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Abstract

Iran’s pharmaceutical industry faces challenges such as low returns on R&D, lack of market exclusivity, and strict pricing
regulations, which limit profitability and reduce incentives for innovation. Addressing these issues requires a strategic
approach to managing the entire drug development cycle, balancing research and marketing efforts to drive sustainable
growth. This study uses system dynamics modeling to evaluate the financial outcomes of pharmaceutical R&D activities in
Iran. Through a comprehensive literature review and Delphi method, twelve key indicators related to R&D and marketing
were identified. These indicators informed a validated system dynamics model developed in Vensim PLE, simulating
company performance over 25 years. Results show that profits positively reinforce research activities, creating a feedback
loop that supports growth in profitable products and intangible assets. Sensitivity analysis highlights the importance of
business size and cash cow products in financial performance. While marketing boosts short-term sales and product
profitability, long-term success relies on sustained R&D investment. Excessive marketing without innovation yields
diminishing returns, whereas combined investment in R&D and marketing produces synergistic effects, significantly
increasing sales and new product development. In conclusion, integrated strategies aligning R&D and marketing efforts are
essential for fostering innovation-led growth and improving financial sustainability in Iran’s pharmaceutical industry.

Keywords: Iran; Economic performance; Pharmaceutical industry; Research activities; System dynamics.

1. Introduction US$27 billion in the United States in 2004. By 2016,
pharmaceutical  manufacturers had also  spent
approximately US$1 billion on payments to physicians
for consulting and speaking engagements [2]. These
global dynamics are mirrored, though with distinct local

The pharmaceutical industry faces significant global
challenges, including rising research and development
costs estimated at around US$1 billion per new drug [1]
and substantial marketing expenditures, which exceeded
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characteristics, in Iran, where a population exceeding 85
million and an annual growth rate of 1.2% [3] have
created increasing demand for pharmaceuticals, further
intensified by an aging demographic.

To understand the dynamics of pharmaceutical
innovation, two key theories are relevant: the "market-
pull” innovation theory [4], which suggests that market
demand drives innovation, and Schumpeterian
innovation theory [5], which emphasizes the need for
continuous innovation under competitive pressure.
These theories help frame the challenges faced by firms
in aligning R&D efforts with market needs and
maintaining growth under competitive conditions.

These payments are frequently viewed as a means to
encourage product promotion and increase sales within
the medical community [6]; reported figures vary,
reflecting differences in national contexts such as
financial capacity, regulatory frameworks, and scientific
infrastructure [7]. Marketing activities encompass
intricate details, and the "core commercialization
program"” indicates the core team's responsibility
(research, development, medical, regulatory, marketing,
commercial development, product management,
marketing research, and advertising) for nurturing a
product from its initial conception to market availability
[8]. All of these reflect the complexity of the
pharmaceutical system from idea to launch. On the other
hand regulations significantly shape investment
decisions in drug development [9]. In Iran, all
pharmaceutical manufacturers produce generic drugs,
and given the country's regulatory system, the costs
associated with developing a new drug for the market are
relatively minimal [10]. However, for pharmaceutical
firms, balancing R&D (research and development)
expenditures with profitability in the market is crucial—
particularly given modest potential returns, reported at
less than 2%, which raises concerns about long-term
investment sustainability [11]. Due to the low
profitability in the pharmaceutical industry, companies
must carefully decide which products to pursue in order
to maximize their profits.

Beyond the costs of R&D, pharmaceutical companies
also face expenses and risks during clinical development,
with only a small fraction of projects ultimately
achieving success [12]. In summary, two key factors
drive drug development within companies, first the

