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ABSTRACT

R and D is necessary for growth of hi-tech sectors like pharmaceuticals and is aimed
at boosting innovation. Innovation brings new products that could earn revenues to
further boost R and D. Indian pharmaceutical industry earns nearly sixty percent of its
revenues from exports and is a leader in global generics market with largest share of
ANDA and DMF filings. Significant increase in patenting activity is also observed post
India’s accession to TRIPS agreement in 1995 and subsequent introduction of product
patent regime in 2005. This study aims at establishing a causal relationship amongst
R and D intensity, patents, regulatory filings and export intensity. Also, the impact of these
variables on export intensity of Indian pharmaceutical sector has been studied by fitting
them into an econometric model. Results of the econometric analysis suggested that the
current year R and D intensity had a positive and significant impact on pharmaceutical
export intensity and that the lagged year regulatory filings had a positive and significant
impact on export intensity of Indian pharmaceutical industry. Study concluded that
creation of state-of-the-art R and D facilities and manufacturing plants (complying with
US and EU norms) was aimed at developing and exporting generic drugs to regulated
markets of US and Europe and Indian pharmaceutical industry had not committed enough
financial resources on developing new patented products for global markets.

Key words: Indian pharmaceutical industry, R and D intensity, Export intensity, Innovation

and export intensity, Patents.

INTRODUCTION

Increase in R and D spend is in consonance
with increase in pharmaceutical exports
from Indian pharmaceutical sector. There
has been a significant increase in R and D
spend by the Indian companies post TRIPS
agreement in 1995. Despite more money
being spent of pharmaceutical R and D in
India post signing of the TRIPS agreement;
it is significantly less in comparison to the
global multinationals.! India accounts for
twenty percent of global exports of phar-
maceutical generics and exported generics
worth USD 16.89 billion to global markets
in 2016.% India’s pharmaceutical industry
achieved a positive trade balance.” By 2016,

exports contributed nearly sixty percent
revenue of Indian pharmaceutical sector and
few leading companies had approximately
65 to 70 percent of their total sales
contribution from exports. Indian firms
have become more export oriented but also
more export dependent and that growth in
Indian pharmaceutical exports is key to
sustainable growth of this sector.

Status of Pharmaceutical R and D in
India

R and D spend of Indian Pharmaceutical
companies have been increasing significantly
since 2005. Due to large investments,
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Table 1: Percentages of Global ANDA Filings by
Indian Companies.'?

Banerji and Suri.: Analysis of Indian Pharmaceutical R and D and Exports

Year Percentage of Global ANDA Filings by
Indian companies
2009 45%
2010 49%
2011 51%
2012 37%
2013 44%
2014 40%
2015 40%

Source: USFDA, 2015

companies have built strong product pipelines for the
US market but negligible development on the NCE
front.* Majority of Indian Pharmaceutical companies
have been focusing on developing strong Abbreviated
New Drug Applications (ANDA) pipelines and due to
the majority effort and investment is going on ANDAs,
India’s share in overall ANDA filings have been ever
increasing as shown in Table 1.

Indian generics were benefitting from the wave of patent
expiries and it is expected to continue in the midterm as
branded products worth approximately USD 100 billion
would be off patent by 2020. Almost all leading Indian
companies have been expanding their ANDA pipelines
in line with the patent expiries. Over the years, Indian
companies have been increasing their share of First to
File ANDAs (FTFs) and Paragraph 1V filings so that
they get six months exclusive marketing rights in the US
market. R and D efforts were increasingly focused on
building exclusivities through FTFs/Para IV filings as
plain generics were becoming highly competitive leaving
narrow margins to the companies.”

Figure 1 shows the trend of increasing R and D expenditure
from Indian pharmaceutical industry and by 2015-16,
the sector spent 7.8% of net sales on research and
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Figure 1: R and D Spend of Indian Pharmaceutical Industry.
Source: Center for Monitoting of Indian Economy, 2016
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Figure 2: R and D to Sales Ratio (In Percentage).

Source: Centre for Monitoring of Indian Economy, 2016

development. R and D to sales ratio had grown steadily
since 1% January 2005 due to introduction of product
patent regime in India and Indian pharmaceutical sector
spent on an average 7.8% of net sales on R and D as
compared to 2% in 2000 as shown in Figure 2. There
has been a significant increase in R and D spend by
the Indian companies post TRIPS agreement in 1995.
Despite more money being spent of pharmaceutical R
and D in India post signing of the TRIPS agreement; it
is significantly less in comparison to the global MNCs.*
Pingle, 2016 reported that Sun Pharmaceuticals had
highest R and D expenditure during 2015-16 followed
by Dr. Reddy’s Laboratories, Lupin Pharmaceuticals,
Cipla and Cadila.

