
MAXIMIZING SAFETY AND EFFICACY OF 

BIOTHERAPEUTICS BY CONTROLLING CRITICAL 

QUALITY ATTRIBUTES 

 

 

 

 

 

SUMIT KUMAR SINGH 

 

 

 

 

 

 

 

 

 

 

 

 

DEPARTMENT OF CHEMICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

FEBRUARY 2020 



 

 

 

 

 

 

 

 

 

 

 

©Indian Institute of Technology Delhi (IITD), New Delhi, 2020



MAXIMIZING SAFETY AND EFFICACY OF 

BIOTHERAPEUTICS BY CONTROLLING CRITICAL 

QUALITY ATTRIBUTES 

 

 

by 

 

Sumit Kumar Singh 

Department of Chemical Engineering 

 

Submitted 

in fulfillment of the requirements of the degree of Doctor of Philosophy 

to the 

 

 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

FEBRUARY 2020 



 

 

 

 

 

…..Dedicated to my grandfather 

  Late Sh. Rajaram Singh  

 

Your ideals and teachings of life will keep guiding me towards the path of 

Truth and Integrity. 



i
 

CERTIFICATE 

 

This is to certify that the thesis entitled “MAXIMIZING SAFETY AND EFFICACY OF 

BIOTHERAPEUTICS BY CONTROLLING CRITICAL QUALITY ATTRIBUTES” 

being submitted by SUMIT KUMAR SINGH to the Indian Institute of Technology Delhi for 

the award of the degree of Doctor of Philosophy is a record of the original bonafide research 

work carried out by him under my guidance and supervision. The results contained in this thesis 

have not been submitted in part or in full to any other University or Institute for the award of any 

degree or diploma. 

 

I certify that he has pursued the prescribed course of research. 

 

 

 

 

Prof. Anurag S. Rathore 

Department of Chemical Engineering 

Indian Institute of Technology Delhi 

 

 



ii
 

            

ACKNOWLEDGEMENTS 

This thesis would not have been materialized without the immeasurable help from many people 

who gave their support in different ways. To them I would like to convey my heartfelt gratitude 

and sincere appreciation.  

It is with great pleasure that I acknowledge my esteemed guide, Prof. Anurag S. Rathore for his 

invaluable guidance, constant encouragement with praise, effective criticism by example and 

creating an ecosystem so conducive for doing research in biopharma. He has been instrumental 

in smooth flow of this research work. This period has been an enriching experience of working 

under his guidance. I thank him whole heartedly.  

I would like to thank my PhD research committee members, Prof. Sudip Pattanayek, Prof. 

Anupam Shukla and Prof. Bishwajit Kundu whose periodic assessment and review of my work 

helped in going forward in the right direction. Their comments helped me in shaping my research 

ideas and has helped me immensely in developing a thought process to approach research 

problems in a systematic way.  

I would like to express my gratitude to Prof. Gaurav Goel and Dr. Avinash Mishra for their 

contribution in performing computational studies reported in this thesis.  

I gratefully acknowledge Saurabh Nagpal, Nitin Vig, Chander Mani, Deepak Maurya and 

Vijaykamal Ahuja in helping me with mass spectrometry analysis for characterization of various 

variants that were used in this work.  

I am indebted to the technical discussions and comments from Dr. Narendra Chirmule and Dr. 

Manjula Das on choosing appropriate model systems and setting up the right experimental plan 

for cell assays and animal studies for supporting criticality evaluation of the product variants of 

GCSF and monoclonal antibodies. Special thanks to Dr. Renu Jain (NIB) and Dr. Sujata Mohanty 

(AIIMS) in providing us access to the MNFS-60 and HUVEC cell lines used in this study.  

I would like to express my heartfelt gratitude and thanks to Dr. Dinesh Yadav (Animal House, 

JNU) for his constructive help, care and responsibility taken to provide the facilities at their 

centre which made my venture an easier one. I am also deeply thankful to Mr. S.S. Pandey in 

teaching me the skills to effectively handle animals during experimentation.  

 



iii
 

 

 

Words are insufficient to thank my senior colleague and friend, Dr. Deepak Kumar with whom 

I did most of my work. I thank him for being with me always at times of need, both personally 

as well as professionally. 

