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By using a high-volume autosampler with the 

NGC System in a tandem purifi cation scheme, 

we established a highly reproducible medium-

throughput automated process. This resulted 

in 84 therapeutic mAb samples being purifi ed 

over two days, yielding pure protein ready for 

downstream assays. With this fully automated 

process each mAb candidate can be purifi ed 

in 30–45 minutes, yielding 2–6 mg of protein at 

95% purity (Figure 1).  

Downstream cell-based functional assays 

used in candidate characterization studies 

require uniform pH and salt conditions. Eight 

mAbs purifi ed using the medium throughput, 

fully automated tandem purifi cation platform 

showed uniform buffer composition and 

elution profi les (Figure 2). This confi rms that 

this purifi cation method is reproducible and 

that the purifi ed antibodies are suitable for 

functional studies.

This method is simple to implement and can 

easily be adapted to other applications that 

require different purifi cation schemes.

NGC
™

 CHROMATOGRAPHY SYSTEM

WITH NGC FRACTION COLLECTOR
Increasing throughput and reproducibility of mAb therapeutic candidate screening
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Fig. 2. Comparison of eight purifi ed mAbs shows minimal 

variability in elution time and fi nal buffer salt concentration and pH. 
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Fig. 1. The purifi cation scheme yields highly pure mAbs. MW, 

molecular weight; NR, nonreduced; R, reduced.

Learn more at bio-rad.com/info/puremAb
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Can changing your culture media really impact your bottom line? With a 

guaranteed 12 weeks of dating upon shipment, LOCKSURE® lids to protect sample 

integrity, improved moisture control, and flex-temp storage ability, 3P plates can.

This combination of features allows you to order larger batches less frequently, 

cut down on incoming QC, deviations, retesting and paperwork so you focus on 

what you do best—keeping your lab running smoothly and ensuring your products 

are safe.

To learn more about 3P and other industry-leading solutions, 
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From the Editor

FDA enforcement 

efforts and 

drug approvals 

trend upward. 

Regulatory Role in Bio/Pharma Progress

A 
recent report from PwC’s Health Research Institute (1) summarizes long-term 

trends and changes in FDA activities that occurred in 2017, and the implica-

tions for the bio/pharma industry, and offers a performance evaluation for 

the agency and industry. According to the report, FDA had a good year in 2017; the 

agency approved 45 new molecular entities, the second highest total in history, and 

the most generic drugs ever (763 full approvals and 174 tentative approvals). These 

approval successes came as the number of new regulations declined but enforce-

ment efforts increased. 

In addition, a record number of drugs (476) received orphan drug designation 

in 2017, an indication of the ongoing trend of companies developing specialty and 

oncology drugs for smaller patient populations. Under the 2017 tax legislation, the 

tax credit for research and development costs for orphan drugs was cut in half, to 

25%, lowering incentive for companies to pursue such research.

Regulations down, enforcement up
The report notes only six economically significant regulations—all unrelated to 

pharmaceuticals or biotechnology—were released by FDA in 2017, compared with 

30 or more in the previous four years. This slowdown was the sole significant “sud-

den change” observed by the authors. Rulemaking, however, increased in the 

second years of the Bush and Obama administrations; the report notes that 18 phar-

maceutical regulations are under development and could be published in 2018. 

While the number of rules decreased in 2017, FDA continued to make policy by 

issuing guidance documents with user fees, generic drugs, and procedural topics 

receiving the most attention. The 174 draft and final guidance documents exceeded 

the average of 152 per year issued under the Obama Administration. Nearly 100 

guidance documents are on the Center for Drug Evaluation and Research’s (CDER) 

agenda for 2018, dealing with procedural changes; quality; chemistry, manufactur-

ing, and controls; and generic drugs. 

Overall, FDA issued fewer warning letters in 2017 (510) compared with previ-

ous years. However, the 85 letters issued by CDER in 2017 were nearly double the 

amount issued in 2014. This jump in the number of warning letters was triggered 

by increased enforcement efforts authorized by the Drug Quality and Security Act 

of 2013 and many targeted offshore API and drug product manufacturing facilities. 

The number of deficiencies found during inspections held steady; failure to have 

or follow written procedures, failure to scientifically validate testing procedures, 

and failure to fully investigate discrepancies in manufacturing or testing processes 

were the most frequent offenses.

Regulatory relief
Scott Gottlieb, who took over as FDA commissioner in May 2017, has demonstrated 

a strategy to “provide regulatory relief where appropriate, introduce competitive 

policies and eliminate restrictive ones, and promote innovation and the exchange 

of information” (1). 

That approach should appeal to pharmaceutical executives surveyed by PwC; 

36% of the respondents would like to see standards for approval, including mini-

mized regulations for lower-risk products, streamlined. Only 6% would like to see 

streamlined manufacturing regulations, including manufacturing quality and 

inspections.

Reference
1.   PWC Health Research Institute Insight, “Continue to Take as Prescribed,” February 

2018. ◆

Rita Peters is the 

editorial director of 

BioPharm International. 
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Regulatory Beat
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ecrecy and black-box operations are out; 

public disclosure is the mantra for regu-

lators and manufacturers alike, as FDA 

explores more options for communicating 

agency policies, approval decisions, and con-

cerns about product quality and safety. The 

drive for greater transparency in agency deci-

sion-making fits a range of health-policy goals. 

More information on drug pricing, discounts, 

and rebates is considered key to limiting payer 

and patient outlays for prescription drugs. 

The Federal Open Payments, or “Sunshine”, 

policy tracks industry payments, gifts, and 

transactions with healthcare professionals to 

uncover any industry influence on prescribers. 

And more timely and complete information 

on product safety and recalls aims to prevent 

patient harm, as do efforts to make drug label-

ing more informative.

A main transparency issue involves public 

access to clinical study data and results. While 

industry sponsors of clinical trials are meet-

ing requirements for listing new studies on the 

ClinicalTrials.gov website, the record is weaker 

for timely posting of research results for newly 

approved medical products. The data transpar-

ency movement also has prompted biopharma 

companies to provide scientists 

and researchers with access to con-

fidential clinical research data and 

to limit publications to open access 

journals. Meanwhile, academic 

researchers have lagged in disclosing 

clinical research activities, prompt-

ing the National Institutes of Health 

(NIH) to threaten to cancel grants 

to organizations that fail to meet 

requirements. 

Transparency also is considered 

important for enhancing drug quality 

to reduce product recalls and short-

ages, according to a white paper from the Office 

of Product  Quality (OPQ) in the Center for 

Drug Evaluation and Research (CDER) (1). As 

part of efforts to encourage manufacturers to 

adopt continuous manufacturing and systems 

to better ensure quality, an OPQ pilot study is 

exploring strategies with potential to enhance 

the transparency and consistency of assessments 

and facilitate team-based review and communi-

cation. 

Other nations are joining the transpar-

ency movement. The China Food and Drug 

Administration (CFDA) issued draft guidance on 

policies for disclosing information regarding the 

acceptance, review, and approval of drug appli-

cations. While aiming to keep trade or techni-

cal data confidential, CFDA will make public 

information on active ingredients, dosing, license 

holder, and patents 60 days following an approval. 

SEEKING CRLS
Despite expanded information disclosure 

related to biomedical research, drug market-

ing, and product safety, stakeholders want to 

know more about the status of drug applica-

tions and FDA’s decision-making process in 

both rejecting and approving submissions. A 

main demand—from both consumer activists 

and free market deregulators—is for access to 

complete response letters (CRLs) sent to manu-

facturers that essentially delay or reject an 

application and outline what additional clini-

cal or manufacturing information is needed 

to achieve approval. FDA currently posts sum-

maries and reports on newly approved drugs 

and biologics and has indicated interest in 

also posting CRLs. But manufacturers strongly 

oppose such a move as CRLs usually con-

tain trade secrets or confidential information. 

Current law requires FDA to redact such manu-

facturing information from public disclosures, 

FDA Heightens Drive for Transparency 
Manufacturers face demands for timely information 
on clinical studies, product recalls, and approvals.

Jill Wechsler 

is BioPharm International’s 

Washington editor, 

jillwechsler7@gmail.com.
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Regulatory BeatRegulatory Beat

and any move to change that pol-

icy may require legislative action. 

These issues are not new and 

reflect decades of reviewing and 

updating FDA policies on public 

access to information on agency 

operations and regulated products. 

A Transparency Initiative launched 

in June 2009 under former FDA 

Commissioner Margaret Hamburg 

and former Pr incipal Deputy 

Commissioner Joshua Sharfstein 

has established FDA online “dash-

boards” that track agency actions 

and programs, including inspec-

tions, recalls, imports, and com-

pliance actions. A “Drug Trials 

Snapshots” initiative posts data 

from clinical trials on products 

approved since January 2015. FDA 

has expanded access to agency 

enforcement reports and adverse 

event data and has made its guid-

ance development process more 

visible and efficient.

Last year, Sharfstein, now affili-

ated with the Johns Hopkins 

Bloomberg School of Public Health,  

organized a group of experts to pro-

duce a Blueprint for Transparency at 

FDA, which was published March 

2017 in a special issue of the Journal 

of Law, Medicine, and Ethics (2). 

Among its 18 recommendations for 

making FDA decisions less opaque, 

the Blueprint calls for FDA to pro-

vide more public information on 

its evaluation process for new drugs, 

generics, and biosimilars, includ-

ing what products are in the review 

queue and why certain applications 

are not approved. The rationale is 

that discussion of unsuccessful R&D 

would help researchers avoid studies 

unlikely to succeed, reducing costs 

and avoiding patient exposure to 

potential harm. The analysts also 

seek authority for FDA to correct 

misleading information issued by 

manufacturers, such as incomplete 

factors underlying a CRL, and for 

the agency to disclose data from 

clinical trials for approved products 

when sponsors fail to do so. 

Such proposals reflect greatly 

expanded public access to infor-

mation on drug testing and pro-

duction through the Internet, 

social media, and smart phones—

not all of it accurate or unbiased. 

Consumers and industry competi-

tors can obtain reports of adverse 

events and enforcement actions, 

raising questions about the value 

and impact of limits on what FDA 

can or cannot disclose about a 

product or manufacturer. 

FDA Commissioner Scott Gottlieb 

addressed these issues at a January 

2018 forum on the Hopkins trans-

parency report. He announced a 

new pilot to test the impact of FDA 

posting more data from clinical 

study reports (CSRs) of approved 

drugs, asking that sponsors of nine 

new products voluntarily provide 

CSR data, protocols, and statistical 

analysis plans for pivotal studies (3). 

In addition, FDA aims to better track 

drug studies from initial Internet 

posting through FDA approval by 

adding the ClinicalTrails.gov iden-

tifier (NCT) number to all clinical 

data submitted to the agency. 

However, Gottlieb hedged about 

publishing CRLs, proposing to 

further explore FDA’s authority to 

release these documents. While 

he acknowledged that some infor-

mation in CRLs might enhance 

the safe use of already approved 

products, he noted that redact-

ing proprietary information from 

these letters is burdensome and 

questioned the value of disclos-

ing letters that cite manufacturing 

shortcomings.

RECALLS AND SAFETY 
Gottl ieb also mentioned FDA 

efforts to inform the public more 

quickly about adverse events and 

product recalls, which totaled 

more than 9000 in 2017, includ-

ing 1200 involving drugs.  Up 

until now, FDA has delayed recall 

announcements until it deter-

mined whether a safety issue raises 

serious health consequences, as 

with a defective anesthesia prod-

uct, or represents low risk. Now 

FDA’s Office of Regulatory Affairs 

(ORA) will include in weekly 

Enforcement Reports “not-yet-

c lassi f ied” reca l ls  whi le the 

months-long classification process 

continues. FDA issued draft guid-

ance in January 2018 outlining 

when a manufacturer should issue 

a public warning about a recall, 

including timelines and important 

data to include and what informa-

tion FDA will post in its reports (4). 

Although FDA has authority to 

require recalls, most drug manu-

facturers initiate such actions 

voluntarily, aware that FDA can 

issue press releases and alerts if 

companies are slow to act. Recall 

announcements from companies 

seem to appear almost weekly, 

many involving particulates or 

contamination of sterile inject-

ables. Unfortunately, the failures 

that lead to drug recalls often cre-

ate shortages in needed medicines. 