Rand D to sales ratio of Indian pharmaceutical industry
has been ever increasing with approximately 6 to 7 % of
sales being utilized for R and D.” Indian pharmaceutical
industry leveraged its strength in reverse engineering
and manufacturing of generic drugs for the developed
markets like US and Europe. Almost all big players have
been developing niche products with some exclusivity
to sustain sales and profits but eventually Indian Pharma
Industry has to move up in the drug development value
chain to develop skills, expertise and create funding
opportunities to develop and commercialize NCEs.?
Increase in number of product patent filing by Indian
companies in the product patent regime post 2005
has been observed. Majority of the applications were
related to new and improved processes for products
than for novel products. Product related applications
were concerned with incremental work on formulations
with modified release systems and novel drug delivery
systems.” Most of the patenting activity by Indian
Pharmaceutical companies had been revolving around
incremental research and majority budget is being spent
on reverse engineering to expand ANDA, FTF/Para IV
pipeline.
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Patenting Activity of Indian Pharmaceutical -
Industry s 818 §
Patenting innovations is an important parameter of e
measuring the output of R and D activity of the Indian ol2lole
Pharmaceutical Industry. Inventions are patented in 3 % 52
respective countries through conventional route or
simultaneously in multiple countries through Patent MEIN -
Co-operation Treaty (PCT). Inventions relating to 3 R p
processes or products are eligible for grant of a patent.
Nowadays, several patents are granted wherein -8l _ |-
formulations developed ate protected by claiming every ) 2 S..,'\’, 3|3
indication/use of the drug product.’ 'g
The patent filing data shows an upward trend during "‘3 22l
the period 1997-2006 and displaying a significant rise < & § &)=
around 2005 when India introduced the product patent o
regime as shown in Table 2. However, post the initial g 2 Y alo
spike in filing, the patent filing trend has stabilized in § ] § ]|~
the last 3-4 years and a growth though predicted, is not o
expected to be large but steady in nature.' % 8|5 0|
World Intellectual Property Organization (WIPO) % RIg &=
statistics for pharmaceutical patents granted globally %
between 2000 and 2014 is shown in Table 3. Table 3 £ IS w2
shows the number of pharmaceutical patents granted z RIQIN(<
to Indian pharmaceutical firms duting the same period. g
It can be noted that the share of Indian pharmaceutical Y S § M
firms remained consistently near 1 percent mark indicating § 8|7
a negligible presence in the global innovative space. e
WIPO statistics for PCT publications for pharmaceu- % § § S
ticals for the period 2000 to 2014 is shown in Table 4. = © N7
Table 4 shows the global PCT publications for pharma- ‘Z’
ceuticals as well as pharmaceutical PCT publications of § § § 21
Indian origin. It is interesting to note that India’s share c RIGIRN
in global PCT publications is significantly higher as E o
compared to the share in global patents granted. ‘q:'; % 3|3 §
Regulatory Filings from Indian Pharmaceutical é -
£
Industry | | | g § % o
Regulatory requirements of various countries are = e e
considerably different from each other. It is challenging o
for pharmaceutical firms to develop a single drug that E 3 % N3
meets the regulatory requirements of all countries. = ©
Regulatory authorities not only specify the quality, safety <
and efficacy of a drug product but also prescribe the % % N g g
T
Table 2: Pharmaceutical Patent Applications Filed at = 8
Indian Patent Office (IPO).™ z < 82
Period Number of Number of Patents [ ,9 '6 (_9' §
Patents Filed Published = 3 : ol ¢
1996-2006 34,132 12,835 >|glg|=| ¢
J|Z2(<| 3
2007-2016 55,135 77,657 (U} al g
Source: Gokhale and Kannan (2012). £ §
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Table 4: PCT Publications by Technology (Pharmaceuticals).

