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ABSTRACT 
Providing medicines in the required quantities is a very influential point for healthcare 

institutions and the pharmaceutical industry. The challenge in the pharmaceutical sector is that some 

medicines can disappear due to side effects, while others appear as they were invented. Some medicines 

can also be improved, and the use of some medicines increases according to the season. These reasons 

combined make the prediction process complex. The current article reviews the importance of drug 

production management (predicting the required quantities with high accuracy), and the most important 

algorithms that have been employed in this field are also addressed, with a focus on improving accuracy 

and reducing the error value. Machine learning algorithms can play an influential role in the 

pharmaceutical industry and management. Improving accuracy depends largely on the availability of a 

data set specific to this field, which is a challenge as there is no link between diseases and their 

medicines, and there are some medicines that are used to treat more than one disease. The current article 

reviews the most important challenges facing researchers when working in this field.  
Background: 

The availability of medicines and medical supplies is a critical issue in healthcare institutions. This study highlights 

the importance of using artificial intelligence and machine learning to predict the quantities of medicines required to 

ensure accurate and appropriate supply. Deep learning algorithms can also be used to improve prediction accuracy. 

Materials and Methods: 

This study included collecting and analyzing previous studies on the use of artificial intelligence and machine 

learning techniques and conducting a comprehensive study on the impact of using machine learning algorithms in 

predicting drug quantities and their impact on providing appropriate quantities. 

Results: 

After compiling and analyzing related works on predicting drug availability using artificial intelligence and machine 

learning techniques, the study concluded with a set of challenges facing this problem and how to address them. 

Conclusion: 

The field of pharmacy is currently considered an important field due to the rapid development of the 

pharmaceutical industry. The production and supply of medicines require large amounts of money. 

Therefore, with the rapid increase in medicine usage data, a set of references was reviewed that used data 

mining techniques and artificial intelligence algorithms that were trained on medicine and 

pharmaceutical industry data, where the focus was on improving accuracy and reducing the error value. 

Also, employing the capabilities of artificial intelligence and machine learning leads to improving 

medicine production in terms of providing accurate quantities. The increase in production leads to the 

product reaching its expiration date, while the decrease in production leads to the inability of pharmacies 

to provide the required treatments, and in both cases, it leads to harm to human life. Future work may be 

to determine the side effects of medicines through patient experiences, and the effectiveness of 

medicines can be evaluated through clinical trials and patient ratings of medicines. 
Keywords: Pharmaceutical industry, machine learning, medicine providing, medicine consumption forecasting. 
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INTRODUCTION 

In the pharmaceuticals industry, there are many uncommon characteristics that 

concern the manufacturing of pharmaceuticals. These characteristics make this industry 

very different from any other type of industry, and they, in fact, influence the process 

of finding new medicines for patients. Forming a new medicine takes a very long time, 

is very expensive and highly risky, and the chances of a successful result are very 

small. The big pharma firms are research-based organizations[1] and today technology 

is significantly used to assist the pharmaceutical companies to manage their stocking 

and to find new products and services. The administration of the pharma industry has 

begun to recognize the important relationship between the definition of medicines and 

products and management information[2]. In the unrest between costs, care-outcome 

and customer satisfaction, a high balance is necessary and should be established by 

developing information and communication technology. There is a realization that the 

pharmaceutical industry depends heavily on information regulation and process; every 

day the automated systems are used in these firms as a tool that focuses on the 

registration of the production process. In these systems, all the operational data that are 

used to keep the organization running are saved[3]. The development of healthcare and 

the medicinal industry most importantly resulted in the availability of data. Therefore, 

this field is considered to be a rich environment for different research carried out 

scientifically.  It carries several differences when compared to other sectors, as it is 

linked to the life of hthatuman beings. As well, it has a relatively higher priority 

because it is supposed to be within a high level of health services with no regard 

towards its of cost, and therefore consumes a bigger amount of the specified budget for 

each country. Pharmaceuticals is probably one of the more influential fields of 

healthcare. Its industry depends on quantitative analyses of clinical studies and 

medicine marketing. 

Data mining represents a logical process of extracting useful information from 

bigger data sets. It aims to discover patterns that have not been pointed out yet within 

the big data. These found patterns can be used to help companies develop their 

business through improved decision-making. Data mining involves three important 

stages: Exploration, Pattern Identification and pattern deployment in decision-making. 