Pirjamadi H. et al. / IJPS 2026; 22 (1): 236- 248

number of new drugs proposed and formulated by the
R&D department and second the market success of these
selected drugs and their potential to generate profits for
the company [13]. Successful new drugs require long-
term protection in the market to prevent competition
from other companies [14]; however, in generic
pharmaceutical systems like Iran, lack of market
exclusivity for new to market medicines allows other
companies to produce and sell the same drugs, thereby
undermining the exclusivity typically granted by patents.
In addition, official pricing system for pharmaceuticals
aims to enhance accessibility and affordability of
medicines for the public; it can also impose a ceiling on
profitability [15]. This limitation may hinder the ability
to recoup investments in research and development for
new products [16]. Given such limitations, research
processes must be conducted with greater precision, and
adequate investment in R&D and marketing can serve as
a guarantee for the company's profitability. To
effectively review all the factors from research to profit,
it’s essential to engage in horizon scanning, which entails
a systematic assessment and identification of all
elements that impact the drug development process
within a firm.[17] Given the complexity discussed
above, the system dynamics approach offers a powerful
means of analyzing the interconnected and feedback-
driven nature of pharmaceutical systems. This method
enables researchers to model causal relationships,
feedback loops, and time delays that influence long-term
performance and policy outcomes. It supports the
development of conceptual frameworks, deepens
understanding, and aids in predicting system behavior
and decision-making across various stages—from idea
generation to market entry—in pharmaceutical
companies in Iran [18]. Therefore, this study employs
system dynamics simulation models to illustrate the
financial outcomes of research activities in Iranian
pharmaceutical firms. Although many studies have
discussed productivity challenges and market trends in
the pharmaceutical industry, there remains a lack of
guidance on how companies can strategically evaluate
current opportunities to forecast future outcomes. This
research provides a framework for pharmaceutical
companies to model the impact of R&D investment on
profitability within Iran's regulatory context. The
framework aims to improve long-term consistency and
profitability for these firms.
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2. Material and Method

Modeling healthcare systems and making decisions
regarding healthcare products are complex and
challenging [19]. The pharmaceutical industry involves
unique complexities, owing to the intricate link between
research activities and subsequent market outcomes for
drug products [20]. Marketing is fundamentally a
research-driven discipline that relies on empirical
evidence, rigorous analysis, and real-world applicability
[21]. Therefore, economic models analyzing this sector
must comprehensively address key influencing factors
accurately elucidate the impact of research activities on
company's financial performance [22]. For the purposes
of this paper, both research and development (R&D) and
marketing activities will be collectively referred to as
"research activities" [23, 24]. Both are demonstrably
critical for a company's economic success, business
scaling, and achievement of optimal market share [25,
26].

1. Literature review and Delphi method: The research
process began with a comprehensive literature review to
identify potential indicators in R&D and marketing that
influence the economic performance of pharmaceutical

Table 1. List of indicators.

companies. The findings of this review are summarized
in Table 1. Building on this foundation, the Delphi
method was employed to validate and refine these
indicators [27]. The Delphi process was conducted over
two rounds with five experts, including three industry
experts and two academic experts, all of whom had more
than 15 vyears of experience in pharmaceutical
management and policy. Panelists were selected for their
expertise in R&D strategy, market analysis, and financial
performance. The initial indicator list was derived from
a comprehensive literature review (Table 1). In each
round, Experts evaluated the indicators using a five-
point Likert scale, ranging from very low to very high
importance. Anonymity was maintained throughout, and
the round 1 results (mean scores and frequency
distributions) were shared with participants for re-
evaluation. Consensus was defined as >70% agreement
on the importance of each indicator. Variables receiving
less than 70% consensus were excluded from the model
to maintain focus on indicators with stronger expert
agreement. Although these factors may influence
performance, their exclusion minimizes subjectivity and
ensures the model reflects robust expert consensus.