YEAR 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014

PCTs GLOBAL 3808 | 4356 | 4864 | 5586 | 5845 | 7476 | 8677 | 8795 | 8960 | 8400 | 7837 | 7715 | 7814 | 7739 | 8590
PCTs FROM INDIA 29 47 73 112 | 160 | 202 | 223 | 235 | 224 | 228 | 250 | 255 | 295 | 256 | 285
INDIA % OF GLOBAL | 0.8% | 1.1% | 1.5% | 2.0% | 2.7% | 2.7% | 2.6% | 2.7% | 2.5% | 2.7% | 3.2% | 3.3% | 3.8% | 3.3% | 3.3%

Source: WIPO IP Statistics Date Center, 2016.

norms for its development, manufacturing, distribution
and promotion. More than 100 countties have established
regulatory requirements for approval of a drug product.
For a worldwide regulatory dossier submission; the
company must have a thorough knowledge of country
specific guidelines and norms that are to be followed
while developing, manufacturing, testing, distributing
and promoting a drug product. Global pharmaceutical
market is divided into two groups: Regulated and
Emerging Markets. Regulated markets comprises of
countries having defined regulatory requirements set
by regulatory authorities. North America (including US
and Canada) and European Union are the biggest and
are categorized as regulated markets. Emerging markets
are those countries that are still in the process of putting
forward a defined set of regulations for drugs. These
include Rest of the World (ROW) with Brazil, Russia,
India, China and South Africa being the largest and high
potential emerging markets.'”

Regulatory filings are further divided into two groups
namely; bulk drugs and formulations. Regulatory filing
or the dossier required to be filed for bulk drug is called
DMF (Drug Master File). DMF is to be filed before
the USFDA for authorizing the use of a bulk drug
in a formulation that is intended to be sold in the US
market. In US, regulatory filing with USFDA to obtain
marketing authorization for a formulation (new product)
is called NDA (New Drug Application) and for a
generic product is called ANDA (Abbreviated New
Drug Application).” In Europe, regulatory filing with
EMA (European Medicines Agency) for a formulation
is called Marketing Authorization.

India’s Pharmaceutical Industry is known “Global
pharmacy of the world”. India offers almost every product
which has gone off patent and with a large base of
manufacturing units. During the period 2008-2017, US
FDA approved total 5,020 ANDAs and 1184 tentative
approvals. Out of this, Indian companies achieved 1,695
ANDA approvals and 455 tentative approvals." The
average rate of securing approvals by Indian pharma
companies worked out to almost 34 per cent for last
decade (2008-2017). Thus, Indian pharma companies
received healthy product approvals from highly regulated
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US body which turned into higher export earnings."
Many prior studies have been done to analyze the inno-
vative activities of Indian pharmaceutical industry post
TRIPS and post introduction of product patent regime.
Majority of these studies analyzed the trend of R and
D expenditure and patenting activity post TRIPS and
few of them studied the relationship of R and D activity
and exports.”*'??" This study is unique in terms of
analyzing the impact of R and D intensity, regulatory
filings and patents on export intensity of Indian phar-
maceutical industry because Indian pharmaceutical sector
is largely export oriented and major export revenue is
from supply of generics to highly regulated markets like
North America, Europe, South Africa, Russia and Latin
America.

There have been many studies that discussed the effect
of R and D intensities on firm productivity, profitability
and export performance in technology intensive sectors
like pharmaceuticals, electronics, information technology
and automobiles. It was observed that R and D activities
had a greater role on growth, sustainability, profitability
and export performance in drugs, chemicals and phar-
maceutical sector. Post 2005, Indian pharmaceutical sector
had seen a significant increase in R and D intensity.
During the same period; the Indian pharmaceutical sector
had also shown a significant increase in exports'®'® It
is therefore important to assess the impact of increasing
R and D intensity, regulatory filings (ANDAs and
DMFs) and total patents granted on the export intensity
of Indian pharmaceutical sector. This study aims at
analyzing the impact of R and D intensity, regulatory
filings and total patents granted on export intensity of
Indian pharmaceutical industry by fitting the variables
in a structural model. Here export intensity has been
taken as dependent variable and R and D intensity,
regulatory filings and total patents granted as indepen-
dent variables. On the basis of interpretations made
from the literature review and gaps identified for this
study; following hypothesis was framed:

Hypothesis

* H—Rand D intensity affects exports intensity
* H,- Exports intensity affects R and D intensity
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* H-Rand D intensity affects Regulatory filings
* H,-Rand D intensity affects total patent grants

Data, Methodology and Analysis

The study uses real financial data for Indian pharma-
ceutical industry for period 2000-01 to 2013-14. The
study period starts from 2000-01 as the R and D intensity
of Indian pharmaceutical industry; patent data as
well as regulatory filings were negligible prior to 2000-01.
As the study takes into the regulatory filings, therefore
the data up to 2013-14 has been taken into account
as USFDA was reporting ANDA and DMF filings till
2013-14 and thereafter the reporting pattern changed
to ANDA and DMF approvals. For this reason, the
study period was selected as 2000-01 to 2013-14. The
data for exports and R and D expenditure have been
drawn from Center for Monitoring of Indian Economy
(CMIE), Prowess Database. Data for ANDA and DMF
filings (referred as regulatory filings) have been taken
from annual reports of Department of Pharmaceuticals,
Government of India and United States Food and
Drug Administration (USFDA). Patent data has been
extracted from World Intellectual Property Organization
(WIPO) Statistics Database. Table 5 shows the data set
on regulatory filings and patents for the study period
and Table 6 enumerates data on total sales, exports,
R and D expenditure, Export intensity and R and D
intensity of Indian Pharmaceutical Industry.

