,35 786282,70 748983,36 1
751732,28 765466,22 738141,52 807598,64
820743,70 826338,23 784198,84 744493,58 3
729955,8 791388,32 782783,59 783988,56 4
726349,67 776623,88 755035,34 752702,08 5
778235,43 778985,67 767702,03 761741,15 6
745692,22 810163,70 746575,48 709386,50 7
712908,36 759402,64 777966,39 751653,11 8
748464,41 785748,68 823716,94 767159,78 9
782676,26 790873,70 736955,62 837044,65 10
782816,40 775379,26 729363,98 780268,57 11
783158,95 806399,59 776008,99 698562,66 12
731918,01 796241,47 809655,57 781179,10 13
767534,60 771724,85 758325,92 764158,61 14
766810,77 770208,46 765299,34 790165,9 15
765209,28 770734,25 756776,40 745395,2 16
722869,20 800763,52 743832,97 773001,15 17
77461291 770083,07 785735,64 | 773984,201 18
803735,24 818007,63 776686,56 744419,41 19
762737,43 778985,67 767702,03 761741,15 20
776688,22 779167,70 769822,48 748131,50 21
748464,41 785748,63 777222,94 743912,78 22
773443,47 766404,75 787426,88 715232,71 23
778235,43 778985,67 752204,03 707498,15 24
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Fig. 3. Flow chart of the process at the stage
«Formula preparation»

Xbar-R Chart ( before optimization )
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Fig. 4. Xbar-R control chart (before improvement) using
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Probability Plot of data (before optimization)
Normal

Mean 768365
StDev 27587
N 96
AD 0.695
P-Value 0.068
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Fig. 5. Probability test (before improvement)
using software (Minitabv15)
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Process Capability Aanalysis ( before optimization)

LsL Target usL
Process Data

LsL 697410

Target 774900

usL 852390

Sample Mean 768365 —_

ample N 96
StDev(Overall) 27587.2
StDev(Within) 29076

Overall Capabilty
Z.Bench 2.50
zZISL 257
ZUSL  3.05

Ppk 0.86
Cpm 091
Potential (Within) Capabiity
ZBench 235
ZISL 244
ZUSL  2.89
Cpk 0.81

Overall
— — — Within

700000 720000 740000 760000 780000 800000 820000 840000

Fig. 6. Process Capability Analysis before improvement,
using software (Minitabv15)

1st. The define phase.

To determine the main product, the annual production
records were reviewed as shown in fig. 1.

It’s noticeable that the product «Orientocin —
Tablets» is the main product of the company (45 batches
per year). «Orientocin — Tablets» is a medicine used
to treat gingivitis; its main API (active pharmaceutical
ingredient) is «Spiramycine». The team developed the
project charter as shown in table 1.

The investigated stages of the process are illustrated
in the following STPOC diagram (fig. 2).

2nd. The measurement phase.

Toestablish ageneral understanding of the investigated
process (Preparing the formula), the project team
developed a Flow chart diagram as shown in fig. 3.

Sampling and Measurement plan:

» Investigated characteristic: API concentration in
product tablets.

Table 3
Data set (after improvement)
Concentration of Spiramycine in each single tablet Sample
785748,61 770842,58 | 763853,35 | 79117295 1
795047,41 774854,42 773079,26 | 785121,75 2
791553,31 773069,07 | 761008,78 | 755766,25 3
738479,71 768514,85 | 778774,51 755865,85 4
764972,63 | 78419881 771215,23 | 753096,61 5
780767,82 | 729770,36 | 747003,61 764048,74 6
759842,83 | 76647722 | 746228,71 768585,61 7
776348,34 | 77412511 742354,21 784198,83 8
758072,35 | 805896,31 | 756644,191 | 75424398 9
753202,81 753977,71 784198,81 756568,03 10
770900,84 | 794272,51 777224,71 779549,41 11
764972,62 | 763276,51 748553,41 791841,61 12
764972,63 | 801246,61 770250,62 | 760845,62 13
755402,84 | 800471,71 749328,31 785121,71 14
765821,34 | 772863,94 | 799696,82 | 769741,98 15
757223,63 | 76017691 770250,61 763276,51 16
768700,81 | 750979,22 | 78419882 | 760836,61 17
752648,96 | 758231,80 | 77668227 | 764317,01 18
788437,45 | 763093,58 | 743904,01 | 773301,64 19
763151,86 | 788073,31 773079,26 | 785121,71 20
763151,84 | 789623,11 | 764593,83 | 777372,75 21
776348,34 | 76172927 | 772575,31 767733,68 22
759842,83 | 76947571 | 755711,86 | 760836,66 23
752648,91 776449,81 761998,99 | 780324,31 24
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Fig. 7. Cause-and-effect diagram

*  Measurement procedure: the formal analytical method
used in quality control lab in the company.

*  Measurement techniques: Molecular absorption
spectroscopy.

+  Sampling: the samples were collected from the outputs
of forming phase (tableting) as follows:

* Sample size: n = 4 tablets.

» Frequency: 1 sample each 5 minutes.

« Collected samples: 24.

» Sampling responsibility: process operator.

Data set:

According to the Sampling and Measurement plan,
the data set had been collected (see table 2).