Delphi Percentage of

Approved to use in

No. Variables Reference consensus (%) model: >70%
1 Research activities (31,32) 100 Yes
2 Number of New products (33) 91.6 Yes
3 Type of products (34) 91.6 Yes
4 Publication & Patents (37, 44, 46-48) 75 Yes
5 Intangible assets (49, 50) 83.3 Yes
6 Intellectual Capital (54) 41.6 No
7 Behavior (Culture) (41, 51) 75 Yes
8 Costs (32, 36) 100 Yes
9 Business Size (37-39) 91.6 Yes
10 People (40-43) 83.3 Yes
11 Training programs (55) 16.6 No
12 Personnel work experience (56) 58.3 No
13 Annual sale (36, 42) 100 Yes
14 Profit (32, 35, 37, 44, 45) 100 Yes
15 Initial Investment (32, 35) 100 Yes
16 Fix assets (36) 66.6 No
17 People cost (36) 33.3 No
18 Assets (43) 58.3 No
19 Financial statements (52, 53) 50 No
20 Balance sheet (52, 53) 58.3 No
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2. Conceptualization: The first phase involved defining
the system’s core architecture and boundaries, which
were visualized through a causal network map
representing the cause-and-effect relationships among
key system variables. This stage established the
foundation for identifying critical variables, feedback
loops, and interdependencies relevant to the
pharmaceutical R&D-profitability relationship. To
ensure conceptual validity, a panel of experts—
comprising four professionals from the pharmaceutical
industry and two academic specialists—reviewed the
model structure in light of existing literature and their
domain expertise [28, 29].

3. Stock-flow modeling: Building on the conceptual
framework, the second phase translated the causal map
into a quantitative stock—flow structure, characterized by
level, auxiliary, and constant variables. This stage
required formulating a calibrated model and defining
mathematical equations that capture the
interrelationships among variables based on literature
evidence and expert input [30, 31]. Model validation was
carried out through both structural and behavioral
assessments, with iterative expert reviews and testing of
model behavior under alternative formulations to ensure
robustness [32]. The Vensim PLE (version 7.3.5)
software package was employed for model execution,
providing an accessible environment for developing and
simulating system dynamics models [33]. A long-term
simulation horizon of 25 years was selected to capture
the delayed and cumulative effects typical of
pharmaceutical R&D  activities, including long
development cycles, regulatory approval periods, and
extended market lifetimes of successful products.

4. The final phase focused on evaluating the model’s
reliability and responsiveness through sensitivity testing.
This step complemented the verification and validation
process by examining how variations in key parameters
influence system behavior. Direct structural tests—such
as checks for historical fit, extreme conditions and
dimensional consistency—were conducted on a major
variable using Vensim software, ensuring internal
consistency [34]. Moreover, an expert panel reviewed
the model’s structure and causal relationships multiple
times to achieve an optimal configuration [35]. The
results of these specific system dynamics tests are
presented in the Results section.
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3. Results and Discussion

The Results are organized into the following sections: (1)
Findings from the literature review based on PRISMA
guidelines, and outcomes of the Delphi rounds. (2)
Results of the conceptual model evaluation. (3) Results
of quantitative data analysis. (4) Sensitivity analysis
results. (5) Model validation outcomes

3.1. Results of the Literature Review (PRISMA) and
Delphi Rounds

A structured literature review was conducted in
accordance with the PRISMA guidelines to identify
potential indicators related to R&D and marketing
activities influencing the economic performance of
pharmaceutical companies. The literature search was
performed in two major scientific databases, Google
Scholar and PubMed. Combinations of the following
“R&D
“pharmaceutical industry”, “marketing performance”,

keywords  were  used: investment”,

“economic  performance”, “system  dynamics”,
“innovation management”, and “drug development”.
The initial search identified 268 records, of which 241
remained after the removal of duplicates. Titles and
abstracts were screened to assess relevance to the study
objectives, resulting in the exclusion of 169 records.
Subsequently, 72 full-text articles were assessed and
included for detailed review and indicator extraction,
resulting in a collection of 20 potential indicators. These
indicators were then subjected to a Delphi model, with a
consensus threshold of 70%. The Delphi process resulted
in the acceptance of 12 indicators, which were
subsequently incorporated into the final model.

The initial capital is recognized as a critical variable
influencing the initial valuation within the model. Small
and newly established companies were valued based on
an assumed initial capital of $1 million. This study will
primarily focus on the model's results pertaining to these

companies.

