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I 

 

Abstract 
 
 
This master thesis describes possible measures to counteract the bullwhip effect in a 
pharmaceutical supply chain with a stable demand pattern, specific to Amgen Europe BV. 
Demand forecasting and batch sizing are identified as causes of demand variability 
amplification. Simple statistical forecasting methods are examined to improve forecast 
accuracy. A standing order model is developed and analyzed using simulation in order to 
stabilize product orders. 
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Management summary 
 
 
This master thesis describes the amplification of demand variability in a pharmaceutical 
supply chain with stationary end product demand. A research project has been executed at 
Amgen Europe BV. Amgen develops, manufactures, and distributes biotechnological human 
medicines in areas such as nephrology and oncology. 
 
Project context 

Due to changing health care regulations, pharmaceutical companies are more and more 
focussed on making profit and cutting costs, in which supply chain management plays an 
important role. Amgen is part of a pharmaceutical supply chain. Because Amgen’s end 
products are prescribed to chronic patients, the demand pattern is stable. Nevertheless, 
bulk production orders are unbalanced. 
 
The goal of this project is to identify causes of demand variability amplification (often 
referred to as the bullwhip effect) and develop control mechanisms to counteract them. 
The bullwhip effect generally leads to less control over the supply chain process, which 
causes higher costs in for example inventory control. 
 

Amgen supply chain analysis 

An analysis of the supply chain of Amgen leads to the following conclusions. First, because 
development of a medicine demands huge investments, Amgen, like most pharmaceutical 
companies, uses high margins on their products. Because of the physical dependency of 
patients using the medicines, stock outs are considered absolutely unacceptable. This 
automatically means keeping high inventory levels is necessary. 
 
Production of medicines, from bulk production to end use, covers a long period of time. 
Typically, products used today by end customers are typically produced (bulk production) 
two to three years earlier. This makes demand planning important. 
 
The medicines produced by Amgen have shelf lives of several years after bulk production 
and on average one to two years after arrival at Amgen Breda (ABR). Although this may 
sound long and therefore unproblematic, scrap is considered very important within 
Amgen. 
 
The medicines Amgen sells are meant for chronic patients, so in general one would expect a 
very stable supply process. The demand pattern for ABR indeed showed to have little 
variance, but the supply of intermediate products (IDPs) turns out to be unstable. 
 
Redesign planning 

There are several possible causes of demand variability amplification, of which demand 
forecasting, order batching, price fluctuations, and shortage gaming are assumed to be the 
most important ones in literature. The supply chain of Amgen is analyzed to find which of 
these four aspects are present. Demand forecasting and batch sizing turned out to have an 
influence on the bullwhip effect. 
 
Because demand patterns are shown to be stable, simple statistical methods are proposed 
to improve demand forecasting: moving average, exponential smoothing, and linear 
regression. 
 
A standing order inventory policy is presented as an alternative to counteract the negative 
influences of order batching. A standing order policy is an inventory control system based 
on periodic reviews and fixed order sizes. The combination of fixed order sizes and fixed 
inter arrival times generally leads to an extremely stable supply process. An important 
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condition for a standing order policy to be advantageous is that demand is stationary, or 
the demand model is known. 
 
Demand forecasting redesign 

Three different parameter settings are chosen for each of the statistical methods used in 
the demand forecast redesign. Considered are moving averages of three (MA 3), six (MA 6), 
and twelve (MA 12) months, exponential smoothing using α = 0,50 (ES 0,50), α = 0,29 (ES 
0,29), and α = 0,15 (ES 0,15), and simple linear regression of six (LR 6), twelve (LR 12), and 18 (LR 
18) months. 
 
A forecasting competition is executed between each of these methods and the latest 
estimates (LEs) provided by Amgen International Commercial Organization (ICO) in Zug. 
Between December 2007 and December 2008, five time instants are chosen. Each time, a 
one year ahead forecast is produced for each of the methods, given past demand data. Their 
performance is evaluated in terms of forecast accuracy and forecast bias. 
 
Results showed that in general, the LE forecasts are outperformed by the selected 
statistical methods, both in forecast accuracy and forecast bias. Forecast accuracy would 
have been several percentage points higher if the right method would have been selected 
in the past couple of years. Furthermore, the LE forecast turned out to have the largest 
bias of all: the LEs mostly forecasted a demand much lower than it eventually would turn 
out to be. 
 
In general, MA 3 and LR 12 provide the best results. LR 12 scores very well for Neulasta 
and Mimpara, MA 3 performs best for Aranesp and Neupogen. 
 
When analyzing the results of the LE files, attention must be paid to the differences over 
time. We saw that for both forecast accuracy as forecast bias, LE scores showed a decrease 
in performance from December 2007 to June 2008, and an increase afterwards. 
 
Batch sizing redesign 

A standing order policy model is developed and analyzed using a numerical study through 
simulation. The model includes fixed-period deliveries of predetermined batch sizes, based 
on demand forecasts. The actual demand follows a normal distribution with given mean 
and standard deviation. There is a possibility to place emergency orders when inventory 
falls below a minimum level; sell off is not included, because the perishability of the 
products implies automatic scrapping. 
 
To determine the impact of the parameters used in this model, we define different settings 
for three parameters: the actual demand mean, the forecast error, and the standing order 
frequency (directly related to the batch size). 
 
The performance of this model is evaluated by measuring shipping and ordering costs, 
inventory holding costs, stock out penalty costs, and scrapping costs. Because stock outs 
are considered unacceptable, penalty costs for a stock out is set very high. Besides this, the 
coefficient of variation of the incoming orders is evaluated as a performance indicator. 
 
The results of the different standing order policies are compared to a reference model: an 
(R, s, S) model, representing the current Amgen inventory system. 
 
Numerical analysis 

For all combinations of parameter settings, simulation experiments are performed. The 
results of these simulation runs show that a standing order policy is able to outperform the 
reference model in terms of total costs and order variability. 
 
For small volume sales products, smaller order frequencies (and thus larger batch sizes) 
lead to lower total costs, but higher variability in the order pattern. For products with 
medium and high demands, higher order frequencies (and smaller batch sizes) are 
advantageous for both costs and variability. 
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Forecast accuracy is of vital importance to the performance of the system. A sensitivity 
analysis has been executed to investigate the influence of erroneous forecasts and this 
showed that for every strategy, costs increase if forecasts deviate from actual sales. When 
forecasts turn out to be too high, the standing order policies perform worse than the 
reference model in terms of total costs, but better in terms of stability. When forecast were 
too low, standing order policies perform much better than the reference model, in terms of 
costs. Variation is often higher, however. 

 
Recommendations 

The following recommendation are given to Amgen: 

 
� Make more use of simple statistical forecasting techniques for products in the 

maturity phase of their life cycle. Analyses have proved that these methods 
enhance forecasting results. For Aranesp and Neupogen products, a moving 
average of three months is the best option; for Neulasta en Mimpara a linear 
regression of twelve months performs best. Although it has not been included in 
this research, Rapid Response is expected to facilitate these forecasting methods. 

 
� Closely monitor performance of forecasts for six to twelve months ahead. When 

planning orders for AML, it is important to have reliable mid-term forecasts. Short 
term forecast performance is already monitored and this should not be stopped. 
Longer term forecast are an important addition to this. 

 
� Introduce forecast bias as a key performance indicator next to forecast accuracy. 

Whereas the latter only reflects the absolute deviation of forecasts, the former 
shows the longer term deviation of multiple forecasts. On the longer term, a small 
bias helps designing the supply chain, even if forecast accuracy leaves room for 
improvement. 

 
� Review the order policy at AML for products with stationary demand, such as 

Aranesp. A stationary demand pattern should allow for a stationary order pattern. 
This research shows that the ordering pattern for Amgen could be more stable, 
while decreasing involved costs at the same time. A standing order policy, the 
ultimate form of a stationary order pattern, showed to be capable of coping with 
oversell. 

 
� Loosen the focus on scrap as an incentive measurement. Scrapping costs are shown 

to be relatively low in comparison with revenues or cost of goods manufactured. It 
seems unrealistic to decrease them significantly more without taking an 
unacceptably higher risk of facing more stock outs. Besides this, a tight approach to 
scrap is unfavourable when trying to stabilize the entire supply chain. The high 
ratio between sales prices and group cost make scrapping a good way of naturally 
balancing out inventories.  

 
� Discuss the current available AML batch sizes for all products. Although too small 

batch sizes may be undesirable because of import testing and shipping costs, 
adjusting order quantities and demand pattern is extremely valuable for planning 
purposes. Small batch sizes not only lead to improved stability, but are also 
advantageous when managing high remaining shelf life demands from customers. 
 

� Besides the inventory policy and demand forecasting, there are some factors 
negatively influencing the supply pattern that have been left out of our analysis. 
AML has a remarkable habit of delivering more products than originally ordered by 
ABR. This causes disturbances in the order and supply pattern between AML and 
ABR. This problem should be discussed with AML and tackled as soon as possible. A 
possible measure is to actively share and discuss inventory status information with 
AML.  
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1  
Introduction 

 
 
This research is executed within the pharmaceutical industry and studies the amplification 
of demand variability. In this chapter, we will briefly introduce the project and the 
company. 
 
 

1.1 Research scope  
 
The pharmaceutical industry differs from other industries. Pharmaceuticals, and especially 
biotechnological medicines, require large investments in their development phase. In 
general, a product is often launched into the market 10 to 15 years after its discovery. The 
changing health care regulations around the globe have put manufacturers of medicines in 
a situation in which they are forced to make a trade-off between science and 
commercialization (see for example Shah, 2004, and Cockburn, 2004). Making profit and 
cutting costs are considered more and more important, and supply chain management is 
receiving increasing attention (Lurquin, 2006). 
 
This project is conducted within Amgen; a company operating in a pharmaceutical market. 
Amgen develops and distributes medicines for chronic patients, and therefore inability to 
deliver is considered unacceptable. Amgen faces instability in their supply chain: bulk 
production orders are unbalanced, where demand pattern is stable. The phenomenon of 
amplification of demand variability is generally referred to as the bullwhip effect. 
 
This research aims at identifying the causes for the bullwhip effect and finding practical 
solutions to diminish demand variability amplification. 
 
 

1.2 Company introduction 
 
This master thesis project is executed at the International Supply Chain Planning 
department of Amgen Europe BV, the European distribution centre of Amgen, a company 
which is present all around the world. 
 
 

1.2.1 Amgen 
 

Amgen is short for Applied Molecular Genetics and was founded in 1980 in Thousand 
Oaks, California (United States). Today, Amgen is the largest independent biotechnology 
organization in the world, with sales over US$ 14,6 billion and approximately 17.200 
employees worldwide (2009). Amgen carries out lots of research and develops, 
manufactures, and distributes human medicines in several medical areas, but mainly in 
nephrology (relating to the kidney), oncology (tumours/cancer), haematology (blood), and 
inflammation. They focus on developing medicines based on DNA and human proteins, 
mostly aimed at improving quality of life of patients, rather than to attack the disease itself. 
 
Amgen is still headquartered in Thousand Oaks, California, but has expanded it working 
field since its establishment in 1980. The most important markets are the United States, 
Canada, and Europe (European headquarter is located in Zug, Switzerland), but growing 
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activity evolves in other parts of the world, like Russia, the Middle-East, Northern Africa, 
and Australia. In the near future, Amgen plans on expanding in Latin America and Mexico 
as well. 
 
 

1.2.2 Amgen Europe BV 
 
In 1997, Amgen Europe BV was established in Breda. Located at a strategic location 
between the ports of Rotterdam and Antwerp and close to airports in The Netherlands, 
Belgium and Germany, Amgen Breda (ABR) houses commercial operations that assemble 
devices, label, package, distribute, and service products to Europe, Northern Africa, and the 
Middle East. Also housed in Breda are the Shared Centre Finance, International IS, Clinical 
Supply Chain, and the Dutch Medical and Sales affiliate, but they are not part of Amgen 
Europe BV. With about 500 staff, Amgen is one of the larger employers in the city of Breda. 
 
All international orders are handled by Amgen Europe BV, with ‘international’ meaning 
everything outside the US and Canada. This means that products are shipped to a wide 
variety of countries in Europe, Northern Africa, the Middle-East, and Australia. Amgen 
Europe BV was responsible for about 22% (just over US$ 3,2 billion) of the total worldwide 
revenues in 2009. 
 
Other tasks of Amgen Europe BV in Breda are supporting clinical research and new product 
introductions.  Also, Amgen Europe BV manages the European information and network 
systems, and coordinates all European financial transactions. 
 

This project takes place within the department International Supply Chain Planning (ISCP), 
responsible for regional planning and capacity planning, as well as local site planning. 
 
 

1.2.3 Products 
 
Amgen’s first two products were Epogen and Neupogen, launched in 1989 and 1991, 
respectively. Both turned out to be blockbusters, leading to US$ 1 billion sales in 1992 
already. Amgen directly reinvests around 20% of the annual revenues in R&D (US$ 2,7 
billion in 2009), thus yielding a broad and deep pipeline of potential future medicines. In 
the last ten years, this has led to several new medicines and an enormous growth of the 
company (2001: 7.600 employees and US$ 3 billion sales, 2009: 17.200 employees and US$ 
14,6 billion sales). At this time, the sales revenues are dominated by those new medicines, 
such as Enbrel and Neulasta. 
 
Today, Amgen distributes eight medicines: Epogen, Neupogen, Aranesp, Neulasta, Vectibix, 
Enbrel, Mimpara or Sensipar, and Nplate. Table 1.1, based on information from Benthem 
(2006), gives a summary of the most important characteristics of these medicines. 
 
Not all of these medicines are distributed internationally. Epogen is marketed by Amgen 
only in the United States, and by Johnson & Johnson elsewhere (under the trade names 
Procrit and Eprex). Enbrel is only marketed by Amgen in the United States and Canada, and 
outside North America by Wyeth. The other six products mentioned above are 
internationally distributed by Amgen, and therefore handled by Amgen Europe BV in 
Breda. 
 