FDA and manufacturers will be 

looking to see if the earlier recall 

listing process generates alarms 

that turn out to be unnecessary, 

or if the new policy gets high-

risk products off the market more 

quickly.  
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M
odern bioprocessing and antibody man-

ufacturing are mature fields; however, 

challenges remain, and the advances 

themselves often bring new challenges. This is 

the nature of progress. The current challenges are 

exemplified by the ongoing advances and indus-

try adoption of technologies such as continuous 

processing, the importance of modeling biopro-

cesses, increasingly seamless downscaling of pro-

cesses, and other factors that are expected—and 

even required—by regulatory agencies. 

Over the past 15 years, the industry has 

evolved into a mature, productivity-oriented seg-

ment. Of the dozens of trends evaluated in the 

annual BioPlan Associates survey (1), productiv-

ity continues to show the highest focus as an 

industry objective. This suggests that other oper-

ational aspects must address industry challenges 

around improving productivity and efficiency. 

But to achieve successes, operational chal-

lenges must be worked out. As an example, 

continuous bioprocessing is one of, if not the 

most, challenging area for process develop-

ment. Continuous processing—including both 

upstream perfusion and downstream continu-

ous purification processing—remains rare and 

elusive despite the fact these technologies have 

been established for some time. These challenges 

particularly stand out when continuous and 

conventional batch processing options are com-

pared. Figure 1 shows survey results when bio-

processing professionals were asked to indicate 

issues with adoption of upstream perfusion that 

are much or somewhat bigger.

UPSTREAM CONTINUOUS PROCESSING
Bioprocessing professionals clearly see a num-

ber operational problems remaining with 

upstream perfusion versus conventional batch 

processing. In 2017, a number of 

concerns were cited by more than 

50% of respondents to BioPlan’s 

survey: 

• Process operational complexity 

• Contamination risks 

• Upstream [process] development and charac-

terization time 

• Process development control challenges.

This daunting collection of concerns about 

perfusion persists despite it being in use and 

marketed for multiple decades—including for 

commercial biopharmaceutical manufacture—

notably for Factor VIII. In many respects, perfu-

sion may be viewed as a technology adoption 

model in bioprocessing that demonstrates the 

slow nature of adoption of rational, effective 

technologies. BioPlan market research studies (1) 

have shown that approximately 5% of bioreactors 

use perfusion, with many of these being feeder 

and not production bioreactors. Further, while 

perfusion is seen by users as highly productive, 

often better and cheaper versus batch processing, 

most using it in early manufacturing continue 

to avoid its use in commercial manufacturing, 

viewing the challenges as high and the risks sig-

nificant, in terms of regulatory approvals. One 

challenge for perfusion process adoption is that 

single-use perfusion units only recently became 

available. This lack of familiarity could be a fac-

tor in the reporting of high levels of concerns 

with—and even fears of—perfusion versus batch 

bioreactors likely among those not using the 

technology. Many challenges remain before the 

industry gains experience and confidence in this 

option for continuous upstream processing.

DOWNSTREAM PROCESSING CHALLENGES
Downstream continuous operations, particu-

larly chromatography, has more challenges; suit-

able hardware with built-in data systems are 

just starting to become available from suppliers. 

Downstream continuous bioprocessing was cited 

as the second single-most important bioprocessing 

trend or operational area on which the industry 

must focus its efforts. In BioPlan’s study, perceived 

need for improvements carries over to facility 

Current Challenges in Bioprocesses Development
Development and adoption of new technologies
create challenges that may take years to resolve.

Ronald A. Rader is senior director, 

Technical Research, at 

BioPlan Associates, +1.301.921.5979, 

info@bioplanassociates.com.
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budgets with interviewees reporting an average increase 

of 8.8% in their 2017 downstream technology budgets 

vs. 7.7% for upstream; 33.8% cited continuous chroma-

tography as a “top area where suppliers should place their 

efforts on.” 

Adoption of continuous chromatography, generally 

involving use of multiple interfaced columns with inte-

grated controls, is growing more rapidly than perfusion 

adoption; however, adoption has only recently started 

from a near zero baseline and is low. Combined with 

other downstream advances (e.g., increasing use of 

membranes in place of resin-filled columns, automated 

in-line buffer dilution and column packing, better 

resins, and more single-use and recyclable columns), 

downstream processing is in many respects changing 

and evolving more rapidly than upstream, but the 

adoption and integration into actual bioprocessing 

remain slow. When asked to cite the top downstream 

areas where suppliers should focus their development 

efforts, disposable purification systems were cited by 

35.9% of respondents, followed closely by continuous 

purification cited by 33.9%. Geographically, European 

respondents are much more interested in continuous 

purification compared with those in the United States 

(44.4% vs. 25.3%).

But basic problems remain with broader adoption of 

both upstream and downstream continuous bioprocess-

ing, including the inability to integrate related manufac-

turing systems. Currently, implementation of end-to-end 

continuous bioprocessing, or even upstream or down-

stream segments, remains rare or nonexistent, with at best 

one or a few unit processes implemented as continuous. 

PROCESS SCALABILITY CHALLENGES
Bioprocessing modeling and understanding of implica-

tions of changes in scale remains another challenging 

area. The industry has naturally concentrated on scale-

up, as drug product volumetric requirements increase as 

products advance in development. More is known about 

scaling up versus scaling down. But the importance of 

scaling down is rapidly increasing, including the ability 

to model and predict what happens in research and devel-

opment by using smaller scales, rather than having to 

run experimental studies at various scales, including full 

scale. Having scale-down capabilities and understanding 

is increasingly expected, if not required, in FDA and other 

major market regulatory filings, particularly for product 

approvals. Being able to scale down and have related mod-

els and knowledge are now key parts of process analytical 

technology, quality by design, and other regulatory/qual-

ity initiatives. In addition, validated process down-scaling 

methods often are required for cost-effective design and 

refinement of bioprocessing. This is exemplified in the use 

of down-scaled bioprocesses to validate process biosafety, 

including reduction in virus titers from virus filtration 

and chromatography steps. The costs of validating virus 

removal and inactivation would be too expensive and 

time-consuming if run for full-scale processes. 

Bioprocess system designers also want the ability to 

conduct computer-based modeling to scale up and scale 

down a process using bioprocessing equipment from the 

same product line. 

This particularly applies to purchases of bioreactors, 

mixers, chromatography, and other major bioprocessing 

systems, but also extends to filters and other equipment. 

Scalability, particularly including scale-down ability, is 

a top equipment/technology selection factor cited in 

bioprocessing supplies-related market research studies. 

Many facilities will not purchase equipment unless rea-

sonable scalability is known and documented among 

products throughout a product line, particularly for 

bioreactors and chromatography and filtration systems. 

Bioprocessing professionals regularly cite an expectation 

that bioprocessing systems will seamlessly scale up and 

down. In addition, the users want to model or predict 

the operation of the systems at scales higher than antici-

pated use to provide better assurance of actual scalability 

throughout the range of scales they actually will use, 

such as from mini/desktop to 2000-L or larger produc-

tion bioreactors. 

CONCLUSION
To move forward, industry and its investors need to 

recognize this segment has historically been one of the 

slowest, but also the most persistent, in terms of adopt-

ing the advances that the industry requires. To achieve 

success, operational challenges must be worked out, but 

in this regulated, high-stakes environment, the time-

lines for development and adoption of new technolo-

gies create challenges that, sometimes, require years to 

resolve. 
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Figure 1. Selected concerns, perfusion vs. batch-fed processes. 

Red is much bigger concern with perfusion. Blue is somewhat 

more concern. White is at least somewhat of a concern, 2017. 
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F
DA had another banner year for 

new molecular entity (NME) 

drug approvals with 46 NMEs 

approved by the agency’s Center 

for Drug Evaluation and Research 

(CDER) in 2017 (1), compared to 22 NME 

approvals in 2016 (2) and surpassing the 45 

NMEs approved in 2015 (3). Biologics con-

tinued to be strongly represented, account-

ing for 26% of the total NMEs approved in 

2017, a consistent level of biologics license 

application (BLA) NMEs approved in 

recent years. By number, CDER approved 

nearly double the number of biologic 

NMEs, going from seven in 2016 to 12 in 

2017 (see Table I) (1,2). 

PHARMA MAJORS LEAD 
Pharma majors led the approvals, 

accounting for eight of the 12 biologic 

NMEs approved by FDA in 2017 (see 

Table II) (1). These companies included 

AstraZeneca, Roche, Johnson & Johnson 

(J&J), Merck KGaA, and Sanofi. The other 

four biologic NMEs came from BioMarin 

Pharmaceutical, headquartered in Novato, 

CA; Regeneron Pharmaceuticals, head-

quartered in Tarrytown, NY; Valeant 

Pharmaceuticals International, based in 

Laval, Quebec, Canada; and Ultragenyx 

Pharmaceutical, also headquartered in 

Novato, CA.

AstraZeneca and Roche each received 

two biologic NME approvals in 2017. 

AstraZeneca received approval for Fasenra 

(benralizumab), for treating severe asthma 

in patients with an eosinophilic pheno-

type, and Imfinzi (durvalumab), for 

treating locally advanced or metastatic 

urothelial carcinoma.

Biologic NMEs Maintain Strong 
Presence in 2017 Drug Approvals

Feliza Mirasol

Biologic new 
molecular 

entities (NMEs) 
accounted 
for 26% of 
total NME 
approvals 

in 2017.

Biologic Drug Development
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Roche’s biologic NME approvals 

included Hemlibra (emicizumab), a 

hemophila A therapy, and Ocrevus 

(ocrelizumab), for treating relapsing 

and progressive forms of multiple 

sclerosis (MS). 

The other pharma-major bio-

logic NME approvals included J&J’s 

Tremfya (guselkumab), for treating 

moderate-to-severe plaque psoriasis; 

Merck KGaA’s Bavencio (avelumab), 

for treating metastatic Merkel cell 

carcinoma; and Sanofi’s Kevzara 

(sarilumab), for treating rheumatoid 

arthritis.

The biologic NME approvals gar-

nered by smaller pharma companies 

included candidates from BioMarin, 

Regeneron, Valeant, and Ultragenyx.

BioMarin’s Brineura (cerliponase 

alfa) is the first enzyme replacement 

therapy for treating a specific form 

of Batten disease (4). Regeneron’s 

Dupixent (dupilumab), which the 

company is co-developing with 

Sanofi under a global collabora-

tion agreement (5), is indicated for 

treating moderate-to-severe eczema, 

and Valeant’s Siliq (brodalumab), in 

indicated for treating moderate-to-

severe plaque psoriasis. Ultragenyx’s 

Mepsevii (vestronidase alfa-vjbk) is 

indicated for treating mucopolysac-

charidosis type VII (MPS VII) (Sly 

syndrome), a rare genetic enzyme 

disorder (6).

THERAPEUTIC SPECIFIC FOCUS
Oncology was a specific therapeutic 

focus for some of the biologic NMEs 

approved in 2017. Other major thera-

peutic categories that were targeted 

for biologic development included 

respiratory and autoimmune and 

inflammatory diseases. 

Three of the 12 biologic approv-

als target cancer treatment: Bavencio 

treats skin cancer (Merkel cell carci-

noma); Besponsa treats blood cancer 

(relapsed or refractory acute lympho-

blastic leukemia); and Imfinzi treats 

urothelial cancer (locally advanced or 

metastatic urothelial carcinoma).

Four biologic NMEs targeted the 

autoimmune and inflammatory 

disease category: Dupixent treats 

eczema; Ocrevus treats MS; and Siliq 

and Tremfya both treat plaque pso-

riasis. The respiratory therapeutic cat-

egory was represented by Fasenra, 

which targets the treatment of severe 

asthma. 

Another trend in biologic drug 

development has centered around 

the treatment of genetically spe-

cific populations. For instance, the 

asthma therapy, Fasenra, is specifi-

cally indicated for severe asthma in 

patients that have an eosinophilic 

phenotype. Eosinophils are a type 

of white blood cell that are native 

to the body’s immune system, but 

elevated levels of these cells impact 

airway inflammation and airway 

hyper-responsiveness, which results 

in increased asthma severity and 

symptoms, decreased lung function, 

and increased risk of exacerbations, 

according to AstraZeneca (7). Elevated 

levels of eosinophils are seen in about 

half of severe asthma patients, as 

stated by the company.

Brineura and Mepsevii are also 

biologics that were approved to treat 

genetically specific populations. 