3.2. Conceptual model

The basic assumption is that scientific and research
activities come with financial costs, including personnel,
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equipment, and materials. As a company's profits
increase, it can allocate more resources to research and
development, leading to greater research activity.
Moreover, high profits never reduce research efforts,
meaning that profit always has a positive effect on
research activities [36]. An increase in scientific and
research activities within the marketing and sales sector
can lead to arise in profitable products and the growth of
intangible assets like branding, ultimately resulting in
higher sales and greater company profits.[37] Research
activities in R&D section are influenced by three key
factors:[38]

1. Employees working in the research and development
(R&D) department

2. R&D assets and equipment

3. The organizational behavior governing the R&D
sector [39].

Intangible assets, such as publications and brand
names, contribute to increasing the company's value.
This enhanced value, in turn, leads to greater investment
in market research activities. Expansion of the business,
as depicted in Figure 1, inevitably leads to increased
expenditures encompassing both capital (CAPEX) and
operational (OPEX) expenses. Research activities, being
a component of these overall expenditures, will
consequently experience a proportional rise [36]. The
proposed concept has garnered endorsement from
qualified experts.
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Figure 1: Conceptual Model.

3.3. The stock-flow model (Figure 2)

The quantitative model
components:

1. Scientific research activities: scientific research
activities are bifurcated into: (1) Research and
development (R&D), culminating in the creation of
novel products; and (2) Marketing activities, designed to
promote products to target markets, thereby enhancing
company profitability and revenue generation.

2. Financial dimensions, including revenue and return on
invested capital. The profit of a company is derived from
the difference between its revenues and costs, making it
a stock variable. As the company's revenue increases, its
profits rise, while higher costs result in reduced profits.
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Figure 2: Stock-flow model.
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3.3.1. Scientific research activities

Research activities (developing & promoting a product)
impact the company's revenue and ultimately enhance its
profitability [40].

3.3.1.1. R&D activities

Research activities in R&D section are influenced by
three primary factors: the number of people employed in
Research and Development (R&D), the assets and
equipment available for R&D [38], and the prevailing
organizational behavior within the R&D sector [39].
Each of these factors can independently change and
affect the others. If the overall effect of these three
variables is positive, research activities will increase,
leading to the production of new products. Moreover, the
count of publications and patents serves as a key
indicator of R&D success [41]. While all three factors—
R&D personnel, assets, and behavior—affect the number
of new publications, organizational behavior and
personnel are directly determining factors. [38,
39] Although not every publication results in a new
product, it invariably contributes to the accumulation of
intangible assets, thus enhancing the company’s overall
value [42].

Categorization of New Products (Marketing Point of
View)

Not all new products of a company are equal in terms of
profitability. Using the BCG (Boston Consulting Group)
model, we categorize products into four distinct types
based on market growth and market share [43]:

Dog Products: These products have slow market growth
and low market share for the company. They do not
generate significant profits, and the company generally
lacks a strong interest in producing them.

Cash Cow Products: These products provide substantial
income and profitability for the company, boasting a
high market share. Cash cows are essential for
maintaining a steady revenue stream.

Star Products: Star products exhibit high market growth
potential and substantial market share. Often first-to-
market innovations or products that undergo unique
modifications compared to competitors, these items
show strong sales and profit prospects.

Question Mark Products: These products have high
market growth but low market share, resulting in
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uncertain futures. Over time, question marks may evolve
into either star or dog products, depending on their
competitive positioning and strategic management.

To understand the evolution of newly introduced
products, one must recognize that they typically start as
star products. Over time, by more marketing activities,
they transition into cash cow products. If the competitive
landscape remains unfavorable, these products may
eventually degrade to the dog category, leading to
reduced profitability and market relevance [44]. By
focusing on enhancing cash cow and star products while
managing or phasing out dog products, companies can
improve overall profitability and maintain competitive
advantages in the market. Market competition
significantly impacts product positioning. Heightened
competition can drive products towards the dog
classification if a company lacks the competitive strength
and resilience necessary for sustained market presence.
If the product quality is satisfactory and meets consumer
expectations, it can lead not only to increased sales of
that particular product but also boost sales of other
products offered by the company. Consequently, the
growth in the number of star products serves as a critical
factor in enhancing intangible assets [45].

