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Abstract

Recombinant drug products successfully treat many life-threatening and chronic diseases. The high cost of these drugs makes
them inaccessible to the patients particularly in developing countries. Patent expiration of innovator recombinant drug products
has led to the development of biosimilars or similar biologics by several manufacturers. Unlike generics, these are not identical to
their innovator products because of the differences in the manufacturing process; however, they are similar in quality charac-
teristics, biological activity, safety, and efficacy. The regulatory procedures used for generic drugs cannot be applied for biosimilars
as they are large complex structures produced from living cells and can produce potential risk of immune-based adverse reactions.
Out of several safety issues related to biosimilars, two main safety concerns are variable potency and immunogenicity, for which a
robust long-term pharmacovigilance system is needed. Various guidelines have been issued for the regulatory approval and
pharmacovigilance of biosimilars by USFDA, EU, and pharma-emerging countries like China and India. The article includes the
pharmacovigilance plan of biosimilars in these countries, discusses the challenges and opportunities in pharmacovigilance through
spontaneous reporting systems, and suggests amendments in the existing suspected adverse event reporting form of the Phar-
macovigilance Programme of India.
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a comprehensive comparability exercise but not identical to the
innovator product because of variations that may occur during the
manufacturing process.’

The objective of this article is to (1) review the current status
and challenges in pharmacovigilance of biosimilars and (2)
describe opportunities in pharmacovigilance of biosimilars
through a spontaneous reporting system (SRS).

Introduction

Recombinant therapeutics (rDNA based drug products and
Biosimilars) are recognized as an important class of
therapeutics because of their selectivity and specificity toward
molecular target on cell surface. In spite of having high
molecular weight and complex structures and being
manufactured through living systems, these recombinant
therapeutics had revolutionized the treatment of chronic
diseases like solid tumors or hematologic cancers,
immune-mediated disorders, rheumatoid arthritis, psoriasis,
psoriatic arthritis, Crohn disease, ankylosing spondylitis,
neurologic diseases, etc'* in the past 3 decades. Recombinant
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therapeutics includes protein therapeutics, monoclonal
antibodies, and fusion proteins. Expiry of patents/data
protection for these innovator recombinant drugs encouraged
various manufacturers for developing “similar biologics” or
“biosimilars” or “follow-on biologics.” As the name implies,
these are similar to the innovator product in terms of quality
characteristics, biological activity, safety, and efficacy based on
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Pharmacovigilance of rDNA-Based Drug
Products and Biosimilars: Global Status

Development of biosimilars not only reduces the health care
cost but also increases the number of marketing authorizations,
thereby increasing the access to these biotherapeutics,* which
was demonstrated through an analysis in 21 European countries
that the average cost of erythropoietin decreased to 35% from
2006 to 2013.* An important concern of these similar biologics
is their safety. Similar biologics with similar safety profile to
that of their reference product is a challenge owing to complexity
in structure, complicated manufacturing process, and
stability profile.”® Safety of biosimilars varies because of
immunogenicity, hypersensitivity reactions, and an increased
risk for other adverse effects.” Studies have also emphasized
the need for an adequate and robust postmarketing
pharmacovigilance system for biosimilars.***

Unites States America (USA), European Union (EU), and
pharma-emerging countries like India, China, etc have
issued various guidelines for regulatory approval and
pharmacovigilance of biosimilars.'®"® The European Medicines
Agency (EMA), responsible for pharmacovigilance of drugs
approved for marketing in EU, adopted new recommendations
for pharmacovigilance of biosimilars with respect to biologic-
specific challenges in the year 2016."" The EMA has also issued
product-specific guidelines for pharmacovigilance of biosimilars
such as cohort studies to monitor safety of erythropoietin
biosimilars, collection of long term safety data on the use of
granulocyte colony—stimulating factor etc.'* The Unites States
Food and Drug Administration (USFDA) provides “biosimilar”
or “biosimilar and interchangeable” status to these biosimilars
based on “totality of the evidence approach” and the Center for
Drug Evaluation and Research (CDER) is responsible for the
pharmacovigilance of biosimilars in USA.'®!> Postmarketing
surveillance of drugs including biosimilars were done by both an
SRS through the MedWatch and Active Surveillance (AS)
methods through a retrospective analysis of medical records.'®
USFDA adopted a new guideline for nomenclature of
biosimilars, which will improve the pharmacovigilance of
biosimilars, in which USFDA intends to suffix 4 lowercase
letters as biologics qualifier to the International Nonproprietary
Name (INN) in case of biosimilars,'”'® for example,
Filgrastim-sndz. In 2015 the first biosimilar filgrastim-sndz was
approved by USFDA.' EMA and USFDA recommend attention
on pharmacovigilance due to immunologic reaction and its
reflection in a pharmacovigilance plan. Different safety
profiles may be observed among the innovator biosimilar(s)
postmarketing in the long term as these products evolve through
their life cycle.'® Biosimilars approved by USFDA'® and EMA'!
since 2007 are shown in Table 1.