Basically, there are four platforms in which Amgen medicines can appear: vials, syringes, 
tablets, and SureClicks. The latter, SureClick, is an auto injector system developed by 
Amgen, providing a secure and simple option to deliver a complete injection in a single use. 
It has several safety features, minimizing potential needle stick injuries. In 2009, Amgen 
also launched the ANG safety syringe. Mimpara are small molecule tablets. 
 
Also, most medicines are available in different strengths, depending on the medicine. For 
example, Nplate will be offered in three different strengths (today 250 and 500 mcg, and 
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100 mcg in the future), and Neupogen in two (300 and 480 mcg). Aranesp is ‘leader’ with a 
total of 13 different nude strengths available (ranging from 10 to 500 mcg). 
 

Product International? Vial Syringe SureClick Tablet Strengths 

Epogen No - - - - - 

Neupogen Yes X X   2 

Aranesp Yes X X X  13 

Neulasta Yes  X   1 

Enbrel No - - - - - 

Mimpara Yes    X 3 

Vectibix Yes X    2 

Nplate Yes X    3 

Table 1.1 Overview of all commercial Amgen products 

 
Based on desktop research and employee interviews, we found that the ratio between sales 
prices and costs of goods manufactured are relatively high, and comparable for most 
products; for example Neupogen, Neulasta (both around xx), Aranesp (approximately xx), 
and Nplate (xx). Exceptions are Vectibix (just above x) and Mimpara (close to xx). Total 
revenues of Amgen Europe BV are almost xx times the associated costs of goods 
manufactured. 
 
 

1.3 Report outline 
 

In Chapter 2, an extensive analysis of the supply chain of Amgen is given, based on both 
interviews and data research. Important characteristics of the supply chain are presented. 
Next, in Chapter 3, an analysis is performed to identify possible causes of demand 
variability amplification. In Chapter 4, we will present the research structure, together with 
a short literature review on relevant aspects. In Chapter 5, we will evaluate possible 
forecast improvement. In Chapter 6, we will develop a standing order model and associated 
simulation procedure, of which the results are presented in Chapter 7. Finally, in Chapter 8, 
conclusions are drawn and recommendations to Amgen are given. 
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2  
Supply chain analysis 

 
 
Partly following the framework by Bemelmans (1988), the supply chain of Amgen is 
investigated in terms of process, control, and information (PCI). We will conclude by 
evaluating the supply chain in the last section. The analysis is based on information from 
desktop research and employee interviews.  
 
 

2.1 Goods flow control 
 
Amgen has several (bulk) production facilities in the United States, and one in Puerto Rico, 
which is in fact an unincorporated territory of the United States. The latter is the most 
important one for Amgen Europe BV, since most internationally distributed products come 
from this manufacturing site (AML): Aranesp, Neupogen, and Neulasta. Therefore, we will 
focus our analysis on AML. Other products are manufactured in Fremont, California 
(Vectibix), Canada (Mimpara) or Italy (Nplate). 
 

 
Figure 2.1 ABR activities in production 

 
After bulk production, AML fills vials and syringes with the appropriate medicine. The 
resulting items are called ‘nude’ products or inspected drug products (IDPs): filled vials or 
syringes, still lacking any form of label, carton, leaflet, et cetera. The nude products are 
shipped to Breda (ABR), where they are handled, stored in a conditioned room, processed, 
and shipped again. Processing includes adding all leaflets, cartons, labels, and other 
packaging materials. The products are then ready-for-use and can be shipped to Amgen 
customers (wholesalers, pharmacies, and hospitals) or to local stock points. The activities 
of ABR and its place in the total production process are illustrated in Figure 2.1. A high 
level schematic overview of the supply chain of Amgen, from bulk production to customer 
shipments, is shown in Figure 2.2. 
 

 
Figure 2.2 Amgen Supply chain overview 
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ABR ships these end products to over 40 countries, many of which have their own distinct 
regulatory requirements about what should appear on the cartons, leaflets, et cetera. 
Besides this, many countries have their own language. These differences make it 
impossible to create stock keeping units (SKUs) that can be sold to all countries. This, 
together with the different numbers of medicines, platforms, nude strengths, and 
packaging sizes, increases the number of end product SKUs to over 500 (for six medicines). 
 
Products are shipped from ABR either directly to customers, such as hospitals and 
pharmacies, or to a Local Stock Provider (LSP). The inventories of these stock points are 
controlled by ABR (push system). See Table 2.1 for an overview of countries with an LSP. 
 

LSP countries 

Czech Republic Italy Slovenia 

France Lithuania Spain 

Germany Portugal Switzerland 

Greece Romania United Kingdom 

Hungary Russia  

Table 2.1 Countries with LSP 
 
 

2.2 Demand 
 
Most of the total annual international sales volume of Amgen comes from Aranesp, 
covering about xx% of all sales packs in 2008. Other important products are Neupogen, 
Neulasta and Mimpara (see Table 2.2 and Figure 2.3, both based on sales packs volume). 
Neupogen’s share is expected to decrease, as successor Neulasta is slowly taking its place. 
Other products have limited contribution. In the future, new products, like the recently 
launched Nplate and Prolia (expected to be launched in 2010), might play a bigger role.  
 

Product Percentage 

 

Aranesp  

Neupogen  

Neulasta  

Mimpara  

Other  

Table 2.2 ICO sales packs 2008 

  Figure 2.3 Sales volume contribution in 2008 

 
An upward trend in sales volume is clearly visible for Mimpara, and somewhat less for 
Aranesp and Neulasta. Neupogen is an exception and showed decreasing sales figures since 
2007. The reason for this is the gradual replacement of Neupogen by Neulasta, mentioned 
before. This transition is going somewhat slower than expected, but in the long term, 
Neupogen’s share will decrease more and more. Summarizing figures of annual sales can be 
found in Table 2.3. 
 

Year Aranesp Neupogen Neulasta Mimpara 

2006     

2007     

2008     

2009     

Table 2.3 Annual sales (x000 units)  

 
When we look at the development of the demand per month, we can see that there is some 
variation from month to month. See for example Figures 2.4 and 2.5, in which monthly 
demand for two IDP products is depicted for 2007 to 2009. Because all Amgen medicines 
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are products meant for patients with chronic diseases, one would expect end user demand 
to be quite steady. This is indeed true for the total demand at ABR: for all Neupogen, 
Neulasta, and Aranesp products, the coefficient of variation (CV) lies between the relatively 
low values 0,09 and 0,16 (for the examples in Figures 2.4 and 2.5, CV equals 0,09 and 0,11, 
respectively). For the full list of coefficients of variation, see Appendix A. 
 
To classify this in terms of stability of demand, we use the thresholds used in Silver and 
Peterson (1985). They argue that products with a CV higher than 0,45 are considered non-
stable, products with a CV between 0,25 and 0,45 are stable, and products with a CV lower 
than 0,25 are very stable. This confirms the idea that the demand for Amgen’s products is 
very stable. 
 
 

  
Figure 2.4 ASP30LVS demand 2007-2009 (x000) Figure 2.5 NPG480LVS 2007-2009 (x000) 
 
We note that there is, if any, only a slight seasonal effect, with one clear exception: July 
typically has a demand peak, followed by a fall in August. This is because of the summer 
vacation period, when customers (in particular large volume countries like France and 
Italy) often order more in July and less in August. 
 
 

2.3 Production planning 
 

Amgen uses different levels for production planning. For every three months, a Master 
Production Schedule (MPS) is made, defining which products need to be produced, when, 
and in what batch sizes. This plan is based on demand forecasts, inventory levels, inventory 
strategy, and production capacity. Each end product or finished drug product (FDP) is 
produced once every two to four months; the higher the sales volume of an SKU, the more 
often it appears on the production schedule. 
 
Then, the production planners determine the weekly production schedule based on the 
MPS, taking into account the line capacities, production times, et cetera. The batch size can 
vary, depending on inventory status and demand forecasts. An important aspect when 
composing the production schedule is the presence of set up times. For every production 
batch, set up and close down times take roughly between 0,5 and 3 hours (mostly between 
1 and 2 hours), depending on product and production line. In practice, this means that on 
the two most important production lines (103 and 104), with a utilization ranging between 
70% and 100%, setting up and closing down accounts for about 30% of production time. 
 
Most of the production schedule is based on make to stock (MTS), but there are some 
exceptions. Tenders are one of them: all tenders are made to order (MTO). Tenders occur 
most importantly in Middle-East countries, such as Saudi-Arabia, United Arabic Emirates, 
Kuwait, Jordan, Qatar, Bahrain, Oman, and Egypt. Small volume country/SKU combinations 
for distributors are another exception to the MTS rule. 
 
In total, MTO volume accounts for about 4% of total production volume. For some 
countries, small volume product demand can be fulfilled with SKUs dedicated to other 
countries. Order lead time for MTO production is 60 to 90 days from the moment the order 
arrives at ABR, where the MTS customer order lead time is one day. For MTO, remaining 
shelf life (RSL) is the highest ABR can offer, meaning that in practice, for MTO orders Last 
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Expired First Out (LEFO) is used for nude products, instead of First Expired First Out 
(FEFO), which is used for MTS production. 
 

Based on the production schedules and stock levels, orders for nude products or IDPs are 
placed at the manufacturing sites. In Figure 3.1 and Figure 3.2, the actual monthly orders at 
AML (brown bars) are shown for items 01530B-EU (Aranesp 30mcg LVS) and 01531C-EU 
(Aranesp 40mcg LVS), together with the actual sales figures for all FDP demand for the 
according combination of strength and presentation (blue lines). These are the figures for 
January to December 2009.  
 

  
Figure 2.6 Orders ASP30LVS (x000) Figure 2.7 Orders NPG300LVS (x000) 

 
In these figures, we can see that there is relatively much variability in the order sizes for 
nude products. Both order quantity and order frequency are not always regular. For figures 
of all combinations of strength and presentation (LVS or LVP), see Appendix B. 
 

 

2.4 Forecasting 
 

At this moment, forecasting end products is done separately by the affiliates of the 
countries to which Amgen Europe BV delivers. An overview of the forecasting process can 
be found in Appendix C. It shows the roles of the countries, ICO, and ABR. The total process 
takes about 8 or 9 working days. 
 
All country affiliates, over 25 in total, make their own forecast of monthly demand for every 
FDP for the current year. They send this to the International Commercial Organization 
(ICO) in Switzerland, where the forecasts of all countries are collected and an overview of a 
three year forecast, on FDP level, is sent to Amgen Europe BV in Breda. Because the 
countries only provide forecasts for the current year, ICO bases the additional forecast of 
the three years on average sales. On this forecast schedule, ABR determines its master 
production schedule.  
 
Besides this short term forecast, countries have a 10 year forecasting plan, which is 
updated once or twice a year. This is mainly done for long term capacity planning. 
 
Even on the short term, forecast accuracy (FCA) varies widely between countries. Some of 
them, for example France and Switzerland, always produce accurate forecasts; others 
perform much worse. Countries with markets that are tender driven and ad hoc, for 
example the Middle-East and Israel, typically have low scores on forecast accuracy. 
 

 

2.5 Information systems 
 

Amgen Europe BV, and in particular the department International Supply Chain Planning, 
uses several information systems to support their control processes. The modules APO, DP 
and ECC of the Enterprise Resource Planning (ERP) system SAP are used to support 
processes and planning, and BW for filing historical information. At this moment Amgen is 
working on the implementation of Rapid Response, an application of Kinaxis, used to 
monitor the entire supply chain. Also, Microsoft Office (especially Microsoft Excel) is used 
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for planning and monitoring purposes.  Besides this, documents are kept in a filing system 
called EDM Quality. 
 
 

2.6 Performance measures 
 

Amgen measures several so-called Key Performance Indicators (KPIs). Most of them have 
to do with supply, speed, quality, risk, or financials. The most important ones are the 
number of stock outs and the amount of scrap. 
 

Whenever Amgen cannot fulfil an order it gets from a customer, it is reported as an out of 
stock. There are three categories (A, B, and C) of out of stocks, each indicating the impact 
(importance) of the stock out: 
� A: patient risk 
� B: alternate supply 
� C: backorder 
 
Scrap is caused by multiple phenomena. Amgen makes the distinction between two types 
of scrap: ‘normal’ and ‘abnormal’ scrap. Though the line between the two is a bit arbitrary, 
the main difference is that normal scrap is considered unavoidable, for example due to lab 
testing, and abnormal scrap is due to irregularities or any kind of failure, like expiry. 
 
 

2.7 Evaluation 
 

The biotechnological (or pharmaceutical) market is different from other markets, having 
its own rules and characteristics. Amgen exploits products which have very long time-to-
market (often 10 years or more), demanding huge investments. To make these investments 
worthwhile, Amgen (like most pharmaceutical companies) requires high margins on their 
products. 
 
Because of the physical dependency of people with chronic diseases to the medicines, the 
approach to logistical performance measures are different than in other markets. Stock 
outs are considered unacceptable; a delivery performance close to 100% is pursued. To be 
able to achieve this, Amgen keeps high inventories. Inventory costs may be high, but are 
outweighed by the importance of delivery performance.  
 
Another important feature of the supply chain of Amgen is the long lead times. Products 
used by customers are typically produced (bulk production) two or three years earlier. 
This makes demand planning important, since knowledge about sales in two or three years 
is needed to make the production schedule for today. 
 
The long throughput time of the supply chain as a whole also brings up the role of shelf 
lives. The medicines produced by Amgen have long shelf lives: several years from bulk 
production and on average one to two years after arrival at ABR. Although this may sound 
long and therefore unproblematic, Amgen Europe BV considers scrap to be very important. 
 
Another issue, possibly leading to disturbance in the supply chain of Amgen, is the 
countries where sales heavily depend on tenders. This is mostly the case in countries in the 
Middle-East. These tender-driven markets are hard to predict with historical data, and 
demand forecasts are often very unreliable.  
 
The medicines Amgen sells are meant for chronic patients, so in general one would expect a 
very stable supply process. The demand pattern for ABR indeed shows to have little 
variance, but the supply of IDPs turns out to be less stable. In the next chapters, we will 
investigate what leads to this amplification of variability. 
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3  
Research design 

 
 
After briefly summarizing the problem that will be investigated in this research, we will 
elaborate on the research questions and project approach. 
 