3.3.2.  Financial dimensions

Annual sales are directly influenced by the sales
performance of individual product categories, with the
sum of each category's revenue constituting the total
annual sales figure. Furthermore, while accumulated
profits are strategically reinvested, these capital
expenditures should not be regarded as sunk costs.
Annual expenses encompass the cost of production, as
well as research and development expenditures,
comprising both operational and capital costs. Initial
capital investment plays a significant role in determining
the scale of the business and directly impacts annual
sales volume. Total expenditures derived from sales
revenue are divided into total operational expenditure
(OPEX), which includes operational costs such as
salaries and material expenses, and total capital
expenditure (CAPEX), representing investments in
assets like equipment. The CAPEX to sales ratio and
OPEX to sales ratio provide insights into the proportion
of total sales allocated to these respective expenditure
categories.

The profitability index for each company is unique,
serving as a metric to reflect annual sales performance,
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influenced by variables such as margin and annual Sale.
The CAPEX to sales ratio and OPEX to sales ratio
express the proportion of total sales that is allocated to
operational and capital expenses, respectively.
Operational expenses in the R&D sector are allocated
towards personnel costs, necessary materials for
developing new products, and the publication and
dissemination of research outputs.

The core equations and variable definitions,
developed under expert supervision, are included in the
Appendix together with a simplified causal loop
diagram to enhance reproducibility.

3.4.  Validity and sensitivity analysis

A wide variety of tests is employed for the verification
and validation of system dynamics (SD) models. These
tests allow us to assess the model's structure, dimensional
consistency, response to extreme conditions, and
robustness under stress scenarios [35].

Sensitivity analysis was conducted to assess the
impact of initial investment, utilizing company size as a
proxy to evaluate model response to varying investment

levels. Specifically, $1 million represented small
companies, $25 million and $100 million medium-sized
companies, and $500 million large companies. The
model's output was then evaluated based on business
size, number of cash cow products, and number of new
products developed.

In Table 2, you can find a summary of how key
parameters, such as R&D investment, marketing
expenditure, and company size, affect major outcome
variables like annual sales, cash cow products, and new
product development under different simulation
conditions

Figure 3 illustrates the impact of investment levels on
business size, cash cow products, and new product
development. Small companies (P.Inv001) reach around
200 annual sales after 20 years, while medium-sized
(P.Inv025, P.Inv100) and large companies (P.Inv500) grow
to 500-700 and 2000 units, respectively. Cash cow products
follow a similar pattern, with small companies developing
20 products, medium-sized companies reaching 40-50, and
large companies over 60. The results demonstrate
consistent performance across these varying conditions.

Table 2. Effect of key parameters (R&D investment, marketing expenditure) on major outcome variables under different

simulation conditions in small companies in year 10.

. . . R&D Investment Marketing Annual Cash Cow Total
Simulation Condition Share Expenditure Share  Sales (BT) Products Product
Low R&D, Low Marketing 1% 1% 70 6 22
Low R&D, moderate Marketing 1% 3% 102 10 23
Moderate R&D, Low Marketing 3% 1% 100 8 26
Moderate R&D, Moderate Marketing 3% 3% 130 15 28
Low R&D, High Marketing 1% 5% 100 10 23
Cash caw products New Products
10
z e ——
| Ahnmev\'m‘ T (Yem)
— PIny00l ——  Plovl00 =R Figvi%
e D 008 Pimd2 P lnvi00

Figure 3: Business performance trends for companies with varying initial capital. (1, 25, 100, and 500 $ billion).
(Left): Annual sales (Business Size) over time. (Middle): Growth in number of Cash Cow products. (Right): Number of new

products develop
Note: P.inv = Initial Investigation.