Pharma-emerging countries like India and China have also
released guidelines for biosimilars in the year 2012 (revised in
2016) and 2015, respectively.'*'*?% In India, these rDNA-
based drugs are approved as “New Drugs,” not as biosimilars
or similar biologics and more than 50 rDNA-based drugs have

been approved for marketing by the Drugs Controller General of
India since 1999 (Table 2).'* Guidelines state that postmarketing
pharmacovigilance should be as per the schedule Y of Drugs and
Cosmetics Act 1940 and Rules 1945.'> The pharmacovigilance
plan should primarily be able to monitor safety but should also
be capable of monitoring efficacy and immunogenicity (long-
term and short-term).'**! To ensure the safety of drugs in India,
the Indian Pharmacopoeia Commission (IPC) functions as the
National Coordination Centre (NCC) for the Pharmacovigilance
Program of India (PvPI) since April 15, 2011,** which is also
a WHO Collaborating Centre for Pharmacovigilance in
Public Health Programmes and Regulatory Services.”> The
pharmacovigilance plan in China emphasizes on monitoring of
safety and immunogenicity of biosimilars. China had approved
382 genetically engineered drugs and vaccines, among which
only 21 are innovator products while the rest are biosimilars,
according to SMEI data.** Comparison of pharmacovigilance
regulation in USA, EU, India, and China are shown in Table 3.

Challenges in Pharmacovigilance
of Biosimilars

Current pharmacovigilance paradigm applied for small-molecule
drugs is highly insufficient for monitoring the safety of
biosimilars because of the manufacturing differences and
complexities among biosimilars and structural difference
between similar biologics and their reference products,''*!7>
structural characteristic of drug, which may initiate long- or
short-term immunologic reactions. Immunogenicity to these
biosimilars results in the development of anti-drug antibodies
(ADAs). These ADAs are neutralizing antibodies (NAs) that
neutralize the activity of these therapeutic proteins and cause
reduced efficacy. In the worst case, ADAs neutralize the
endogenous counterpart also, or non-neutralizing antibodies
(NNAs), which in some cases enhance the rate of clearance of
drug.*® It is also important to understand the significant time lag
between the administration of biosimilars and appearance of
adverse event(s) because of delayed immunogenic reactions,
which also creates difficulty in defining causal relation to the
particular batch or lot or product. Anaphylaxis and
hypersensitivity reactions are the two main safety concerns due
to immunological reaction to these drugs.’*® Process- and
product-related impurities also lead to immunogenicity in many
therapeutic proteins. Humanized therapeutic monoclonal
antibodies are less immunogenic than non-humanized
therapeutic monoclonal antibodies.’*®*® Post-translational
modifications like glycosylation, oxidation, amidation, etc also
cause immunogenicity. Difference in process and process-related
impurities among innovator and similar biologics leads to
differences in safety profile. Adverse events due to immunologic
reactions and different impurities profile warrant the long-term
postmarketing pharmacovigilance plan for both similar biologics
and their reference products.



HqwD zopues 810t qewixijyu]
o133 siseliosd anbeid ‘splayae oneriosd
VW 2doung J4szld €10T qewixiju| U] J9zld /10T ‘91EX3.30439W YIIM UOIIBUIQUIOD xagb-qewixijyu|
| Areduny ‘P11 ul SIIIYIJE PIOJBWNSYJ ‘SI3|0D DANEBISIIN
aJedyiesH uolPD €10T qewixiyu] ‘oD sisdsoig 3unswes /]0¢ ‘aseasIp uyouD dLnelpad ‘eseasip uyodd Bpge-qeuWIXIju|
siseliosd ‘splaye oneliosd siseriosd
‘S11|0D 9AIBIS|N ‘DSEISIP UYOJD) ‘SLIYILIE anbed ‘spiayaae operiosd ‘spijApuods
(3INgs) paywiry projewnayJ ‘spijApuods uisojljuy 3uisojljue ‘splaylJe plojewnayd
N sidsoig Bunswes 9|0t qewixiyu| Ul ‘uolI|RD 910T ‘S[11]0D SANEID|N ‘@SEISIP UYOJD) qAAp-qewixipu)
JE|IWISOIq qeIXijjul
HqwWD
[euoneuILIU|
wisy|a3u| 493uliysog /10T qewnuwi|epy
Ag @doun3y usdwy /0T qewnuwijepy
Ag 2doung uadwy /10T snaylJe oneosd ‘snijApuods qewnuwifepy
Hqwo zopues 8]0T SuisojA>jue ‘snI[od SAIIRILDIN ‘sBIIYIIE qewnuwijepy
(3INgs) paywn ‘SIIJYIIE PIOIBWINSY ‘SISAN ‘DSEISIP
3N sideoig Sunswes 7|07 uyodD ‘siseliosd ‘eAneanddns spiuspedpiH  qewnuwijepy
SIIDAN ‘SplIYIIE
plojewnayJ ajiuaAn( ‘siseriosd ‘spijApuods
Hqwo zopues 8]0T Suisojl>jue ‘eApeanddns spjuspedpl  qewnwiepy ouj usdwy 9]0¢ o)e-qewnuwijepy
sniJyaie onelosd
‘sijApuods 3uisojAdue ‘spIjod 9ANEJIII|N siseliosd anbejd ‘snijod aAnesad|n
‘SNIJYLIE ‘SNIIYLIE PIOJBWNSYJ ‘SISAN ou) ‘aseas|p uyoud npe ‘snijlpuods
‘aseasIp uyou? ‘siseliosd ‘eaneanddns ‘sjeonanadew.eyd 3uisojAjue ‘spraye oneosd ‘snlaylie
spjuspe.ply ‘snowenbsojnded wiayja8u| 4a8uliyaog 7107 2yredolpl siusAn( ‘spliyIe plojewnayy wqpe-qewnwijepy
HQWo zopues g|Qg ‘SOSESSIP UD(S ‘SIIYLIE PIOJBWNSY SIUSAN[  qewnuwijepy ‘U] ZOpueS 8|0¢T Zepe-qewnuwijepy
JE|lWISOIq qewinwifepy
‘Hdwo uelly 810T s8nup Jsdued-nue aAissauddnsopAw qpwl-wnsea3|yday
paywi ou| 3ulal@2a4 sappueuSiew plojaAw
aJesjesH pJoddy 8|0T eluadosinaN  wnsed3|y8aq  ‘sedusidgolg snisyod g7  -uou yum siusned ul ‘elusadosinau jliga4 Abgo-wnse.8|y3ay
Jejiwisolq wnsea3|ydad
HQWD zopues  600¢ wnse.s|iy
Hqwo BAS]  800T wnseJs|y4 BIUSdOJINBU JIUOIYD D49ASS
OV [eBX3H 600C wnsea3|i4 ‘pUE UOI123]|0d |92 Jonuadoud poolq
o133 |e4aydiuad snodojoane ‘uonejue|dsueny
VIA 2doung uszid 010T Jasued ‘uoneluedsuesy wnsesd|i4 MOJJBW SUOQ ‘BILANS| PIO[RAW
Hqwo wueydoney 800T ||22 was dnslodojewsy ‘eluadoninaN wnsea3|i4 sqe| J9zlyd 8107 23Inde ‘Adessyrowayd aAissaaddnsojpAw u) Ijee-wnse.s|l4
Ag @doung xa10dy £]10T wnsead|i4 eiuadouanau oiyzedolpi Jo ‘ejuadouinau
P11 211245 ‘eluado.anau [e3jusBuod ‘BIWSNB|
aJesyjesH pJoddy ]0T eluadoaanaN wnseJs|i4 du| ZOpues §|0T plojoAw s1nde ‘eluado.anau 3)1iga4 zpus-wnsea3|l4
Jejlwisolq wnseJs|l4
JaJandejnuel Jes uonesipu| snnadedsy | Jejluisolg JaJnidejnuely Jesp uonesipu| snnadedsy | Jejluisolg
900 ! 35414 VW3 (4) vadsn