Methodology

Eviews 8 was used for statistical and econometric analysis.
All data points were made stationary by converting to
natural log and then taking first difference. A stationary
time series is the one whose mean, variance and auto
correlation structure is constant over time. Stationarity
is important in time series analysis as two random
variables can be independent in one way, but they can be
dependent in various ways. So, stationarity is a way of
modeling the dependent structure. Therefore, the
concept of stationarity is important for modeling
non-independent data. In addition to this, stationary
processes avoid the problem of spurious regression. Data
transformation was performed to achieve stationarity. If
the time series is non-stationary, it can be transformed
with differencing the data. The differenced data will
have one less point than the original data. Differencing
can be done more than once. However, one difference is
usually sufficient. For non-constant variance, taking the
logarithm of the series stabilized the variance.

This study attempts at determining a causal relationship
between variables namely; R and D intensity (RDI),
pharmaceutical (PEI),

export intensity regulatory

filings (RF) and total patents granted (TP). Econometric
analysis was performed using Granger causality to test
two way causal relationships amongst the variables. This
was followed by fitting the variables into Autoregressive
distributed lag (ARDL) model.

Granger causality is a way to investigate causality
between two variables in a time series. The method is a
probabilistic account of causality. It uses empirical data
sets to find patterns of correlation. Granger causality is
used to understand the causal effects amongst variables.
It is a statistical concept of causality that is based on
prediction. According to Granger causality, if a signal
X1 “Granger-causes” a signal X2, then past values of
X1 should contain information that helps predict X2
above and beyond the information contained in past
values of X2 alone. Its mathematical formulation is based
on linear regression modeling of stochastic processes.”
In applied econometrics, the Granger (1981) and Engle
and Granger (1987), Auto-regressive Distributed Lag
(ARDL) technique have become the solution to deter-
mining the long run relationship between series that are
non stationary. Autoregressive distributed lag (ARDL)
are standard least squares regressions which include
lags of both dependent variable and explanatory variables
as regressors.”” ARDL models have been in use for
decades but they gained popularity in recent years as a
method of examining long-run relationships between
variables. ARDL technique is used when dealing with
variables in a small sample size as in this case only 13
relevant data points are available. ARDL model is used
to analyze relationship between variables namely; R and
D intensity, regulatory filings, total patents and pharma-
ceutical exports intensity, especially with lagged values.
Pairwise Granger causality test with two years amongst
variables namely; pharmaceutical export intensity and R
and D intensity suggested that pharmaceutical export
intensity Granger Causes R and D intensity. Also, regu-
latory filings were found to be Granger Causing R and
D intensity. Total patents granted to the Indian pharma-
ceutical industry were found to be Granger causing R
and D intensity and regulatory filings were found to be
Granger causing total patents (Table 7).

Results of Pairwise Granger causality test with one year
lag (as shown in Table 8) are more significant as
compared to that with two years lag. R and D intensity
was found to be Granger causing export intensity.
Regulatory filings were found to be Granger causing
R and D intensity. Regulatory filings as well as total
patents were also found to be Granger causing pharma-
ceutical exports. Also, two way Granger causality was
found between total patents and regulatory filings.
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Table 5: Data Set: Regulatory Filings and Patents Granted in Indian Pharmaceutical Industry during 2000-01 to

2013-14.

Year No. of No. of Regulatory Filings Pharmaceutical Pharmaceutical Patents Total
ANDAs DMFs (ANDAs and DMFs) | PCT Publications (India Origin) Patents

2000-01 9 220 229 29 27 56
2001-02 9 246 255 47 52 99
2002-03 15 330 345 73 74 147
2003-04 22 391 413 112 134 246
2004-05 23 550 573 160 219 379
2005-06 48 576 624 202 180 382
2006-07 63 586 649 223 327 550
2007-08 117 645 762 235 278 513
2008-09 137 632 769 224 296 520
2009-10 126 710 836 228 269 497
2010-11 130 719 849 250 295 545
2011-12 154 743 897 255 241 496
2012-13 201 804 1005 295 340 635
2013-14 158 780 938 256 379 635

Source; Annual reports of Department of Pharmaceuticals-Government of India, WIPO IP Statistics Data Center.

