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Abstract 
Critical materials and suppliers are selected early in development. By the time Technology Transfer occurs for commercialization, it is often too late to make changes to these critical components without having to do additional testing or even repeating clinical trials.  Regulatory authorities have made securing the supply chain a priority and have promised serious repercussions for companies and their management who do not manage risks to the supply chain. We propose developing a strategy for selection of raw materials and components and their suppliers early in the development cycle. The strategy should be based on risk management principles and the needs and demands of the commercial market. The strategy would consider the unique attributes of the material and suppliers balanced against the potential risks that may be encountered when manufacturing for the commercial market.
Index Terms: Supplier Assessment, Supplier Management Strategy, Weighted Attributes Mechanism, Supply Chain, Biopharmaceutical Criticality Factor, Pharmaceutical Vendor Selection Process, Supplier Business Process System, Pharmaceutical Raw Material Selection, Pharmaceutical Supply Chain Development Strategy, Pharmaceutical Risk Management, Pharmaceutical Raw Material Quality

Introduction

Today more than ever we need to plan ahead to be sure about making good choices related to our Supply Chain Strategy. The changing regulatory climate and increasingly competitive commercial environment makes previously used ad hoc and silo decision making processes obsolete.
In today’s LEAN highly regulated world in which there’s a new global expectation of pre-determined quality measures, more predictable mechanisms of delivery are a must requirement and federal and International regulations are in place to assure that these standards and approaches are upheld and implemented. For medical products, documents such as the GMPs for the 21st Century, ICHQ8 (Pharmaceutical Development), ICHQ9 (Quality Risk Management), and ICHQ10 (Pharmaceutical Quality Systems),are but a few of the major landmark instruments that are new standards for regulatory compliance.
Like all activities today, there is a need for a well-thought out Business Management System for Supplier Management and overall Supply Chain Strategy. Without such a process system, there is no reliability of material supply, either in terms of quality or quantity.  In the case of medical products such as those from: biotechnology, vaccines, pharmaceuticals and medical devices/device combination products, the regulatory approval process plays a very significant part in influencing the design of that Business Process Management System. For biotechnological/biological products where cellular processes are a defining factor responsible for the critical attributes of the product, special care must be paid in order to assure that the materials/components used in the developmental phase consistently retain their characteristics /affect on the product as the production process is developed and finalized during the clinical trial material preparation process.  In developing these ideas then it is important to start to establish basic concepts for Supply Chain Qualification and Materials/Supplier Selection in order to avoid an embarrassing and costly mistake at a point where there may be very serious regulatory and financial consequences. This point is highlighted in the following case study.
Case Study Highlight.

One real case study from our own experience which illustrates this point involves a purification resin used as a critical raw material in a key step in a biotechnological production process. The product was synthesized by a Cell Culture process and the product was generated as an extracellular material after many weeks and countless bioreactor scale transfers. The material was recovered as a crude extract and the R&D group purified the material using a special resin that had been sourced through a niche supplier. This resin material was being manufactured by a boutique supplier with marginal GMP compliance capabilities and only enough capacity to make material to a modest pilot scale which was adequate for early stage clinical trial requirements. With 20:20 hindsight, this was an accident waiting to happen, so why did this scenario arise?

The focus of the R&D team was to produce a high purity Clinical Trial Material (CTM), and this was a significantly higher priority for them at that time than the issue of whether the methodology could be translated to Technical Operations for commercialization.

Technical Operations had not been notified that the drug candidate was a high priority so their involvement in early technology transfer activities was not a priority. This lack of integration between R&D and Technical Operations caused the selection of a suitable supplier for Technical Operations to fall through the cracks until the drug candidate had reached Phase IIB clinical trials at which point Technical Operations started to get involved in preparation for production of Phase III CTM production at commercial scale.

The net result was that the supplier and resin could not be qualified for Technical Operations because they could not meet the criteria for compliance requirements or the capacity requirements for full scale manufacturing. The subsequent change in supplier and resin chemistry was interpreted as a significant change in the process which would materially affect the technical specifications of the biological product. As a result, a new supplier was qualified, fresh CTM was manufactured using the updated process and some additional clinical trials were performed to establish equivalence. The final cost of this error was a year lost on the development time line and millions of dollars wasted in additional clinical trial expenditures.
This, better than any other reason, highlights why it is good business to reach back and partner with R&D when designing a Supplier Strategy.
Critical Considerations for Selecting Raw Material/Components
Who is involved in supplier selection?