This figure illustrates the results of the sensitivity analysis over a 25-year period, focusing on the model’s dependence on
initial investment. The analysis revealed a significant relationship between business size and cash cow products, with larger
companies experiencing greater growth in both metrics. This supports the model's assumption that larger companies with more
resources tend to develop more profitable products. These findings were consistently validated through expert panel reviews,
confirming the robustness of the model. In contrast, no significant relationship was found between initial investment and new
product development, which further supports the model’s prediction that initial investment alone may not drive innovation

without complementary factors like R&D or marketing.
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Results of Model Execution

3.4.1. Impact of marketing activity on business size,
number of cash cow products and new products in small
companies.

This section examines how varying levels of marketing
activity affect the performance of small pharmaceutical
companies, assuming a fixed level of R&D investment.
Figure 4 shows the results, increasing marketing
expenditure leads to measurable growth in annual sales
and the number of cash cow products. Over the 25-year
simulation horizon, business size (annual sales)
increased from approximately 270 BT under low
marketing activity (SM) to 285 BT under moderate
marketing (SM2) and 300 BT under high marketing
(SM4)—representing an overall 11% rise. Similarly, the
number of cash cow products grew from about 28 in the
baseline scenario to 35 under moderate marketing and 38
under high marketing, indicating a 35% increase as
marketing intensity doubled. In contrast, the humber of
new products remained nearly constant across all
scenarios, suggesting that marketing expenditure
primarily strengthens market performance and product
maturity rather than directly stimulating innovation
output.

Business Size (Annual Sales)

Cash caw products
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Impact of research and development activities on
business size, and number of new products in small
companies.

This section explores how Research and Development
(R&D) activities influence business outcomes. To isolate
the effects of R&D, marketing activities were held
constant in competitive vs. non-competitive markets.
Figure 5 illustrates the change in business size (left) and
growth in the number of products developed (right) over
a 25-year period for small pharmaceutical companies.
All three scenarios show a steady increase in annual sales
over time, with noticeable acceleration after year 10. The
blue line (high R&D activities in a competitive market)
demonstrates an annual sales increase of approximately
250 BT by year 20, while the green line (basic R&D
activities in a competitive market) exhibits the slowest
growth, only a 150 BT increase. In terms of product
development, high R&D results in over 60 products by
year 25, while basic R&D reaches 40. These trends
highlight that higher R&D investment significantly
drives business growth, particularly in competitive
markets, with the differences being statistically
significant.

Products

BT

80

10 20 0 - 10
Time (Year)

Inv001 RD SM4
Inv001 RD SM

Inv001 RD SM2

Inv001 RD SM4
Inv001 RD SM

Time (Year)

20 0 10 20

Time (Year)

Inv001 RD SM4
Inv001 RD SM

Inv001 RD SM2 Inv001 RD SM2

Figure 4: Effect of varying marketing (SM) levels on small pharmaceutical companies with fixed R&D.
(Left): Annual sales (Business Size) grow with increased marketing, though at a diminishing rate. (Middle): Number of Cash
Cow products increases significantly, showing marketing’s role in enhancing product profitability. (Right): Number of new

products remains steady across all marketing levels.

Note: Inv = Investigation; RD = Research and Development activity level; SM = Marketing activity level.

These trends directly tie to the resource allocation aspect of the model, which hypothesizes that greater investment in sales and
marketing should lead to higher business growth, product innovation, and a stronger product portfolio. The figure shows that as
sales and marketing efforts increase (blue line, Inv001 RD SM4), the growth in business size and product development
accelerates, supporting the hypothesis that effective marketing and sales strategies enhance business performance. This aligns
with the theoretical relationship in the model suggesting that marketing efforts drive growth at a given investment level.
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Business Size (Annual Sales)

400

BT

Time (Year)

Inv001 RD2 SM CN2
Inv001 RD SM CN

Inv001 RD SM CN2

Products

100

Time (Year)

Inv001 RD2 SM CN2
Inv001RD SMCN

Inv001 RD SM CN2

Figure 5: Effects of Research & Development (R&D) in competitive vs. non-competitive markets for small pharmaceutical

companies, with constant marketing levels.

(Left): Annual sales are initially unaffected, but long-term R&D investment counteracts the negative impact of competition,
driving higher growth. (Right): Total number of products decreases under competition, but R&D activity reverses this trend,
boosting product retention and portfolio expansion. These trends support the hypothesis that higher R&D investment in
competitive markets significantly enhances business growth and product development.