Table 6: Data Set: Total Sales, Exports, R and D Expenditure, Export Intensity and

R and D Intensity of Indian Pharmaceutical Indian Industry during 2000-01 to 2013-14.

ar | eS| Pamatoets | pgeduron | PPyeSer | Phama Rand0
Crores)
2000-01 26391 10557 526 0.400023 0.019931
2001-02 28581 13643 691 0.477345 0.024177
2002-03 32772 12826 887 0.391371 0.027066
2003-04 39859 15213 1433 0.38167 0.035952
2004-05 42942 17228 1993 0.401192 0.046411
2005-06 52535 21230 2663 0.404112 0.05069
2006-07 63573 25666 3027 0.403725 0.047615
2007-08 73597 29354 3455 0.398848 0.046945
2008-09 85298 39821 4161 0.466846 0.048782
2009-10 97419 42456 4328 0.435808 0.044427
2010-11 110977 48810 4438 0.439821 0.03999
2011-12 123096 65000 5859 0.528043 0.047597
2012-13 121506 79400 6509 0.653466 0.053569
2013-14 136949 81234 6659 0.593169 0.048624

Source: CMIE, Prowess Database and Directorate General of Commercial Statistics and Intelligence, Govt. of India.

Once the Granger causality was tested; the variables
were fitted in Autoregressive distributed Lag (ARDL)
model. Pharmaceutical exports intensity was kept as
dependent variable whereas R and D intensity, total
patents and regulatory filings were kept as independent
variables. Results of the ARDL model using ordinary

Indian Journal of Pharmaceutical Education and Research | Vol 53 | Issue 4 | Oct-Dec, 2019

least squares method (OLS method) is provided in
Table 9.

Estimation equation suggested that the current year
R and D intensity is having a strong and significant
impact on pharmaceutical export intensity. Lagged year
regulatory filings were found to have a significant and
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Table 7: Pairwise Granger Causality Test

Table 9: ARDL Model.

(with 2 years lag). Dependent Variable: PEI
Pairwise Granger Causality Tests Method: Least Squares
Sample: 1 14 Sample (adjusted): 2 14
Lags: 2 Included observations: 13 after adjustments
Null Hypothesis: Obs F-Statistic Prob. Variable Coefficient | Std. Error | t-Statistic Prob.
DRDI does not Granger Cause RDI 7.830368 | 2.846284 | 2.751085 | 0.0403
DPEI 11 1.99805 | 0.2163 LNTP -0.129055 | 0.097836 |-1.319097 | 0.2443
DPEI does not Granger Cause DRDI 7.82871 0.0213 LNRF 0.249905 | 0.215931 | 1.157340 | 0.2994
DRF does not Granger Cause C -1.387805 | 0.445791 |-3.113127 | 0.0265
P i Siless | 0y PEI(-1) | 0.368086 | 0.191750 | 1.919616 | 0.1130
DTP does not Granger Cause LNTP (-1) -0.297353 | 0.096082 |-3.094786 | 0.0270
DPEI 1 1.96937 | 0.2200
LNRF (-1) 0.356776 | 0.120209 | 2.967952 | 0.0312
DPEI d t G C DTP 2.66938 | 0.1482
0CS Not branger ~ause R-squared 0.936636 | Mean dependent var | 0.459647
DRF does not Granger Cause Adjusted
Rt i Breais LL0EES R-squared 0.847926 S.D. dependent var | 0.084393
DRDI does not Granger Cause DRF 4.16099 0.0735 S.E. of
DTP does not Granger Cause regression 0.032910 | Akaike info criterion |-3.714808
DRDI 11 6.88728 | 0.0279 Sum squared
DRDI does not Granger Cause DTP 26.8067 0.0010 resid 0.005415 Schwarz criterion -3.367147
DTP does not Granger Cause Log likelihood | 32.14625 | Hannan-Quinn criter. | -3.786268
DRF 1 1.96293 0.2209 F-statistic 10.55845 Durbin-Watson stat | 1.579074
DRF does not Granger Cause DTP 13.0197 | 0.0066 Prob(F-statistic) | 0.009784

Table 8: Pairwise Granger Causality Test
(with 1-year lag).