Your company in holding the product license is ultimately responsible for its manufacturing and that includes Supplier Selection decisions connected with that function. However, depending upon whether you’re manufacturing the product internally or using a contract manufacturer (CMO) some elements can vary. Here are a few Do’s & Don’ts connected with the process that should be followed.
In the case of contract manufacturers:
Do’s
1. Make a thorough review of the operating Quality System practices of the CMO and assure they monitor their suppliers.

2. Make sure that they implement Quality Agreements and hold suppliers to the standards set forth in those agreements

3. Assure that the audit program for suppliers /vendors is upheld by regular audits by your quality auditing group.

4. If buying your materials for the CMO then:

a) Make sure you implement a Supplier Quality System Element as part of your Quality System and assure that the supplier audit program is functional. This also means following up audit observations to assure that problems are resolved.

b) Assure the Suppler Quality System Element includes a qualification process for acceptance as a preferred vendor and this should include a functional mechanism for remediation in the case of the periodic deficiencies which are likely to occur.

c) Consequences for poor performance should also be spelled out and made part of any Quality Agreement signed by the company and the supplier /vendor.

5. Formation of a Materials Review Board is another critical part of this function so make sure you have one in place. For the best results this should be composed of a mixture of personnel from the following stakeholder groups: Process Development, Product Manufacturing, Purchasing, and Quality.
Don’t
If you are using a CMO, do not leave the sourcing decision solely up to them, because:

1. They may not have an adequate Supplier Selection Quality System and this may lead to an inadequate review of supplier’s audits. This could result in product variability or very serious product specification issues.

2. They may also choose a vendor that’s too expensive or someone that has supply delivery issues which would seriously impact your manufacturing efficiency.
In the Case of Internal and External Resources Being Used to Identify Acceptable Suppliers
Do’s
1. Consult R&D Scientists. They are quite often the best source of technical information about raw materials that work best for their processes and this is especially true for biopharmaceuticals where small differences in the process can have a marked effect on the product, in terms of its chemistry and pharmacological activity

2. Develop a cross functional Materials Review Board as previously noted.

3. Establish a critical attribute selection procedure and a procedure for ranking and grading vendors against standards and each other. Make sure resources are created to be able to properly execute these Review Board responsibilities.

4. Use consultants to perform benchmarking to assure that you’re within industry operating standards for preferred vendors.
Don’t

1. Decisions should not be based solely on R&D data. because they may not  be 100% up to speed in relation to the material availability at commercial scale or the delivery availability to support your manufacturing process.

2. Don’t attempt to select suppliers until a detailed project plan and mechanism has been devised and properly implemented.

Know the regulatory landscape and risk factors to be mitigated

Referencing ICHQ8 (Pharmaceutical Development), ICH Q9 (Quality Risk Management) and ICH Q10 (Pharmaceutical Quality Systems), for pharmaceutical products as an illustrative example, there’s a regulatory expectation that information generated during process development should be used as a basis for forward strategies connected with manufacturing. This is part of the Risk Management Strategy which forms an on-going part of the regulatory mechanism for better and more informed decisions and decision making.
Owing to the fact that it is a regulatory requirement that quality cannot be tested into products, systems need to be designed to assure that quality is built into systems. In relation to this, Lifecycle Management processes like Supplier Management should be viewed as an opportunity to gain more experience in support of the overall manufacturing process as an important function within the broader subject of Supply Chain Operations. Just as for process parameters, supplier strategies should include evidence of selection criteria and specification control to demonstrate a higher degree of understanding of materials attributes.

This on-going commitment to risk management is highlighted relevant to supplier management through the evaluation process used for materials and suppliers through the incorporation of process instruments and actions including the use of a supplier questionnaire tool, audits and quality agreements.

Identification of Risk Factors

Throughout this process, a catalog of risk factors should be evaluated. A few important examples that should be considered include:

· How a source material is produced, namely, its route of synthesis or extraction if it is a natural product, and whether this is important.