"sVIWT PUE \¥A4SN Aq parouddy s.ejiwisolq *| ajqeL

669



(panunuod)

OV [eXeH £00T gj|e unaody
)|
0D HAWD J481nd
[@13IWIdUZIY 3IP3L £00T j|e unsody Auedwod aseasip
Hqwo zopues /00T aJn|ie} ASUpD] dIUOIYD ‘“BlLUBUY Bjje unsody  Jazld ' Ouj ‘eaidsoq |07 ASUPD]| J1UCJYD O} SNP BILISUE JO JUSWIBDI | xqda-gjje unsody
Jejlwisolq gjje unaody
sidued|od s1dossoudiw Onkdoydwi|
||93-g ‘sisojewojnue.d JSUSSIAA ‘ShLIYLIE
Hqwi zopues /]0T plojewnayJ ‘ewoydwA| upj8poH-uoN qewIXniry
snndued|od oidodsoudiw
BIWANI| d1UoJyd dnAdoydwA|
yy| A4eduny ||93-9 ‘sisojewo|NUE.IS JSUISIAA ‘SIIYLIE
aJedY3[edH UoLI|dD /10T projewnayJ ‘ewoydwA| uni8poH-uoN qewixniry
sisojewo|nue.d JauadapA 1kdoyduwi|
| A4eunH J1uoJyd ||93-g ‘elwana| ‘snndueAjod
aJedYyiesH uoLn|dD /10T s1dodsoudiw ‘upj8poH-uou ‘ewoydwA qeWIXNIIY
| A4eBuny sisojewojnueJd Jauadapp ‘shiiduedjod
aJedY3[edH UoLI|dD /10T s1doasouniw ‘ewoydwiA| un8poH-uoN qewixniry
snndued|od oidodsoudiw
‘SISOJBWO|NUE.S JSUSSIAA ‘BILL N3]
[193-g 2nAd0ydwA| d1uoayd ‘splayiie
Hqwo zopues /0T plojewnayJ ‘ewoydwA| upiSpoH-uoN qewixniry
| Areduny BIWAN] [|93-g “DlUOIYd
aJedYy3esH uoL|dD /10T snddoydwA| ‘ewoydwA| up8poH-uoN qewIXniry Je|lwisolq qewixXniry
swsejdoau aqny Jasued
ueidoj ey ‘ewourdJed unj ||93-|[ews—uou [BDIAJ9D ‘BWUOUIDJIED [|9D [BUSJ DIBISEIDW
‘swsejdoau 1sea.q ‘swise|doau UelIBAO ‘ewo3se|qol|d ‘4adued 3unj [[92 [[ews-uou
Ag 2doung usBwy g|o7 ‘swseidoau [eauoiliad ‘BwouUDIED |93 [BUDY  QRUWINZIDBASG ouj usdwy /|07 Sshowenbsuou ‘Jadued [£12910|00 J1IBISEIBL|  GMME-QBUINZIDBADY
Je|IWISOIq qeWNZIdBASg
(INgs) panwr
N sidsoig Bunswes 7|0z qewnznised |
DJEE]
VI @doung Jaziy4 810T qewnzmsed |
epaJg
‘Ag @doung uadwy 80T qewnzmsed | BWOUIDJBIOUIPE
| Areduny uonoun| jeadeydosso.ises
2JedY3[edH uoLI|dD 8]0T swisejdoau jsea.q ‘swisejdosu YoeWOIS  qBWNZNISEJ | Hqwo ueldly £10T Jo DL13seS dJeISEIDW ‘JIDUED ISealg IS P-qEWNZnIsed |
JE|IWISOIq qeWNZNISE. |
Jaunidejnuely Jes A uonesipu| snnadesay Jejiwisolq Jaunidgjnuely Jesp uonedipu| dnnadesay Jejlwisolg