In addition, as stated by several researchers (i.e., [4], [5]) learning can be put into use in 

the analysis of the medical dataset in order to extract data from it. Several fields within 

the healthcare sector used deep learning in solving problems successfully: IBM applied 

this method in constructing Dr. Watson's application.   

Pharmaceutical companies could also benefit from healthcare Customer 

Relationship Management (CRM) and data mining. Pharmaceutical companies can 

specify their marketing target through following up on which practitioners give out 

prescriptions for what medicines and for what purposes[6]. This shows the least 

expensive or most effective treatment plan for a certain illness, as well as its 

contribution in identifying the practitioners who have practices with specific clinical 
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trials like those who have a high percentage of patients that belong to a particular 

classification), and pictures the course of an epidemic with the aim of supporting 

pharmaceutical salespersons, physicians, and patients [7].  

The rest of the article is organized as follows: Medicine Provision: This paragraph 

reviews the importance of providing medicines in pharmacies and hospitals and the 

impact of drug shortages on human life. Pharmaceutical Industries and Data Mining: 

This paragraph shows the extent to which the pharmaceutical industry benefits from 

data mining applications through data analysis, pattern discovery, and the use of results 

in developing the pharmaceutical industry sector. Related Work: This paragraph 

reviews articles related to drug management and provision and the impact of 

employing machine learning algorithms in building models that accurately predict the 

required quantities of medicines. Challenges and difficulties in analyzing drug data: 

Here are the most important challenges facing researchers when working on employing 

machine learning algorithms in the pharmaceutical industry. 

 

PROVIDING MEDICINE 
The medicine is an important necessity for a patient to be healthful. It is one of the major materials 

used by health experts or physicians in preventing disease or in therapy[8]. Therefore, hospitals 

and/or pharmacies should guarantee providing the necessary medicine at any times so they can be 

specified to patients when needed. Health care institutions face a challenge in providing required 

medicines and good services. As they control the provision of medicines and avoid harmful effects, 

inventory or stocking control is the main factor to keep the organization’s competitiveness in 

progress [3]. Medicine quantification is a procedure used to define how much of a product or 

medicine is wanted for the purpose of procurement. Quantification process does not only identify 

quantity demands of medicines or specific item, but it also defines the financial funds required for 

purchasing the item. To achieve perfect medicine quantification, different information is needed, 

such as the Essential Medicines List (EML), consumption of the medicine, number of items, 

procurement cycle [9]. 

PHARMA INDUSTRIES AND DATAMINING  
The Pharma industries depend on resolution oriented, systemic chosen models that allow the 

decision maker to evaluate the profit that is predicted to outcome from the implementation of a 

proposed choosing plan [10]. The pharmaceutical industry employs data mining applications in a 

variety of ways such as regression, classification, clustering, prediction and data analysis. 

Prediction in the pharmaceutical field partly includes employing the prescription numbers in the 
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history of physicians to improve predicting future behavior [11]. Data analysis in the 

pharmaceutical field employs inference from the data mining research to define the better path of 

work concerning future business resolution. By defining the prescription patterns through 

prediction ways, pharmaceutical firms can view which physicians write the most prescriptions and 

which medicines they use [12]. Marketing planning that focuses on growing incomes will be more 

convincing than those addressing cost-decrease[13]. These technologies will make the 

pharmaceutical firms improve the goals and marketing to specific customer parts and will increase 

the use of that technology and will open the door for projects aimed to decrease the payment and 

increase clinical experiment results. There are automatic systems in the firms designed to store the 

production data, which are used to keep the firms running. These systems are known as “legacy 

systems” or “traditional system.” Big information is unobserved in legacy systems, and this can 

be easily discovered. In most situations, the discovery of data cannot directly be applied from that 

system since it is not designed to answer the unexpected questions [10]. 

  

RELATED WORK 

In this section we will review the most recent prediction methods for medicine utilization, where 

some of these methods are statistical methods and others use a machine learning method. All 

methods are using the prediction process for one, two, or three medicines at most. Table (1) 

summarizes all the related works that are listed below with additional information.  