 

3.1 Problem definition 
 
Amgen Europe BV is part of a supply chain with very distinct features. First of all, the 
nature of the products makes that on-time delivery is crucial to customers (patients). 
People using Amgen’s products are seriously ill and therefore heavily depend on their 
medicines. This means Amgen aims for very high service performance and as less out of 
stocks as reasonably possible. This implies keeping high inventory levels, with the risk of 
having to discard (scrap) products when they expire. 
 
Second, the supply chain faces long lead times. Nude products or IDPs have to be ordered 
from production facilities abroad, with a lead time of several months. In fact, Amgen uses a 
frozen window of five months, in which orders cannot be changed, unless absolutely 
necessary. Lead time from AML (Puerto Rico) counts at least four weeks, because all 
products are extensively examined in contract labs. 
 
Amgen’s service level approach combined with the perishability of their products leads to 
the need to scrap materials. When instability in the supply chain increases, the amount 
scrapped generally will also increase, because of the buffer function of inventory. Another 
important facet is shelf life management: because of the perishability of Amgen’s products, 
there is pressure from the market to deliver products with high remaining shelf lives to 
customers. 
 
In the previous chapter, we discovered that Amgen faces instability in their supply chain:  
incoming demand is characterized by low variability, but outgoing orders are unstable. Lee 
et al. (1997a, 1997b) named four possible causes for this phenomenon, also called the 
bullwhip effect: demand forecasting, order batching, price fluctuations, and shortage 
gaming. Using our supply chain analysis in Chapter 2, we formulate the following 
hypotheses. 
 

H1: Demand forecasting has an important influence on demand variability 
amplification. 

 
H2: The need to batch orders into predetermined batch sizes has an influence 

on demand variability amplification. 
 
H3: Price fluctuations do not play a big role in the demand variability 

amplification in the supply chain of Amgen. 
 
H4: Shortage gaming does not contribute significantly to the amplification of 

demand variability. 
 

In Chapter 4, we will investigate whether these hypotheses are indeed true. In the next 
section, we will formulate the research questions. 
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3.2 Research questions 
 

Demand variability amplification can have negative impact on the control of a supply chain, 
for example leading to excessive inventory, more expired (or obsolete) products, and 
imbalanced outgoing orders. Because incoming customer demand at ABR is stable, but 
outgoing orders are not, the main question to be answered in this project is: 
 

How can Amgen redesign its supply chain, in order to reduce demand variability 

amplification?  
 
Based on this main question and the hypotheses presented in the previous section, the 
following research questions are formulated. 
 
1. How can forecast accuracy be improved? 

1.1. Which forecasting method provides the best results? 
1.2. How much improvement in terms of delivery performance, scrap, and 

remaining shelf lives can be achieved? 
1.3. How should targets be set? 

 
2. How can a replenishment policy be designed in order to stabilize the supply chain?  

2.1. Which order policy performs best for Amgen? 
2.2. Which setting of parameters yields optimal results? 
2.3. Will smaller minimum batch sizes at AML improve stability? 

 
3. Which measures are feasible for implementation within Amgen? 

 

 

3.3 Research approach 
 

To answer the research questions formulated in the previous section, the following steps 
will be taken in this research. 
 
First of all, a quantitative analysis is performed in order to identify the causes of the 
bullwhip effect in Amgen’s supply chain. After this, it is possible to determine which of the 
hypotheses from Section 3.2 are correct. This analysis is presented in Chapter 4. Then, 
knowing what causes demand variability amplification, we can conduct an exploratory 
research, aimed at finding possible measures for improvement. In Chapter 5, we will 
present possible solution areas and evaluate which are suitable to decrease the bullwhip 
effect in the supply chain of Amgen. 
 
Based on the solution areas found in Chapter 5, we will suggest potential redesigns of two 
of these solutions. In Chapter 6, demand forecasting redesigns are presented and 
evaluated. Then, in Chapter 7, we will take a deeper dive into standing order policies, which 
will be evaluated using a numerical study through simulation. Finally, in Chapter 8, we will 
comment on the results and provide recommendations to Amgen. 
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4  
Bullwhip analysis 

 
 
Although end product demand is stable, orders for nude products are shown to fluctuate. 
Demand variability amplification is also called the bullwhip effect. In this chapter, we will 
examine possible causes of this phenomenon and comment on their presence in Amgen’s 
supply chain. We will then conclude by evaluating the hypotheses from Chapter 3. 
 
 

4.1 Analysis setup 
 
The phenomenon of amplification of demand variability upstream in a supply chain is 
commonly referred to as the bullwhip effect (Forrester, 1958). Lee et al. (1997a, 1997b) 
summarize four possible causes of this increasing variability: demand forecasting, order 
batching, price fluctuations, and shortage gaming. 
 
In order to determine which of these factors are of influence on the amplification of 
demand variability at Amgen, it is necessary to investigate whether they are present in the 
supply chain. We will identify these factors as follows. 
 
Regarding demand forecasting, we will look at available forecasts of the last two to three 
years. With these figures, we will determine different stages that are important in the 
supply chain and relate them to at least two different time offsets. An analysis will be made 
on forecast accuracy for these stages and offsets. After this, we will be able to comment on 
the presence of forecast accuracy issues within Amgen. Results can be found in Section 4.2. 
 
Order batching is examined in Section 4.3. We will take a look at the ordering quantities 
used in the supply chain at Amgen Europe BV, both from customers and suppliers, and 
available past data concerning order batches. With this information, we will be able to 
conclude if order batches are of influence. 
 
Price fluctuations or promotions are not present in the way they are in other industries, 
like for example groceries, shoe shops, or clothes stores. However, there are certain 
phenomena which may be considered in a similar way: tenders and regulatory price 
changes. We will take a deeper look into these two factors in Section 4.4 and quantify their 
influence. 
 
Shortage gaming refers to disappearing orders when stock outs have occurred. In Section 
4.5, we will analyze whether this happens in practice for Amgen, using both a stock out 
analysis and Amgen policies. 
 

 

4.2 Demand forecasting 
 

Based on the analysis as described in Chapter 2, we can divide the supply chain of Amgen 
Europe BV in three main stages: bulk production, filling, and packaging. Because of the lead 
times and production times, different forecasts are important for the three different 
horizons. So, in order to say something about forecast accuracy for the three stages, we 
need to use different time frames. 
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Furthermore, when trying to analyze the forecasts on these three levels, it is useful to think 
about the product levels to be used. For the long term, it is not useful to analyze forecasts 
on end SKU level, because bulk production and filling are interested in a higher product 
level anyway. We define three levels: bulk level, strength level (IDP), and SKU level (FDP). 
 
These two considerations lead to a framework to analyze forecasting accuracy in the three 
different stages, each with different time horizons, and different product levels. This is 
schematically shown in Table 4.1. 
 

Stage Bulk production Filling Packaging 

Level Bulk Strength SKU 

FC period 12 months 6 months 2 months 

Offset used 12 and 24 months 6 and 12 months 2 and 4 months 

Table 4.1 Forecast accuracy schedule   

 
When evaluating the forecast accuracy, we use a calculation based on APE (Absolute 
Percentage Error), which is on its turn the input for the well known MAPE (Mean Absolute 
Percentage Error). MAPE is commonly known and widely used, because of its reliability 
and ease of interpretation and presentation (Silver et al., 1998, Makridakis et al., 1998). 
This APE approach is considered applicable for Amgen’s situation, because small amounts 
of monthly sales do not occur (let alone zero values). Because Amgen is not considering 
undersell more disturbing than oversell, it has slightly adjusted the computation, making 
the forecast the denominator instead of the actual sales. We will use this adjustment in our 
calculations as well. For overviews and critical discussions of forecast accuracy metrics, see 
for example Hyndman and Koehler (2006) and Tayman and Swanson (1999). 
 
The forecast accuracy (FCA) is then determined by 
 

 ��� = �	
 �1 − �1 − ��
��

� ; 0� 

 
with �� representing the actual sales figure for time period �, and ��  the forecast for that 
same period. 
 
 

4.2.1 Bulk level 
 
For the bulk level forecast, we looked at the same products that were also mentioned in 
Section 2.2: Aranesp, Neulasta, Neupogen, and Mimpara. These are the most important 
products of Amgen Europe BV. We considered a 12 month forecasting period, meaning a 
full year demand. We made a comparison between the actual sales in the year 2008 and the 
forecasts (Latest Estimates or LEs) of December 2006 (24 month offset) and December 
2007 (12 month offset), respectively. For 2009, we took the October 2009 LE, and 
compared them with the LEs of August 2007 and September 2008, resulting in 
approximately the same offsets as for 2008. We performed this analysis for both packs and 
units. 
 

Products 24 months 12 months 

Aranesp 87% 79% 

Neulasta 72% 86% 

Neupogen 82% 86% 

Mimpara 97% 93% 

AVERAGE 85% 86% 

Table 4.2 Unit FCA bulk level 

 
A summary of the results from the unit analysis are shown in Table 4.2 (the packs analysis 
showed similar results). Remarkable is that for some products, in particular Aranesp, the 
12 month offset forecast is not more accurate, or even less accurate, than the 24 month 
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offset forecast. This is because after the two year ahead LE, forecasts were adjusted 
downwards. Later on, forecasts increased again, eventually transcending the forecast that 
was originally perceived as ‘too high’. For a more elaborate overview of the analyses (from 
this stage and the next ones), we refer to the Appendix D. 
 
 

4.2.2 Strength  level 
 
Because the bulk level forecasts of Aranesp showed some surprising results, and Aranesp is 
contributing to activities for approximately 65% of all activities at Amgen Europe BV (see 
Table 2.2), we focused on the different Aranesp strengths when conducting the analysis on 
strength level. We examined all 13 strength levels, with a six month forecasting horizon. To 
do so, we compared the actual demand from July to December 2008 with the forecasts 
made for that period in December 2007 (12 month offset) and June 2008 (6 month offset). 
The same comparison was made for the demand of January to June 2009 and the forecasts 
from December 2008 and June 2008. 
 

Strength 12 months 6 months  Strength 12 months 6 months 

10 79% 91%  80 61% 76% 

15 36% 93%  100 61% 74% 

20 71% 85%  130 28% 68% 

30 73% 88%  150 90% 92% 

40 61% 77%  300 78% 88% 

50 71% 88%  500 95% 100% 

60 68% 81%     

    AVERAGE 67% 85% 

Table 4.3 Unit FCA strength level  

 
The main results are shown in Table 4.3. Here we see no remarkable changes: the forecast 
with a six month offset were with no exception better than that with a twelve month offset. 
Some forecasts turned out relatively bad, depending on strength level. For example, 
Aranesp 130 seems very hard to forecast (but has really small sales figures), where 
forecast accuracy for Aranesp 500 is very high. 
 
 

4.2.3 SKU  level 
 
Moving on to the third and last stage of the analysis, we selected a number of Aranesp 
SKUs. To limit the total number of possible candidates, we focus only on the SKUs with 
strengths 20, 30, 40, and 60. This choice is based on sales volume.  
 

Material 12 months 6 months  Material 12 months 6 months 

Belux 20 LVP 85% 77%  Belux 60 LVP 80% 83% 

Belux 20 LVS 90% 88%  Belux 60 LVS 93% 95% 

France 20 LVS 93% 90%  France 60 LVS 88% 89% 

France 20 LVP 91% 93%  France 60 LVP 94% 92% 

Turkey 20 LVS 80% 74%  Turkey 60LVS 61% 77% 

       

Belux 40 LVS 86% 89%  Belux 30 LVS 96% 97% 

Belux 40 LVS 73% 78%  France 30 LVS 94% 95% 

France 40 LVS 96% 91%  Turkey 30 LVS 75% 69% 

France 40 LVS 92% 90%     

Turkey 40 LVS 52% 75%     

    AVERAGE 84% 86% 

Table 4.4 FCA SKU level 

 
The selected SKUs for these four strength levels come from three countries, which we 
believe are representative for the total market of Amgen Europe BV: France (large sales 
volume), Belux (Belgium and Luxembourg, small sales volume), and Turkey (eastern 
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country, small sales volume). From these countries, we chose all SKUs with the given 
strengths, resulting in a total of 18 SKUs. We measured forecast accuracy by comparing the 
sales figures of July and August 2009 with the forecasts of June 2009 (two month offset) 
and April 2009 (four month offset). We did the same for the demand of September and 
October 2009 and the forecasts of August 2009 and June 2009. 
 
The results in Table 4.4 show that in general, the forecasts from Turkey seem to be the 
most unreliable, where France performs very good. No striking differences can be seen 
between the different strengths in these results. 
 
 

4.2.4 Demand forecasting evaluation 
 
Forecasting accuracy has a direct impact on abnormal scrap. In the utopian case of perfect 
forecasting, scrap due to expiration can be minimized. 
 
Table 4.5 summarizes the different causes of both normal and abnormal scrap in 2009, 
expressed in group cost (material price). Figures show that the contribution of normal 
scrap is larger than that of abnormal scrap. Expiration accounts only for 10,7% of total 
scrap, and less than a third of all abnormal scrap. 
 

Type of scrap Causes US$ Percentage 

Normal Lab testing   

 Production losses   

 Retained samples   

 Returns   

 Subtotal normal   

    

Abnormal Additional samples   

 Expired   

 Obsolete   

 Damaged   

 Subtotal abnormal   

    

TOTAL    

Table 4.5 Scrap figures 2009   

 
At the bottom of Table 4.5 we can see that the total amount of scrap in 2009 was about US$ 
x,x million. This does not seem much in comparison with the 2009 ICO revenues (x,x%) or 
even the total costs of goods manufactured (x,x%) in that same year. However, scrap is still 
considered an important aspect in the logistic policies of Amgen. 
 
An important general conclusion following from the previous sections is that forecasts at 
all three levels yield more or less the same results; there is no stage in which performance 
is better than in the other stages. This is remarkable since in general, forecasts get better 
when used for shorter term. Although we used different time horizons in our analysis, we 
conclude that there are reasons to take demand forecasting into account when 
investigating the demand variability. 
 