900T U! 35414 VI3

(#24) va4sn

(penunuod) *| ayqeL

670



Aseyimid ‘wsiyremp

HQWo) Zopueg 9QQ7 ‘DWO.PUAS I|IAA-19P.I] ‘DWOJPUAS JauIN ] uidoyewog Jejluisolq uidoiewog
Ad BWJRYd BAS]  €]0C gjje uidoanjjog
d|d 42321y UOBPID) §|0T uonenaouy eje uidoudijjo4 Jejjwisolq eje uidoudijjo4
adnoun
SIUSAY/-JOUBS /|0T smyjow sa3aqelq  oJdsy| uinsu| Jejiwisolq oudsi| ulnsu|
SVS UBlAN 810T auigej8 uynsu
Ad pueapaN AN 13 10T auig.e(3 ulnsu
Ad dwyoeg
g daeys dpJasly £10T snyjlow so1aqelq auidJed ulnsu| Jejiwisolq auidae3 uinsuj
dld 433Yydly uospay /10T apne.edis |
oV
[@WIBUZIY YAV1S 10T sisododoaisg  apnesedius ) Jejiwisolq spnedJedis |
wnipos
VS uayrewJdeyd 910¢ ulaedexouy
wnipos
gy adoung mopyda] 9|0t wISI|oquI20qUIOJy3 SNOUSA ulsedexouy Jejlwisolq uiedexouy
P11 siseliosd
3N sideoig Sunswes 9|07 ‘SpIIYlJe ploJewnayd ‘SpIdYlJe d1elIoSd 1dadusuelg sniApuods
snijApuods ‘spiylae Suisojljue ‘spiayiae oneriosd ‘uspjo
plojewnayJ 8uisojAjue ajiuaAn| ‘siseriosd Jo A 7 pade syuaned ui spnaylie diyredolpl
Hqwo zopues /|0T ‘SI314Y3JB PIOJBWNSYJ ‘SI3IIYIIE D13elIOSY 1dedusuelgy Su| Zopueg 9|0z 3|ludAn| Jejnopuedjod ‘splylie plojewnayy szzs-3daoJusuelg
Jejlwisolq 3desusuelg
oV
[913WIBUZIY BPEIS /00T J3ued ‘aunjiey ASUpD| d1uoIYd €39z upaody
panwi 3N edidsoH 700T ‘snoSojo3ne ‘uoishjsue.) poo|q ‘BlwBUy 397 upsody
Jejlwisolq €39z upsody
JaJunioejnuely Jes uonesipu| dpnadesay | Jejjuisolg JaJnidgjnuel| Jes uopesipu| snnadesay | Jejjuisolg
9007 U1 38u14 V3T (4) vadsn

(penunuod) *| a|qe L

671



672

Therapeutic Innovation & Regulatory Science 54 (3)

Table 2. List of rDNA-Based Drugs Approved in India.

Name of Drug Manufacturer Date Indication
Pegfilgrastim Wockhardt Limited 2/25/2015 Chemotherapy-induced neutropenia
Reliance Life Limited 5/13/2016
Torrent Pharmaceuticals Limited Not available
Dr Reddy Laboratories Limited
Roche Scientific Company
Sarabhai Chemicals Specialities
Zydus Cadila Healthcare Limited
Filgrastim Cadila Healthcare Pivate Limited 7/14/2015 Increase neutrophilic count after bone marrow
Gennova Biopharmaceuticals Limited  1/06/2004 transplantation, neutrophilic granulocytopenia induced
Marksans Pharma Limited 1/12/2005 by chemotherapy of cancers—malignant lymphoma,
Ranbaxy, Gurgaon 5/22/2005 embryonic cell tumour, neuroblastoma
G.C. Chemie 6/23/2010
R.K. Medicare 9/09/2010
VHB Medi Sciences Limited 3/04/2010
Bioviz Technologies Private Limited 6/14/2010 For decreasing severity of chemotherapy-induced
neutropenia in cancer patients receiving
myelosuppressive chemotherapy
Claris Life Sciences 5/29/2009 Increase neutrophilic count after bone marrow
Gufic life Sciences 5/29/2009 transplantation, neutrophilic granulocytopenia induced
Chandra Bhagat Pharma Limited 7/21/2009 by chemotherapy of cancers—malignant lymphoma,
KSR pharmacy 7/10/2009 embryonic cell tumour, and neuroblastoma.
VHB life Sciences 8/04/2009
USV Limited 9/02/2009
Trigenesis Life Sciences 9/08/2009
Roche Scientific 1/01/2003

Darbepoetin alfa

Insulin Glargine

Aflibercept

Recombinant human insulin

Miracalus Pharma Private Limited
Torrent Pharmaceuticals Limited
RPG Life Sciences Limited
Biocon Limited
Dr Reddy Laboratories Limited
Intas Pharmaceuticals Limited
Sarabhai Chemicals Specialities
Emcure Pharmaceuticals Limited
Reliance Life Sciences Private Limited
Dr. Reddy’s Labs Limited
Hetero Drugs Limited
Lupin Limited
Aventis
L.G. Lifesciences
Eli Lilly and Company (India)
Biocon (India) Limited
Sanofi Aventis
Novo Nordisk India Private Limited
Bayer Pharmaceuticals Private
Limited
Eli Lily
Pfizer Limited
Scigen
Biopharma Private Limited
Gland Pharma Limited
Novo Nordisk India Private Limited
Cadila Pharmaceuticals Limited
Torrent Pharmaceuticals Limited
USV Limited
Piramal Healthcare
Wockhardt Limited
Shreya Healthcare Private Limited