Brineura is specifically indicated 

for treating late infantile neuronal 

ceroid lipofuscinosis type 2 (CLN2), 

also known as tripeptidyl peptidase-1 

(TPP1) deficiency. CLN2 disease is 

part of a group of disorders known 

as neuronal ceroid lipofuscinoses 

(NCLs), collectively referred to as 

Batten disease. CLN2 is a rare inher-

ited disorder that primarily affects 

the nervous system (4).

Mepsevii is also specifically indi-

cated to treat a rare genetic con-

dition, MPS VII. MPS VII is an 

inherited genetic condition that 

typically involves progressive skel-

etal abnormalities due to a lysosomal 

Biologic Drug Development

Table I: Small-molecule and biologic new molecular entities (NMEs) approved by FDA's Center for Drug Evaluation and 

Research, 2011 to 2017.

Year Number of NMEs approved Percentage of small-molecule and biologic NMEs relative to total NMEs approved

2011 30 NMEs approved 77% small molecules (23 NDAs); 20% biologics (6 BLAs); plus one radioactive diagnostic imaging 
agent approved under NDA

2012 39 NMEs approved 79% small molecules (31 NDAs); 15% biologics (6 BLAs); plus two radioactive diagnostic imaging 
agents approved under NDAs

2013 27 NMEs approved 81% small molecules (22 NDAs); 11% biologics (3 BLAs); plus two radioactive imaging agents 
approved under NDAs

2014 41 NMEs approved 71% small molecules (29 NDAs); 27% biologics (11 BLAs); plus one radiactive diagnostic imaging 
agent approved under NDA

2015 45 NMEs approved 71% small molecules (32 NDAs) and one insulin analog approved under NDA; 27% biologics (12 BLAs)

2016 22 NMEs approved 59% small molecules (13 NDAs); 32% biologics (7 BLAs); plus two radioactive diagnostic imaging 
agents approved under NDAs

2017 46 NMEs approved 74% small molecules (34 NDAs); 26% biologics (12 BLAs)

NDA = new drug application
BLA = biologics license application
Source: FDA

http://www.biopharminternational.com
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storage disorder caused by deficiency 

of the enzyme beta-glucuronidase. 

The absence of this enzyme causes 

an abnormal buildup of toxic mate-

rials in the body’s cells. Mepsevii is 

an enzyme replacement therapy that 

works by replacing the missing beta-

glucuronidase enzyme (6). 

BLOCKBUSTER BIOLOGICS 
Several of the 2017 biologic NMEs 

have blockbuster potential: Ocrevus, 

Dupixent, Imfinzi, and Bavencia. 

Sales of these products are forecast to 

surpass the $1-billion revenue mark 

by 2021, according to market data by 

Thomson Reuters (8).

Ocrevus, Roche’s MS biologic, is 

forecast to be the top-ranking block-

buster. Sales for the drug are expected 

to reach more than $3.3 billion 

in 2021. Ocrevus was expected to 

“materially disrupt” the MS market 

with its launch in 2017. It is a first-

in-class anti-CD20 antibody that is 

said to be the first to have proven 

itself effective in primary progressive 

MS (8). Dupixent is forecast to reach 

more than $2.8 billion; Imfinizi is 

forecast to reach more than $2 bil-

lion; and Bavencia is forecast to reach 

more than $1.2 billion, all in 2021 (8).

UPCOMING PIPELINE
The pipeline for upcoming biologics 

shows robust development. Among 

the pharma majors that have a strong 

pipeline in biologics is Roche. The 

company has five biologic NMEs in 

Phase III development: etrolizumab 

for ulcerative colitis; gantenerumab 

and crenezumab for Alzheimer’s dis-

ease; satralizumab for neuromyelitis 

optica; and RG6206, an anti-myo-

statin adnectin IgG1-Fc fusion pro-

tein Duchenne muscular dystrophy. 

The company plans to file for regu-

latory approval in 2020 or beyond, 

except with satralizumab, which is 

expected to be filed in 2019 (9).  
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Table II:  Biologic new molecular entity (NME) approvals by FDA’s Center for Drug Evaluation and Research, 2017.

Proprietary 
name 

Active 
ingredient

Application 
type

Indication Company

Bavencio avelumab BLA metastatic Merkel cell carcinoma EMD Serono (a Merck KGaA 
company)

Besponsa inotuzumab 
ozogamicin

BLA relapsed or refractory acute lymphoblastic 
leukemia

Pfizer

Brineura cerliponase alfa BLA Batten disease BioMarin Pharmaceutical

Dupixent dupilumab BLA moderate-to-severe eczema (atopic dermatitis) Regeneron Pharmaceuticals*

Fasenra benralizumab BLA severe asthma with an eosinophilic phenotype AstraZeneca

Hemlibra emicizumab BLA hemophilia A Genentech (a Roche company)

Imfinzi durvalumab BLA locally advanced or metastatic urothelial carcinoma AstraZeneca

Kevzara sarilumab BLA rheumatoid arthritis Sanofi

Mepsevii vestronidase 
alfa-vjbk

BLA mucopolysaccharidosis type VII 
(Sly syndrome)

Ultragenyx Pharmaceutical

Ocrevus ocrelizumab BLA relapsing and primary progressive forms of 
multiple sclerosis

Genentech (a Roche company)

Siliq brodalumab BLA moderate-to-severe plaque psoriasis Valeant Pharmaceuticals 
International

Tremfya guselkumab BLA moderate-to-severe plaque psoriasis Janssen Biotech (a Johson & 
Johnson company)

*Regeneron is in a global collaboration with Sanofi to co-develop Dupixent.
BLA = biologics license application
Source: FDA
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A
dvanced data analytics tools 

are used by industry to find 

the golden nuggets in histori-

cal data, to aid in process devel-

opment, to fine-tune production, and to 

achieve long-term improvements in prod-

uct quality and throughput. During recent 

years, four key stages of data analytics 

have been defined (1), which can be seen 

as being part of a data analytical contin-

uum (see Figure 1). Handling those key 

stages diligently by using advanced data 

analytics tools is expected to give manu-

facturers a competitive edge.  

Along the data analytics continuum 

(described in detail in Figure 1), the most 

advanced challenge is being able to pre-

dict what will happen in the future and, 

in the event of an undesirable outcome, 

prescribe certain activities or interventions 

to prevent it from happening. Although 

looking ahead into the future is of great-

est commercial interest, value is created at 

every stage of data analytics; it all depends 

on the specific need and the tools and 

approach to the analytics process. 

In the bioprocessing industry, parts or 

all stages of the data analytics continuum 

are applicable. In early-stage development, 

advanced data analytics is used to com-

pare batches, for example, to figure out 

how to modify cell expansion steps so 

that they lead to higher cell densities and 

product titers. In late-stage development, 

advanced data analytics is used when scal-

ing-up manufacturing processes to ver-

ify comparable performance at different 

scales. And in full production, advanced 

data analytics is used for real-time biopro-

cess monitoring and early fault detection 

of batches deviating from good, normal 

operating conditions.

A primary objective in bioprocess 

development and scale-up is to accom-

plish a consistent, uniform, and pre-

dictable environment across scales. The 

following case study describes the essen-

tials of a bioprocess characterization 

and scale comparison project at various 

stages of the data analytics continuum. 

CASE STUDY
In total, a development project for 

a fed-batch ce l l - cu lture biolog i-

cal process encompassed 75 batches. 

Metabolite measurements were taken 

once per day. The metabolite data 

included cell performance metrics, 

selected process conditions, and nutri-

ent concentrations. In addition to the 

batch evolution trajectory measure-

ments, initial and final batch condi-

tions were registered. Some calculated 

parameters were added to the trajec-

tory data to enhance information con-

tent and assist in interpretation. These 

data come from three operating scales 

(micro, micro+, and pilot) including 

both stable operating conditions and 

some runs planned using design of 

experiments (DOE) (2). 

Descriptive analytics

There are multiple uses of these types of 

data. In the descriptive analytics stage, 

data analytics tools such as partial least 

squares (PLS) or orthogonal partial least 

squares (OPLS) can be used for batch 

evolution modeling to understand what 

happened within and between batches 

during the batch lifetime (3). Popular 

graphic representations involve control 

charts displaying time evolution tra-

jectories of important process variables 

or model statistics to diagnose which 

batches conform to good normal devel-

opmental trajectories and which batches 

do not (see Figure 2).

Characterizing a Bioprocess 
with Advanced Data Analytics

Lennart Eriksson and 

Chris McCready

Modeling 
at various 

stages of the 
data analytics 

continuum 
aids scale 

comparison of 
a bioreactor.

Lennart Eriksson, PhD, is senior 
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eriksson@sartorius-stedim.com, and 
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Another perspective often used 

in descriptive analytics is to com-

pare batch-to-batch variations by 

representing the complete batch 

trajectory in a single summary. In 

this comparison, an often-used data 

analytics tool is principal compo-

nent analysis (PCA) (3). A typical 

output from a PCA is shown in 

Figure 3, in which color coding is 

used to represent batch scale and 

marker sizing is used to represent 

peak viable cell density (VCD). 

The pilot scale has the most con-

sistent operation with high peak 

VCD, as shown in Figure 3, where 

the green markers are all of simi-

lar size and operating conditions. 

The micro scale is most similar to 

the pilot scale, as indicated by the 

blue markers in Figure 3. The micro 

scale has consistent operation, but 

there is considerable variation in 

peak VCD, with some very low VCD 

runs shown by the smaller markers 

in Figure 3. The micro+ scale (red 

markers in Figure 3) demonstrates 

extensive variation in its process 

performance with large variation in 

peak VCD.

Diagnostic analytics

Subsequent to descriptive analyt-

ics, diagnostic analytics can be 

performed. In this case study, the 

batch-scale comparison model is 

interrogated to uncover why any 

differences detected (shown in 

Figure 3) did occur. A data scientist 

could here be interested in com-

paring batches between scales. 

Given the deviating cluster on the 

micro+ scale, an equally relevant 

scenario would be to first try to 

interpret the split of the batches on 

this scale. Regardless of interpreta-

tion objective, similar diagnostics 

pathways are used. 

Figure 4 shows a plot often used 

in diagnostic analytics denoted 

“contribution plot”. This plot was 

created to find sources of varia-

tion contributing to the deviating 

cluster of micro+ batches framed 

in the top of Figure 3. Figure 4 

shows that this cluster of batches 

started with a higher than aver-

age sodium trajectory (brown line) 

and a lower than average osmolal-

ity profile (purple line), for exam-

ple; other interesting features are 

also revealed. Conceptually, simi-

lar plots can be readily created to 

interpret scale differences.

Process Modeling

Figure 1.Illustration of the data analytics continuum. At the base level of 

descriptive analytics, data aggregation and data mining provide insight into the 

past and answer: “What has happened?”. Diagnostic analytics examines data or 

content to answer the question, “Why did it happen?”, characterized by drill-down, 

data discovery, mining, and correlations. Predictive analytics uses statistical 

models and forecast techniques to understand the future and answer: “What could 

happen?”. At the pinnacle of data analytics, prescriptive analytics uses optimization 

and simulation algorithms to advise on possible outcomes and answer: “What 

should we do?” or “How can we avoid this happening?”.

Figure 2. Control chart from a data analytics model capturing batch evolution. The 

horizontal axis shows batch lifetime in days. The vertical axis is the charted statistic 

(t), which is a parameter of the data analytics model. The red dashed lines represent 

upper and lower control limits. Each batch is represented by a single line. As long as 

a batch line stays within the control limits, normal operating conditions are inferred.
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Predictive analytics

The third stage of the data analytics 

continuum corresponds to predic-

tive analytics. The term predictive 

analytics may carry different con-

notations for different people. In 

one aspect, predictive analytics may 

refer to the act of, given a fresh set of 

batch process measurements, “classi-

fying” (i.e., predicting) the currently 

evolving batch into a process moni-

toring model to uncover whether 

this batch conforms to, or deviates 

from, normal operating conditions. 

In another aspect, predictive analyt-

ics may mean an attempt to explain 

(i.e., predict) final batch critical 

quality attributes (CQAs), such as 

peak VCD or titer, in terms of their 

correlations to batch critical process 

parameters (CPPs). Irrespective of 

the connotation of the term, predic-

tive analytics to find out what will 

happen is conveniently carried out 

by using tools like DOE, PCA, PLS, 

and OPLS (2, 3).