Pairwise Granger Causality Tests
Sample: 1 14
Lags: 1
Null Hypothesis: Obs | F-Statistic Prob.
DPEI does not Granger Cause
DRDI 12 0.60300 0.4574
DRDI does not Granger Cause DPEI 3.75138 0.0847
DRF does not Granger Cause
DRDI 12 20.0445 0.0015
DRDI does not Granger Cause DRF 78.3758 1.E-05
DTP does not Granger Cause
DRDI 12 64.8069 2.E-05
DRDI does not Granger Cause DTP 469.740 4.E-09
DRF does not Granger Cause
DPEI 12 3.89655 0.0798
DPEI does not Granger Cause DRF 0.93581 0.3586
DTP does not Granger Cause
DPEI 12 3.90333 0.0796
DPEI does not Granger Cause DTP 0.81170 0.3911
DTP does not Granger Cause
DRF 12 17.6064 0.0023
DRF does not Granger Cause DTP 12.5278 0.0063
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positive impact on pharmaceutical export intensity.
Last year total patents had a significant but negative
impact on pharmaceutical export intensity. The results
of ARDL model (Table 9) suggests that 1% increase in
total patents granted (lagged year) leads to reduction in
pharmaceutical exports intensity by 0.0029 units. Also,
it was observed that 1% increase in regulatory filings
(lagged year) leads to increase in pharmaceutical exports
intensity by 0.0035 units. The intercept (constant) has a
negative value (-1.3878). It implies that in absence of
independent variables namely lagged year total patents
and regulatory filings; Indian would become net importer
of pharmaceutical products. The ARDL model passes
normality test as the residuals were distributed normally
(Figure 3). The model is able to explain 93% variation
in pharmaceutical export intensity in the sample period.
It is also a highly significant model with F —stat value of
10.56 (approx.) at 5% significance. Durbin Watson stat
value is between 1.5 and 2.5 signifying nil auto correlation.

Estimation Equation:

PEI = C (1)*RDI + C(2)*LNTP + C(3)*LNRF + C(4)
+ C(5)*PEI(-1) + C(6)*RDI(-1) + C(7)*LNTP(-1) +
C(8)*LNRF(-1)

Indian Journal of Pharmaceutical Education and Research | Vol 53 | Issue 4 | Oct-Dec, 2019
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Series: Residuals
Sample 2 14
Observations 13
3 —
Mean 3.42e-16
Median 0.001162
Maximum 0.043673
2| Minimum -0.035395
Std. Dev. 0.021243
Skewness 0.270891
Kurtosis 2.736779
14
Jarque-Bera  0.196523
Probability 0.906412
0 T T
0.02 0.03 0.04 0.05

-004 -003 -002 -001 000 001

Figure 3: Residual Normality Test.

Substituted Coefficients

PEI=7.83036786817*RDI - 0.129054815071*LNTP +
0.249905471423*LNRF — 1.38780509718 + 0.368086
474034*PEI(-1)-1.26534694728*RDI(-1)-0.2973529
06006*LNTP (-1) + 0.356775923807*LNRF (-1)

RESULTS AND DISCUSSION

Pair wise Granger causality amongst variables namely;
R and D intensity, total patents granted, regulatory filings
and export intensity was studied to determine the causal
relationship amongst these variables with one-year lag.
It was found that R and D intensity Granger causes
export intensity. A two-way causal relationship was
found between regulatory filings and R and D intensity.
Similarly, a two-way causal relationship was observed
amongst variables; total patents and regulatory filings.
Also, total patents granted as well as regulatory filings
were found to be Granger causing pharmaceutical
export intensity.

Pair wise Granger causality amongst these variables was
studied using two years lag as well and it was found that
pharmaceutical export intensity Granger causes R and
D intensity. Total patents were found to be Granger
causing R and D intensity and a reverse causality was
also found in this case. Regulatory filings were found
to be causing R and D intensity as well as total patent
grants with two years lag,

Results of Granger causality tests can be explained with
the fact that R and D expenditure is aimed at developing
new products for domestic as well as overseas markets.
These findings are in line with the recent trend amongst
leading Indian pharmaceutical firms to invest in R and D
to boost their presences in regulated markets like US
and Europe and that the ANDA and DMF approvals
are one of the major R and D productivity indicators in
India. This is in line with well-established trade-innovation
macroeconomic framework that offers mainstream
theoretical models to account for a relationship between
R and D/innovation and exporting with the causation
running from the former to the latter. This theoretical