· The country of origin could be a factor as the material could be contaminated with a virus or a heavy metal. Certain countries do not have tight controls over these risk factors.
· The level of specification variability associated with the material. There may be variability of supply and delivery if, for example, the material is seasonal or is being imported.
How to make decisions about supplier selection

There is no best way to evaluate and select suppliers and there are a variety of methods that have been developed. We use a hybrid approach incorporating a weighted mechanism.
In developing a summary of this approach the process can be broken down into a number of components which includes:

1. Development of a questionnaire which is used as a primary data gathering tool to review potential supplier attributes.
2. An analysis tool which sets out to evaluate and weight the various responses in categories such as quality, delivery, cost and performance.  

3. An on-site audit of the supplier candidate based upon a favorable questionnaire response.
4. Upon acceptance as a qualified supplier, the vendor is continuously audited on a defined periodic cycle.
In reviewing the composition of the questionnaire tool, it should be recognized that this is detailed around some key areas (as previously noted) such as cost, delivery, quality and performance and can be developed to varying degrees of complexity depending upon the process. These act as the main drivers for the rest of the Business Process System.
For complicated biotechnology products many factors can play a role and those could include the following:

Financial Considerations

· Cost of material/component

· Financial stability of vendor

Quality Considerations

· Existence of GMP culture, adherence to GMPs and ICH guidances 

· Implementation of Quality Systems
· Trained personnel

· Good compliance record

Process & Technological capabilities

· Delivery performance

· Capacity to deliver

· Strong technological capabilities

· Strong production controls and project management

· Strong compliance and environmental record

Personnel/Management (service) capabilities.

· Strong understanding of supply chain needs

· Strong technical and management controls in place

· No one in a significant position de-barred by FDA or regulatory agency
· Strong acquisition policy/process in place

· Group chemistry and cultural fit to foster long term relationships.

Through the quantitation of these attributes in the subsequent weighting process, they become the major value drivers in the supplier process. That said, as a note of caution, it needs to be recognized that the assessment and selection process is a cyclical event which requires continuous updating through the audit process which will provide fresh data for the weighted comparison process. Unless this is done, relevant data about suppliers will be compromised.
Identification of Criticality factors
The objective of supplier selection is to reduce risk and maximize total value for the company

In order to creatively develop a functioning supplier strategy it is important to understand what elements about the materials being used are those which introduce risk into the equation.

Risk can be categorized as certainty and uncertainty and can be managed based upon the probability connected with the role it plays in the overall manufacturing process.

Taking a biopharmaceutical process as an example: as previously mentioned, key variables involved in selection will be: price/cost/financial, delivery, performance process capacity, quality and working service relations. Within these general categories will be sub-category component for each area as previously highlighted and these might be key factors that influence the importance of that element as a supplier attribute. For a typical process this might be at what stage in the process the material is used, or whether it is used in a rate limiting step, or does the absence of the material affect the product quality? Can material be supplied regularly and is the supply on-time and flexible? Each one of these main categories is rated using a Range Numerical Scale where 1-4 is low, 5-8 is medium and 8-10 is high. Preferred vendors would be in the 8-10 range using our methodology.

For example, in the quality category there would be multiple examples of issues developed in a matrix that would result in a numerical score for that critical attribute category. Then by calculating a weighted score for each category by dividing the individual sub-category scores by the total score for that attribute, it is possible to determine the relative weighted score for that attribute for that supplier:

Table (1)  Range Numerical Scale Used to Rank Supplier Performance Attributes
	Attribute
	High
	Medium
	Low

	Quality        
	8
	
	

	Cost
	
	6
	

	Process/Delivery
	
	
	3

	Management Service Capability
	
	
	3


So for the example illustrated the weightings for these groups generated from the sub-categories would be 0.4, 0.3, 0.15 and 0.15 respectively.
This individual rating would be carried forward to the competitive ratings stage.

Creation of your Supply Chain Development Strategy
Using our hybrid mechanism, which incorporates a relative weighted methodology, the information gathered using the supplier questionnaire as a primary tool for defining performance against key evaluation categories together with the information gathered from the supplier site audits and seasonal audit cycles is used as strategic data to drive the weighting process to compare suppliers for best fit.
Using our approach the creation of the master plan to characterize you
r materials is based upon criticality, risks and regulatory expectations and this is used to produce a criticality matrix for each material that considers risks and probability. As a development exercise, we have used this weighted approach with weights generated from our questionnaire and audit processes.
The process was based upon a system first used by Timmerman, 1986 [1]. 