Note: Inv = Investigation; RD = Research and Development activity level; SM = Marketing activity level; CN = Level of

Competition.

Impact of R&D and Sales & Marketing Activities
Simultaneously on business size, number of cash cow
products and new products in small companies.

In the previous sections, we analyzed the effect of
marketing activities while keeping all R&D parameters
constant, and similarly, we examined the impact of R&D
activities while holding marketing parameters
unchanged. This section investigates the combined effect
of Research & Development (R&D) and Sales &
Marketing (S&M) efforts on the performance of small
pharmaceutical companies.

Figure 6 compares three key metrics—business size
(annual sales), number of cash cow products, and new
product growth—over a 25-year period for four
scenarios. The blue line (high R&D activities and high
marketing activities) shows the highest growth in annual

Business Size (Annual Sales)

Cash caw products

sales with sales reaching 300 BT by year 20, this is
followed by the green line (basic R&D activities and
high marketing activities), which shows moderate
growth, and the gray line (basic R&D activities and
marketing activities) with the slowest growth, reaching

just 150 BT by year 20.

In the middle figure showing the number of cash cow
products, the green line, representing basic R&D and
high marketing activities, reaches 45 products,
consistently surpassing the red line representing high
R&D and basic marketing activities, which reaches 30 In
the right figure showing the number of new products, the
red line surpasses the green, achieving 75 products
compared to 60. These results highlight that higher R&D
and marketing activities lead to greater growth, with
statistically significant differences between scenarios.

Products

BT

Time (Year)

Inv001 RD2 SM2
Inv001 RD2 SM

Inv001 RD2 SM2
Inv001 RD2 SM

Inv001 RD SM2
Inv001 RD SM

Time (Year)
——  Inv001 RDSM2
—— Inv001RDSM

Time (Year)

Inv001 RD2 SM2
Inv001 RD2 SM

Inv001 RD SM2
Inv001 RD SM

Figure 6: Combined effects of research & development (R&D) and marketing (SM) on small pharmaceutical companies.
(Left): Annual sales (Business Size) increase with either R&D or SM, with R&D showing a stronger early impact; combined
efforts yield the highest growth. (Middle): Number of cash cow products grows with both, with SM having an earlier effect.
(Right): Number of new products rises significantly only when both R&D and SM are increased together; changing either one
alone has minimal effect. These results demonstrate that greater combined investment in R&D and marketing drives significant
improvements in business performance, particularly in terms of product innovation and market expansion.

Note: Inv = Investigation; RD = Research and Development activity level; SM = Marketing activity level.
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Discussion

The model aims to support small pharmaceutical
companies predict future trends and make informed
decisions. The simulation results provide a
comprehensive view of how R&D and marketing
activities influence the growth trajectory of these
companies.

Initial capital strongly determines the starting scale of
business activities and shapes the long-term size of the
company [46], especially in terms of annual sales and
product portfolio. However, capital alone does not
guarantee innovation or product profitability.

Marketing activities independently contribute to
growth in business size (annual sale), highlighting their
essential role in strengthening product profitability [47].
This aligns with “market-pull” innovation theory, which
emphasizes the role of marketing capabilities in
transforming technological assets into market value.[4] As
observed, increases in marketing activity raise the number
of cash cow products, indicating more effective
exploitation of existing products. However, this
relationship is nonlinear: doubling marketing efforts does
not generate a proportional increase in sales, reflecting
diminishing marginal returns and consistent with prior
evidence in pharmaceutical commercialization [48].

In the early years (the first 10 years), small
pharmaceutical companies experience minimal impact
from higher R&D activities on annual sales. However,
over time, these effects become more significant. Market
competition tends to suppress sales performance [49],
but sustained R&D investment not only offsets this
negative impact but can also lead to stronger sales
growth and business expansion [50]. This pattern aligns
with Schumpeterian innovation theory, which posits that
innovation becomes increasingly critical under
competitive pressure.[5] As expected, increased R&D
activity results in a higher number of new products [51],
reflecting a “technology-push” dynamic [52] Yet, this
relationship is also nonlinear, as doubling R&D does not
simply double new product output.