model is supported by the fact that a majority of phar-
maceutical exports from India is to North America and
especially for products going off patent in specific years.
Moreover, due to intense competition and rapid price
erosion in the generic drug market of North America,
Indian companies have to build a pipeline of ANDAs
to retain sales. Also, due to price erosion, it becomes
imperative for Indian firms to remain competitive in
terms of pricing to retain their market share for respective
products. This requires continuous R and D effort
for process innovation to reduce costs. Furthermore,
increasing exports to a certain geographical destination
leads to further export orders requiring capacity expansion
and process modification. Investments in Research and
Development (R and D) by Indian pharma companies
had helped the Indian pharmaceutical sector to establish
strong presence in the highly regulated markets (North
America and BEurope) as well as in emerging markets
(Brazil, Russia, South Africa and China). India has a
market share of 42% in the generic medicine market
of Africa and Middle East taken together. Indian
companies have filed the highest number of DMFs with
USFDA in 2016 and the total number of ANDAs filed
from India till June 2017 was 4000. Indian pharmaceutical
industry therefore became global pharmacy for the
wortld as it offered almost every pharmaceutical product
patent expiration.* Strong competition in international
market and patent expiration motivated Indian companies
to step up R and D expenditure to ensure steady growth
in sales. With higher investment in R and D, Indian
companies obtained larger share of approvals from
highly regulated authorities and introduced several
generic products in international market. These compa-
nies are focusing on high-barrier-to-entry products that
are difficult to formulate, difficult to manufacture or
may face complex legal and regulatory challenges. During
2006 to 2012, drugs worth USD 192 billion lost patent
protection worldwide and Indian firms capitalized on
this opportunity through development and launch of
generic versions of patented products. Also, during
2013 to 2018, drugs worth USD 221 billion were to lose
patent protection and Indian firms developed generic
versions that could be launched upon patent expiries.”
Therefore, the result of Granger causality corroborate
with the Industry trend of R and D expenditure being
aimed at developing a pipeline of ANDAs and DMFs.

The variables namely; pharmaceutical export intensity,
R and D intensity, regulatory filings and total patent
granted were fitted into an econometric model to under-
stand the relationship amongst these variables and to
derive a structural equation. For this purpose, ARDL
model was used. ARDL model with ordinary least
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squares (OLS) method. Pharmaceutical export intensity
was kept as dependent variable and R and D intensity,
regulatory filings and total patents as independent
variables. ARDL model suggested that the current year
R and D intensity had a positive and significant impact
on pharmaceutical export intensity. Also, the lagged year
regulatory filings had a positive and significant impact
on export intensity of Indian pharmaceutical industry.
Results of the ARDL model suggested that lagged year
total patents granted to Indian pharmaceutical industry
had a significant but negative impact on export intensity.
This seems to be merely a statistical artifact as patents
filed through PCT route are aimed at securing innova-
tions in overseas markets and shall have a positive impact
on export intensity. This result does not corroborate
with the finding of previous studies wherein patenting
activity is positively affecting pharmaceutical exports.'
Total patents granted may not have a positive impact on
exports over one year lag as patents are mainly a
protection for an innovative product or process. It is
then followed by further development and testing of
the new product which may take 3-4 years time till it is
approved by regulatory authorities for launch.”

CONCLUSION

Indian pharmaceutical industry had grown at a steady
rate since India’s compliance to TRIPS in 1995 and
thereafter the introduction of product patent regime in
2005. It was observed that Indian firms increased their
R and D expenditure significantly from 2005 mainly for
two reasons namely; development of new drugs and
development of generics for regulated markets of US
and Europe. During the period 2005-06 to 2015-16;
Indian pharmaceutical industry became more export
oriented with nearly sixty percent revenue contribu-
tion from exports. Increased R and D expenditure from
Indian firms lead to emergence of functional areas like
R and D project management, in/out licensing and
business development, that were aimed at maximizing
R and D output and enhancing global outreach through
various collaborative models. Indian pharmaceutical
industries started investing 5-6% of their revenues into
R and D. However innovative output in terms of new
drugs was almost negligible. Only few companies like
Ranbaxy (Now Sun Pharmaceuticals), Lupin, Dr. Reddy’s
laboratories and Zydus Cadila were able to develop and
commercialize new drugs. Most companies focused
their R and D efforts towards development of super
generics, first to file (FTF) applications and Paragraph
IV applications for generic exclusivity in the US markets
and largely towards creating a generic drugs pipeline

in line with the patent expiration in US, Canada and
European markets.