 

4.3 Order batching 
 

Order batching in a supply chain mainly occurs because of constraints on either order 
intervals or order quantities. Often there are rational arguments for these constraints, for 
example based on economic, quality, packaging, or shipping reasons (Potter and Disney, 
2006). We will examine the supply chain of Amgen to see where order batching plays a 
role. Furthermore, we will discuss the relevance of product perishability. 
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4.3.1 Order quantities 
 
Amgen Europe BV delivers most of the product orders via LSPs, located across Europe. 
Stocks at the LSPs are controlled by Amgen. A smaller part of the total demand is delivered 
directly to customers. In both cases, there is no minimum batch size regarding shipments. 
There is neither a minimum order quantity (MOQ), nor a total minimum order amount 
(MOA). This means that in practice, Amgen Europe BV handles hundreds of orders a week. 
 
Most nude products (IDPs) are ordered at AML in Puerto Rico, and ordering is done 
approximately once a month. AML uses standard batch sizes, depending on product, 
strength and platform (type of vial or syringe). In total, there are about 30 SKUs that ABR 
orders at AML. An approximate ordering frequency is calculated, based on batch size 
requirements, expected sales and required safety stocks. In Appendix E, the most recent 
overview is given of possible batch sizes at AML, the actual average batch size in 2009, and 
associated average order frequencies. Note that the order frequencies are guidelines; every 
month orders are based on safety stock levels, expected sales, and the production schedule. 
Timing and quantities of the orders are not formalized and done by hand. 
 
AML uses a five month frozen window for ABR orders. This means that in general, orders 
are placed six months ahead and cannot be changed for the following five months, unless 
absolutely necessary. 
 
 

4.3.2 Shelf lives 
 

Shelf lives are an important issue within Amgen. Though the medicines are not highly 
perishable, the long lead times and aim for high service performance create a tension. 
Besides this, countries (customers) sometimes demand long remaining shelf lives (RSLs) 
after shipment from ABR. In Table 4.6, standard shelf lives after different stages in the 
production process can be seen for Aranesp, Neupogen, and Neulasta. For example, after 
filling at AML, Aranesp has a remaining shelf life of 24 months. RSL are much shorter for 
Aranesp, than for Neupogen and Neulasta. 
 

Activity Aranesp Neupogen Neulasta 

Filling at AML    

Quality release and shipment to ABR    

Good receipt time    

Unlabeled inventory    

FP Inventory    

Table 4.6 Standard RSLs (in months) 

 
As mentioned before, countries use different requirements for remaining shelf life after 
they receive the products. For example, for Aranesp products, Amgen guarantees twelve 
months of remaining shelf life after shipment, which is sufficient for most countries. Others, 
typically countries with tender-driven markets, demand higher requirements, for example 
16 or 18 months. 
 
 

4.3.3 Order batching evaluation 
 
For ABR customers, it is possible to order any amount of items they like. For ordering nude 
products at AML, standard batch sizes apply. The fact that the products are perishable 
makes it unfavourable to keep too much inventory from the same batch. 
 
Taking into consideration the predetermined batch sizes for ordering at AML and the 
importance of shelf lives, we conclude order batching plays an important role in the 
amplification of demand variability between ABR and AML. 
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4.4 Price fluctuations and promotions 
 
Because of the nature of the products of Amgen, promotions do not occur in the same way 
as they do in other industries. However, there are two ways in which price fluctuations 
could play a role in the supply chain of Amgen: tenders and permanent price changes. 
 
 

4.4.1 Tenders 
 
A tender is a temporary agreement with a governmental institution to offer goods (in this 
case medicines) at specified costs. Often, multiple companies apply for a tender, and the 
principal chooses between the offers. Amgen faces tender-driven markets mainly in 
countries in the Middle-East, such as Saudi-Arabia, Kuwait, and Bahrain. 
 
Tenders are in volume a small percentage of total production, but may cause important 
disturbance in the supply chain and production process. Tenders are always made to order 
(MTO). Because specific information about the role of tenders in the production process is 
not available, we will look at MTO orders in general, instead. We have to keep in mind that 
that although all tenders are made to order, not all MTO batches are tenders. 
 
In Table 4.7, the total numbers of monthly changes to the planned production schedule are 
presented for the months of August, September, and October 2009. 
 

Category Aug Sep Oct Total 

1
st

 partial of new nude batch     

Batch split     

Non-conformance     

Other     

Oversell     

Rounding nude     

MTO     

TOTAL     

Table 4.7 Changes of PS 2009     

 

The proportion of changes due to MTO batches for these months is 12%, 16% and 8%, 
respectively. These changes can either relate to a batch quantity change, a planned batch 
that got cancelled, or an unplanned batch that got fitted in. As we can see, MTO now leads 
to 26 changes in three months, about 12% of the total amount of changes.  
 
Although MTO production is a small part of production now, the expectation is that this 
portion will grow in the near future. In the last couple of years, production for countries 
working with tenders and/or high shelf live requirements have grown. The coming years, 
Amgen will expand its footprint in more countries, which may have the same way of 
working. This automatically means MTO will play a bigger role and influence on the entire 
supply chain will grow.  
 

Products 2009 2010 2011  

Aranesp     

Mimpara     

Vectibix     

Table 4.8 Production volume MTO percentage 

 
In Table 4.8, the expected portion of production volume for MTO orders on total 
production are shown. Indeed, there is an expected increase, especially in 2011.  
 
Production times are currently not heavily influenced by MTO orders, since most of the 
SKUs sent to MTO countries are shared SKUs (for example German or UK items). The MTO 
portion of total sales volume is very low for MTO items in comparison with regular supply. 
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4.4.2 Permanent price changes 
 
Every once in a while prices in countries change permanently. This could be because of 
regulative reasons, or strategic pricing choices. This has an impact on both sales and 
demand forecast of a product. Although these are permanent changes rather than temporal 
promotions, a permanent increase in demand is not expected, since price elasticity is very 
low for these kinds of medicines. 
 
To provide an intuitive idea of the impact of these price changes, we investigate two price 
changes in particular, both from Germany. The first one is a regulatory price change and 
occurred in January 2008. The second one was a strategic decision by Amgen and occurred 
in August and September 2009. 
 
August/September 2009 

As of 16 August 2009, German prices for Neupogen, Neulasta, Mimpara, Vectibix, and 
Nplate increased 6% due to a new law in Germany. For Aranesp, prices increased 6% one 
month later, as of 16 September 2009. The announcement of this new law was made during 
the first quarter of 2009 and officially communicated to customers in July. 
 
To investigate whether the price change had an impact, we examine the demand LEs 
(forecasts) at four interesting moments: in December 2008 (before the law was 
announced), June 2009 (after announcement, before communication to customers and 
implementation), August 2009 (after communication to customers, just before 
implementation) and the actual sales figures for the period from June to October 2009. 
Comparing the LEs makes it possible to tell when (if any) changes were made to the 
expected demand pattern. The actual sales figures will show if forecasts turned out to be 
accurate and if there has been an effect indeed. We will also compare the actual sales of the 
given year to the same period one year and two years earlier, to see whether demand 
pattern is different. We will leave out Nplate from this analysis, because it is a relatively 
new product and has not left its launch phase yet. 
 
In the Figure 4.3, the LE comparison results are presented for Aranesp. Remember that the 
price change was implemented in September for Aranesp, and in August for the other 
products involved. 
 

 
 

Figure 4.3 ASP demand Germany 2009 (x000) Figure 4.4 ASP demand Germany 2007-09 (x000) 

 
We see that the forecasts hardly changed during the six months before the price change. 
Even after the first quarter of 2009, when the law was announced, no expected changes can 
be discovered in the LEs. 
 
The actual sales show a different pattern than forecasted, with a demand peak in 
September. This also deviates from the actual sales pattern of the two years before, as can 
be seen in Figure 4.4. Although it might be tempting to link this to the price change, we 
have to be very careful, since there may be other reasons for this peak. It might be due to 
seasonal effects, although no such effect is seen in previous years. Another possible 
explanation includes other changing circumstances in Germany at the given time: together 
with the price change, a new distribution channel was introduced, possibly causing 
disturbances. 
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Fortunately, the situation is much clearer for the other products. With almost no exception, 
demand fell during August, the month of the price change, and recovered again September, 
with no apparent deviations from the pattern of the previous years (see Appendix F for the 
corresponding figures). For these products, the price change hardly had any effect on the 
short term. 
 
January 2008 

On 15 January 2008, Amgen lowered prices on all Aranesp products by either 15,8% 
(strengths under 300 mcg) or 12,6% (300 and 500 mcg products). The main reason behind 
the price change was the introduction of biosimilars (new competitor products) in the 
market.  
 
We use a similar approach as in the first price change situation. Because there is no 
information on announcements or official communication to customers, we will look at 
three moments of interest: September 2007 (relatively long before the change), December 
2007 (right before), and February 2008 (just after, actual results). We included the top-3 of 
best selling Aranesp SKUs in Germany (with strength 20, 30, and 40, respectively) and also 
looked at the combined sales for all Aranesp products. The graphic for the latter can be 
seen in Figure 4.5. The associated data for this and other products can be found in 
Appendix F. 
 

 
Figure 4.5 ASP total demand Germany 2007-08 (x000) 

 
The graphic in Figure 4.5 shows some differences with the figures from the other price 
change. Here, forecasts fluctuated and actual sales were quite stable, which is in contrast 
with for example Figure 4.3. All products show the same pattern. 
 
Comparing the actual sales to the sales of one year earlier (2006-2007) and one year later 
(2008-2009), no similar pattern between either of the three years can be seen, but the 
investigated period (2007-2008) shows a difference in sales volume, which is lower than in 
the other years. Besides this it has an obvious downward trend through the entire period, 
diminishing the possible influence of a price change during that time. 
 
 

4.4.3 Price fluctuations and promotions evaluation 
 
Based on these analyses, we cannot conclude price changes have an important impact on 
sales on the short term. This little influence can possibly be explained by the role of 
perishability. Hoarding is less likely to occur when products have limited shelf lives, since 
overbought products will have to be discarded. 
 
On the longer term, price fluctuations could lead to changing market shares. However, 
price changes in this industry are often reactions to competitors, for example when a 
competitive product becomes available in the market. Changing market shares are then 
probably more driven by the influence of competitors’ actions, than by the price change. 
 
Based on our findings in this section, we conclude that regulatory price changes cause too 
little effect to be involved in this research. 
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4.5 Shortage gaming 
 
The fourth possible cause mentioned by Lee et al. (1997b) is rationing or shortage gaming. 
If a supplier cannot fulfil all demand, he needs to ration it to its customers. If customers 
know this, they might order more than they actually need, so they end up closer to their 
desired quantity. However, when the shortages at the supplier are resolved, orders 
disappear. 
 
In order for shortage gaming to happen, there are two requisites. First of all, stock outs 
need to occur, and second, the supplier (in this case Amgen Europe BV) needs to use a 
rationing policy in case of a stock out. 
 
 

4.5.1 Stock outs 
 
Figure 4.6 shows the number of stock outs for FDPs in 2008 and 2009. As can be seen, 
there has been an increasing number of stock outs towards the end of 2008, due to 
planning issues. Because of the introduction of a fixed master production schedule, stable 
disposition cycle times and the value stream mapping of the production planning process, 
the number of stock outs decreased significantly as of the beginning of 2009. Of all stock 
outs in 2008 and 2009, no category A out of stocks occurred; almost all were category C. 
There has not been any patient impact. 
 

  
Figure 4.6 Out of stocks 2008-09 

 
The number of stock outs is very low; especially when it’s related to the total number of 
SKUs (over 500). Shortages longer than two days are prevented by immediate production.  
 
 

4.5.2 Rationing policy 
 
End products are often specific for a region or even a country (dedicated SKUs), and are not 
interchangeable between them. This means that in case of an (upcoming) out of stock, 
Amgen cannot allocate inventory among customers, but needs to produce new FDPs. 
 
Employee interviews made clear that in case of a problematic shortage for an IDP, there 
will probably be an allocation key for countries. However, because such a situation is very 
unlikely to occur, there is no formalized procedure for IDP shortages.  
 
 

4.5.3 Shortage gaming evaluation 
 
Shortage gaming can only occur if a supplier is (expected to be) unable to deliver all 
demand to its customers, after which a predetermined allocation key is used. 
 
When looking at the low number of FDP stock outs, the unlikelihood of IDP stock outs, and 
the absence of rationing in case of a shortage, we conclude that shortage gaming does not 
play a role in the supply chain of Amgen.  
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4.6 Conclusions 
 
In our analysis regarding possible causes for demand amplification in the supply chain 
(bullwhip effect), we looked at the four phenomena mentioned by Lee et al. (1997b). Two 
of these four indeed proved to be important facets within the supply chain of Amgen: order 
batching and demand forecasting. This shows that hypotheses H1 and H2 from Chapter 3 
are true. The other two, shortage gaming and price fluctuations, do not have a significant 
influence in Amgen’s situation, if present at all. This confirms H3 and H4. 
 
In the remainder of our research, we will focus on demand forecasting and order batching 
as causes of the bullwhip effect and search for redesign options that decrease their 
negative influence. 
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5  
Redesign planning 

 
 
In the previous chapters, we identified demand forecasting and order batching as the most 
important causes of the bullwhip effect in the supply chain of Amgen. In this chapter, we 
will take a broad view over the range of possible measures against this effect, and comment 
on their feasibility. 
 
 

5.1 Strategy classification 
 
Wikner et al. (1991) and Towill et al. (2006) provide several strategies for smoothing 
supply chains, favoured in industrial studies: 
� Control systems: selection of decision rules and fine tuning model parameters, without 

changing the structure of the supply chain. 
� Time compression: re-engineering in order to reduce lead times of either materials or 

information in the supply chain. 
� Information transparency: provide high integrity information throughout the entire 

chain. 
� Echelon elimination, as was already suggested by Forrester (1961). 
 
We will use the classification of Towill (2006) and apply this to the situation of Amgen. For 
every strategy, we will evaluate possible measures for Amgen to reduce the bullwhip effect.  

 
 

5.2 Control systems 
 
We will evaluate two potential ways of changing the design of control systems to decrease 
the bullwhip effect: improving the forecasting methodology and changing the procedure for 
placing orders at AML. 
 

 

5.2.1 Forecast methodology 
 
Although Amgen is aware of the importance of demand forecasting, results show that mid 
and long term forecasting may still be a disturbing factor. 
 