Each core component is given a relative weighting in terms of its importance to the process. This type of approach is attractive because it builds flexibility in that you can add or subtract categories depending upon your needs and, it is simple construct.

The basic concept is that the relative weighting should add up to 1 and these are developed from the subcategories previously weighted using the Range Numerical System. 

Table (2) Weighted Attributes Scored For Criticality By The Management Team.
	Criticality Factors
	Relative Weighting

	Quality Considerations
	0.4

	Cost Considerations
	0.3

	Process/Delivery 
	0.15

	Management Service Capability
	0.15


Table (3) Relative Scores for Sample Companies Supplying a Raw Material
	Selection criteria
	Suppler 1
	Supplier 2
	Supplier 3

	Quality
	0.33
	0.41
	0.44

	Cost
	0.57
	0.30
	0.37

	Process
	0.05
	0.15
	0.10

	Service
	0.05
	0.14
	0.09


In developing these relationships the following equations were generated:
Supplier 1= (0.4x0.33) + (0.3x0.57) + (0.15x0.05) + (0.15x0.05) = 0.318
Supplier 2= (0.40x0.42) + (0.3x0.3) + (0.15x0.15) + (0.15x0.14) = 0.297
Suppler 3= (0.40x0.44) + (0.30x0.37) + 90.15x0.10) + (0.15x0.09) = 303

From this exercise, the matrix produces a choice of Supplier 1 for the weightings produced. 

The beauty of this system is that it is simple to set up and rank similar suppliers against each other based upon the evaluation scores.

For each product system a set of minimum acceptable scores should be established together with unacceptable scores. Outstanding performance should be separately recognized as these may turn out to be the long-term “preferred” vendors.

From our experience, we also advocate using this type of system as part of the continuous review process mechanism outlined in the high level process map for supplier qualification.

Establishing Supplier Profiles 
This involves the integration of the specifications developed by your company with information about your commercial market producer’s capabilities. In developing a strategic plan, a key component is to identify a best practice or ideal profile that shapes the types of suppliers you will eventually select. The profile should contain sufficient descriptive variables to provide a complete picture for the outline of the suppliers you require to support your manufacturing. Examples of these descriptive variables (previously mentioned) include those that deal with cost /financial considerations, supply related issues (such as capacity and delivery), quality and service issues such as responsiveness as previously discussed. This type of profile is best developed by building the needs/requirements questionnaire to identify and gather information about the most desirable characteristics for the suppliers as well as their expectations and limitations. This can be broken down further as a basic needs profile and as a “nice to have profile. Once this has been identified and characterized the needs requirements that have been developed during early product clinical trial production can be combined with those that can support the requirements for commercial operations.  In some cases this will cause certain suppliers to drop out and others to become qualifiable. With this needs/expectations/limitations table built and developed for Technical Operations, a gap analysis can be performed to determine how close the requirements match those developed by the R&D group. Gross mismatches such as the inability to supply the necessary capacity can be determined before they become a serious problem. By doing this process early enough in the development cycle, one can develop a strategy which will provide a seamless translation from clinical trial production to commercial scale. The mechanism for execution should involve translating this data onto a detailed action plan resourced with a dedicated project manager to assure that each detail is appropriately covered.
This comparison of the existing R&D knowledge base and risk managed needs/requirements specified for commercial scale enables a more stream-lined approach to vendor selection and supply chain strategy which in turn enables a much faster and reliable translation from development to commercial scale operations. In terms of a LEAN systems approach to supplier management, much of the waste often experienced during this process is removed leaving a system that is vastly improved in terms of efficiency. The financial impact of this can also be marked as it should provide a basis for more productive relationships with selected vendors due to a better understanding of the forecast requirements and costs for production. In summary, the key points are:  (1) Develop questionnaire to identify needs, expectations, limitations; (2) Compare against existing knowledge base and experience; (3) Create an action plan to address the gaps identified; and (4) Build a best practice profile from the results.

Execution of the Supply Chain Development Strategy 
Summary

For long term performance to be realized it is important that relationships are formed and built up on a continuous basis. Trust and a sense of cultural fit between the client & supplier are frequently at the heart of this in successful relationships. Like most things in life that are worth the effort they take time to establish and need constant nurturing to remain effective.