Not available

6/14/2016
Not available
1/06/2014
2/13/2015
1/03/2003
12/20/201 |
Not available

2/25/2015

1/01/2003
11/05/2007
2/03/2015

10/08/2015
3/17/2015
Not available

Anemia due to chronic kidney disease, and chemotherapy in
patients with cancer

Type | diabetes mellitus or type 2 diabetes mellitus

Treatment of Neovascular (wet) age-related macular
degeneration (wet AMD)
Diabetes mellitus

(continued)
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Table 2. (continued)

Name of Drug Manufacturer Date Indication

Biocon (India) Limited
Abbott India Limited
Sanofi Aventis Limited

Insulin lispro Eli Lily 5/20/2009 Diabetes mellitus

Soluble insulin injection i.p. Novo Nordisk 5/14/2009 Diabetes mellitus

Biphasic isophane insulin Novo Nordisk 5/14/2009 Diabetes mellitus

injection

Isophane insulin injection  Eli Lily 1/04/2004 Diabetes mellitus
Novo Nordisk 5/14/2009
Sanofi Aventis

Insulin aspart Novo Nordisk 5/14/2009 Diabetes mellitus

Erythropoietin (r-Hu-EPO) Roche Products (India) Private 1/01/2003  Anemia due to chronic renal failure

Limited

Emcure Pharmaceuticals 1/01/2003
Claris Life Sciences 1/12/2003
VHB Life Sciences 9/10/2006
Johnson & Johnson Limited 6/11/2008
Bioviz Technologies Private Limited 6/14/2010
KSR Pharmacy 1/28/201 1
Lupin limited 8/17/2011  Anemia due to renal inadequacy
Vita pharma 4/24/2012
Wockhardt Limited
Zuventus Health Care Limited
Biocon Limited
Shantha Biotechnics Private Limited
Ranbaxy Laboratories Limited
Klarvoyant Biogenics Private Limited Anemia due to renal inadequacy
Intas Pharmaceuticals Limited Not available
Micro Labs Limited
RPG Life Sciences Limited
Hindustan Antibiotics Limited
La Renon Healthcare Private Limited
LG Life Sciences India
Panacea Biotec Limited
Celon Labs
Zydus Cadila Healthcare Ltd

r-Human erythropoietin Cadila Healthcare Limited 10/14/2014

concentrated solution

Pegylated erythropoietin Intas Pharmaceuticals Limited 4/13/2015  Anemia associated with chronic renal failure (CRF) in
adults, including patients on dialysis and not on dialysis.

Interferon alfa-2a Roche Products (India) Pvt. Limited 1/01/2003  Neoplasm of lymphatic and hematopoietic system, Solid

Intas Laboratories Limited Neoplasm, Viral Diseases
Biological Evans Limited
Zydus Cadila Healthcare Limited 1/12/2004
LG Life Sciences Not available
Fulford (India) Limited
Serum Institute of India Limited
Interferon alfa-2b Fulford (India) Limited 1/01/2003
Shantha Biotechnics Pvt Limited Not available
Kee Pharma Ltd.
Pegylated interferon alfa-2b Fulford (India) Limited 1/01/2003
Pegylated interferon alfa-2a Emcure Pharmaceuticals Limited 6/28/2012 Treatment of chronic active Hepatitis B and C and co
Taksal Limited 8/21/2012 infected with clinically stable HIV.

Interferon beta-la UCB India Private Limited 1/03/2016  Relapsing multiple sclerosis characterized by at least 2
recurrent attacks of neurologic dysfunction (relapse)
over the preceding 3 years period

Nicholas Piramal Limited 1/28/2008
Merck Limited 4/22/2009 Relapsing multiple sclerosis

(continued)
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Table 2. (continued)