I am extremely grateful to Dr. Vijesh Kumar, Dr. Viki Chopda and Dr. Mili Pathak who taught 

me various lab instruments and shaping my ideas for my PhD work upon joining the 

bioseparations lab.  

I specially thank my friend Vishwanath Hebbi and Nikhil Kateja who provided immense and 

crucial help in developing downstream purification processes for generating materials for my 

work.  I also thank Himanshu Malani for his help always as and when needed. Special thanks is 

also due to Naresh Kumar and Sanjeev Ji for all their immense co-operation at times of need.  

I thank all other lab members of bioseparations lab: Lalita, Rohit, Gautam, Varsha, Kathire, 

Gunjan, Nupur, Jyoti, Shantanu, Surbhi, Rohan, Suraj, Niharika, Ankita, Priyanka, Jashwant, 

Ashish Chauhan, Somesh Mishra and Srishti Joshi for their kind support and co-operation during 

this work.  

No words of gratitude can justify the support, help, care and love I have received from my dear 

friends Sandeep Rathi, Anirban Saikia, Rahul Gautam, Pradeep Singh, Pankaj Nagwani, Romen 

Singh and Nanao Soibam Oasis. I feel privileged and lucky to have you all in my life.  

I also thank my parents, sister and Ananmaya whose smiling faces provide me with the 

motivation to find a purpose of life and help in doing tasks that I venture upon with dedication 

and integrity.    

Lastly, I believe that all persons who have directly or indirectly contributed to this study whom 

I have not mentioned personally are aware of my deep and sincere appreciation.  

 

 

SUMIT KUMAR SINGH 

 

 



iv
 

 

ABSTRACT 

The number of biologic drugs that are gaining approval across the globe are rapidly increasing. 

Prominent among these modalities include monoclonal antibodies (mAbs) and growth factors as 

they constituted 30% and 15% respectively. However, the process to go from the idea to getting 

marketing approval for a biotech drug is long, expensive and arduous. A major hurdle in the 

entire exercise is high chances of product failure due to compromised safety and efficacy. 

Comlicating this further, the number of product attributes that can potentially impact safety and 

efficacy of a biotech drug are overwhelmingly large. It is a challenge to assess the impact of each 

attribute on the product’s safety and efficacy therefore warranting innovative and novel 

preclinical approaches are needed to bridge the gap.  In this work, product as well as process 

related impurities associated with mAbs and Granulocyte Colony Stimulating Factor (GCSF) has 

been investigated with regard to their impact on safety and efficacy. In the first part of the thesis, 

a risk analysis was performed for various impurities that could be formed as a result of GCSF 

bioprocessing i.e., oxidized, reduced, aggregates, f-Met forms. Based on the severeity and 

likelihood of their presence in the drug product, a crtiticality score were assigned to each of these 

impurities. Oxidation of all the methionine’s  was recognized as a critical quality attribute (CQA) 

in GCSF. The mechanism of how methionine oxidation affects the structure and  function of 

GCSF is proposed. Further, a strategy involving substituting methionine with alanine in GCSF 

using site directed mutagenesis to overcome the loss in efficacy due to oxidation is shown. The 

second part of thesis investigates whether charge variants in mAbs should be considered as 

CQAs. An empirical model incorporating charge variant levels and their corresponding 

biological activity is suggested to obtain product pool with maximum activity and yield. Further, 

the risks and therapeutic benefits of the most commonly found charge variants in mAbs, i.e, 

lysine variants were investigated. It was found that though lysine variants of monoclonal 

antibodies have longer half-lives, yet they exhibit high tendency of tumor metastasis. The last 

part of the thesis establishes mechanism of co-purification of ten host cell protein (HCP)s 

impurities in Chinese Hamster Ovary (CHO) cells. The proposed mechanism can be used to 

guide downstream process design or avenues for protein engineering during product discovery 

to achieve more effective removal of  these persisting HCP impurities. 
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 सार 

दुनिया भर में अिुमोदि प्राप्त करिे वाली जैनवक दवाओ ंकी संख्या तेजी से बढ़ रही है। इि तौर-तरीको ंमें 

प्रमुख रूप से मोिोक्लोिल एंटीबॉडी (mAbs) और वृद्धि कारक शानमल हैं क्ोनंक वे क्रमशः 30% और 

15% का गठि करते हैं। हालांनक, बायोटेक दवा के नलए नवपणि की मंजूरी लेिे के नलए नवचार से नवपणि 