Singh (2005) states that poor forecast accuracy in the pharmaceutical industry may result 
from one or more of the following causes: 
� New indication for an existing product 
� Unusual disease outbreak 
� New product sales dramatically exceeding expectations 
� Inaccurate demand forecasting techniques 
� Just-in-time (JIT) inventory levels unable to meet demand spikes 
� Off label usage by prescriber 
� Domino effect from shortage of a related product 
� Hoarding that exaggerates a potential shortage 
� Contract awards that produce large demand shifts in a short period of time. 
 



 

24 

Most of these reasons are not applicable to the situation of Amgen: unusual disease 
outbreaks have not occurred for the diseases Amgen’s medicines treat; JIT-inventory levels 
are not present; there is no indication that Amgen’s products are used off label; and effects 
due to shortages of related products are unusual. As we showed in Chapter 4, hoarding 
does not play a role, and large demand shifts have not occurred. Demand has shown to be 
steady, so new indications have not had a disturbing influence. Then, because new products 
have not been involved in our analysis and there have not been any new indications for 
existing products, the only possible cause left is inaccurate demand forecasting techniques. 
 
Because of the many political and financial interests involved in the ICO forecasting 
procedure, the focus of their forecasting is different than that of ABR. However, for ABR 
planning purposes, another way of forecasting might be more adequate. To make this 
solution feasible in terms of both financials and people, the potential new methods need to 
be relatively simple. It was already mentioned by Silver and Peterson (1985) that simple 
methods, like exponential smoothing and moving average, should be adequate for a steady 
demand pattern.  
 

 

5.2.2 AML order procedure 
 
Order batching is an important facet in Amgen’s supply chain. Orders are placed irregularly 
and the order amount varies. An important role is played by the frozen window of five 
months and the long lead times from AML. 
 
If the bullwhip effect occurs in a supply chain, there will be problems concerning the 
stability in inventory. Firms can smooth their production process by using inventory as a 
buffer (Cachon et al., 2007). So one way to neutralize the bullwhip effect, rather than 
counteract the causes of it, is to ‘correct’ the inventory. In other words: stability can be 
recovered by discarding inventory surpluses.  
 
In the case of perishable products with limited shelf lives, this is in fact done automatically: 
whenever a product expires, it will no longer be available for sale and be discarded. 
Inventory buffering can be a good way of handling instability, if the supply chain satisfies 
the condition that scrapping products is not expensive. 
 
For Amgen, inventory buffering is already part of current business. Products are scrapped 
when they exceed their shelf lives. However, taking a close look at the way orders are 
placed and if possible, improving the order procedure, could decrease the amount of scrap 
needed to buffer the negative effects of demand amplification. When the IDP orders are 
equally spread out over the year, variability will obviously decrease. This would imply to 
improve the order frequency or order decision process. 
 
Another way to increase stability in the ordering procedure, is to introduce a standing 
order policy, described by for example Rosenshine and Obee (1976) and Chiang (2007), 
and also mentioned by Potter and Disney (2006). A standing order policy is an inventory 
control system based on periodic reviews and fixed order sizes. Advantages of such as 
system are that fixed order costs are eliminated and often discounts are offered, but more 
importantly: lead time does not exist and the bullwhip effect is decreased (Chiang, 2007). 
 
Furthermore, one could also discuss the possibility of changing the minimal order batch 
size at AML, if this makes the spreading out more feasible. It is interesting to investigate 
whether smaller batch sizes would make a significant difference. 
 
The possible solutions mentioned above are not expensive and probably no new facilities 
(for example software) are needed. Because of the possibilities of these options and their 
feasibility, we consider these candidates for implementation within Amgen. 
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5.3 Time compression 
 

Time compression gives us two potential improvements: the reduction of lead time 
between AML and ABR, and the reduction of the frozen window period. 
 

 

5.3.1 Lead time reduction 
 

In general, a shorter supply chain (in time or number of echelons) leads to less instability. If 
Amgen could shorten lead times, the bullwhip effect would be easier to control. 
 
In the situation of Amgen Europe BV, three lead times are important: the lead times 
between AML and ABR, between ABR and the LSPs, and between ABR and wholesalers, 
pharmacies and hospitals directly. There does not seem to be room for improvement for 
the latter: shipping time to customers varies between one and two days. Lead time 
between ABR and LSPs can be as much as a couple of weeks, leaving room for potential 
improvement. However, since incoming demand is stable for ABR and the variability 
amplification was detected between ABR and AML, this will not solve the problem. 
 
Lead time between AML and ABR, however, counts for at least six weeks. These six weeks 
include both the actual shipping and the time taken (about 40 days) by contract labs to 
check the quality of the shipment after arrival. 
 
If this lead time could be improved, there would be improvement regarding instability. At 
this moment, efforts are already taken within Amgen to improve this lead time, by 
executing quality inspections parallel, rather than sequential. 
 
 

5.3.2 Frozen window reduction 
 
Besides the actual lead time, the frozen window between AML and ABR also plays an 
important role. Although orders can be changed (expedited) if absolutely necessary, the 
frozen window virtually extends the total lead time between AML and ABR with several 
months. More flexibility would shorten this ‘virtual lead time’, and therefore reduce 
instability.  
 
Although this last option is not an expensive solution, it will take a considerable amount of 
negotiating with AML, especially since the frozen window period was only recently 
increased from four to five months. 

 
 

5.4 Information transparency 
 
Information transparency involves the provision of information throughout the supply 
chain. Because the supply chain mainly consists of Amgen affiliates (such as AML or ABR) 
and LSPs are controlled by Amgen, information is already shared throughout the supply 
chain. For example, AML already receives the same demand forecasts which are the basis 
for the packaging process at ABR. 
 

 

5.5 Echelon elimination 
 
Echelon elimination is the last option for reducing demand variability amplification, giving 
us to options: the removal of LSPs from the supply chain, or moving labelling and 
packaging further downstream the supply chain. 
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5.5.1 LSP removal 
 

After packaging in Breda, FDPs are kept in stock and shipped to either customers or LSPs, 
which in their turn deliver to customers. This makes clear that the LSPs are in fact an ‘extra’ 
echelon in the supply chain. Removing this distributor echelon is a possible option to 
reduce demand amplification. 
 
According to Towill et al. (2006), removing such an echelon yields the largest benefits to 
counteract the bullwhip effect. There is undoubtedly logic in this reasoning: removing an 
echelon means one step of possible amplification less. 
 
Although removing the LSP echelon on first sight seems a good option to improve stability 
in the supply chain, there are several reasons why it is actually not. First, the inventories at 
LSPs are in fact controlled by Amgen itself. This makes it not so much an independent part 
of the supply chain, but more a ‘warehouse-at-a-distance’. Second, we found the demand 
for products at ABR is fairly stable and that the instability mainly occurs between ABR and 
AML. This means that removing the LSP echelon from the supply chain would be an 
ineffective measure. Besides this, shipping costs would get much higher, since direct 
shipment is more expensive than shipping to LSPs. 
 

 

5.5.2 Moving packaging downstream 
 

By changing the supply chain structure in such a way that the actual packaging is done 
further downstream, this last step of production would be postponed even more than it 
already is in the current situation. 
 
Moving the packaging step further downstream the supply chain means Amgen would have 
to establish more packaging lines throughout Europe. Because products are specific for a 
country or region, products for these countries would have to be clustered. It would still be 
possible to do a part of the packaging in Breda, with general products as result, for example 
usable by multiple (clusters of) countries. The finalization of the packaging is then done at 
the local sites. 
 
Obviously, restructuring the supply chain in this way is a very expensive option. 
Establishing the production sites, redesigning the packaging process at ABR, adjusting the 
distribution process, and redesigning the structure of the package are extremely costly and 
time-consuming. Moreover, quality control, which is very important regarding the kind of 
products Amgen distributes, is less controllable if packaging is done locally. 

 
 

5.6 Conclusions 
 
In the previous chapter, we concluded that order batching and forecast accuracy are the most 
important factors in the instability of Amgen’s supply chain. When looking at the potential 
solutions presented in this chapter, we see these factors returning.  
 
Regarding forecasting, we demonstrated that relative simple methods should be adequate for 
getting good forecast accuracy. In the remainder of this research, the methods we will 
compare to the current forecasts are simple exponential smoothing, moving average, and 
linear regression. 
 
In order to reduce the negative influence of order batching, we took a look at other 
replenishment policies and proposed the standing order policy as a possible improvement. 
This option will be weighed against the current system. 
 
For each of these options its influence on stability is considered. Important performance 
indicators are delivery performance, scrap, and remaining shelf lives. 
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6  
Forecast redesign 

 
 
In Chapter 4, demand forecasting was identified as a cause of supply chain instability, 
together with order batching. In this chapter, we will evaluate the statistical forecasting 
methods proposed in Chapter 5, and compare their performance to the current situation. 
 
 

6.1 Redesign setup 
 
The current way of forecasting demand at Amgen is a very opaque process, in that there is 
little transparency in how calculations are made and the weight in which different aspects 
are taken into account. However, in Chapter 4 we found that the forecasts show remarkable 
behaviour. 
 
In Section 5.2.1, we stated that, due to the steady demand pattern of Amgen, relative simple 
statistical forecasting methods should provide adequate results. Therefore, we will first 
choose a number of methods and parameter settings, then apply them to past data, and 
evaluate the results in terms of forecast accuracy. 
 
 

6.1.1 Selection of methods 
 

In Section 3.3, we already noticed that, because of the low variation in demand, relative 
simple statistical methods of forecasting should be suitable for Amgen. The most common 
methods mentioned in for example Makridakis (1998) and Silver et al. (1998) are the 
following: 
� Simple moving average: takes a non-weighed average of data from a number of 

previous periods. 
� Simple exponential smoothing: similar to a moving average method, but adds a weight 

to the data, so older data is of less importance than newer data. 
� Linear regression: searches past data for trends (usually using method of least squares) 

and extrapolates this into the future. 
 
In order to evaluate the potential improvements of these methods, different parameter 
settings need to be chosen for each of the statistical methods. 
 
For moving average, this involves the number of previous periods (p) to be taken into 
account. We will choose three settings: one short term moving average (3 months), one 
mid-term (6 months), and one long term (12 months). In the remainder of this research, we 
will refer these combinations of method and parameter settings as MA 3, MA 6, and MA 12. 
 
For exponential smoothing, the smoothing parameter α determines how much weight is 
applied to the previous periods, following the next formula, taken from Zhang (2004): 
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To be able to make a valuable comparison between the moving average and the 
exponential smoothing method, the smoothing parameter needs to be adjusted to the 
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parameter settings of the former. Chen et al. (2000) and Zhang (2004) suggest the 
following formula, which aligns the variance of the forecast error and the average age of the 
data: 
 

 � = 2
% + 1 

 
Because we chose 3, 6, 12 as p-values, we find the corresponding values for α to be 0,50, 
0,29 and 0,15, respectively. From now on, we will use the notation ES 0,50, ES 0,29, and ES 
0,15. 
 
For linear regression, we need to determine how many data points from the past are taken 
into calculation. Because a small amount of data is in general not suitable for linear 
regression, we will deviate from the settings of the moving average. Instead of using 3, 6, 
and 12 months of data, we will take 6, 12, and 18 months, instead. The corresponding 
notation will be LR 6, LR 12, and LR 18. 
 
A summary of the methods used, the different parameter settings, and the corresponding 
notation is given in Table 5.1. 
 

Method Settings Notation 

Moving average 3 months MA 3 

 6 months MA 6 

 12 months MA 12 

   

Exponential smoothing α = 0,50 ES 0,50 

 α = 0,29 ES 0,29 

 α = 0,15 ES 0,15 

   

Linear regression 6 months LR 6 

 12 months LR 12 

 18 months LR 18 

Table 6.1 FCA methods 

 

 

6.1.2 Reference method 
 

The forecasting methods introduced in Section 6.1.2 will be compared to the method that is 
used in reality: the latest estimates (LEs) provided by ICO. Because it is unclear how ICO 
calculates these forecasts, it is not possible to formalize or reproduce them, but for our 
analysis, it suffices to use the actual forecasts provided by ICO. The notation for this 
method we will use in the remainder of this chapter is LE. 
 

 

6.1.3 Selection of data 
 

To compare performance of the methods named in the previous section, we will let them 
forecast demand for a given period of time, using the actual demand figures of the months 
before. The actual outcomes of the forecasted periods are also from the past, making sure 
we are able to make an fair comparison between the forecasts. 
 
We select the four most important products for Amgen Europe BV, as we have done before 
(for example in Sections 2.2 and 4.2): Aranesp, Neupogen, Neulasta, and Mimpara. 
Together, these four products count for 29 IDPs (product-presentation combinations). Two 
of them are left out of our analysis: one because it is a relatively new product, leaving us 
too little data (Aranesp130LVS), the other one because it has partly been removed from the 
market in 2009 (Aranesp15LVS). The other 27 IDPs are included in our analysis regarding 
forecast accuracy. 
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In the period between December 2007 and December 2008, we will take five LEs, and 
isolate the one-year-ahead forecast for every IDP. Then, the other forecasting methods are 
applied to the data before the given dates, and let them generate a forecast for the same 
period. An overview of the data used can be found in Table 5.2. 
 

FC date Forecasted period 

Dec 2007 Jan 2008 – Dec 2008 

Feb 2008 Mar 2008 – Feb 2009 

Jun 2008 Jul 2008 – Jun 2009 

Sep 2008 Oct 2008 – Sep 2009 

Dec 2008 Jan 2008 – Dec 2009 

Table 6.2 FCA data 

 

 

6.1.4 Performance criteria 
 

Evaluation of the performance of the forecasts is based on two measurements: the forecast 
accuracy (FCA) and the forecast bias (FCB). 
 
Calculation of the forecast accuracy is done according to the same formula as used in before 
(and was presented in Section 4.2). It measures how close a forecast is to the actual 
demand: the higher the FCA, the more accurate the forecast. It does not show whether a 
forecast was too low or too high. 
 
The forecast bias measures the relative deviation of the actual demand from the forecast. 
Too low forecast will yield a positive error; too high forecasts lead to a negative error. The 
forecasting bias is calculated in the following way. 
 