Name of Drug Manufacturer Date Indication
Pegylated interferon beta-la UCB India Private Limited 1/04/2016
Insulin degludec/Liraglutide Novo Nordisk India Private Limited 2/08/2010 Type 2 diabetes mellitus
10/07/2015
Rituximab Hetero Drugs Limited 3/25/2015  For the treatment of the patients with non-Hodgkin
3/30/2015 lymphoma and diagnosed chronic lymphocytic leukemia
Reliance Life Sciences 12/02/2015 Non-Hodgkin lymphoma, rheumatoid arthritis
Emcure Pharmaceuticals Limited 6/29/2012
Taksal Limited 8/21/2012
Roche Scientific Limited 1/01/2003
Dr Reddy Laboratories Ltd
Trastuzumab Roche Scientific 1/01/2003  Breast cancer, metastatic breast cancer, metastatic gastric
Reliance Life Sciences Private Limited ~ 6/02/2015 cancer
Cadila Healthcare Private Limited 10/28/2015  Treatment of patients with HER2-positive metastatic breast
Emcure Pharmaceuticals Limited 6/29/2012 cancer
Taksal pharma Private Limited
Adalimumab Reliance Life Sciences Private Limited ~ 6/26/2015 Rheumatoid arthritis (RA) (in adults) (moderate to severe,
active RA, severe, active and progressive RA), juvenile
idiopathic arthritis, psoriatic arthritis, ankylosing
spondylitis and axial spondyloarthritis, Crohn disease,
ulcerative colitis
Cadila Healthcare Limited 9/25/2014 Moderate to severe, active rheumatoid arthritis in adult
patients
Bevacizumab Roche Limited
Hetero Drugs Limited 5/13/2016 Metastatic colorectal cancer (mCRC).
Intas Pharmaceuticals Limited 6/23/2016  Unresectable advanced, metastatic, or recurrent non—small
cell lung cancer
Emcure Pharmaceuticals Ltd 8/21/2012
Secukinumab Novartis Limited 6/18/2015 Moderate to severe plaque
Sandoz Limited 8/21/2015
Infliximab Reliance Life Sciences 3/21/2014 Rheumatoid arthritis
M/s Johnson & Johnson Limited 3/12/2013  Crohn disease, rheumatoid arthritis, ankylosing spondylitis,
fistulizing Crohn disease, plaque psoriasis, ulcerative
colitis, psoriatic arthritis, Crohn disease in patients aged
6-17y
Canakinumab Novartis India Pvt Limited 1/05/2011  CAPS in adults, CAPS include familial cold auto-
inflammatory syndrome/familial cold urticarial, Muckle-
Wells syndrome, neonatal-onset multisystem
inflammatory disease/chronic infantile neurologic
cutaneous articular syndrome (CINCA)
Tenecteplase bulk Gennova Pharmaceuticals Limited 4/29/2014
Etanercept Intas Pharmaceuticals 9/30/2014 Rheumatoid arthritis, juvenile rheumatoid arthritis,
alkalizing spondylitis, psoriatic arthritis, plaque psoriasis,
plaque psoriasis in children and adolescents
Cipla Limited 10/08/2012  Rheumatoid arthritis, juvenile chronic arthritis, psoriatic
arthritis, active ankylosing spondylitis refractory to
conventional therapy
Turoctocog alfa Novo Nordisk India Pvt Ltd 8/19/2015 Treatment and prophylaxis of bleeding in patients with
hemophilia A (congenital factor)
Albiglutide powder GlaxoSmithKline Pharmaceuticals 8/12/2015 Type 2 diabetes mellitus
Limited
Siltuximab Johnson & Johnson Limited 6/01/2016  Multicentric Castleman disease, for patients who are human
immunodeficiency virus (HIV) negative and human
herpesvirus-8 (HHV-8) negative
Natalizumab UCB India Private Limited 3/22/2016 Relapsing multiple sclerosis (MS)
Biogen Idec Biotech India Private 5/28/2010

Limited

(continued)
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Table 2. (continued)

Name of Drug Manufacturer Date Indication
Ofatumumab Novartis Healthcare Private Limited 12/04/2016 Chronic lymphatic leukemia
Pembrolizumab MSD Pharmaceuticals Private Limited ~ 6/16/2016 Metastatic melanoma.
Tocilizumab Taksal Limited 1/07/2009 Rheumatoid arthritis
r-Hu-Growth Hormone Novo Nordisk Limited 1/01/2003 Long-term treatment of children who have growth failure
(Somatropin) German Remedies 1/12/2003 because of inadequate secretion of growth hormone and
Shreya 1/04/2004 for the long-term treatment of growth retardation due
VHB Life Sciences 1/10/2004 to Turner syndrome
Ferring Pharmaceuticals 4/04/2010
Scigen Biopharma Private Limited 6/18/2010
LG Life Sciences India 12/20/2013
Merck Specialities Private Limited 4/22/2009
Coagulation factor IX Baxalta Bioscience India Private 3/21/2016 Coagulation factor IX (recombinant) is an antihemophilic
Limited factor
Aldurazyme (Laronidase)  Sandor Medicaids Private Limited 5/13/2010  Hurler and Hurler-Scheie forms of mucopolysaccharidosis |
(MPS) and Scheie form with moderate to severe
symptoms
Belatacept Bristol Myers Squibb 6/13/2012  Prophylaxis of graft rejection and preservation of renal
function in adults receiving a renal transplant
Methoxy polyethylene Emcure Pharmaceuticals Limited 8/21/2012  Anemia associated with chronic kidney disease
glycol-EPO beta
Denosumab GlaxoSmithKline Pharmaceutical 10/03/2012  Prevention of skeletal-related events in patients with
Limited advanced malignancies involving bone
Alglucosidase alfa Sandor Medicaids Limited 10/19/2012  Pompe disease
Panitumumab GlaxoSmithKline Pharmaceutical 3/19/2013  Metastatic colorectal carcinoma with nonmutated (wild-
Limited type) KRAS
Fabrazyme (Agalsidase Sandor Medicaids Limited 3/04/2009 Fabry disease
beta)
Cerezyme Sandor Medicaids Limited 6/ 01/2009 Nonneurologic Gaucher disease
Follitropin alfa (r-hu-FSH)  V.H. Bhagat 1/01/2003  Female infertility
Chemeeh Labs 1/03/2003
Life Medicare 1/03/2003
Win Medicare 1/01/2003
Martin & Harris Limited 1/09/2003
Ferring Pharmaceuticals Pvt. Limited 1/05/2005
Merck Specialities 4/01/2009
Follitropin beta Organon (I) Limited 12/29/08
Rasburicase Sanofi Synthelabo Limited 12/22/2009  Acute hyperuricemia
Daclizumab Roche Scientific Co 1/01/2003  Relapsing forms of multiple sclerosis
Human chorionic Organon 1/01/2003 Female infertility
gonadotropin hormone  Ferring Pharmaceuticals 1/02/2003
Chemeeh Labs 1/03/2003
Win Medicare 1/01/2003
Life Medicare 1/03/2003
Bharat Serum 1/07/2003
Chandra Bhagat 1/11/2003
Kee Pharma 1/01/2004
V.H. Bhagat 1/01/2003
Human menopausal V.H. Bhagat 1/01/2003 Menopausal
gonadotropin (hMG) Win Medicare 1/01/2003
Life Medicare 1/03/2003
Martin & Harris 1/09/2003
Ferring Pharmaceuticals Pvt. Limited ~ 7/01/2009
Chandra Bhagat 1/11/2003
Human recombinant Ambala 1/04/2004
interleukin-2
Nimotuzumab Biocon Limited 4/07/2006 squamous cell carcinomas
Ranibizumab Novartis (I) Limited 11/13/2006 Neovascular (wet) age-related macular degeneration
Omalizumab Novartis (I) Limited 12/29/2008 Asthma
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Table 3. Comparison of Pharmacovigilance regulation in USA, EU, India, and China.