1- [14] This study aims to create optimal drug clusters for utilization use a new model called 

useDisease_Drugs_Clustering_Deep_Nural_network (DDC_DNN), a deep neural network 

with four layers. The model focuses on forming primal clusters based on proximity and 

distance, re-forming clusters, and calculating cluster centers. Data on diabetes, leukemia, 

and allergy drugs were for validation, with the proposed model outperforming traditional 

methods like K-means according to the silhouette validity score. 

2- Pharmaceutical drug provision in appropriate quantities is crucial for efficiency, as 

unnecessary excess can lead to prolonged storage and reduced effectiveness due to short 

shelf life. In [11] employed time series analysis, and using deep learning like LSTM, to 

predict drug requirements accurately.  The method in this study based on seasonal 
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prescription trends and quarterly indicators forecasts drug needs for a year with low MSE. 

Comparison with traditional methods like linear regression shows promising results. This 

approach ensures customer satisfaction and efficient drug marketing by producing the right 

number of drugs needed. 

3- The authors in [15] used data mining techniques to forecast the inventory of medicines. 

Four different types of machine learning algorithms were used for the purpose of analyzing 

time series. Gaussian Processes, SVM Regression, MP, and LR have explored their 

accuracy in the forecasting results. They used data that contained product demand from 

2011 to 2017, three products were chosen in this work. These products have different 

frequencies of demand (high demand, low demand, and randomly chosen product). 

Statistical features (weeks, mean, median, max, min, std, and variance) were used in the 

prediction process, to improve the prediction model the authors used the lag estimation 

variables. RMSE used as an execution measure to compare the result of various algorithms. 

The results showed that Gaussian Processes was the method that provided the best 

prediction with a lower RMSE than the rest of the applied methods, RMSE was 

(789551.3),( 9179.5), and (146336.0) for the three products. 

4- The article presented in [16] deals with predicting carbapenem resistance from monitoring 

antimicrobial consumption. In this article, the researchers relied on data collected through 

the hospital's pharmacy system. The data included antimicrobial clan, potion, mode, way 

of management, parcel volume, number of a set put out, trait, and infirmary location. The 

prediction model presented in this article was autoregressive integrated moving average 

(ARIMA) with meropenem utilization at lag −1 as a forecast, to evaluate the model 

accuracy the authors used "RMSE" and "R-squared (R2)]". The best result reached in this 

work was RMSE = 1.41 and R2 = 79%. However, the ARIMA model may lead to poor 

forecasting during the identification stage. especially if the in-sample explanatory 

performance of the model is maximised. 

5- The sales for new medicines (new licensed and released for market) that suffering from 

unstable sales and no historical data available. for those reasons in [17]  the forecasting 

model based on the sales data and another factor of influence was suggested in this article. 

the prediction model built by using random forest without using influence factors and it 
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was compared with the random forest prediction model taking into account The influence 

factors. these two models were evaluated by three performance metric MAE, MAPE,  and 

RMSE. the model of a prediction that takes into account the impact factors (present season, 

the cost of the medicine tested, the changeful costs, selling, and training sample) reached 

an improved result in the forecasting (RMSE= 19183.72). however, using random forest 

tree to build prediction model may give different results depending on the depth of the 

random tree, it can suffer from under_fitting when using a little deep. 

6- Deep learning has been used in  [18] to perform the prediction of pharmaceutical product 

sales. Data of three years are arranged as weekly sales therefor the prediction model is built 

to predict the sales of the week. The authors selected four medical products with different 

behaviours for training. The data used in this work extends from 2014 to 2017. In this work, 

the researchers presented a model consisting of three shallow networks called 

Autoencoder, Precursor and Gambler. In this work, the available data is divided into three-

zone. Autoencoder-precursor's job was to produce the abstract representation of the input 

data (the first data zone), the second data zone used to train the gamber-net, and the third 

data zone used as test data for predicting the future data.  The best hit rate the researchers 

reached in their work was (86.4%). 

7- The work was presented in [19] studies on trends in the utilization and cost of medicines 

used in tdata ishe treatment of eye tumours. To complete this study, researchers used 

Taiwan's National Health Insurance Research Database from 2009 to 2012, predicting the 

quantities and cost of medicines required until 2016. The researchers collected anti-tumour 

medicines in six groups. Usage data representing the number of prescriptions and cost were 

collected by quarter and annually for each of the six groups. In this study, the researchers 

used statistical analyses of time series and the ARIMA model to predict market share 

through the size of prescriptions and the total cost of targeted treatments among all 

antiretroviral agents. 