 ��' = ��
��

− 1 

 
At means the actual demand figure for time period t, and Ft the forecast for that same 
period. For an unbiased forecasting method, the average FCB will get closer to 0 as the 
number of measurements increases. 
 
 

6.2 Results forecast accuracy 
 
The extensive results of the forecasting competition, averaged over all data points for each 
IDP, are shown in Appendix G. Table 6.3 shows a summary on forecast accuracy for the LE 
files by ICO, averaged for each product. 
 

Method Neupogen Neulasta Aranesp Mimpara Total 

LE 89,4% 92,0% 82,1% 91,7% 84,4% 

Table 6.3 LE FC accuracy results   

 
We see that the average forecast accuracy is relatively high for the products Neulasta and 
Mimpara, somewhat less for Neupogen, and much worse for Aranesp. As stated before, 
Aranesp is by far the most important product for Amgen Europe. Total average score 
(weighed by number of IDPs) equals 84,4%. 
 
The same data set was used to create forecasts using the other methods. A summary of the 
results is shown in Table 6.4. Again, for full results, please see Appendix G. 
 
For Neupogen (three IDPs), all moving average and exponential smoothing settings scored 
between 91% and 92%. Linear regression clearly performs worse, especially LR 6. The LEs 
find their place in between. 
 



 

For Neulasta (only one IDP), results are the other way around: moving average and 
exponential smoothing all score under 90
performs best with scores close to 94%. The LEs also had a good average score of 92%.
 
Aranesp (nineteen IDPs) has the largest share in both products and volume. The Amgen 
LEs reached the lowest score, except 
much better, most of them with scores close to 90%.
 
Remarkably, the LEs beat all statistical methods for Mimpara
score of almost 92%. LR 12 and LR 18 also forecasted quite a
91%. All other methods did not perform well, none of them even reaching 80%. 
explanation for this is th
makes methods using averages (moving average and ex
 

Method Neupogen 

MA 3 91,4% 

MA 6 91,4% 

MA 12 91,0% 

ES 0,50 91,8% 

ES 0,29 91,6% 

ES 0,15 91,0% 

LR 6 76,9% 

LR 12 87,3% 

LR 18 86,2% 

Table 6.4 FC accuracy results summary

 
When taking a look at the forecast accuracy 
notice that there is not 
catches the eye is that the LE forecasts typically score less than most statistical methods, 
especially for the Aranesp I
of IDPs. Remarkably, the LEs do perform very well for Neulasta and Mimpara.
looking at the average scores in Table 5.3 (average of all IDPs, not products), LR 18 
achieved first position, closely followed by MA 3 and ES 0,50. Not surprisingly, LR 6 came in 
last, and also the LEs did not do too well.
 
From the figures presented so far, it is not clear whether any of the methods used in the 
forecasting competition has been subject to a relevan
6.1, the average total scores of the three best methods (MA 3, LR 12, and LR 18) plus the LE 
files are depicted for the date instants we used in our analysis. These are results averaged 
over all IDPs, similar to the most
between different products.
 

Figure 6.1 FCA development

 
In this graph, we see that MA 3 and LR 18 show similar results every time, where LR 12 has 
one deviating result (in June 2008). All of these scores are clearly higher than that of the 
LEs (blue line) most of the time. However, the 
fluctuate, first decreasing until a
performance kept on increas
even comparable to the other methods.

30 

(only one IDP), results are the other way around: moving average and 
exponential smoothing all score under 90%, whereas linear regression (except for LR 6) 
performs best with scores close to 94%. The LEs also had a good average score of 92%.

(nineteen IDPs) has the largest share in both products and volume. The Amgen 
LEs reached the lowest score, except for, again, LR 6. All other statistical methods perform 
much better, most of them with scores close to 90%. 

, the LEs beat all statistical methods for Mimpara (three IDPs), with a high 
almost 92%. LR 12 and LR 18 also forecasted quite accurate, with score close to 

91%. All other methods did not perform well, none of them even reaching 80%. 
explanation for this is that Mimpara sales show a growing trend (see Appendix A), which 
makes methods using averages (moving average and exponential smoothing) not suitable.

Neulasta Aranesp Mimpara Total 

89,8% 90,6% 79,4% 89,4% 

88,9% 90,2% 76,5% 88,7% 

86,9% 89,4% 69,3% 87,2% 

89,2% 90,5% 78,3% 89,2% 

88,8% 90,4% 76,4% 88,9% 

87,1% 89,6% 70,5% 87,4% 

88,5% 78,8% 76,8% 78,7% 

93,7% 88,4% 90,7% 88,7% 

93,8% 89,5% 90,9% 89,4% 

FC accuracy results summary  

When taking a look at the forecast accuracy figures of the LEs and statistical methods, we 
 one method that performs best for all products. One thing that 

catches the eye is that the LE forecasts typically score less than most statistical methods, 
especially for the Aranesp IDPs, which count for almost three quarters of the total number 
of IDPs. Remarkably, the LEs do perform very well for Neulasta and Mimpara.
looking at the average scores in Table 5.3 (average of all IDPs, not products), LR 18 

losely followed by MA 3 and ES 0,50. Not surprisingly, LR 6 came in 
last, and also the LEs did not do too well. 

From the figures presented so far, it is not clear whether any of the methods used in the 
forecasting competition has been subject to a relevant development over time. In Figure 
6.1, the average total scores of the three best methods (MA 3, LR 12, and LR 18) plus the LE 
files are depicted for the date instants we used in our analysis. These are results averaged 
over all IDPs, similar to the most-right column in Table 6.3 and 6.4. No distinction is made 
between different products. 

 
A development 

In this graph, we see that MA 3 and LR 18 show similar results every time, where LR 12 has 
one deviating result (in June 2008). All of these scores are clearly higher than that of the 
LEs (blue line) most of the time. However, the performance of the LEs

first decreasing until a minimum was reached in June 2008. After that moment, 
increasing, and at the last measurement, LE forecast accuracy was 

even comparable to the other methods. A possible explanation for this

(only one IDP), results are the other way around: moving average and 
%, whereas linear regression (except for LR 6) 

performs best with scores close to 94%. The LEs also had a good average score of 92%. 
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for, again, LR 6. All other statistical methods perform 

(three IDPs), with a high 
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91%. All other methods did not perform well, none of them even reaching 80%. A possible 
trend (see Appendix A), which 

ponential smoothing) not suitable. 
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looking at the average scores in Table 5.3 (average of all IDPs, not products), LR 18 

losely followed by MA 3 and ES 0,50. Not surprisingly, LR 6 came in 

From the figures presented so far, it is not clear whether any of the methods used in the 
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6.1, the average total scores of the three best methods (MA 3, LR 12, and LR 18) plus the LE 
files are depicted for the date instants we used in our analysis. These are results averaged 

No distinction is made 

In this graph, we see that MA 3 and LR 18 show similar results every time, where LR 12 has 
one deviating result (in June 2008). All of these scores are clearly higher than that of the 

LEs turned out to 
in June 2008. After that moment, 

, and at the last measurement, LE forecast accuracy was 
A possible explanation for this remarkable 



 

improvement is that forecasters became more aware of the importance of forecasts in 
2008, and put more effort in it.
 
 

6.3 Results forecast bias
 
In Table 6.5, summarizing figures on the forecasting bias are presented
corresponding results of the statistical methods are presented in Table 6.6. 
of results, we again refer to Appendix G
aspects of these results. 
 

Method Neupogen 

LE 8,4% 

Table 6.5 LE FC bias results

 
As can be seen in the last column of Table
highest averaged bias, and all 
12 and LR 18 showed a bias very close to 0 (both smaller than 1%).
performing statistical method, with an average bias of almost 10%.
had a positive deviation
what method would have been used.
 

Method Neupogen 

MA 3 -4,1% 

MA 6 -5,5% 

MA 12 -6,8% 

ES 0,50 -3,2% 

ES 0,29 -3,8% 

ES 0,15 -5,0% 

LR 6 14,9% 

LR 12 0,0% 

LR 18 2,9% 

Table 6.6 FC bias results summary

 
Like in the previous section
difficulties for the average
but was on its turn beaten by LR 12 and LR 18. The same holds for Neulasta, although 
difference is smaller here
that the LEs got outperformed by all statistical methods for Aranesp, the most important 
product. The difference is remarkably large.
 

Figure 6.2 FCB development

 
When we look at the development of the forecast bias of the same three methods selected 
before plus the LE files (see Figure 6.2), we see that the latter performs worst, despite 
having a similar development as with the forecast accuracy: decrease in performance until 
June 2008, and an increase afterwards. It does not meet the close to 0 performances of the 
statistical methods. MA 3 seems the most stable one, always being close to 0, but is also 
almost continuously positive.
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improvement is that forecasters became more aware of the importance of forecasts in 
2008, and put more effort in it. 

orecast bias 

5, summarizing figures on the forecasting bias are presented for the LE files
corresponding results of the statistical methods are presented in Table 6.6. 

ts, we again refer to Appendix G. Here, we will comment on the most interesting 
 

Neulasta Aranesp Mimpara Total 

7,4% 15,5% 6,2% 13,3% 

C bias results  

As can be seen in the last column of Tables 6.5 and 6.6, the LEs turned out to have the 
averaged bias, and all statistical methods, with not a single exception,

12 and LR 18 showed a bias very close to 0 (both smaller than 1%). Again, LR 6 is the worst 
performing statistical method, with an average bias of almost 10%. Note that all methods 
had a positive deviation on average, meaning actual sales exceeded forecasts, no matter 
what method would have been used. 

Neulasta Aranesp Mimpara Total 

8,8% 1,9% 19,9% 3,5% 

10,1% 2,8% 23,1% 4,5% 

12,8% 3,5% 30,7% 5,8% 

9,9% 2,8% 21,3% 4,5% 

13,9% 3,9% 21,8% 5,5% 

18,5% 5,0% 28,1% 7,0% 

5,4% 8,8% 13,5% 9,9% 

1,3% 0,6% 2,1% 0,7% 

0,7% -0,7% 3,1% 0,2% 

FC bias results summary  

Like in the previous section, we find that the growing trend of Mimpara yielded some 
difficulties for the average-based statistical forecasts. The LEs showed much 
but was on its turn beaten by LR 12 and LR 18. The same holds for Neulasta, although 

aller here. LR 12 and LR 18 performed well on all products.
that the LEs got outperformed by all statistical methods for Aranesp, the most important 
product. The difference is remarkably large. 

 
B development 

the development of the forecast bias of the same three methods selected 
before plus the LE files (see Figure 6.2), we see that the latter performs worst, despite 
having a similar development as with the forecast accuracy: decrease in performance until 

e 2008, and an increase afterwards. It does not meet the close to 0 performances of the 
statistical methods. MA 3 seems the most stable one, always being close to 0, but is also 
almost continuously positive. 

improvement is that forecasters became more aware of the importance of forecasts in 

for the LE files. The 
corresponding results of the statistical methods are presented in Table 6.6. For the full list 

Here, we will comment on the most interesting 

, the LEs turned out to have the 
exception, did better. LR 
Again, LR 6 is the worst 

Note that all methods 
xceeded forecasts, no matter 

, we find that the growing trend of Mimpara yielded some 
much better results, 

but was on its turn beaten by LR 12 and LR 18. The same holds for Neulasta, although the 
. LR 12 and LR 18 performed well on all products. Again, we see 

that the LEs got outperformed by all statistical methods for Aranesp, the most important 

the development of the forecast bias of the same three methods selected 
before plus the LE files (see Figure 6.2), we see that the latter performs worst, despite 
having a similar development as with the forecast accuracy: decrease in performance until 

e 2008, and an increase afterwards. It does not meet the close to 0 performances of the 
statistical methods. MA 3 seems the most stable one, always being close to 0, but is also 
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6.4 Conclusions 
 
Based on the results presented in this chapter, the general conclusion is that the LEs, 
provided by Amgen ICO, are outperformed by the selected statistical methods, both in 
forecast accuracy and forecast bias. Forecast accuracy would have been several percentage 
points higher if the right method would have been selected in the past couple of years. 
Furthermore, the LE forecast turned out to have the largest bias of all: with almost no 
exceptions, the LE forecasted a demand much lower than it eventually would turn out to be. 
This means that the information or market expectations used to come to the LE forecast 
has not been as influential as they might have thought. 
 
There is not one single method that performs best for all the IDPs used in this analysis. 
However, we can see that some methods clearly perform poorly; for example LR 6. At the 
top of the table we find MA 3, LR 12, and LR 18. They not only achieve the highest forecast 
accuracy, but also have the smallest bias. 
 
In general, MA 3 and LR 18 provide the best results. However, one should not overlook the 
differences between IDPs. LR 18 scores very well overall and for Neulasta and Mimpara, 
scores only slightly lower than MA 3 for Aranesp, but does not perform well for Neupogen. 
We conclude that MA 3 is the best option for Aranesp and Neupogen products, and LR 12 
for Neulasta and Mimpara products. 
 
When analyzing the results of the LE files, attention must be paid to the differences over 
time. We saw that for both forecast accuracy as forecast bias, LE scores showed 
improvement as from June 2008. Forecast accuracy eventually even reached the same level 
as the best performing statistical methods. 
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7  
Batch sizing redesign 

 
 
In earlier chapters, we concluded that batch sizing is one of the reasons the bullwhip effect 
exists within the supply chain of Amgen, and we proposed a standing order inventory 
policy as an option to reduce it. In this chapter, we will design the models we will use in a 
numerical simulation study. 
 
 

7.1 Standing order policy 
 
A standing order policy is a periodic-review inventory control system in which the batch 
size is fixed. It has the attractive features that periodic order costs are eliminated and lead 
time does not exist for the buyer. Often, suppliers are more willing to offer discounts for 
deliveries under a standing order, since it typically reduces the bullwhip effect (Chiang, 
2007).  
 
As Potter and Disney (2006) pointed out, a standing order policy may well be adopted if 
average demand and its variability are known and stationary. To prevent inventory to drift, 
standing order policies are designed with possibilities to place emergency orders in case of 
unforeseen demand peaks, and to sell off inventory in case of demand drops (Rosenshine 
and Obee, 1976). 
 