Important is an alignment of values between the client and supplier where both gain something that’s more than the values of the initial contract.

In the modern pharmaceutical industry where implementation of LEAN principles is becoming ever more important for sustainability, time saved from streamlining suppliers using a pre-qualification process followed up by appropriate auditing processes increases the importance of this operation connected with value generation.
Value is affected in many ways and is not just process related. Quality Compliance will have a very significant affect on overall performance and can in many ways be a “sleeper” in terms of its impact if the focus is only on the usual suspects such as cost and efficiency. Today the concept of  compliance and LEAN processes working hand in hand (in a process that we refer to as LEAN compliance) can have a major impact on “hidden factory” or “invisible” costs associated with the supply chain process which ultimately manifests itself in terms of a value driver. That said, from time to time things may change and suppliers may not meet current expectations. When this occurs the issue becomes less complicated when strong business processes are in place to help steer and manage the disengagement relationship. This is illustrated in our example of a Supplier Assessment and Qualification process map which outlines how the various tasks are related to supplier assessment and qualification are approached.

Key Points for Process Execution
1. Review of supplier profiles and criticality weighting
Important in the execution of the Supplier Development Strategy is the review of the pre-qualification questionnaire and the weighting of key performance attributes. Together with the audit process reports coming out of the seasonal reviews of supplier performance, this provides the foundation on which the strategy is built. If this information is not reviewed and updated then eventually the whole process will breakdown and you will find yourself unable to make value-added decisions.

For this to become that value added component of your Business Process Operation the requirements must be appropriately staffed and resourced so that these key elements can be addressed and updated as necessary. Without this commitment you cannot deliver the information required to make the system effective.

A key component of this will also include a detailed project plan which programs the whole procurement process. Only with this type of close attention and resourcing will the process deliver the results that will be of value.

Preparation of Audit Reports for each Supplier and Material
To be effective, the process demands that thorough and detailed reports are prepared for each supplier and material/component that’s in your supply chain and being used in your process.
This should include a complete review if the internal cGMP issues as well as the other core attributes/factors developed earlier as part of the selection strategy.

Reports should include:

1. Detailed observations which don’t meet compliance and/or expectation in relation to your company’s qualification process.

2. Remediation plans/activities proposed and/or executed by the supplier company to remediate any issues.

3. A statement that the problem identified is remediated and is acceptable and that the issue is now closed.

Information Update

As these reports are generated it is also important that these documents are used to update the status of each supplier and material from that supplier on the company’s database, so there will be a continuous record of performance which can be used to justify continued use in the manufacturing process.
Routine Review
With the system operating smoothly, there should be a fixed planned review period of these archived reports to assure that new information can be integrated into the forward plan & strategy for that vendor and/or material/component. Although these changes might be minor in terms of not affecting the overall strategy connected with a particular supplier, maintaining a complete and current record of details connected with that sourced material is a cGMP requirement as well as being a point of good business.
Conclusions
In summarizing a few reasons why it is a value driven proposition to reach back into R&D for guidance in selecting vendors for a pharmaceutical process, the following statements/facts should be considered relevant:

1. The R&D team is familiar with what really works for the system they’re developing, especially in the case of biologicals where the synthesis can be driven by a certain quality/specification of raw material.

2. They already have relationships established which can provide a technical advantage when nailing down specifications for commercial operations.

3. Through involvement with R&D, their assistance in troubleshooting problems and providing areas of guidance will be invaluable to prevent specification driven issues from reducing performance.

4. Through joint cooperation, inefficiencies which were not the priority at the CTM phase can be identified and streamlined for Technical Commercial Operations, without losing sight of important factors and attributes which might change the process.

5. Technical Operations will be able to implement a LEAN pull strategy to maximize performance for a new product leaving the R&D environment and this should prove to be a more effective and efficient mechanism to assure both  are achieved with respect to regulatory compliance and value generation for the process in question.
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� Phase III clinical trial material for biological products must be manufactured at scale to assure the product sold commercially will be consistent with the material tested for approval.


� These are highlighted on the Supplier Assessment and Qualification process map illustrated in the Appendix.
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