Pharmacovigilance USA EU

India China

United States Food
and Drugs

Regulatory authority

European Medicines Agency

Central Drugs Standards National Medical

Control Organisation

Regulatory pathways

Supporting institution
for
pharmacovigilance

Biosimilar guideline
year of publication

Nomenclature

Pharmacovigilance
plan
Applicable guidelines

Administration

No different pathways and/or data requirements for
imported drugs vs locally manufactured drugs

Center for Drug -
Evaluation and
Research (CDER)

2010

Biological qualifier
scheme
Safety and immunogenicity

Scientific considerations
in demonstrating
biosimilarity to a
reference product

2005

No biological qualifier scheme

Guideline on similar
biological medicinal
products

Guideline on similar
biological medicinal
products containing
biotechnology-derived
proteins as active
substance: nonclinical and
clinical issues

Similar biological medicinal
products containing
biotechnology-derived
proteins as active
substance: quality issues
along with product-
specific guidelines

(CDSCO)

Products
Administration
(NMPA), formerly
China Food and Drug
Administration
(CFDA)

Different pathways and/or data requirements for
imported drugs vs locally manufactured drugs
NCC-PvPI

2012

Safety, efficacy, and
immunogenicity

CDSCO guidance for
industry, 2008
Submission of Clinical
Trial Application for
Evaluating Safety and
Eficacy

Requirement for
permission of new
drug approval
Postapproval changes
in biological products:
quality, safety, and
efficacy documents
Preparation of quality
information for drug
submission for new
drug approval:
biotechnological/
biological products
Guidelines on similar
biologics: regulatory
requirements for
marketing
authorization in India
2016.

Centre for Drug

Evaluation

2015

Safety and

immunogenicity

Number of biosimilars 14 48
approved

No approval as biosimilar but No approval as biosimilar
58 rDNA-based drugs are
approved as “New Drugs”

Abbreviation: NCC-PvPI, National Coordination Centre (NCC) for the Pharmacovigilance Program of India.

Opportunities in Spontaneous Reporting
System

Worldwide, in most of the developing and developed countries,
the pharmacovigilance system depends on the SRS through
which health care professionals, patients, and pharmaceutical
manufacturers report adverse drug reaction / adverse event
(ADR/AE) to the national database. International drug
monitoring of the World Health Organization (WHO) also

relies on SRSs, through which national centers submit
collected ADRs to the global database.?® The SRS is a
passive surveillance method which is easy to establish and
cost-effective; however, it has the disadvantage of poor-
quality reports and underreporting,”’ SRS has the advantage
of early identification of signals,” identifies potential rare
AEs not identified during clinical trials and the
postmarketing phase. It also detects the AEs associated with
changes in quality of the drug throughout its life cycle.!*22®
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reporting of ADRs due torDNA based drug
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|

Brand Name ‘ { * Health care professional

Non-Proprietary Name should be consulted
Manufacturer Name * Waming information to be
Barcoding included on Package Insert
Lot'Batch number

Country of origin

Figure |. Pharmacovigilance of rDNA-based drugs through the spontaneous reporting system.

Advantages

Challenges

Recommend-
ations

e Captures AE due to delayed immunogenic reactions- long-term pharmacovigilance
e Cost-effective

e Early detection of signals post marketing

¢ |dentifies potential and rare AE

¢ Captures AE due to product quality change through out products life cycle

¢ Inadequate in process related AE

e Cannot quantify the incidence of identified risk

e Cannot diffentiate specific AE for drugs of different manufacturers or
different batches

¢ Cannot diffentiate between reference and similar biologics

¢ Assignment of distinguishable name for reference and similar biologics
¢ Coding of product idenfiers in SRS

¢ Special focus on long/short-term immunologic reactions and
interchangebility issues

Figure 2. Amendment proposed by authors in SRS for reporting of ADRs due to rDNA-based drugs and biosimilars.
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Table 4. Comparison of Information required in a “Suspected Adverse Drug Reaction Reporting Form” for Drugs and Biosimilars.