Prescriptive analytics

Prescriptive analytics is the last 

stage of the data analytics contin-

uum, and, at this stage, focus lies 

on forecasting the future, either to 

drive the manufacturing toward an 

optimal situation or to avoid certain 

undesirable process hiccups from 

happening. In general, in real-time 

applications, the stages of predictive 

and prescriptive analytics are often 

intimately linked (4). According to 

reference 4, “one approach that has 

become common in biologics man-

ufacturing is the use of multivari-

ate modeling and calibrate models 

to determine how a process should 

run. We turn such models into con-

trol charts and track a process as it 

Process Modeling

Figure 3. Scatter graph arising from a batch-scale comparison model. Each plotted point represents one completed batch. 

Points that are close to each other correspond to batches of similar process operating conditions. Points that are far away 

from each other correspond to batches of very different process operating conditions. Symbol color indicates batch scale:  

blue is micro, red is micro+, and green is pilot. Symbol size indicates fi nal peak viable cell density (VCD). In particular, there is 

a conspicuous deviation on the micro+ scale for some batches marked by the frame at the top of the graph.

Figure 4. Contribution plot visualizing process parameter contribution to the 

discovered deviation for the framed batches shown in Figure 3. Parameter lines 

far away from zero (both in the positive and negative numerical direction) point to 

variables that contribute to the deviation. These variables should be considered 

when taking action to remove batch and or scale differences.

http://www.biopharminternational.com
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is running.” Beyond this real-time 

monitoring step, model predictive 

control tools are described, which 

are available in terms of a real-time 

bioprocess forecasting, control, 

and optimization toolbox (4). With 

this toolbox, “smart changes” (i.e., 

“advised future”) to setpoints of bio-

process CPPs resulting in optimized 

production is given.

CONCLUSION
The data analytics continuum is a 

way to concatenate the four major 

steps of data analytics into an orga-

nized and chronological work order. 

Alongside this continuum, the 

dimensions of “business value” and 

“complexity” are often appended to 

further enrich the understanding of 

the concept. The continuum is gen-

eral in the sense that its stages apply 

to any type of data (e.g., production, 

finance, medical), and the different 

stages may be addressed using differ-

ent types of data analytical tools. For 

example, as shown in this article, the 

various stages of bioprocess charac-

terization and monitoring are strati-

fiable according to the steps of the 

continuum. 

This article illustrates how evalu-

ation of batch type data, including 

initial and final conditions and batch 

evolution trajectories, can be accom-

plished using projection methods 

such as PCA, PLS, and OPLS. Such 

methods, preferably prudently com-

bined with DOE, enable powerful 

scale-up modeling possibilities of 

bioreactors to support process devel-

opment and improvement in a pre-

dictable, timely, and cost-effective 

manner. The main conclusion of the 

use case cited was that micro- and 

pilot-scale batches performed simi-

larly, albeit with some variability in 

peak VCD, and that the batches of 

the micro+ scale deviated substan-

tially and with a strong cluster-

ing among themselves. By using 

 contribution-based diagnostics, rea-

sons for scale differences and cluster-

ing were visualized, interpreted, and 

mitigated. 
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R
ecent advances in process analyt-

ical technology (PAT) for down-

stream process control include 

the development of spectroscopic 

tools, which have come into play as a reli-

able alternative or added process moni-

toring step that offers real-time process 

control (1). While early approaches to PAT 

in biological manufacturing were largely 

geared toward on-line analytical chroma-

tography using high-performance liquid 

chromatography (HPLC), the growing use 

of continuous chromatography equipment 

in today’s biomanufacturing environment 

poses a challenge to capturing real-time 

deviations using at-line HPLC. 

RECENT ADVANCES
Among the most valuable steps to fol-

low in downstream processes are chro-

matography, ultra-f i lt rat ion, DNA 

fragmentation, and virus inactivation, 

according to Christophe Bonneville, 

CEO of RESOLUTION Spectra Systems, 

a supplier of optical analytical instru-

mentation. The main advances in PAT 

during those steps have consisted in 

equipment automatization and sensor 

improvements. 

“For example, purification chroma-

tography systems now include design of 

experiments (DoE) modules and a cer-

tain number of sensors providing valu-

able quantitative information on the 

different families of biological product 

(proteins, DNA, etc.),” Bonneville says. 

Early approaches to PAT in down-

stream bioprocessing were largely geared 

toward on-line analytical chromatog-

raphy, when batch processing was the 
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predominant form of biological man-

ufacturing. The move to a continuous 

manufacturing approach challenges 

on-line analytics. 

“The main challenge is an over-

flow risk due to the huge number of 

off-line samples to control and thus a 

bottleneck at the analytical level. This 

is quite contradictory with the aim 

of continuous manufacturing imple-

mentation [which aims to be more 

precise and offers time-savings],” says 

Bonneville. 

At-line HPLC has been imple-

mented in the control of continuous 

chromatography equipment, and it 

provides high resolution of different 

product species. It requires, however, a 

complex setup, consisting of a device 

for sampling as well as the chromato-

graph itself (1). This poses an unde-

sirable trait in the biomanufacturing 

environment where reliability might 

be an issue, according to Rüdt et al. in 

a 2016 study on advances in down-

stream bioprocessing (1). 

“In addition, chromatography only 

allows to analyzing product families 

and not each product or molecule 

inside a family. For example, since 

both monoclonal antibodies (mAbs) 

and impurities contribute to absorp-

tion at 280 nm (A280), single wave-

length measurements are not suitable 

as selective analytics,” notes Laure 

Pétillot, scientist at RESOLUTION 

Spectra Systems.

THE ROLE OF SPECTROSCOPIC TOOLS
Other challenges to using at-line pro-

cess controls include non-negligible 

time delays as a result of automated 

sampling and analytical separation. 

“Depending on the decision time of 

a unit operation, this may lead to late 

notice of process deviations or even 

completely prevent real-time moni-

toring,” Rüdt et al. said in their study.

“As far as we are aware of, not 

many solutions currently exist on the 

market to address these challenges, 

potentially also because some other 

challenges need to be addressed first,” 

Bonneville says.

In-line Raman analysis solutions, 

such as ProCellics, RESOLUTION 

Spectra Systems’ in-line, real-

time bioprocess Raman analyzer 

launched in November 2017 (2), 

offers a real, selective analytical 

measure, such as enabling the dis-

tinction between individual sugars 

or proteins. 

“Furthermore, continuous pro-

cesses are specifically adapted to put-

ting in place efficient multivariate 

calibration required to monitor in 

real time,” Bonneville adds.  

Spectroscopy is considered a 

practical alternative tool for pro-

cess monitoring, and spectroscopic 

equipment carries similar invest-

ment costs ($20,000 to $200,000) 

as on-line HPLC (1). Spectroscopy 

offers fast measurement times, typi-

cally in the sub-second range up to 

a few minutes, which can often be 

readily performed in-line. 

Having fast measurement times 

is an especially important factor in 

preparative chromatography, which 

is most commonly used in down-

stream processing. Because prepara-

tive chromatography processes are 

significantly non-linear and feature 

sharp concentration fronts, the 

critical quality attributes (CQAs) of 

the effluent, such as the mass frac-

tion of impurities, tend to change 

quickly. This requires that the mon-

itoring method used to detect the 

CQAs have short response times 

if such processes are to be reliably 

controlled (1).

Compared to at-line HPLC, spec-

troscopy has limited selectivity in 

providing signals for different com-

ponents. Because of this limitation, 

information from spectroscopic 

measurements generally requires 

the use of a combination of multi-

variate measurements and math-

ematical tools for multivariate data 

analysis (MVDA) (1).

“With the Raman spectroscopy 

methods existing today, you can 

indeed obtain very reliable monitor-

ing data as long as a very rigorous 

data process methodology imple-

mented. Offering a true real-time 

solution requires a complex soft-

ware solution,” says Bonneville.

“Raman analyzers enable the 

control of quality, purity, molecule 

conformation, and kinetics and can 

detect end-points. They also help 

solve the significant analytical con-

trol bottleneck problem previously 

mentioned,” Pétillot adds.

The company’s ProCellics Raman 

analyzer, for example, enables in-

line and real-time analysis, and 

the software that goes with it was 

specifically developed to fit with 

bioprocess analytics, easing multi-

variate calibration. In addition, both 

the probe and the base unit can be 

sterilized, which allows them to 

comply with downstream environ-

ment requirements, according to 

Bonneville.

Generally, PAT for biologics pro-

duction has been advancing toward 

real-time monitoring and control-

ling CQAs. To that end, spectros-

copy-based PAT tools have been 

applied to a variety of applications 

with success. Spectroscopy-based 

tools offer fast measurement times, 

an important factor in real-time 

process monitoring and control, and 

present easy in-line implementa-

tion while maintaining comparable 

costs, according to Rüdt et al. 

A major challenge for the future 

of PAT implementation will be how 

to have flexible instrumentation 

and different unit operations, espe-

cially with new formats of biologics 

emerging, such as antibody frag-

ments, nanobodies, conjugated pro-

teins and vaccines, and Fc-fusion 

proteins (1).  
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T
ransforming growth factor-

beta (TGF-β) is a multifunc-

tional protein involved in 

several biological processes, 

such as cell proliferation and differ-

entiation, immune responses, tumor 

cell growth, and inhibition (1–4). The 

action of TGF-β is initiated by signal-

ing, through two homologous function-

ally distinct transmembrane receptors, 

designated as type I and type II recep-

tors (TβRI and TβRII, respectively) (4). In 

the sequential model for TGF-β signal-

ing, growth factor ligand first binds to 

the small extracellular domain (ECD) of 

TβRII. TβRI is subsequently associated 

with the TβRII ligand complex and acti-

vated by the constitutive kinase activ-

ity of TβRII. Then, TβRI activates the 

downstream signaling pathway (5–7). 

The high affinity of TβRII for binding to 

the TGF-β makes it a potent and specific 

TGF-β inhibitor (8). The TβRII is secreted 

as a polypeptide, including a cysteine-

rich extracellular domain (23–166 amino 

acids), a single transmembrane domain 

(167–187), and a cytoplasmic domain 

(188–567), following the cleavage of 

ABSTRACT
Transforming growth factor-beta (TGF-β) is a growth suppressor or stimulator 
for many different cell types whose functions are mediated by binding to cell 

surface receptors, TβRI and TβRII. TβRII is a transmembrane glycoprotein 
used as a specific inhibitor for TGF-β. To date, the many attempts to produce 

recombinant TβRII using different expression systems have failed to express the 
protein (without the fused partner) in soluble form and with a satisfactory yield. 
The authors in this study developed an efficient bacterial expression system for 

large-scale production of soluble, homogenous extracellular binding domain 
of human TβRII (TβRII ECD) in three strains of Escherichia coli (E. coli) using a 
recombinant expression vector harboring a strong T7 promoter and TβRII ECD 

coding sequence. Truncated TβRII ECD was successfully expressed at high 
level in BL21-CodonPlus (DE3)-RIL and BL21 (DE3) pLysS strains, resulting in 
the formation of insoluble inclusion bodies, which were further refolded to the 

soluble forms. The expression of TβRII ECD construct in Rosettagami pLysS 
resulted in the secretion of a soluble protein, which was purified based on the 

presence of His-tag with more than 95% purity and a yield of 70 mg/L. Expression 
of homogenous recombinant TβRII ECD with at least five-fold higher yield, in 
comparison with previously reported data, provided a promising platform for 

the efficient production of this protein, which is amenable to structural studies. 
In addition, this protein can be used as a potential vaccine to inhibit TGFβ 
activities, if the protein is proven to be functional and biologically active.
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a 23-amino-acid N-terminal signal peptide 

(9). The extracellular domain of TβRII (TβRII 

ECD) contains three potential N-glycosylation 

sites and 12 cysteine residues.  Because of the 

important role of TβRII in TGF-β related stud-

ies as an inhibitor, high-level protein expres-

sion is required. Although many attempts have 

been made to produce recombinant protein 

from different coding regions of TβRII in dif-

ferent heterologous expression systems, the 

yield of the expressed proteins is still far from 

being satisfactory (8,10,11,12). 

Among the expression systems used today, 

the bacterial expression system still remains 

the preferred method of choice for large-scale 

production of recombinant proteins. Despite 

high protein yields, however, an important lim-

itation of the bacterial system is the production 

of inactive proteins, requiring in-vitro refolding 

to regain their functions. The lack of post-trans-

lational modifications in bacteria results in the 

formation of non-functional proteins. However, 

it allows for the production of homogenous 

samples, suitable for crystallization (10, 11, 13). 