अिुमोदि जािे की प्रनक्रया लंबी, महंगी और कनठि है। संपूणण अभ्यास में एक प्रमुख बाधा सुरक्षा और 

प्रभावकाररता के कारण उत्पाद की नवफलता की उच्च संभाविा है। इसे और आगे बढ़ाते हुए, एक बायोटेक 

दवा की सुरक्षा और प्रभावकाररता को संभानवत रूप से प्रभानवत करिे वाले उत्पाद नवशेषताओ ंकी संख्या 

बहुत अनधक हो सकती है। यह उत्पाद की सुरक्षा और प्रभावकाररता पर प्रते्यक गुण के  प्रभाव का आकलि 

करिे के नलए एक चुिौती है, इसनलए अंतर को पाटिे के नलए िवीि और उपन्यास के पूवणवती दृनिकोणो ं

की आवश्यकता होती है। इस काम में, उत्पाद के साथ-साथ mAbs और गै्रिुलोसाइट कॉलोिी द्धिमुलेनटंग 

फैक्टर (GCSF) से जुडी प्रनक्रया संबंधी अशुद्धियो ंको सुरक्षा और प्रभावकाररता पर उिके प्रभाव के संबंध 

में जांच की गई है। थीनसस के पहले भाग में, नवनभन्न अशुद्धियो ंके नलए एक जोद्धखम नवशे्लषण नकया गया 

था नजसे जीसीएसएफ बायोप्रोसेनसंग के पररणामस्वरूप बिाया जा सकता है, यािी ऑद्धिडीज़ेड, रेडूसेड, 

अग्ग्गे्रगेटेड, फ-मेट फॉमण। दवा उत्पाद में उिकी उपद्धथथनत की गंभीरता और संभाविा के आधार पर, इि 

अशुद्धियो ंमें से प्रते्यक को एक आलोचिात्मक स्कोर सौपंा गया था। GCSF में सभी मेनथओनिि के 

ऑिीडेशि को एक महत्वपूणण गुणवत्ता नवशेषता (CQA) के रूप में मान्यता दी गई थी। मेनथयोनिि 

ऑिीडेशि की संरचिा GCSF की संरचिा और कायण को कैसे प्रभानवत करती है, इसका तंत्र प्रस्तानवत 

है। इसके अलावा, जीसीएसएफ में अलिीि के साथ मेनथयोिीि को प्रनतथथानपत करिे वाली एक रणिीनत 

का उपयोग नकया गया है, नजसमें ऑिीडेशि के कारण प्रभावकाररता में होिे वाले िुकसाि को दूर करिे 

के नलए निदेनशत उत्पररवतणजि का उपयोग नकया गया है। थीनसस का दूसरा भाग यह जांच करता है नक 

mAbs में चाजण वेररएंट को CQAs मािा जािा चानहए या िही।ं एक अिुभवजन्य मॉडल नजसमें प्रभारी प्रकार 

स्तर शानमल हैं और उिकी इसी जैनवक गनतनवनध को अनधकतम गनतनवनध और उपज के साथ उत्पाद पूल 

प्राप्त करिे का सुझाव नदया गया है। इसके अलावा, mAbs में सबसे अनधक पाए जािे वाले चाजण वेररएंट के 

जोद्धखम और नचनकत्सीय लाभो,ं यािी, लाइनसि वेररएंट की जांच की गई। यह पाया गया नक हालांनक 

मोिोक्लोिल एंटीबॉडी के लाइनसि वेररएंट में ज्यादा हाफ-लाइफ रहता है, नफर भी वे टू्यमर मेटािेनसस 

की उच्च प्रवृनत्त का प्रदशणि करते हैं। थीनसस का अंनतम भाग चायीनिज हैम्स्िर ओवरी (CHO) कोनशकाओ ं

में दस होि सेल प्रोटीि (HCP) की अशुद्धियो ंके सह-शुद्धिकरण का तंत्र थथानपत करता है। प्रस्तानवत तंत्र 

का उपयोग उत्पाद की खोज के दौराि प्रोटीि इंजीनियररंग के नलए डाउििर ीम प्रनक्रया नडजाइि का 
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मागणदशणि करिे के नलए नकया जा सकता है तानक इि थथायी एचसीपी अशुद्धियो ंको और अनधक प्रभावी 

ढंग से हटाया जा सके। 
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