Information to be Provided in the Form

For Drugs (Small Molecules)

For Biosimilars (Proposed)

Patient information
Suspected adverse reaction
Date reaction started (dd/mm/yyyy)
Date of recovery (dd/mm/yyyy)
Describe reaction or problem
Suspected medication(s)
Name (brand/generic)
Manufacturer (if known)
Batch no. / lot no.
Expiry date (if known)
Dose used
Route used
Frequency (OD, BD, etc)
Therapy dates
Indication
Causality assessment

Action taken

Reaction reappeared after reintroduction

Concomitant medical product including self-medication and herbal
remedies with therapy dates

Relevant tests/ laboratory data with dates

Relevant medical/ medication history (eg, Allergies, race, pregnancy,
smoking, alcohol use, hepatic/renal dysfunction etc)

Seriousness of the reaction

Outcomes

Additional information

Patient information
Suspected adverse reaction
Date reaction started (dd/mm/yyyy)
Date of recovery (dd/mm/yyyy)
Describe reaction or problem
Suspected medication(s)
Name (brand/generic)
Manufacturer (if known)
Batch no. / lot no.
Expiry date (if known)
Dose used
Route used
Frequency (OD, BD, etc)
Therapy dates
Indication
Causality assessment
Bar coding
Country of origin
Immunogenicity reactions—long-term and short-term
Interchangeable biosimilar or not
More or less effective as compared to innovator
Action taken
Reaction reappeared after reintroduction
Concomitant medical product including self-medication and herbal
remedies with therapy dates
Relevant tests/ laboratory data with dates
Relevant medical/ medication history (eg, Allergies, race, pregnancy,
smoking, alcohol use, hepatic/renal dysfunction etc)
Seriousness of the reaction
Outcomes
Additional information

Abbreviations: BD, twice daily; OD, once daily.

SRS will be beneficial in pharmacovigilance of biosimilars,
which are sensitive to manufacturing conditions, subject to
changes in product quality throughout its life cycle, and may
induce long-term and/or short-term immunogenic reaction.
Apart from anaphylaxis and hypersensitivity reactions,
immunogenicity of this therapeutics also leads to reduced
efficacy, neutralization of endogenous reaction, and changes
in pharmacokinetic profile. The current SRS also provides
information on altered efficacy.”’

Challenges and Recommendations to SRS for
Biosimilars

SRS is advantageous in capturing adverse events due to delayed
immunogenic reactions of biosimilars but is inadequate for
identifying manufacturing process- or batch-associated issues
and it cannot differentiate product-specific ADRs/AEs of
biosimilars by different manufacturers and reference products
because of a lack of product-specific information, which is
very much important in determining the safety of biosimilar

and innovator products. Retrospective analysis of ADRs/AEs
in the global database also showed that 100% of the reports
only had their INNs, unlike the safety profile of small-
molecule recombinant DNA (rDNA)-based therapeutics, which
is product and process specific (Figure 1).°%3!

Biosimilars are biologic in nature and are highly
heterogeneous because of their properties such as aggregation,
oxidization, deamidation, and presence of various glycoforms,
which may affect the safety of these products, and they also
have product-specific safety issues. The “Suspected Adverse
Drug Reaction reporting form” through which health care
professionals submit ADRs to the National Coordination Centre
for the Pharmacovigilance Program of India was reviewed in this
study. The form is very well suited for small molecules, but for
biosimilars there is a need to modify the form for inclusion of the
following mandatory information (Figure 2, Table 4):

e Product naming: The product’s INN name should be
supplemented with the information of product identifiers
such as the brand name, manufacturer name, bar coding,
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country of origin, and batch/lot number of the product, and
there should be a provision for capturing this information
in SRSs. Inclusion of these product identifiers not only
provides product-specific information but also improves
the traceability of the product. Apart from product
identifiers, the WHO and USFDA recommended a
biological qualifier scheme for differentiating
biosimilars and innovator products.'’'*!> These
biological qualifiers can also be included in SRSs, which
will be highly beneficial in differentiating the safety of
biosimilars from different manufacturers and innovators.

e [mmunologic reaction: Long- or short-term use of
these protein therapeutics may provoke mild/severe
immunologic reactions; milder reactions are often
neglected, which may turn out to be an important
risk. All potential immunogenicity reactions during
the short and long term need to be assessed critically
and reported in the SRS.

e [nterchangeability of biosimilars: Only USFDA has
guidelines for interchangeability of biosimilars, and
it approves the product as only “Biosimilar” or
“Biosimilars and Interchangeable Product.” Pharma-
emerging countries like India and China approve these
products as “New drugs”'? and “genetically engineered
products,”'? respectively but not as biosimilars, which
may lead to ADR/AE as a result of interchanging of
biosimilars from two different manufacturers. Health care
professionals (HCPs) should well understand the risk of
interchanging these products and ADR/AE related to
interchangeability should also be reported in SRSs.

o Overeffective or less effective: In a few cases, similar
biologics are more effective or less effective than
reference products, though equivalency is established
for the marketing approval. Reports related to this will
also be helpful in improving the safety of biosimilars.

Discussion and Conclusion

Monitoring safety through the appropriate pharmacovigilance
system is critical throughout the lifetime of biosimilars and
their innovator products because biosimilars are unlike small
molecule generics. The article highlights the fact that to
monitor the safety of biosimilars through an SRS, there is a
need for amendments in the existing spontaneous reporting
form, an important and effective tool to collect additional
information on the safety of these products, in particular,
long-term safety. The following are recommended: (1)
amendments to the current SRS form by including additional
mandatory columns to report the information on product
identifiers, product traceability, immunologic reactions,
interchangeability, and over effective / less effective; (2)
online SRS should prompt for including product identifiers—
the product brand name (if available), nonproprietary name,
manufacturer name, and lot number for biologics; (3) in
addition, proper education to the health care community on

importance, process, and practice of good pharmacovigilance.
This may improve the quality of SRS data and increase the
number of rare or unexpected ADRs/AEs that are not
reported during the premarketing phase. Targeted long-term
pharmacovigilance through SRS for biosimilars can also be
recommended for early detection of safety signals and
difference in safety signals between biosimilars and reference
biologics. This will assist manufacturers in bringing out safe,
effective, and economic biosimilars, which will revolutionize
the treatment of many chronic diseases at an affordable cost.
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