It was observed that creation of state-of-the-art Rand D
facilities and manufacturing plants (complying with US
and EU norms) was aimed at developing and exporting
generic drugs to regulated markets of US and Europe.
Due to the changing dynamics of Indian pharmaceutical
industry, R and D became the driver of exports because
marketing authorizations in overseas markets (for example
ANDAs in US) could be obtained with detailed product
development data, quality data, good manufacturing
practices (GMP) compliance, bioequivalence data and
all R and D inputs. It was found from the current
study that Indian pharmaceutical exports were mainly
driven by regulatory filings (ANDAs and DMFs) and
not by total patents granted. It is implied that in post
TRIPS era (post 1995) and after the start of product
patent regime (post 1** Jan 2005); Indian pharmaceutical
firms increased their R and D expenditure in order to
enhance patenting activity and at the same time leveraged
the opportunity of supplying generics to lucrative
regulated markets like US and Europe. During the study
period 2000-01 to 2013-14; there was a surge in
patenting activity as well as in filing ANDAs and DMF's.
In 2013, Indian firms contributed 36% of all ANDA
approvals which led to approximately 40% share of
Indian firms in the US generic market. It was observed
that the share of exports of patented products in Indian
pharmaceutical exports was very small. However, the
share of Indian firms in global PCT publications in
pharmaceutical domain was 3.3% which was found to
be comparatively higher to the share of global patents
granted. This suggests that Indian firms had been
targeting overseas markets more intensively for patented
products besides being amongst major generics supplier
to the global markets. However, the success rate in
exporting patented products to global markets had been
very low. Also, the impact of total patents granted on
pharmaceutical exports was comparatively weaker than
that of regulatory filings especially in terms of DMFs
and ANDAs. It is mainly because patents are filed
during development stages of a product whereas
regulatory filings are the final dossiers being filed with
regulatory authorities to obtain marketing authorization
in a particular geographic location/country. Moreovet,
regulatory filings are made with a sole purpose of
exporting the product to a specific country. On the other
hand, patents are filed to protect the novelty of a product.
Many times the patents granted are for processes and
is aimed at gaining competitive advantage and are not
mainly aimed at boosting exports. Also, there are few
instances wherein Indian firms have been able to get
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product patent and that the same product seldom passes
regulatory scrutiny in overseas markets. There have been
fewer instances of Indian firms launching an innovative
patented product on global scale.™

Based on the results of the analysis of R and D expen-
diture, patents and regulatory filings on Pharmaceutical
Exports, it was observed that R and D efforts as well
as R and D expenditure made by Indian pharmaceutical
industry were focused at developing generics (due to
patent expiries) for developed markets especially US and
Europe. It is evident that fewer resources were committed
towards innovative research resulting in fewer patents.
It was observed that the R and D effort of Indian
pharmaceutical industry was mainly aimed at boosting
exports of generics to developed markets of US and
Europe where better prices and profits can be achieved.
This finding was validated from the fact that nearly sixty
percent of the revenue of Indian pharmaceutical firms
is from exports and India has the largest share in generics
market in the US. Till such time there is no structural
breakthrough, the strategy of generic dominance can be
pursued strongly.
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SUMMARY

It was observed that R and D activities had a greater
role on growth, sustainability, profitability and export
performance in drugs, chemicals and pharmaceutical
sector. Post 2005, Indian pharmaceutical sector had
seen a significant increase in R and D intensity. During
the same period; the Indian pharmaceutical sector had
also shown a significant increase in exports. Impact of
R and D intensity, regulatory filings and total patents
granted on export intensity of Indian pharmaceutical
industry have been analyzed by fitting the variables in
a structural model. Export intensity has been taken
as dependent variable and R and D intensity, regulatory
filings and total patents granted as independent
variables. The data for exports and R and D expendi-
ture have been drawn from Center for Monitoring of
Indian Economy (CMIE), Prowess Database. Data for
ANDA and DMF filings (referred as regulatory filings)
have been taken from annual reports of Department
of Pharmaceuticals, Government of India and United
States Food and Drug Administration (USFDA). Patent
data has been extracted from World Intellectual Property
Organization (WIPO) Statistics Database. Two-way
Granger Causality was tested amongst the variables
and subsequently the variables were fitted into ARDL
model. Export intensity has been taken as dependent
variable and R and D intensity, regulatory filings and
total patents granted as independent variables. ARDL
model suggested that the current year R and D intensity
had a positive and significant impact on pharmaceutical
export intensity. Also, the lagged year regulatory filings
had a positive and significant impact on export intensity
of Indian pharmaceutical industry. It was observed that
R and D efforts as well as R and D expenditure made by
Indian pharmaceutical industry were focused at devel-
oping generics (due to patent expiries) for developed
markets especially US and Europe. It is evident that
fewer resources were committed towards innovative
research resulting in fewer patents.
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