Because we already concluded that the demand pattern for most Amgen products is 
stationary, a standing order policy is expected to be effective. In the remainder of this 
chapter, we will follow an approach similar to the approach used in Broekmeulen and Van 
Donselaar (2009). First, a model is built for a standing order policy, applicable to Amgen. 
Because the role of shelf lives makes an analytical study very difficult, we will perform a 
numerical study through simulation. After setting up and performing the simulation 
experiments, we will compare the results with a reference model: an stylized model of the 
current inventory policy. 
 
 

7.2 Standing order model 
 
The model is based on the models of Chiang (2007), Rosenshine and Obee (1976), and Arts 
et al. (2009). The backlog model is used: in case of a stock out, no sales is permanently lost. 
Demand is assumed to be non-negative and independently distributed. 
 
The following notation is used: 
 
()   Average demand of one period 

*)
  Standard deviation for demand per period 

�  Period index, � = +1, … , ./  

∆123 Percentage deviation between forecast and demand mean 

456  Standing order frequency (per period) 

7896  Lead time for an emergency order, 7896 ∈ ;  

<=�,> Net inventory at the beginning of period � 

<?@A,> Net inventory at the end of period � 
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<B>96  Emergency order inventory position 

C>   Demand in period �  

DE> SO delivery in period � 

D96 Emergency order-up-to-level 

�>96  Number of emergency orders placed in period � 

C12  Forecast of average demand per period 

F56  Standing order size 

<>�@ EO inventory level 

D7   Remaining shelf life after arrival 

<�   Inventory penalty level 

<>=GH
 Inventory amount scrapped in period � 

�56 Cost for 1 standing order 

�96
 Emergency order cost per unit 

ℎ  Holding costs for 1 item per period 

�J�
  Penalty cost for inventory falling below <� 

�=GH
 Cost for scrapping 1 item 

(K)�  �	
LK; 0M 

 
Because we are dealing with perishable products, there is no need to define a sell off level, 
as in for example Rosenshine and Obee (1976) and Chiang (2007). Incoming orders are 
assumed to have a fixed remaining shelf life D7 after arrival in the system. When this shelf 
live is exceeded before the entire order is shipped out, the remainder of the batch is 
automatically deleted from the system. Furthermore, in order for emergency orders to be 
meaningful, �J� > �96 is assumed. 
 
To investigate the influence of erroneous forecasting, we use C12 , rather than () , when 
setting up the standing order policy. C12  is defined as 
 

 C12 = () ∙ (1 + ∆123) 
 
As Chiang (2007) showed, the inventory policy is then determined by <>�@  and <>PQ . 
Because scrapping is done automatically based on remaining shelf lives of the products, 
<>PQ  is left out of our model. In our case, <>�@ is defined as percentage of the forecasted 
demand: 
 

 <>�@ = � ∙ C12  
 
The size of the standing order follows directly from the order frequency and the expected 
(forecasted) demand per period: 
 

 F56 = C12

456  

 
When placing an emergency order, we define the order-up-to-level D96 that stabilizes the 
system by increasing the total inventory position (that is, <?@A,> + <B>96) as a multiple value 

of the forecasted monthly demand: 
 

 D96 = R ∙ C12  
 
Finally, when calculating the penalty costs for reaching an undesirable net inventory, we 
define the threshold level to be a fixed percentage of the demand forecast for one period, 
similar to the definitions of <>�@  and D96: 
 

 <� = S ∙ C12  
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Note that there are no restrictions for �J�, except that, in our case, it is assumed non-
negative (no reward is given for inventory falling below any level). The influence of the 
threshold level can easily be removed by setting �J� = 0.  
 
 

7.3 Numerical study 
 

During the simulation, the net inventory and inventory position is evaluated at the start 
and at the end of each period (month). The net inventory at the start of a period is equal to 
the net inventory at the end of the previous period, unless a part of the inventory has 
reached its maximum shelf live and needs to be scrapped: 
 

 <=�,> = <?@A,>#� − <>#�=GH  

 
Orders arrive at the beginning of the period and can be of two forms: a standard standing 
order (SO) or an emergency order (EO). Whether a standard order is delivered depends on 
the standard order frequency 456  in the following way: 
 

 DE> = F56  T4 VEC W� − 1 ; 1
456X = 0 

  = 0 YZ[Y 

 
Note that we use the term (� − 1) rather than just �, so the first standing order is 
delivered in the first period of simulation. An emergency order arrives if it was placed 7896  
periods earlier. 
 
During a period, demand occurs generated from a normal distribution with given mean and 
standard deviation. From analysis of the actual demand pattern of Amgen, we found that 
this is an assumption that does not violate reality (see Appendix A for the p-values from the 
Kolmogorov-Smirnov tests on all IDPs). We define the standard deviation as a fixed 
percentage of the mean demand.  
 

 C>~ N((); *)) 

 
With 

 
 *) = ^ ∙ () 

 
After demand has occurred in the system, the end inventory is determined. 
 

 <?@A,> = <=�,> + DE> + _E>−`abc − C>  

 
When the net inventory is determined at the end of a period, decisions are made regarding 
scrapping items or placing an emergency order. An emergency order is placed if the 
minimum inventory level <>�@ is larger than the net inventory plus the inventory position 
of all emergency orders that were placed in previous periods, but have not yet arrived. In 
other words: 
 

 _E> = D96 − <?@A,> T4 <?@A,> + <B>96 < <>�@  

  = 0 YZ[Y 

 
With 
 

 
<B>96 = � _E>

>−�

>−`abc��
 

 



 

36 

If an emergency order is placed at the end of period �, it will arrive at the beginning of 
period � + 7896 . To keep track of the number of emergency orders, we define: 
 

 �>96  = 1 T4 <?@A,> + <B>96 < <>�@  

  = 0 YZ[Y 

 
When an order (either through normal or emergency modus) arrives in the system, it has a 
remaining shelf life D7. Demand is fulfilled following the FIFO-rule. When there are still 
items of an order in the system after D7 periods, they are removed and considered 
scrapped. 
 
Figure 7.1 shows a schematic overview of the simulation procedure. 
 

Ist,m Iend,m

SOm

EOm-LT(EO)

Dm

Period m

EOm

Ist,m+LT(EO)

SOm+LT(EO)

EOm

Dm+LT(EO)

Period m+LT
EO

...

Im
scr

Iend,m+LT(EO)

EOm+LT(EO)

Im+LT(EO)
scr

 
Figure 7.1 Schematic overview simulation 

 
 

7.3.1 Performance 
 

The performance of the system, given a certain combination of parameter settings, is 
measured by the total relevant costs (all in US$). In Table 7.1, the relevant cost factors for 
this simulation study are summarized. 
 
Every standing order arriving has a fixed cost per order and a variable cost per shipped 
item. Emergency orders are dependent on their size and have the same variable cost as 
standing orders, but also have a fixed cost per order, which is usually higher than that of a 
standing order (otherwise, it would be preferable to constantly place emergency orders 
instead of standing orders). Inventory holding costs are the costs for holding inventory, 
including interest costs. Stock outs are considered unacceptable, and the associated cost 
will therefore be valued relatively high. This can be considered a penalty cost rather than 
real costs. Scrapping costs involve loss of the actual item and costs for its removal. 
 

Cost Fixed/variable Var. 

Standing orders Fixed cost per order �56  

 Variable cost per unit �� 
Emergency orders Fixed cost per order �96  

 Variable cost per unit �� 
Inventory holding Fixed amount per unit per period ℎ 

Stock outs Linear dependency on backlog size �J�  

Scrap Fixed amount per unit scrapped �=GH  

Table 7.1 Costs  

 
The total average costs per period consist of total costs associated with standing orders 
(e�f�56 ), emergency orders (e�f�96), holding costs (e�f�g ), stock out costs (e�f�J� ), and scrapping 
costs (e�f�=GH). They are calculated as follows: 
 

 _+e56/ = _+e�f�56 / + _+e�f�96/ + _+e�f�g / + _+e�f�J� / + _+e�f�=GH/ 
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With 
 

 _+e�f�56 / = 456 ∙ (�56 + F56 ∙ ��) 

 
 

_+e�f�96 / = ��

. ∙ � �>96
@

>!�
+ �96

. ∙ � _E>
@

>!�
 

 
 

_+e�f�g / = ℎ
. ∙ � <?@A,>

@

>!�
 

 
 

_+e�f�J� / = �J�

. ∙ � h0; <� − <?@A,>i�
@

>!�
 

 
 

_+e�f�=GH/ = �=GH

. ∙ � h0; <?@A,> − <>PQi�
@

>!�
 

 
Besides costs, we will evaluate the coefficient of variation of both order size (�j65) and 
order interval (�j6J). The first one is computed by dividing the standard deviation of the 
orders arriving in the system by their mean. The second one is calculated by taking the 
standard deviation of the time between two orders arriving in the system, and dividing it 
by its mean. 
 
 

7.3.2 Parameter setting 
 

We will now determine the parameter settings in our simulation study. We have three 

variable parameters: () , ∆123, and 456 . All other parameters will keep the same value 
throughout all simulation runs. The parameter setting is summarized in Table 7.2. 
 
We will use three different kinds of products, characterized by their monthly sales volume: 
one small volume product (() = 10.000), one large volume product (150.000) and one in 
between (50.000). In Appendix A can be seen that these volume levels represent most of 
the products. 
 
To be able to determine the influence of inaccurate forecasts, we define four accuracy 

levels, next to the hypothetical situation of the perfect forecast (∆123= 0): 
underestimations of 15% and 10%, and overestimations with the same percentages. 
 
The setting of 456  is directly related to the size of the standing order. Although in theory it 
is possible to have more than one standing order per period, in practice it does not seem 
favourable and our simulation model does not support it. So, our maximum standing order 
frequency is equal to 1. The minimum frequency we will use is one standing order delivery 
every four months, and we define one level between these two extremes: one standing 
order every two months. 
 
We define S = 0, meaning penalty costs have to be paid in case of an actual stock out. 
 
From earlier analyses, almost all products have a coefficient of variation between 0,10 and 
0,15 (also see Appendix A). The products that are involved in this study (Aranesp, 
Neupogen and Neulasta) have an average CV of 0,12. Therefore, we define ^ to be 0,12. 
 
In the current situation, the frozen window at AML is six months, but in case of unexpected 
event, an order can be expedited. In case of an absolute emergency, the minimum lead time, 
consisting of shipping and import testing, will be between 40 and 80 days. Therefore, we 
will here choose 7896 = 2. 
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Then, we have to determine the costs associated with the combination of parameters. 
Before, we already defined which cost factors are taken into account (see Table 7.1). These 
settings are based on information provided by employees of the finance and administration 
department of Amgen Europe BV. All costs are measured in US$. 
 
Although shipping costs are in fact paid for by AML, figures show that transporting a box 
with a maximum content of 31.680 units costs US$ 3.609, coming down to US$ 0,114 per 
unit. Because this is an absolute minimum, we round this number up to 0,12. This is the 
value we will use for ��. 
 
The fixed part of shipping costs includes the import testing required before a batch can be 
use. This is independent from batch size. In reality, Amgen has an agreement with the 
testing lab, determining a fixed annual cost. Only if the number of batches per year exceeds 
a very high value (which is considered unrealistic), costs for import testing will increase. 
Assuming this does not happen, we will use the average cost for one batch:  
�56 = 10.000. 
 
Although the actual shipping and testing are equally expensive for emergency orders as for 
normal orders, it makes sense to choose a value for �96 that is higher than that of �56, 
because of the extra time and trouble to be taken. We will use �96 = 25.000. 
 
In general, holding costs are believed to account for about 12% of the value of the 
inventory per year. To determine the value for ℎ, we need to know the value of one unit. 
Because these values vary broadly, we will use the average value, which is US$ 8 per unit. 
Then, inventory holding costs per month are US$ 0,076, so we will use ℎ = 0,08. 
 
Costs for scrapping involve loss of the product itself, with an average value of US$ 8, plus 
costs for actually remove and dispose it. For this purpose, we will define �=GH = 10. 
 
Stock outs are absolutely unacceptable, so although we assumed no lost sales, there is a 
major reputation impact. To make sure penalty costs for stock outs represent this 
reputation damage, we define �J� = 1.000. 
 
The values for � and R are optimized, given all parameter settings above. Optimization of 
these parameters make sure a fair comparison can be made between different inventory 
models. Results show that the value for � is equal to 0,5 in all cases, where R = 1,5 when 
456  is equal to either 1 or 1/2, and R = 1,0 otherwise. For the results of the optimization, 
we refer to the Appendix I. 
 

Par. 1 2 3 4 5 

() 10.000 50.000 150.000   

∆123 -0,15 -0,10 0 0,10 0,15 

� 0,5     

R 1,0 1,5    

456  1 1/2 1/4   

S 0     

^ 0,12     

7896 2     

D7 5     

�56  10.000     

�� 0,12     

�96  25.000     

ℎ 0,08     

�J�  1.000     

�=GH  10     

Table 7.2 Parameter settings SO system 
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7.3.3 Simulation settings 
 

Before actually starting the simulation study, we need to define the warm up period, run 
length, and the number of replications. 
 
Because we initially aim at a warm up period of one year, i.e. 12 periods, we set total run 
length to six years, since total run length must be considerably larger than the warm up 
period (Law and Kelton, 2000). The definite warm up length is then determined by the 
Welch method (Welch, 1983), also presented in Law and Kelton (2000). Using moving 
averages of 5 and 10 periods, respectively, we conclude a warm up period of 12 months is 
sufficient (also see Appendix H). 
 
The method from Law and Kelton (2000) is used to determine the number of replications 
of each simulation run. Aiming at a 95% confidence of the coefficient of variation to deviate 
no more than 0,005, we find the minimum number of replications should be close to 1000. 
The Microsoft Excel add-on @Risk is used as simulation tool and we choose the first 
available number of replications over 1.000, which is 5.000. In Appendix J, we will report 
the obtained variance for each run. 
 

 

7.4 Reference model 
 
Before starting to simulate a standing order policy, we will build a model representing the 
current Amgen system. In that way, it is possible to comment on differences in 
performance. Following the notation used in Silver et al. (1998), the reference model is an 
(m, [, D) policy. 
 