Herein, the authors reported the high-level 

expression of homogeneously recombinant 

TβRII extracellular domain in Rosettagami 

pLysS, BL21-CodonPlus (DE3)-RIL and BL21 

(DE3) pLysS strains of Escherichia coli (E. coli), 

transformed with a recombinant expression 

vector harboring the strong T7 promoter and a 

truncated TβRII ECD coding region.

MATERIAL AND METHODS 
Construction of recombinant TβRII ECD expres-

sion vector. To express the N-terminal truncated 

TβRII, a recombinant construct (see Figure 1) was 

designed by insertion of the human extracellu-

lar TβRII coding region (residues 15–159), down-

stream of the strong T7 promoter. An 8x-His tag 

sequence was added to the C-terminal domain 

of the TβRII ECD to facilitate the detection and 

purifi cation of recombinant protein. The coding 

region for the fi rst 14 residues of TβRII ECD was 

eliminated in this construct, and the aspara-

gine at position 19 was substituted with alanine 

to prevent problems associated with deamida-

tion (14). Amplifi cation of this recombinant 

construct (396 bp) was performed by Phusion 

Flash PCR, using the following two oligonucle-

otides: 5́ -TTACAATCAAAGGAGATATACCATG-

GTCACTGACAACGCAGGTGCAG TC-3´ and  

5´-CGGCCGCAAGCTTCGTCATCAGTGATG-

GTGATGGTGGTGATGGTGGTCAGGATTGCT-

GGTGTTATATTCTTCTGAGAAG-3 .́ PCM5B-

TGFβ receptor II (addgene) was used as a template 

for the polymerase chain reaction (PCR). The 

PCR product was inserted into the BseRI and 

NcoI sites of a modifi ed pTriEx-4 expression vec-

tor (Crelux), using the sequence and ligation 

independent cloning (SLIC) technique. This ex-

pression vector was the pTriEx-4 vector, in which 

the DNA sequence (1016–1919 nucleotides), in-

cluding the cytomegalovirus (CMV) promoter 

and CMV enhancer, was deleted using the 

following excision oligonucleotides: 5́ - GGC-

CATTCTAGACGGACCGAAATTAATACGACT-

CACTATAGGG-3´ and 5́ -CCGGTATCTAGAG-

GCCATCAGCAACTATATATTGATAGAC-3´. 

Then, the recombinant expression vector was 

transformed into NEB Turbo competent E. coli. 

Positive colonies were recovered on Luria-Bertani 

(LB) agar containing ampicillin, and the pres-

ence of the target DNA sequence was verifi ed by 

sequencing (GATC Biotech).

Expression of recombinant TβRII ECD in E. coli

The recombinant TβRII ECD expression vec-

tor was chemically transformed into three 

strains of E. coli, including Rosettagami A
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Figure 1. General scheme of nucleotide and amino acid sequences of recombinant extracellular 

binding domain of TβRII construct. This construct contains the coding region for the extracellular 

ligand binding domain, with asparagine to alanine substitution at position 19 and 8x His-tag 

sequence at the C-terminus.
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pLysS (Novagen), BL21-CodonPlus(DE3)-RIL 

(Agilent Technologies), and  BL21(DE3) pLysS 

(Stratagene). Transformants were selected on LB 

agar plates containing the appropriate antibiot-

ics. For BL21-CodonPlus (DE3)-RIL and BL21 

(DE3) pLysS, the LB agar plates contained 100 

μg/mL ampicillin and 30 μg/mL chlorampheni-

col. For Rosettagami pLysS, the plates contained 

100 μg/mL ampicillin, 30 μg/mL chloram-

phenicol, 50 μg/mL kanamycin, and 5 μg/mL 

tetracycline. Then, LB mediums containing 

the proper antibiotics were inoculated with 

a single recombinant colony and incubated 

approximately 16 h at 37 ºC while shaking at 

250 rpm. The primary cultures were added into 

new Terrific Broth (TB) medium containing the 

proper antibiotics and grown at 37 ºC until the 

cell density reached an optical density mea-

surement (absorption) at 600 nm (OD600) of 

1–1.2. In this step, expression of recombinant 

protein was induced by adding isopropyl β-D-1-

thiogalactopyranoside (IPTG) to a final concen-

tration of 0.5 mM, and the cultures were grown 

for an additional 5 h at 37  ºC. The harvested 

cells were used for further experiments. 

Purification and refolding 

of recombinant TβRII ECD 

Purification of recombinant TβRII ECD was 

performed according to the following meth-

ods: first, to test the expression of recom-

binant TβRII ECD in three strains of E. coli, 

small amounts (10 mL) of induced cul-

tures were centrifuged and the cell pellets 

applied for testing protein purification using 

BioSprint 15 (Qiagen). To perform the purifi-

cation, cell pellets were resuspended in 900 

μL lysis buffer (50 mM NaH2PO4, 300 mM 

sodium chloride (NaCl), 20 mM imidazole, 2 

mM tris (2-carboxyethyl) phosphine (TCEP), 

and 0.1 % Tween 20 at pH 8.0) and frozen 

in liquid nitrogen. After thawing the cells, 6 

μL of Benzonase was added into the samples. 

Cells were then sonicated for five minutes at 

4–8 ºC, and the harvested supernatants were 

employed for purification by Ni-NTA mag-

netic beads using BioSprint 15. The Ni-NTA 

magnetic beads were washed with the lysis 

buffer in two steps and eluted with a final 

volume of 100 ºL using the following elution 

buffer: 50 mM NaH2PO4, 300 mM NaCl, 500 

mM imidazole, 2 mM TCEP, and 0.1 % Tween 

20 at pH 8.0. Finally, the pellet, cytosolic, and 

elution fractions were subjected to sodium 

dodecyl sulfate polyacrylamide gel electro-

phoresis (SDS–PAGE).

In an alternative method, purification and 

refolding were performed using Ni-NTA resin, 

according to the method previously reported by 

Glansbeek et al. (11). Briefly, a 5-gm cell pellet 

from the 3-L culture medium, inoculated with 

the transformed BL21-CodonPlus (DE3)-RIL 

strain, was solubilized in 240 mL of lysis buf-

fer (0.1 M NaH2PO4, 0.01 M Tris, one tablet of 

cOmplete EDTA-free (Roche)/100 mL lysis buf-

fer, 8 M urea at pH 8.0). After homogenization, 

the lysate was centrifuged at room temperature 

(RT), 12,000 X g for 30 min, and sonicated. The 

harvested suspension was incubated with 4 mL 

of Ni-NTA resin for 1 h at 4 ºC. After centrifuga-

tion, the collected resin was washed three times 

with washing buffer (50 mM Tris/hydrochloric 

acid [HCL], 8 M urea, pH 8.0), resuspended in 

8-mL washing buffer, and dialyzed with 100-

fold sample buffer volume overnight at 4 ºC 

against the refolding buffer (0.1 M urea, 50 mM 

Tris/HCL, 2 mM reduced glutathione, 0.02 mM 

oxidized glutathione, 0.5 M L-arginine, pH 8.0). 

Then, the Ni-NTA resin was eluted with 4 mL 

elution buffer (refolding buffer + 300 mM imid-

azole), and the recombinant protein separated 

from the Ni-NTA resin by centrifugation. The 

harvested supernatant was subsequently dia-

lyzed against 50 mM Na-phosphate, 150 mM 

NaCl, at pH 7.8.

SDS–PAGE and western blot analysis

Protein samples were loaded on a 10 % Tris-

Glycin Ready Gel precast gels (Anamed) and 

electrophoresed under reducing conditions, 

using the Mini-PROTEAN Electrophoresis 

System (Bio-Rad). Proteins were then stained 

directly with Instant Blue (Biozol) or transferred 

onto an Immobilon polyvinylidene difluoride 

(PVDF) membrane for western blot analysis. The 

PVDF membrane was incubated 2 h in block-

ing buffer (50 mM Tris base; 150 mM NaCl; 

3% bovine serum albumin [BSA]) at RT and 

hybridized with 1:2500 dilution of a mono-

clonal anti-polyHistidin-Peroxidase antibody 

(A7058, Sigma) for 2 h with gentle agitation. 

The membrane was washed for 5 min three 

times with tris buffered saline with Tween 

20 (TBST) (50 mM Tris base; 150 mM NaCl; 

1% Tween 20) while agitating to remove any 

residual antibody. Immune detection of TβR2 

protein was developed using 3,3',5,5'-tetra-

methylbenzidine (TMB) substrate (Sigma).
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RESULTS
According to the structural information of 

binding, and by taking into consideration 

the transforming growth factor-TβRII interac-

tions, the recombinant construct was engi-

neered to encode the truncated region of 

the extracellular domain of human TβRII 

(residues 15–159) preceded by one initiator 

methionine residue. Eight histidine residues 

were placed in the C-terminus. This construct 

lacked the coding region for the TβRII signal 

peptide (23 residues) and the coding region 

for the first 14 residues of TβRII ECD. To pre-

vent the deamidation reaction usually associ-

ated with protein degradation, asparagine 19 

was substituted with alanine at this position. 

This recombinant construct was designed 

as previously described (14). Designed TβRII 

ECD construct was then inserted into an 

expression vector improved by Crelux. The 

main characterization of this expression vec-

tor is its strong, inducible T7 promoter.

Rosettagami pLysS, BL21-CodonPlus(DE3)-

RIL, and  BL21(DE3) pLysS strains of E. coli 

were transformed with the recombinant 

expression vector, and the production of 

recombinant TβRII ECD in the designed 

expression system was induced by adding 

IPTG. The presence of the desired recombinant 

protein was assayed in cell lysates from pellet, 

cytosolic, and elution fractions by SDS–PAGE 

and western blot analysis. The results showed 

that the recombinant TβRII ECD, efficiently 

expressed and accumulated in the cytoplasmic 

compartment of bacterial cells, appeared on 

the SDS–PAGE gel as a protein band with the 

approximate molecular weight of 15.4 kDa (see 

Figure 2). The presence of the desired band in 

cell lysate from pellet samples, obtained from 

BL21-CodonPlus (DE3)-RIL and BL21 (DE3) 

pLysS strains, demonstrated that the overex-

pression of TβRII ECD in the aforementioned 

bacterial strains results in the formation of 

insoluble inclusion bodies. However, the lack 

of a TβRII ECD-related band in the cell lysate 

from the pellet of Rosettagami pLysS suggests 

that the TβRII ECD expresses as a soluble, 

homogeneously non-glycosylated protein in 

this strain. The presence of an extra band with 

a molecular weight greater than the predicted 

band for TβRII ECD monomer in western blot 

analysis of purified protein from Rosettagami 

pLysS strain is presumably associated with 

the dimeric form of TβRII ECD (see Figure 2B). 

This result might be an indication of properly 

folded TβRII ECD in Rosettagami pLysS. 

Further, the production of recombinant 

TβRII ECD was performed on a larger scale, 

in 3-L culture medium inoculated with the 

transformed BL21-CodonPlus (DE3)-RIL 

strain. Recombinant TβRII ECD was success-

fully recovered and refolded from 5 gm of the 

harvested cells. The purification and refold-

ing processes were carried out, according to 

Peer-Reviewed

Figure 2. Analyses of extracellular binding domain of TβRII expression, 5 h after induction in three 

E. coli strains by 10 % Tris-glycine sodium dodecyl sulfate polyacrylamide gel electrophoresis (A) and 

western blot (B). M is protein molecular weight marker; P is cell lysate from pellet; C is cytosolic fraction; 

E is elution after purifi cation with Ni-beads using BioSprint15.
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the procedure described previously (11). To 

prevent the formation of misfolded aggre-

gates, TβRII ECD was refolded while it was 

immobilized on Ni-NTA resin. After only one-

step purification and refolding, 210 mg of 

95% pure soluble TβRII ECD was obtained 

from the 3-L culture medium (see Figure 3A). 

Identification of the purified recombinant 

TβRII ECD was further confirmed by western 

blot analysis (see Figure 3B). 

DISCUSSION 
TGF-β is the prototype of a large family of 

structurally related cytokines, considered as an 

essential component in the regulation of the 

immune system, by stimulation and inhibition 

of cell growth (2,5,15). To maintain the cellular 

homeostasis, this protein triggers the cellular 

responses mediated by TGF-β-TβRII ligand (16). 