8- In [20] the authors have forecasted the quantities consumed and purchases for only one 

medicine. The medicine is RAPILYSIN LYPDINJ 2X1.16G/VIAL (RL). These medicines 

are used in the management of acute myocardial infarction (AMI). The data used in this 

work were collected from one hospital for the period from 2009 to 2011. The authors 

mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive


Review 
JOURNAL OF UNIVERSITY OF 

BABYLON 

For Pure and Applied Sciences (JUBPAS)  

Vol.  33 ; No.  3 | 2025  

 

Page | 185 

ــم
ج

جلــة 
ــــ

امعة ب
ـ

ل للعلــ
ـابــ

ــــــ
وم

 
ص

ال
ـــ

ط
رفــة والت

ــ
بيقي

ــ
 ة

ــم
ج

جلــة 
ـــــ

امعة بـ
ــ

ل للعلـ
ـابــ

ـ
ص

وم ال
ـــ

ط
رفــة والت

ــ
بيقي

ــ
 ة

ـم
ج

ج
لــة 

ـــ
امعة بـ
ـ

ل للعلـ
ـابــ

ــ
ص

وم ال
ـ

ط
رفــة والت

ـــــــ
بيقي

ــ
 ة

 
in

fo
@

jo
u

rn
al

o
fb

ab
yl

o
n

.c
o

m
   

|  
 ju

b
@

it
n

e
t.

u
o

b
ab

yl
o

n
.e

d
u

.iq
 | 

w
w

w
.jo

u
rn

al
o

fb
ab

yl
o

n
.c

o
m

   
   

   
   

   
IS

S
N

: 2
31

2-
8

13
5 

 | 
 P

ri
n

t 
IS

S
N

: 1
9

9
2-

0
6

52
 

presented in this work a method univariate time series analysis and forecasting, A medicine 

purchase model and a medicine consumption model were built and the researchers obtained 

the best prediction result based on the mean square error is (4.3245x106, 4.1437x107). 

9- Monitoring the spread of disease by building an approved GIS map was presented in [21], 

In order to monitor the spread of diseases in Greece, Traditional statistical methods were 

used to compute Health care demand and supply GIS was also used for the purpose of 

spatial visualization through mapping the maps. The color density used to identify the 

quantities of supply and demand services that applied in the polygons map of the country 

provided another view for the evaluation of the health care. However, the work depended 

on traditional statistical methods only, the data set was not used to predict future healthcare 

requirements.  

10- Prediction of demanding medicine presented in [22] where the researchers relied on spatial 

data in addition to demographic data and consumption data for the predicting the required 

quantities of the medicine. A model was developed to predict the required quantities of the 

medicine Salbutamol based on data from 2010 to 2014.  Generalized Linear Models, SVM 

with LK and SVM with Gaussian kernel are used as a model for prediction. The algorithm 

that gave the lowest ratio of the line is GL Models. The authors used mean absolute error 

to evaluate the three models and the error was (5.78, 6.33, 17.07) for Generalized Linear 

Models, Support Vector Machines with linear kernel and Support Vector Machines with 

Gaussian kernel respectively.  

11- In the article [23] Authors present a model for forecasting the quantities of medicines 

required based on consumption data as well as social networking data and wireless sensor 

data. Only three medicines were predicted. The researchers used consumption data as 

endogenous variables that came from time series and exogenous variables that came from 

topic trend analysis of Facebook, Twitter, and bloggers. Two prediction models have been 

tested in this article: an autoregressive model with endogenous variables only and 

autoregressive model with endogenous and exogenous variables. The results showed that 

the prediction model improved after using the topic trend obtained from social networking 

as exogenous variables. 
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12- Data mining was used in [24] to define the amount of medicine to be stored in the depot. 