 

7.4.1 (�, �, �) inventory policy 
 

The current system at Amgen can best be modelled using an (m, [, D) inventory system. 
This means that inventory is reviewed periodically, and an order is placed if inventory 
position drops below a predetermined level [. The order size is then dependent on the 
order-up-to-level D. 
 
In order to make a fair comparison between the performances of the current system and a 
standing order policy, we copy some of the assumptions we made in the previous sections. 
First, we assume that no sales are lost: in case of a stock out, demand is backordered. 
Furthermore, demand is assumed to be non-negative and independently distributed.  
 
We will use the same simulation procedures as explained in Sections 7.2 and 7.3, but adjust 
it a little to make it fit an (m, [, D) system. Instead of using <>�@ , we have to choose a value 
for [: 
 

 [ = n ∙ C12  
 
There is no longer a distinction between different types of orders, since there is only one 
type, which we will call regular orders. The size of a regular order is determined by: 
 

 mE> = D − <?@A,> T4 <?@A,> + <B>o6 < [ 

  = 0 YZ[Y 

 
With 
 

 
<B>o6 = � mE>

>−�

>−`apc��
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And 
 

 D = q ∙ C12  
 

To keep track of the number of orders, we define: 
 

 �>o6  = 1 T4 <?@A,> + <B>o6 < [ 

  = 0 YZ[Y 

 
The total average costs per period are calculated like in Section 7.3, consisting of total costs 
associated with regular orders (e�f�o6), holding costs (e�f�g ), stock out costs (e�f�J� ), and 
scrapping costs (e�f�=GH). They are calculated as follows: 
 

 _reH?st = _+e�f�o6/ + _+e�f�g / + _+e�f�J� / + _+e�f�=GH/ 

 
With 
 

 
_+e�f�o6/ = ��

. ∙ � �>o6
@

>!�
+ �o6

. ∙ � mE>
@

>!�
 

 
All other costs are the same as in the previous sections. 
 
 

7.4.2 Parameter setting 
 

For most parameters, we use the same setting as introduced in Section 7.3. However, we 
need to choose values for the new parameters, introduced in Section 7.4.1. The results are 
presented in Table 7.3. 
 
For �o6 , we use the value previously used for �56: US$ 10.000. Furthermore, we choose 
78o6  = 6 months. This is realistic, because orders have to be placed six months ahead, due 
to the frozen window period discussed before. We keep the same different settings for ()  
and ∆123 . The parameters � and 456  do not apply in this inventory model. 
 
We will use a monthly periodic review, so m = 1. Values for n and q are found through 
optimization (see Appendix I). For () = 10.000, n and q will be equal to 8 and 9, 
respectively. For () = 50.000 and () = 150.000, n will be equal to 8 and q will be equal to 8,5. 
We note that even better performance is obtained when q is set even lower (for example 
8,2, since we assume n > q), but we choose only to use whole and half months as possible 
settings. Besides this, smaller values for the difference between n and q do not make sense 
in practice. 
 

Par. 1 2 3 4 5 

() 10.000 50.000 150.000   

∆123 -0,15 -0,10 0 0,10 0,15 

m 1     

n 8     

q 8,5 9    

78o6 6     

�o6  10.000     

Table 7.3 Parameter settings (R, s, S) system 
 
 

7.5 Results and discussion 
 
We present the results of the simulation study in two stages. First, we comment on the 
general performance of the standing order policies in comparison with the corresponding 
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reference model. Then, we comment on a sensitivity analysis on forecast deviation, using 

the different settings of ∆123 . 
 
 

7.5.1 General results 
 

The relative performance on average total costs of the different standing order policies 
(e56), compared to the performance of the corresponding reference model (eH?s), is 

measured by the following formula, adapted from Broekmeulen and Van Donselaar (2009): 
 

 ∆G= eH?s − e56
eH?s

∙ 100% 

 
In a similar way, the performance of the standing order systems relative to the 
performance of the reference model is calculated for �j6J  and �j65. Since it is impossible 
for e56  to be negative, the relative performance has an upper bound of 100%, and no lower 
bound. 
 
Table 7.4 shows the relative performance of the standing order policy for the different 
levels of () . In Appendix J, full results can be found for all parameter settings. 
 

v�w 10.000 50.000 150.000  

xyzy  

1 3,1% 6,6% 8,2%  

1/2 38,9% 21,8% 13,2%  

1/4 50,8% 16,7% -1,4%  

     

{|w�  

1 87,9% 88,1% 87,9%  

1/2 86,9% 86,7% 86,8%  

1/4 49,6% 50,0% 49,5%  

Table 7.4 Performance summary 

 
Main conclusions than can be drawn from the results in Table 7.4, is that a standing order 
policy performs better than the reference model in almost all cases. Especially in the first 
setting of the demand mean, () = 10.000, there is a lot of potential improvement: when 
delivery frequency is set to once every four months, costs decrease by over 50%. It is not 
surprising that smaller order frequencies are advantageous for small sales volume 
products. On the other hand, we see that the smallest order frequency leads to the lowest 
improvement regarding variability in the order sizes. 
 
For products with higher demand per month, in our case () = 50.000 and () = 150.000, 
small order frequencies do not yield that much improvement. The results show that one 
delivery every two months is the best option for these products. Both costs and order size 
variability decreases. 
 
In general, we can conclude that the highest delivery frequency (and therefore the smallest 
batch size) does not lead to the best results in terms of cost reduction. Logically, it does 
yield the lowest variability in the supply process, both in order sizes and delivery intervals. 
The lowest order frequency is only the best option for products with low average demand. 
We see from the simulation results that this does imply higher variability. 
 
 

7.5.2 Sensitivity analysis 
 
In Table 7.5, we summarize the total cost results for the reference model and each of the 
three standing order strategies. For every model, the results for the different levels are 
compared to the result for ∆123= 0 of the same model, using a similar approach as 
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introduced earlier in this section. Logically, this yields exactly 0 when ∆123= 0. The figures 
from Table 7.5 can be used as an indication towards the robustness of the models, in other 
words: how does the system’s behaviour change when forecasts turn out to be inaccurate?  
 

v�w -15% -10% 0% 10% 15%  

(R, s, S)  

 74,65 5,77 0,00 0,36 0,64  

       

Standing order  

1 23,85 4,43 0,00 1,25 2,35  

2 29,26 10,01 0,00 1,73 3,07  

3 21,07 6,74 0,00 2,07 3,33  

Table 7.5 Sensitivity analysis results   

 
Forecast accuracy turns out to be a very important aspect. If ∆123 = 0, meaning there is no 
structural forecast deviation on the long term, all considered strategies perform relatively 
well.  However, when demand forecast deviation is not equal to 0, problems appear. 
 
The results of the numerical analysis show that costs increase somewhat when ∆123  is 
positive (undersell), mainly because of the increased need to scrap materials. The supply 
process is very stable, because there is no need to place emergency orders. Out of stocks 
hardly occur. Note that in the case of structural undersell, the reference model in fact 
performs better than the standing order policies, in terms of total costs. This can be 
explained by the inability of a standing order system to automatically correct itself, like the 
reference model does. Clearly, stability is much better using the standing order policy, since 
no emergency orders are needed at all. 
 
When ∆123 is negative (oversell), other issues arrive. Stock out risk increases, and as 
emergency orders are placed more frequently, the supply process is less stable. On the 
other hand, scrapping costs are smaller. As can be seen in Table 7.4, the standing order 
policy performs much better than the reference model in case of oversell. Total costs often 
turn out to be relatively low, because there is on average less inventory in the system, and 
stock outs can often be avoided by placing emergency orders, which is much cheaper than 
facing a stock out. These emergency orders cause the coefficient of variation of the order 
size to increase in most settings. 
 
It is not surprising to see that costs will always increase when sales deviate from forecasts, 
both in case of positive and negative deviations. However, in general undersell seems to 
have less impact than oversell. Costs rise in both cases, but in the latter, the increase is 
evidently higher. This holds for every setting of the standing order policies and the 
reference model. Out of stocks and the associated penalty costs are a possible explanation 
for this increase. 
 
Although undersell does not have a deep impact on total costs, the reference model seems 
to be most capable of coping with this situation. This is in line with the results we discussed 
before (see Table 7.4). However, when oversell occurs (which is mostly the case for 
Amgen), the standing order policies generally perform better than the reference model. 
Generally, small batch sizes lead to relatively lower total costs than larger batch sizes. 
Again, this is in line with earlier results. 
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8  
Conclusions and recommendations 

 
 
In this chapter, the project and its outcomes are evaluated. Conclusion and limitations to 
this research are discussed, and recommendations are formulated. 
 
 

8.1 Conclusions and limitations 
 
Companies in the pharmaceutical industry face a growing need to cut costs. Supply chain 
management receives increasing attention, as it is recognized that for example smaller 
inventories and shorter delivery times can save costs. 
 
In this research, the particular case of Amgen Europe BV is investigated. Amgen, as a 
manufacturer and distributor of medicines for chronic patients, has a stationary demand 
pattern for many products. Although one would expect an easy to control supply chain, 
supply orders are unbalanced. This lead to the following primary research question: 
 

How can Amgen redesign its supply chain, in order to reduce demand variability 

amplification? 

 
We found that two aspects are options for fighting the bullwhip effect: demand forecasting 
and order batching. 
 
Because demand pattern is stable, it should be relatively easy to provide reliable demand 
forecasts. However, historical analyses showed that the forecasts provided by Amgen ICO 
are not as reliable as could be expected. In fact, simple statistical techniques, such as 
moving average and linear regression, turned out to outperform the ICO forecasts with 
almost no exception. 
 
In a standing order policy, fixed batch sizes arrive at fixed time intervals. This means that 
batch size is directly dependent on the delivery interval. The numerical study in this 
research showed that a standing order policy can decrease the instability in the supply 
chain, leading to less stock outs, scrap, and the possibility to decrease inventory and total 
costs. Smaller delivery frequencies turned out to yield the lowest potential improvement in 
terms of total costs, but the largest decrease in variability. 
 
A sensitivity analysis on forecast deviation showed that demand forecasting plays a vital 
role in this type of inventory policy. When forecasts overestimate actual sales, a standing 
order policy becomes less advantageous. However, when forecasts are too low, rather than 
too high, a standing order policy turns out to perform better than the reference model we 
used in our study. In general, smaller batch sizes (and thus higher order frequency) leads to 
more stability in the system. 
 
It is important to keep in mind the limitations of this research. Especially when conducting 
the numerical study through simulation, we made some assumptions that are interesting 
for future research. One of them is the absence of a sell-off level in the standing order 
policies, because of the limited shelf lives of the products we investigated. Furthermore, the 
(penalty) cost factors were chosen in such a way we believe they are representative for the 
market in which Amgen operates. It would be interesting to see how our results hold in 
other environments. 
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8.2 Recommendations 
 
This research on demand variability amplification leads to the following recommendations 
to Amgen: 
 
� Make more use of simple statistical forecasting techniques, such as a moving average 

and linear regression, for products in the maturity phase of their life cycle. Analyses 
have proved that these methods enhance forecasting results. For Aranesp and 
Neupogen products, a moving average of three months is the best option; for 
Neulasta en Mimpara a linear regression of twelve months performs best. Although 
it has not been included in this research, Rapid Response is expected to facilitate 
these forecasting methods. 

 
� Closely monitor performance of forecasts for six to twelve months ahead. When 

planning orders for AML, it is important to have reliable mid-term forecasts. Short 
term forecast performance is already monitored and this should not be stopped. 
Longer term forecast are an important addition to this. 

 
� Introduce forecast bias as a key performance indicator next to forecast accuracy. 

Whereas the latter only reflects the absolute deviation of forecasts, the former 
shows the longer term deviation of multiple forecasts. On the longer term, a small 
bias helps designing the supply chain, even if forecast accuracy leaves room for 
improvement. 

 
� Review the order policy at AML for products with stationary demand, such as 

Aranesp. A stationary demand pattern should allow for a stationary order pattern. 
This research shows that the ordering pattern for Amgen could be more stable, 
while decreasing involved costs at the same time. A standing order policy, the 
ultimate form of a stationary order pattern, showed to be capable of coping with 
oversell. 

 
� Loosen the focus on scrap as an incentive measurement. Scrapping costs are shown 

to be relatively low in comparison with revenues or cost of goods manufactured. It 
seems unrealistic to decrease them significantly more without taking an 
unacceptably higher risk of facing more stock outs. Besides this, a tight approach to 
scrap is unfavourable when trying to stabilize the entire supply chain. The high ratio 
between sales prices and group cost make scrapping a good way of naturally 
balancing out inventories.  

 
� Discuss the current available AML batch sizes for all products. Although too small 

batch sizes may be undesirable because of import testing and shipping costs, 
adjusting order quantities and demand pattern is extremely valuable for planning 
purposes. Small batch sizes not only lead to improved stability, but are also 
advantageous when managing high remaining shelf life demands from customers. 

 
� Besides the inventory policy and demand forecasting, there are some factors 

negatively influencing the supply pattern that have been left out of our analysis. AML 
has a remarkable habit of delivering more products than originally ordered by ABR. 
Although this seems only a problem for ABR, eventually it backfires at AML too, since 
is causes disturbances in the order and supply pattern between AML and ABR. This 
problem should be discussed with AML and tackled as soon as possible. A possible 
measure is to actively share and discuss inventory status information with AML. 
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List of abbreviations 
 
 
ABR  Amgen Europe BV (Breda, The Netherlands) 
AML  Amgen Manufacturing Limited (Puerto Rico) 
FCA  Forecast Accuracy 
FCB  Forecast Bias 
FDP  Finished Drug Product 
FEFO  First Expired First Out 
ICO  International Commercial Organization (Zug, Switzerland) 
ISCP  International Supply Chain Planning 
IDP  Inspected Drug Product 
KPI  Key Performance Indicator 
LE   Latest Estimate 
LEFO  Last Expired First Out 
LSP  Local Stock Provider 
LVP  Low Volume Pen   
LVS  Low Volume Syringe 
MAPE  Mean Absolute Percentage Error 
MPS  Master Production Schedule 
MTO  Make To Order 
MTS  Make To Stock 
RSL  Remaining Shelf Life 
SKU  Stock Keeping Unit 
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