To study the role of TGF-β protein in modulat-

ing immune responses and pathological pro-

cesses, in-vitro production of TβRII has been 

considered as a potent TGF-β inhibitor. To date, 

many attempts have been made to produce 

the recombinant TβRII by expression of DNA 

sequences encoding different part of the extra-

cellular binding domain in eukaryotic and 

prokaryotic systems (8 ,9, 10, 11, 14). Although 

they have succeeded in producing biologically 

active protein, in some cases, the yield and 

homogeneity of the expressed proteins were 

not satisfactory. 

In this study, the authors were interested in 

producing a large-scale and homogenous form 

of the TβRII extracellular binding domain 

by expressing this protein in E. coli. Due to 

the lack of post-translational glycosylation 

in the bacterial expression system, it often 

results in higher yields of homogenous protein 

samples compared to other expression sys-

tems (10). Although there are three potential 

N-glycosylation sites in TβRII ECD structure, 

it has been shown that the binding affinity 

of the non-glycosylated form of TβRII ECD is 

in agreement with the affinity of commercial 

glycosylated TβRII (12). Therefore, the inability 

of E. coli to carry out post-translational glyco-

sylation does not affect the inhibitory function 

of expressed TβRII ECD. 

The crystal structure of human TβRII 

extracellular ligand-binding domain, in com-

bination with human TGF β3, was reported 

by Hart et al. (17). Based on the coding 

sequence of TβRII ECD, used in Hart’s experi-

ment, the authors of this study designed a 

recombinant construct containing the cod-

ing sequence of 15–159 residues. The cod-

ing sequence was inserted into the modified 

pTriEx-4 expression plasmid, and, subse-

quently, the three strains of E. coli were trans-

formed with the plasmid. The expression 

of recombinant TβRII ECD in Rosettagami 

pLysS resulted in a soluble, homogenously 

non-glycosylated protein, while the expres-

sion in BL21-CodonPlus (DE3)-RIL and BL21 

(DE3) pLysS strains resulted in insoluble 

inclusion bodies, which were further sub-

jected to solubilization and refolding pro-

cesses for obtaining soluble, homogenously 

non-glycosylated protein samples. 

Figure 3. Analyses of recombinant extracellular binding domain of TβRII (TβRII ECD), isolated from insoluble 

inclusion bodies after each step of purifi cation and refolding procedures, on 10 % Tris-glycine sodium dodecyl 

sulfate polyacrylamide gel electrophoresis (A). Western blot analysis was performed for purifi ed TβRII ECD 

protein (B). M is protein molecular weight marker; P is cell lysate from pellet; SN is supernatant; FT is 

passed fl ow through the column; W is washing steps; E is elution steps.
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Hinck et al. (14) also produced the func-

tional extracellular domain of TβRII (15-159 

residue) in E. coli strain BL21 (DE3) using 

pET32a expression vector, but the yield of 

expressed recombinant protein has not been 

reported (14). In addition, in 1997 Glansbeek 

et al. (11) expressed the extracellular domain 

of TβRII (aa3-aa114) in E. coli using p-QE16 

expression vector and obtained 15 mg/L of 

insoluble recombinant protein. They also 

used several refolding procedures and deter-

mined the efficient method for isolating and 

refolding of the TβRII ECD from insoluble 

inclusion bodies by testing the ability of the 

refolded protein to neutralize the TGF-β pro-

tein. They surprisingly observed that the 

refolded TβRII ECD produced in E. coli was 

a stronger inhibitor, compared to the TβRII 

ECD produced in yeast (11). 

In another study, Boesen et al. (10) 

attempted to produce the soluble form of 

TβRII in a bacterial expression system by 

designing several recombinant constructs. 

However, they only obtained the soluble 

TβRII (0.1 mg/10 L), when they used gluta-

thione S-transferase as a fusion partner (10). 

In addition, attempts to produce recombi-

nant TβRII in mammalian and insect cells 

resulted in the lower level of expression, 

compared to the reported amounts of bacte-

rial expression systems (8,11).

Finally, to verify the inhibitory effect of 

the recombinant protein in this study, an 

affinity binding assay would need to be car-

ried out. The authors of this study, however, 

anticipate that, because the designed recom-

binant construct in this study is the same 

as the construct reported by Hinck et al. (14) 

and the refolding buffer used in the experi-

ments in this study does not differ greatly 

from the one used in the Hinck study, the 

protein obtained in this study would dem-

onstrate the expected inhibitory function. 

Further validation is, nonetheless, necessary.

CONCLUSION 
The designed expression system for the 

production of recombinant TβRII ECD 

has several advantages over previously 

reported ones. First, the yield of purified 

recombinant protein obtained from BL21-

CodonPlus (DE3)-RIL strain was 70 mg/L, 

which is approximately a five-fold increase 

compared to the maximum yield previously 

reported (11). Moreover, the Rosettagami 

pLysS strain was able to produce the soluble 

extracellular domain of TβRII, heedless of 

the fusion partner. Furthermore, the ability 

of this system to produce the homogenous 

TβRII ECD protein with high purity on 

a larger scale can provide an efficient 

bacterial expression system for obtaining 

the recombinant TβRII ECD for further 

structural studies. 
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Identifying and Controlling CPPs and CMAs
Statistical methods to identify critical process parameters and 
critical material attributes—and approaches to control them—
are needed to protect drug product and drug substances.

A 
key element of drug development and 

product/process characterization is the 

requirement to identify and control 

critical process parameters (CPPs) and critical 

material attributes (CMAs) that influence criti-

cal quality attributes (CQAs). CQAs have clinical 

relevance as they are defined to specifically mea-

sure drug attributes associated with safety and 

efficacy of the drug. In a previous article (1), a 

discussion of the selection of CPPs was presented. 

This article presents statistical methods to iden-

tify CPPs and CMAs and approaches on how to 

control them so they do not adversely affect the 

drug product or drug substance.

International Council for Harmonization (ICH) 

Q8 Pharmaceutical Development (2) states in Part 

II, 2.5, “… These controls should be based on 

product, formulation and process understanding 

and should include, at a minimum, control of 

the critical process parameters and material attri-

butes. A comprehensive pharmaceutical develop-

ment approach will generate process and product 

understanding and identify sources of variability. 

Sources of variability that can impact product 

quality should be identified, appropriately under-

stood, and subsequently controlled. Understanding 

sources of variability and their impact on down-

stream processes or processing, in-process materials, 

and drug product quality can provide an opportu-

nity to shift controls upstream and minimize the 

need for end product testing. Product and process 

understanding, in combination with quality risk 

management (see ICH Q9), will support the control 

of the process such that the variability (e.g., of raw 

materials) can be compensated for in 

an adaptable manner to deliver consis-

tent product quality.”

LINEOFSIGHT FOR ALL 
CQAS AND CPPS/CMAS

When working on drug development, 

there is a need to maintain line-of-sight 

(Figure 1) between CQAs and elements of drug 

development that may influence them. Elements 

of drug development that may impact CQAs are as 

follows:

• Excipient selection in formulation

• Formulation concentrations 

• Formulation process for drug substance or 

drug product

• Process selection 

• Processing method or sequence of operation

• Process equipment settings

• Materials and reagent selection

• Process parameter characterization

• Selection of normal operating ranges (NORs)

• Selection of proven acceptable ranges (PARs)

• Critical parameters in analytical methods. 

By maintaining line-of-sight, the relationship 

of drug development parameters and CQAs is 

maintained and evaluated in a systematic man-

ner, making knowledge gaps and oversights less 

likely. Quality risk management is a technique 

that evaluates and  manages development risks 

associated with CQAs.  ICH Q9 on quality risk 

management (3) states, “Two primary principles 

of quality risk management are: the evalua-

tion of the risk to quality should be based on 

scientific knowledge and ultimately link to the 

protection of the patient; and the level of effort, 

formality, and documentation of the quality risk 

management process should be commensurate 

with the level of risk.”

Quality risk management is normally used 

to identify development areas with risk to 

CQAs; however, it is not sufficient to identify 

the CPPs and CMAs. High-level risk assess-

ments will indicate unit operations with risk, 

and low-level risk assessment will identify 

potential factors that may impact CQAs. Risk 

assessment alone is not sufficient to detect and 

control CPPs. It can only be based on measure-

ment of how factors directly influence the 

response.

Thomas A. Little, PhD, is 
president/CEO of Thomas A. Little 

Consulting, BioAssay Sciences, 
12401 N Wildflower Lane

Highland, UT  84003,
1.925.285.1847,

drlittle@dr-tom.com.
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CPPs may be found in formu-

lat ion, media, upstream and 

downstream unit operations, and 

drug-product processing. Due to 

the large number of unit operations 

and media complexity, it is easy 

to overlook processing parameters 

and materials that may influence 

drug-substance and drug-product 

variation and CQAs. Failure to 

identify critical parameters will 

result in unexplainable variation 

during batch processing and lot 

acceptance.

The key steps to CPP/CMA selec-

tion and their application to pro-

cess control is as follows: 

• Identify CQAs for drug product and 

substance. Include responses for 

productivity (%viability or titer).

• Select API, excipients, processes, 

materials, and container closure.

• Define all unit operations and 

process sequence of operation.

• Define all product and pro-

cess specification limits and 

acceptance cr iter ia (include 

in-process controls and release 

testing).

• Qualify/validate all analytical 

methods.

• Complete high-level quality risk 

management and identify unit 

operations with risk to CQAs.

• For unit operations with risk, 

complete a low-level factor/

response selection for all factors, 

interactions, quadratics, and 

materials.

• Generate design of experiments 

(DoEs) for unit operations or 

materials with risk.

• Explore the design space all key 

factors identified during the risk 

assessment using DoE or other 

multivariate methods.

• Determine the factor effect size 

and scaled estimates. 

• Determine the % of tolerance, 

% of margin, or % of mean, and 

identify all CPPs/CMAs.

IDENTIFICATION OF CPPS BASED ON 
THE SCALE ESTIMATE FROM DOES

DoE and multifactor experiments 

help to isolate the influence of 

every factor and interaction on the 

critical responses associated with 

the drug substance or product. 

Analysis of the DoE will generate 

the scaled estimates (one-half the 

change in Y relative to the change 

in X) also known as the half effect 

(Figure 2). Scaled estimates are 

the direct measure of how factors 

influence CQAs and key responses.

Multiplying the scaled estimate 

by two for all main effects and two-

factor interactions, and by one for 

all quadratics determines the full 

effect of each factor and or model 

term. Dividing the full effect by the 

tolerance, margin, or mean mea-

sures the factor or model term as 

Figure 1: Line of sight and critical process parameters and key responses. CQA 

is critical quality attributes. CPP is critical process parameters. CMA is critical 

material attributes. 

Figure 2: Scaled estimates from a designed experiment.

http://www.biopharminternational.com
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a % of tolerance, % of design mar-

gin, or % of the mean. The reason 

±20% of tolerance is considered 

critical, it will cause shifts in the 

CQA response and most likely result 

in out-of-specification (OOS) results 

(Figure 3), thus it makes the factor or 

material attribute critical:

Full Effect=Scaled Estimates * 2

% of Tolerance = Abs(Scaled 

Estimates * 2)/(USL-LSL)  for two 

sided limits

% of Design Margin= Abs(Scaled 

Estimates * 2)/(Average-LSL) for one 

sided LSL only

% of Design Margin= Abs(Scaled 

Estimates * 2)/(USL-Average) for 

one sided USL only

where:

USL is the Upper Spec Limit

LSL is the Lower Spec Limit

Average is the baseline process or 

product average from the DoE or 

other lots.

CPPs are a function of the DoE 

range and their associated influence 

on CQAs. Increasing or decreasing 

the experimental range will influence 

CPP identification.  During character-

ization we want wide limits and don’t 

mind identification of many CPPs; 

however, when filing a drug with the 

health authorities we want to demon-

strate our control of the parameters 

makes them not critical.

CONTROL OF CPPS/CMAS
ICH Q10 and Q11 (4,5) discuss the 

need for a control strategy. After 

the identification of CPPs/CMAs is 

complete, the next step is to control 

the influence of the factor so that 

it does not adversely cause uncon-

trolled variation in the process. The 

following are strategies that may be 

used to control CPPs/CMAs:

• Closed loop control on the fac-

tor (PAT/Stat ist ica l process 

control with adjust within the 

defined design space) (6).

• Change the process or method 

to another method of processing 

that is better controlled.

• Modify equipment and associated 

control loops to a tighter range.