Checking process stability:

By using software (Minitabv15) the project team
created an Xbar-R control chart as shown in fig. 4. All
points fall between UCL and LCL. No patterns were
observed, so the process was under statistical control.

Xbar-R Chart (after optimization)
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Fig. 8. Xbar-R control chart (after improvement)

Probability Plot of data set (after optimization)
Normal
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Fig. 9. Process Capability Analysis (after improvement)
using software (Minitabv15)
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Process Capability Aanalysis (after optimization)

LSL Target usL
Process Data
LsL 697410
Target 774900
usL 852390
Sample Mean 768971
Sample N 96
StDev(Overall) 14897.3
StDev(Within) ~ 15250.4
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Fig. 10. Process Capability Analysis (after improvement)

using software (Minitab v15)

3rd. The analysis phase.

To examine the normality of the data set, probability
test was conducted as shown in (fig. 5).

The test showed that the data follows the normal
distribution law and it is reliable to conduct a Process
Capability Analysis: fig. 6.

The project team conducted a brainstorming
to determine the possible causes of the studied problem
and created Cause-and-effect diagram as shown
in fig. 7.

The project team determined through brainstorming
and technical expertise that the main causes affecting the
investigated problem are:

e Method of isolation inner phase components.

* Repetition of mixing the inner phase components of
the product.

* Sequence of mixing inner phase components.

* Diameter of used sieves.
4th. Improvement phase.

New process activities were established considering
the determined causes in the analysis phase; in addition, a
new flow chart was prepared for the sub process (preparing
of inner phase) concerning the mechanism of preparing the
inner phase of the studied product. The developed solution
was applied on one batch. New measurements were
conducted to collect the data set (table 3, fig. 8-10).

The achieved results showed that Process capability
index Ppk has been increased from 0.86 to1.60. Sigma level
of the investigated process has been raised from 2.50 to
4.80. Process variability decreased about 50% (table 4).

5th. The Control phase.

In this phase, the project team accomplished the
following activities:

» Validating the new process.

* Updating process documents.

» Training process operators on the new operation
instructions.

» Controlling the process through the established
Xbar-R chart to keep the process under statistical
control.

* Updating the performance indices of the process to
maintain the received enhancements.

The conclusions

The obtained results of implementing Six Sigma
methodology showed an enhanced process capability, an

Table 4
Comparison between KPI before and after improvement
Process Mean (IU) | Sigmalevel | Ppk St. D
768365 2,50 0,86 | 27587,2 Before
768971 4,80 1,60 | 14897,3 After

enhanced process Sigma level, decreased variability in the
process outputs, as aresult the quality of the medication had
been enhanced sufficiently. As a conclusion, considerable
benefits can be obtained through implementing Six Sigma
methodology in the pharmaceutical industry to improve
the medications quality and the production processes as
well.
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Yny4yweHume KayecTea nekapCTBEeHHbIX CPEeACTB
Yyepes ocyuwecTB/ieHne MeToa0J/iIorMm «lwecTb CUrm»

Anbacac Bacenb Muxaun, PhD no ynpaBsneHuto ka4iectsom, Cupuin-
CKUI BUPTYasbHbIN YHUBEpPCUTET — ropop, Jamack.

OT0 rccnenoBaHve HaleNeHo Ha U3yvyeHne BO3MOXHOCTU YiyyLleHus
KayecTBa /lekapCTB NyTeM BHEAPEHUS METOAONOMMU «eCTb CUrM» U Bbl-
SICHEHNS NPenMyLLLECTB ¢papMaLEeBTUYECKOM KOMMNaHUN B peannsaumm 3Ton
meTtoponoruu. NprmepHoe nccnenosaHue 66110 NPoBeaeHo B dapmaLeBTn-
yeckoit komnaHum B Cupwum (Orient-Pharma) ons nsyvenus apdekTMBHOCTH
M NPEeNMyLLECTB METOA0/I0MMU «LIECTb CUMM».

C aToi1 uenbto 6bii NPOBEAEH NPOEKT YNyHLLIEHWsi Ka4ecTBa C UCMOJb-
30BaHNeM [0poxHoN kapTel DMAIC ona noBbileHWs KayecTBa O4HON 13
OCHOBHbIX NPOAYKTOB KOMMNaHuu. MNonyyeHHble pesynstatel npoekta DMAIC
nokasanu yny4LueHHbIe BO3MOXHOCTM MPOLIECCa, Yy4LLEHHbIN ypoBeHb Sigma
npouecca, CHKeHve BaprabenbHOCT pesynbTaToB NPoLEecca, B pesynsrate
Ka4eCTBO JIEKaPCTBEHHOIO CPeACTBA OblI0 3HAYUTENBHO yny4LleHo. B kave-
CTBe BblBOJa MOXHO U3BJ1e4b 3HAYNTEJIbHbIE BbIrOAbl 6narop,apq BHEOpPEeHUo
MeTogonorum Six Sigma B papmaLeBTU4eCKON NPOMBILLIEHHOCTUN AN YIyY-
LeHNs Ka4yecTBa NekapCcTB 1 NPON3BOACTBEHHbIX NMPOLLECCOB.

KnioueBble cnoBa: yny4LieHne Ka4ecTsa, METOA0JIONS «LLECTb CUTM»,
dapmMaueBTUYeckas NPOMbILLINEHHOCTb, MeTogonorus DMAIC.
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