First, the exploratory network examination was performed to define the cluster set and 

members of medicine that have identical sales manners. Three different types of time series 

of sales were used in this study, prediction models. The ARIMA model and neural network 

were first executed on one record of previous medicine to design a sales prediction. At the 

end, a neural network model was constructed utilizing zone records of each medicine along 

with medicines involved in a similar set of analysis methods. The proposed method 

presents a better result to the proposed approaches, helping to capture linear and nonlinear 

trends in medicine sales. 

13- [25] present in this study, the Adaptive Network-Based Fuzzy Inference System (ANFIS) 

employed to construct a prediction model for future demand of the pharmaceutical product. 

only one product data was used in this study, the data was divided into four periods. four 

periods using as training data and the demand in the period was as the future prediction of 

the model. the historical sale data of the product and effective factors were used as input to 

the prediction model. the accuracy of the prediction model was measured by average 

testing error. The best result that was achieved by this model was (0,18169). 
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Table 1 the summary of related work 

NO. Method name Prediction method Type of data  Evaluation 

measures 

[12] Data mining for clustring    

Disease_Drugs_Cluste

ring_Deep_Nural_net

work (DDC_DNN) 

https://www.dat

a.gov provides a 

big dataset for 

the UAS drugs 

utilization over 

many years. 

The Silhouette 

Score 

[10] Deep learning for 

prediction the medicines 

consumption 

LSTM https://www.dat

a.gov provides a 

big dataset for 

the UAS drugs 

utilization over 

many years. 

RMSE 

[13]  Data Mining method for 

storing prediction :  

GP, SVMR, MP, and 

LR 

products 

demand from 

2011 to 2017 

RMSE 

[14] Forecasting carbapenem 

resistance from 

antimicrobial 

consumption 

surveillance 

the autoregressive 

integrated moving 

average (ARIMA) 

data collection 

monthly 

consumption  

RMSE, R2 

[15] Model of medicines 

sales forecasting taking 

into account factors of 

influence 

random-forest without 

using influence factors, 

random forest 

prediction model 

taking into account the 

influence factors 

Sale data from 

2014 to 2017 

MSE, 

RMSE,MAPE 

[16] A Deep Learning 

Algorithm to Forecast 

Sales of Pharmaceutical 

Products 

Autoencoder, 

Precursor and Gambler 

Sale data from 

2014 to 2017 

hit rate 
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[17] location tendency in the 

use of targeted 

medicines for the curing 

of malignant neoplasms 

of the eye 

the autoregressive 

integrated moving 

average (ARIMA) 

Sale data from 

2009 to 2012 

MSE 

[18] Forecasting the 

consumption and the 

purchase of a medicine 

univariate time series 

analysis and 

forecasting 

2009 to 2011 MSE 

[19] map tendency and 

sample in a GIS 

summary. 

traditional statistical 

methods 

Consumption 

from 1997 to 

2007 

MSE 

[20] Improvement of the 

Prediction of Medicines 

Demand Using Spatial 

Data Mining Tools 

GL,  SVM with LK and 

SVM with GK 

Sale data from 

010 to 2014 

MAE 

[21] Demand Forecasting 

Models for Medicines 

through Wireless Sensor 

Networks Data and 

Topic Trend Analysis 

an autoregressive 

model with 

endogenous variable, 

an autoregressive 

model with 

endogenous variable 

and exogenous 

variables 

Sale data from 

January 2010 to 

August 2013 

Error rate 

[22] Intelligent Sales 

Prediction for 

Pharmaceutical 

Distribution Companies  

ARIMA model, hybrid 

neural network 

Sale data for  

three years 

MAE 

[23]  

Demand prediction in 

pharma manufacture 

Using AI and ANFIS 

ANFIS Sale data for  

 seven years 

MAE 
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CHALLENGES AND DIFFICULTIES IN PHARMACEUTICAL DATA ANALYSIS 

The pharmacy field is one of the interesting fields in recent times; therefore, there are several 

challenges to be faced to analyze the pharmacy field data. 

1- Dealing with a big data set over a number of years.  

2- It is not possible to have a comprehensive and specific data set that contains information 

about diseases and medicines used to treat them. 

3- Non-stationary data: because of the development and discovery of new types of medicines 

as well as the development of diseases such as AIDS. 

4- Confronting emergency situations: The emergence of epidemics and pandemics in recent 

years, especially the Corona pandemic, has forced the pharmaceutical industry to enter into 

trials of several new medicines and vaccines to confront emergency situations. 