• Purchase equipment that is bet-

ter controlled.

• Change materials.

• Institute raw material qualifica-

tion on incoming materials.

• Improve vendor material control 

and certificate of analysis.

• Change a material usage fac-

tor based on concentration or 

potency to control the influence 

of raw material variation.

• Establish NOR and PAR asso-

ciated with the product and 

restrict the operational range.

NOR AND PAR RANGE CONTROL
Normal operating ranges and 

proven acceptable ranges (NOR/

PAR) are determined based on 

evaluating normal variation from 

the process (typically ±3 stdev for 

NOR and ±4.5 stdev for PAR) and 

its transmitted variation from a 

DoE simulation (Figure 4). 

Edge of failure analysis is then 

used to evaluate and/or set the NOR/

PAR limit.  Setting a NOR or PAR 

limit will cause restriction in the fac-

tor range, and its characterized trans-

mitted influence will be reduced.

Limiting the factors to the NOR 

and PAR range will reduce the influ-

ence of the factors, so they are now 

more controlled; however, does it 

also follow that they are now no 

longer critical and their variation 

will not result in OOS?  To deter-

mine if the factor range restriction 

controls the factor (Figure 5) and is 

Figure 3: Critical process parameter identifi cation and design-of-experiment 

(DoE) limits.

Figure 4: Simulation of normal operating ranges and proven acceptable ranges 

(NOR/PAR). 

http://www.biopharminternational.com


March 2018    www.biopharminternational.com    BioPharm International    43

Analytical Best Practices

no longer critical, the following pro-

cedure is recommended:

• Run a new simulation at the 

NOR/PAR range at the optimized 

set point (target) for the process. 

Use either uniform distribution 

(worst case) or random truncated 

(best case).

• Make sure no random variation 

is injected into the model except 

from the factors of interest to cor-

rectly evaluate their influence.

• From the simulated table with the 

new range, refit the original DoE 

model into a multiple regression 

analysis (Fit Model in SAS/JMP).

• Calculate new scaled estimates 

from the simulation.

• Determine the new % tolerance, 

% margin, or % mean.

• Determine how many of the fac-

tors, model terms are now CPP 

or CMA.

When reporting CPPs and CMAs 

to health authorities, it is impor-

tant to report those factors from 

any characterization DoE that are 

having a strong influence (>20%) 

on any CQA or productivity mea-

sures. It is, however, equally impor-

tant to show how those CPPs/CMAs 

will be systematically controlled. 

Establishing normal operation 

ranges (NOR) and proven accept-

able ranges (PAR) that influence 

the factors and demonstrating how 

those limits reduce their influence 

so they are no longer critical is one 

good way to control CPPs/CMAs.

CPP/CMA CONTROL SUMMARY
CPP and CMA determination typi-

cally comes from several sources: 

risk assessments, scientific knowl-

edge, prior knowledge, and from 

characterization and optimization 

studies. Risk assessments alone are 

not sufficient to determine factor 

effects on CQAs and productiv-

ity. A best practice is to base CPPs 

and CMAs on measurements and 

their calculated influence. Once all 

CPPs/CMAs have been identified, 

they need to be evaluated for con-

trol. There are a variety of control 

strategies that need to be vetted for 

control effectiveness for each CPP 

or CMA. Simulations and DoE are 

core tools that aid in evaluation and 

management of CPPs/CMAs.

Demonstration of control effec-

tiveness so that the variation they 

may cause to the drug substance 

or drug product will be mini-

mized and predictable is essential 

to drug development. A discus-

sion of the identification and con-

trol of CPPs and CMAs should be 

included in regulatory filings and 

is a key demonstration of prod-

uct knowledge and process under-

standing.
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Figure 5: Before and after normal operating ranges and proven acceptable ranges (NOR/PAR) limits and critical process 

parameters (CPPs).
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T
ransporting sensitive pharma-

ceuticals is a risky and com-

plex business. “The lower deck 

conditions within a Boeing 

plane or a typical intermodal freight 

container are a long way from the GMP-

validated cleanrooms and controlled 

laminar-f low environments of the 

pharma production environment,” says 

Alan Kennedy, founder and executive 

director of TEAM UP, an organization 

that focuses on pharmaceutical industry 

supply chain issues. 

According to the International Air 

Transport Association (IATA), the global 

pharmaceuticals logistics market is valued 

at $64 billion and is one of the most regu-

lated, expensive, and fragile cargo markets 

in the world today (1), says Kennedy.  

Pharmaceutical transport typically 

combines different modes, explains 

Kennedy. Air transport, prized for its 

speed and flexibility, is used mainly for 

long distance, intercontinental distribu-

tion of the most valuable therapeutics, 

he says. Rail is an insignificant factor, 

but this may change, Kennedy says, as 

new “silk route” connections between 

Asia and Europe are established (2).

OCEAN: COLD CHAIN’S CINDERELLA?
Ocean transport may conjure 1940’s 

images of the days when most people 

still crossed the ocean by ship. It has his-

torically been the Cinderella of pharma 

distribution, says Kennedy, but, IATA 

notes that 3.5 million metric tons of 

pharmaceuticals are still shipped by sea 

each year, compared with 0.5 million 

metric tons by air (3). 

Over the past five years, ocean trans-

port has taken on much greater visibility 

Poseidon Takes on the 
Pharma Supply Chain

Agnes Shanley

Lower 
costs, fewer 

opportunities 
for temperature 
excursions, and 

a smaller carbon 
footprint are 

making ocean 
transport more 

attractive for 
pharmaceuticals. 
Poseidon, a new 

collaborative 
pharma initiative, 

seeks to 
leverage benefits.

Cold-Chain Distribution
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Alan  Kennedy, executive director of TEAM UP shared perspectives on Poseidon 

and the topic of ocean transport. 

BioPharm: Why was Poseidon established and what do you hope to 

achieve with the program?

Kennedy: Like-minded individuals at the 2017 European Temperature 

Controlled Logistics Conference agreed that, in order for any degree of 

wholesale, across-the-board improvement in the pharma-cold chain, there 

would need to [be] more alignment between supply-chain stakeholders. 

Poseidon’s model is built around some of the principles of supply-chain 

collaboration and integration that are being successfully applied in 

other industries. Instead of a supply chain, Poseidon is a supply network 

that involves all of the stakeholders that are responsible for transporting 

pharmaceutical products. Currently, 19 companies are involved in the 

Poseidon project, including eight pharmaceutical manufacturers. 

Driven by pharmaceutical companies, the program is designed so that each 

pharma firm and its shippers, logistics companies, and suppliers sit around 

the same table as equal partners. A network partner agreement governs the 

relationships between all these parties, and they work together as a single 

team with common goals, rules, and performance incentives. 

Poseidon is putting together an end-to-end integrated network for pharma 

logistics. We hope that the model will serve as a template for pharmaceutical 

companies in their quest for more efficient, more competitive, and more concerted 

supply chains that are fit for purpose in today’s rapidly changing environment. 

Leveraging improved technology

BioPharm: How are you connecting the many stakeholders who would be 

involved in ocean transport? 

Kennedy: A cloud-based Poseidon Collaboration Hub enables members to 

communicate in real time or whenever needed. Stakeholders around the world 

facilitate network communications, exchange ideas, disseminate news, share 

information, access up-to-date documentation, and manage projects. The Hub 

is also used for non-transactional network communications, for meetings, and 

to store documentation.

BioPharm: What types of technology (e.g., temperature and condition 

monitoring) are being refined for ocean transport, and how would they differ 

from solutions that were developed for air transport?

Kennedy: The challenges of sea freight broadly mirror those of air, although 

some of the protection and monitoring equipment had to be adapted to the 

different time parameters and operating conditions. For example, one of our 

participants, DuPont, is currently exploring new cargo-cover materials for 

ocean freight use. 

One of the advantages of sea freight is that it offers better shipment 

visibility so that shippers can monitor the geographical position and physical 

condition of freight in real-time. At this point, Poseidon is only using Maersk 

‘smart’ reefers and US-built Klinge ‘redundancy’ reefers.  

For air freight, the Federal Communications Commission requires 

transmitting devices such as data-loggers to be auto-switched off during 

flight for safety reasons. Although the loggers continue to capture data 

during the flight, this information can only be retrieved later. As a result, 

there is no opportunity to receive alerts or to intervene quickly, to fix a 

problem that has been reported while it is happening.

BioPharm: Are insurance costs more of an issue for sea than air freight?

Kennedy: Ocean transport insurance can sometimes be perceived as a black 

hole by shippers, who are often more comfortable with the comprehensible 

and comprehensive insurance provisions associated with air freight. 

Poseidon is actively addressing this issue and has brought the insurance industry 

into negotiations from the project’s start. As a result, Poseidon can now offer a wide-

ranging insurance framework specially devised to provide adequate indemnity for 

all pharma shipment values. Poseidon insurance will provide significantly improved 

coverage while demystifying the marine protection process. 

BioPharm: Have there been any regulatory changes regarding ocean 

shipment or position pronouncements by the World Health Organization 

(WHO) or other global authorities on ocean transport of pharmaceuticals?

Kennedy: GDP legislation is indiscriminate, non-prescriptive and applies 

universally to all transport modes. So, the same standards must be met by 

all. The IATA CEIV program is a translation of these regulations to make them 

more air-freight-friendly.

Although a high proportion of vaccines are currently transported by sea, 

the use of ocean freight has not yet been officially endorsed by WHO due to 

concerns surrounding the perceived implications of a ‘total’ loss situation 

(i.e., where a huge volume of urgent vaccines or drugs might be lost in a 

single event). WHO is expected to review this position, however, in light of 

Poseidon insurance provisions. 

BioPharm: Have there been any recent risk benefit analyses of ocean 

transport?

Kennedy: Different pharmaceutical companies have launched proprietary 

pilot studies to ascertain savings and quantify results. 

However, Poseidon is working with several pharma manufacturers to 

design and implement the largest ocean freight transport validation exercise 

to date. This study will involve multi-container intercontinental shipments 

of different pharmaceutical dosage forms (oral solid dosage forms, vial 

parenterals, and topical creams), which will be rigorously monitored and 

documented. This exercise will be completed by June 2018.

BioPharm: Are there types of pharma companies that tend to rely more on 

ocean transportation?  What interest are you seeing in the industry?

Kennedy: For the first time, the 2017 IQPC Temperature Controlled Logistics 

conference in London included a Sea Freight Focus Day. This event was sold 

out, and 70% of those attending worked at pharmaceutical manufacturers, 

almost all seeking to enter sea freight or to upgrade their sea freight usage.

Most of Big Pharma is already shipping some of its products by sea. However, 

these companies typically deal in huge volumes that lend themselves well to 

full container load (FCL) shipments. 

Small- and mid-sized pharma companies, which contribute half the industry’s 

output, do not currently have access to a GDP-compliant less than container load 

(LCL) service, also known as ‘groupage’ or shared container service. Therefore, 

they are forced to send materials by air. We expect this restriction to be lifted 

once Poseidon introduces its GDP-compliant LCL service later this year. 

FROM SUPPLY CHAINS TO SUPPLY NETWORKS: POSEIDON AIMS TO REDEFINE PHARMA COLD-CHAIN LOGISTICS

Cold-Chain Distribution
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in the pharma industry. Cost competitiveness is one 

reason. In addition, Kennedy notes, although it takes 

much longer than air travel, ocean transport entails far 

fewer product handoffs. According to some studies, air 

freight accounts for 80% of all reported temperature 

excursions, compared with 1% for sea journeys (4,5).

With ocean freight, customs clearances and other 

time-consuming paperwork procedures can often be 

arranged during transit. “The fact that ocean freight 

entails a greater stock tie-up can also be mitigated 

through the adoption of ‘floating warehouse’ princi-

ples whereby goods in transit are recognized as inven-

tory,” he says. Ocean transport has a carbon footprint 

that is 1/25th the size of air travel’s (6), says Kennedy.

RISK REDUCTION
A 2013 report by analysts from The Seabury Group 

(7) found significant quality-control problems with 

air freight. As a result, Kennedy says, air cargo carriers 

began to set higher standards, establishing the IATA 

Center of Excellence for Independent Validators (CEIV) 

Pharma program to interpret general European Union 

and other good distribution practice (GDP) rules spe-

cifically for air cargo (8). 