When R&D and marketing are increased
individually, they produce comparable improvements in
sales (figure 6-left- green & red lines). When both are
enhanced simultaneously, their combined effect
produces substantially greater business growth (figure
6-left- blue line), This supports the dynamic capabilities
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framework, which emphasizes the importance of
integrating complementary capabilities to sense
opportunities (R&D), seize them (marketing), and
reconfigure resources for competitive advantage [53].

The number of cash cow products is also positively
affected by both R&D and marketing. Marketing
demonstrates a more immediate effect (figure 6-middle-
green & blue lines), reflecting its role in accelerating
product uptake and lifecycle maturity. R&D effects
emerge more gradually as products transition into later
lifecycle stages. While doubling R&D or marketing
individually does not double the number of cash cow
products, doubling both together leads to nearly a
twofold increase by year 20 (figure 6— middle - gray &
blue lines). This finding is aligned with organizational
ambidexterity theory, where firms must balance
exploration (R&D/new products) and exploitation
(marketing/cash cow products) [54].

The most substantial increase in the number of new
products occurs when both R&D and marketing are
doubled (figure 6-right- blue line). Doubling R&D
activities significantly raises the number of new
products, whereas doubling marketing alone does not
meaningfully affect product count. This distinction
reinforces the theoretical understanding that R&D drives
exploration capabilities, while marketing enhances
exploitation capabilities, and only their coordinated
enhancement maximizes innovation performance.

However, several limitations should be noted. The
model assumes linear relationships between variables
(e.g., R&D, marketing, and sales), whereas these may be
nonlinear in reality. Additionally, external factors like
market competition and regulatory changes were treated
as exogenous variables, which might not fully capture
the dynamic nature of the pharmaceutical industry. The
model is specifically designed for small pharmaceutical
companies in Iran, and caution should be exercised when
generalizing the results to larger firms or international
contexts with different regulatory frameworks. Lastly,
the model simplifies certain industry complexities, such
as intellectual property and pricing regulations, which
could affect performance.

4, Conclusion

This study aimed to explore how R&D and marketing
activities influence the economic performance of small
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pharmaceutical companies in Iran. The model developed
in this research effectively demonstrates the
interrelationship between R&D investments, marketing
strategies, and long-term business growth and how these
variables shape the future of small pharmaceutical
companies in a challenging market environment.

While marketing can drive short-term revenue and
improve product visibility [55], it is R&D that fuels long-
term competitiveness and innovation, especially when
market conditions are challenging. The findings
highlight the diminishing returns from excessive
marketing expenditure, suggesting that overspending in
this area without complementary innovation may not be
a sustainable strategy. Similarly, R&D alone has limited
impact unless supported by effective marketing channels
to bring new products to market and sustain their
successful sale.

The interaction between R&D and marketing
revealed significant synergistic effects. For example,
when both R&D and marketing efforts were increased
simultaneously, the model predicted a 40% increase in
annual sales, a 71% increase in the generation of cash
cow products, and a 31% increase in new product
development over a 25-year period. This underlines the
importance of integrated planning between departments
often seen as separate in early-stage companies. The
model’s insights fill a crucial gap in the literature by
offering a clear, actionable framework for small
pharmaceutical companies in Iran to balance R&D and
marketing investments effectively, improving both
short-term profits and long-term sustainability.

By explicitly demonstrating how integrated R&D and
marketing activities can drive economic performance,
this study offers valuable guidance for companies
seeking to navigate the complexities of the Iranian
pharmaceutical market. The findings underscore the
need for strategic, coordinated investment in both areas
to maximize business growth and ensure future
competitiveness in a highly regulated and competitive
industry.

Future research could test the model empirically with
real company data to validate its predictions and extend
it to larger pharmaceutical markets, both domestically
and internationally.  Additionally, incorporating
regulatory dynamics into the simulation, such as pricing
policies or market exclusivity, would enhance the

model's applicability in diverse regulatory environments.
Finally, testing the model under different market
conditions or in other sectors could provide a broader
understanding of the relationship between R&D,
marketing, and business growth in dynamic industries.
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