CONCLUSION 

The field of pharmacy is currently considered an important field due to the rapid 

development of the pharmaceutical industry. The production and supply of medicines 

require large amounts of money. Therefore, with the rapid increase in medicine usage 

data, a set of references was reviewed that used data mining techniques and artificial 

intelligence algorithms that were trained on medicine and pharmaceutical industry data, 

where the focus was on improving accuracy and reducing the error value. Also, 

employing the capabilities of artificial intelligence and machine learning leads to 

improving medicine production in terms of providing accurate quantities. The increase 

in production leads to the product reaching its expiration date, while the decrease in 

production leads to the inability of pharmacies to provide the required treatments, and 

in both cases, it leads to harm to human life. Future work may be to determine the side 

effects of medicines through patient experiences, and the effectiveness of medicines 

can be evaluated through clinical trials and patient ratings of medicines. 
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 الخلاصة
يُعد توفير الأدوية بالكميات المطلوبة عاملًا حاسمممماً لماسمممرمممات الرعاية العممملأية و.مممماعة الأدويةي يطمع الدلأدة في أطا  الأدوية في    

 اي اما يمطع تلأرمميع بعض الأدويةب وياداد اسممدخدا  بعض الأدوية أد تخدفي برمم ا ااراا الناي يةب نيمما تر ر  دوية  ىرك اما تا اىدراع
بعضممم ا ااىر مغ ت ير الفعمممو ي سبا الأسمممةات مندمعة تنعل عملية الدم ا معرد ي ترمممدعرة سبا المرالة  سمية اداا  ايدات الأدوية  الدم ا 

لمنا ب مغ الدرايا على تلأريع الدأة وترليل قيمة بالكميات المطلوبة ندأة عالية(ب اما تدماو   سا الخواازميات الدي تا اسدخدام ا في سبا ا
وعة الخطأي يمطع لخواازميات الدعلا االي    تلعا دواًا ماررًا في .ماعة الأدوية وإداات اي يعدمد تلأريع الدأة بشطل ا ير على توافر منم

د اب وسماك بعض الأدوية الدي تُرممممممدخد  لعلات نيايات ىا.ممممممة ن با المنا ب وسو ما يميل تلأديًا يررًا لعد  وةود .مممممملة نيع الأمراة و دوي
  كير مع مرة واحدي تردعرة سبا المرالة  سا الدلأديات الدي تواةه الةاحييع عمد العمل في سبا المنا ي

 مردمة:
ى  سمية اسدخدا  عليُعدّ توافر الأدوية والمردلامات الط ية مرألةً بال ة الأسمية في ماسرات الرعاية العلأيةي تُرلّط سبا الدااسة الضوء 

ات الدعلا العميق البااء الا.طماعي والدعلا االي للدم ا بطميات الأدوية اللازمة لضما  توافرسا ندأة وسرعةي اما يُمطع اسدخدا  ىواازمي
 لدلأريع دأة الدم اي

 طريرة العمل:
املة حو  الا.طماعي والدعلا االيب وإةراء دااسة شوتضممت سبا الدااسة ةمغ وتلأليل الدااسات الرابرة حو  اسدخدا  ترميات البااء 

 تأرير اسدخدا  ىواازميات الدعلا االي في الدم ا بطميات الأدوية و ررسا في توفير الكميات المماسةةي
 المدائج:

ت الدااسة االيب ىلعوبعد تنميغ وتلأليل الأعما  ذات العلة بشأ  الدم ا ندوفر الأدوية باسدخدا  ترميات البااء الا.طماعي والدعلا 
 الى منموعة مع الدلأديات الدي تواةه سبا المشطلة وايفية معالند اي

 الاسدمدات:
بشطل  ترلط المدائج الضوء على ايف يمطع للدعلا االي    يراعد المدااس على اتخاذ الررااات بشأ  دعا الطلات وتوأغ احدياةات الطلات

راا لدلأريع لعمل المردرح في الاعدةاا مراييس ميل نيايات الرلوك والمشاااة وتلأديث المماذت باسدمفعا ي بالمرةة للعمل المردر ليب سيأىب ا

 الدأة لدلأريع  داء الطلاتي
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