That same year, the EU extended GDP regulations 

to cover controlled room temperature (CRT) prod-

ucts, which must nominally be kept from 15–25 °C, 

which accelerated a switch from air to ocean transport, 

Kennedy says. So far, most of the growth in pharma 

ocean transport has been around relatively low value, 

high-volume products. However, advocates see that sensi-

tive large-molecule biologics and personalized therapies 

could also be shipped by sea.

Among ocean transport’s strongest pharma advocates 

is AstraZeneca, which has increased the percentage of 

products it ships by sea from 5% in 2012 to nearly 70% 

in 2017 (9). Eli Lilly, which has been conducting studies 

of ocean transport of biologicals, has found that trans-

porting products by sea saves 80% in costs, and reduces 

vibration and shock to materials during transport (10). 

Bayer (11) has found  ocean transport plus trucking 

to be an efficient way to transport pharmaceuticals in 

Brazil. 

In January 2018, TEAM UP established Poseidon, 

(see Sidebar) a network of eight pharmaceutical manu-

facturers as well as shippers, logistics specialists, and 

technology vendors. The group is collaborating on new 

insurance and container options, as well as a major 

validation study that is expected to be completed in June 

2018. 
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Inspection Technologies 

for Parenteral and 

Biologic Products

The E-Scan 655 is a 

revolutionary deterministic micro leak 

test instrument that utilizes a new 

class of HVLD technology to inspect 

vials, syringes, and other liquid-filled 

parenteral products for container closure 

integrity. The E-Scan 655 technology 

is a MicroCurrent conductivity test 

method, HVLDmc, that is completely non-

destructive to the container and product; 

with significantly lower voltage exposure 

than other conductivity based solutions.

PTI Inspection Systems • www.ptiusa.com

INTERPHEX Booth #3305A

Visit PendoTECH at Booth #3753! 

PendoTECH offers low-cost, single use 

in-line sensors for pressure, temperature, 

conductivity, UV absorbance, and flow (that 

are also robust enough for re-use!). They 

have complementary monitors/transmitters 

and are targeted towards biotech process 

development and manufacturing. Advanced 

systems are also available for automation 

and data collection.

PendoTECH •www.pendotech.com

INTERPHEX Booth #3753

Process Column 

Packing Workshop

Bio-Rad invites you to 

participate in this upcoming workshop 

to learn best practices and guidelines for 

packing chromatography media at process 

scale. This workshop will be held at the 

Research Center for Industrial Biotechnology, 

Technical University of Munich in Germany 

on June 6, 2018. It will include live 

demonstrations and training for using CHT™ 

Media and compressible chromatography 

media as well as a discussion of transfer 

methodologies. Column packing of both 

chromatography media types will be 

outlined. Seating is limited. 

Bio-Rad Laboratories • process@bio-rad.com • 

www.bio-rad.com/Europeworkshop

BIOne 

Single-Use 

Bioreactor 

System

Distek Inc. has 

developed a 

benchtop scale single-use bioreactor 

(SUB) system for mammalian cell growth 

and recombinant protein production. The 

pre-sterilized BIOne system is engineered 

with a disposable headplate welded to 

a triple-layered liner that can be easily 

inserted into a non-sterile bioreactor glass 

vessel, converting it to a sterile, disposable 

SUB within a matter of seconds.

Distek, Inc. • www.distekinc.com

INTERPHEX Booth #2735

We Know Bioprocessing

By exploiting the strong synergies in 

bioreactor technology and polymer 

manufacturing, Eppendorf has emerged 

as a global player in the bioprocess 

marketplace. With a comprehensive 

offering of single-use and traditional 

products for the growth of mammalian 

and microbial cells, and working volumes 

of 60 mL–1200 L, the Eppendorf portfolio 

can satisfy the demands of process 

development through production.

Eppendorf • www.eppendorf.com

INTERPHEX Booth #3647

Contamination prevention 

in research and production.

Getinge Life Science offers equipment 

and services for biopharma production, 

biomedical research, and lab facilities. 

We provide systems for sterilization, GMP 

washing, sterility testing, sterile transfer, 

and closure processing. 

Getinge • tel.+46·(0)10·335·0000 • 

www.getinge.com/lifescience

INTERPHEX Booth #3133

Hamilton Arc 

Sensors Bluetooth 

Communication

Hamilton Company 

introduces ArcAir—a new 

communication package for its Arc family of 

intelligent process sensors. Arc Air enables 

reliable, economical Bluetooth 4.0 wireless 

connectivity in all environments. The new 

Bluetooth capability allows users to view or 

configure Hamilton Arc sensors from a wide 

range of devices, including smart phones 

and tablets. ArcAir apps are available online 

for both Android and iOS platforms in three 

versions: ArcAir Lite (free), ArcAir Basic and 

ArcAir Advanced.

Hamilton Company • www.hamiltoncompany.com

INTERPHEX Booth #3465

FLEX2 Cell 

Culture 

Analyzer

BioProfile FLEX2 

is the only cell 

culture analyzer designed for manual, 

at-line and online sampling of bench-

scale bioreactors and integration with 

the automated ambr® 15 and 250 cell 

culture microbioreactor systems. FLEX2’s 

optional External Sampling Module 

(ESM) automatically delivers cell culture 

samples from microbioreactor systems 

to FLEX2 for rapid analysis of cell culture 

gasses, chemistries, osmolality, and cell 

density/viability.

Nova Biomedical • www.novabio.com

INTERPHEX Booth #3953

Connecting 

People, Science, 

and Regulation®
The Parenteral Drug 

Association (PDA) is 

the leading global provider of science, 

technology, and regulatory information 

and education for the pharmaceutical and 

biopharmaceutical community. Founded 

in 1946 as a nonprofit organization, PDA 

is committed to developing scientifically 

sound, practical technical information and 

resources to advance bio/pharmaceutical 

science and regulation through the expertise 

of its more than 10,500 members worldwide, 

so members can better serve patients.

Parenteral Drug Association (PDA) • 

www.pda.org • INTERPHEX Booth #1653
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BIOBLU® 10C SINGLE-USE VESSEL 
FOR CELL CULTURE
The BioBLU 10c Single-Use Vessel is the newest 

member of the Eppendorf portfolio of rigid-

wall stirred-tank bioreactors. With a maximum 

working volume of 10 L it perfectly blends into 

the BioBLU c vessel portfolio covering working 

volumes from 100 mL to 40 L. Consistent vessel 

geometries and highly flexible headplates 

make the product line an ideal choice for process development 

through scale-up. Eppendorf AG, www.eppendorf.com

GETINGE GSS P STEAM STERILIZER
The GSS P is engineered with high-quality 

components for performance and to secure 

a safe and reliable process. The sterilizers 

come in a range of 17 different chamber sizes. 

Core features include: program combination 

adapted for biopharma applications, GAMP5 

project execution, air removal by liquid ring 

vacuum pump, ECO-system, recirculation of vacuum pump sealing 

water, GMP design with sanitary stainless steel process piping and 

chamber construction. Getinge, www.getinge.com/lifescience

Ad Index

AIRBRIDGECARGO AIRLINES 47

BAXTER HEALTHCARE CORP 7

BECTON, DICKINSON AND COMPANY 9

BIO INTERNATIONAL CONVENTION 39

BIO RAD LABORATORIES COVER TIP

BIOMERIEUX INC 2

CPHI NORTH AMERICA 37

DASGIP 33

DISTEK INC 25

GETINGE INFECTION CONTROL 51

HAMILTON CO 15

MILLIPORESIGMA 19, 21

NOVA BIOMEDICAL 27

PARENTERAL DRUG ASSOCIATION 11, 41

PHRMA 5

PTI 23

SEKISUI DIAGNOSTICS UK LTD 31

SPECTRUM CHEMICAL MFG CORP 29

WATERS CORPORATION 45

WUXI APP TEC 52

Company Page Company Page

ONLINE VIABLE CELL DENSITY MONITORING
Hamilton’s Incyte, viable cell density sensor, 

enables measurement of viable cells without 

influence from changes in the media, 

microcarriers, dead cells, or debris. Designed 

for use in mammalian cell culture, yeast and bacterial fermentation, 

its 12 mm diameter, PG13.5 thread and 120 thru 425 mm lengths fit all 

reactor sizes.  Either 2 or 4 sensors connect to the Arc View Controller, 

which displays, records, and exports measurement data in 4-20 mA, OPC 

or Modbus formats. Hamilton Company, tel: 800.648.5950, sensors@

hamiltoncompany.com, www.hamiltoncompany.com/sensors

OUTSOURCING AND INSOURCING 
SOLUTIONS FOR LABORATORY TESTING
Eurofins Lancaster Laboratories provides 

testing services for all stages of the drug 

development process and supports all 

functional areas of bio/pharmaceutical manufacturing. We offer the 

flexibility to manage your testing programs through your choice of three 

unique service models, including standard Fee for Service, as well as our 

award-winning Professional Scientific Services® PSS insourcing solution® 

and Full-Time-Equivalent (FTE) service models. Eurofins Lancaster 

Laboratories, Inc., 717.656.2300, www.EurofinsLancasterLabs.com
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In-house experts can help select the right systems and 
suppliers, making validation and compliance easy, says 
Siegfried Schmitt, principal consultant at PAREXEL.

Q: 
We are planning to upgrade several of 

our automated systems in production 

and in the laboratories. These upgrades are nec-

essary so that we can implement functional-

ity like audit trails, which are now required to 

achieve data integrity compliance. We contacted 

suitable vendors and some have now offered to 

sell to us fully 21 Code of Federal Regulations (CFR) 

Part 11 and data integrity-compliant software 

packages. Such a package seems like a very good 

deal, but it is not offered by the majority of sup-

pliers. Can you give some insight on how other 

companies address this situation?

A: 
You are in a very typical situation 

where not all your automated systems 

are of a technical standard that make com-

pliance with the applicable regulations pos-

sible, unless you upgrade or replace certain 

systems. It is an unfortunate fact that there 

are still vendors out there who make mislead-

ing claims, either out of ignorance, or worse, 

knowingly. The only party that can legally 

commission and operate a computerized sys-

tem in a fully compliant manner is the system 

owner (i.e., someone within your organiza-

tion). Only you know how you are going to use 

the specific system and for what purpose. No 

vendor can do this for you. Therefore, auto-

mated system suppliers can merely offer to sell 

you systems that are designed and built in a 

manner that allows you, the customer, to oper-

ate them in a compliant manner (e.g., comply-

ing with 21 CFR Part 11 or other regulatory 

requirements).

Let me give you an example to clarify this: 

You may purchase a system upgrade that pro-

vides audit trail functionality. Although the 

vendor gives you an audit trail as you requested, 

you may choose not to activate it (perhaps 

because it slows the system down too much). 

Now you may be in a non-compliant situation. 

Or, you decide to activate the audit trail, but 

upon review you find that it is not in human 

readable form, or that it only captures a  fraction 

of the transaction, or that the amount of data 

in the audit trail is so overwhelming that it 

becomes unmanageable.

Savvy companies have in-house experts 

with a sound understanding of the regulations 

covering automated systems, how to perform 

computerized systems validation, and how to 

optimally harness the vendors’ expertise. These 

experts will put together the user requirement 

specifications (URS) for the various systems. 

The URS is the document that will steer how 

the system (or system upgrade) will help you 

to operate in compliance with the regulations 

(i.e., what it takes to make sure that data are 

trustworthy and your system is fully validated). 

In the URS, companies will specify what they 

expect from the audit trail (e.g., it must be 

human readable, sortable, exportable, search-

able, etc.). 

The URS also forms the basis for the testing 

requirements, namely the testing by the users. 

Users may be quality unit personnel who need 

to verify that on an analytical instrument the 

series of injections for an analysis tally with 

the method, or that there were no rogue injec-

tions. Only these people will know what they are 

looking for and how they want to perform their 

review. Your system vendors are now tasked with 

providing you with a system that meets your 

needs, and not just a ‘one-size-fits-all’ solution.

Don’t be lulled into a false sense of secu-

rity by sales promises; instead, make sure you 

have experts at hand who can help you select 

the systems and suppliers who best meet your 

needs. Once you do this, you will find that 

validation and compliance even with the most 

demanding regulations become not only pos-

sible, but exciting. ◆

Computerized Systems Validation

Siegfried Schmitt is 
principal consultant 

at PAREXEL.

Your opinion matters.

Have a common regulatory or compliance question? 
Send it to susan.haigney@ubm.com and 

it may appear in a future column.

http://www.biopharminternational.com
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Reliable FlexibleSafe
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