
Note from the editors
As we enter the 6th month of 2021, we continue to reflect on the impact that we 

have made as statisticians not only during the global pandemic; but also, over the last 

40 years as part of the Biopharmaceuticals (BIOP) Section of the American Statisti-

cal Association (ASA). 

In the second issue of 2021, we open with an article from our current Section 

Chair, Weili He and Bruce Binkowitz, the 2020 BIOP chair, reflecting on the past 

year and looking toward the year ahead, which sets the vision of what we hope to 

achieve as a Section in 2021. We follow this with a general article by Hija Banerjee 

(Novartis) talking about the major achievements of BIOP during the 1990s, which 

included the first FDA Industry Workshop in 1997. This is followed by reflections 

from three of the BIOP Section Chairs from the 1990s, Bob Davis (1997), Ken 

Koury (1998), and Steve Snapinn (1999).

In this issue, you will find a summary of the results from the annual BIOP survey 

that has been put together by Kun Chen (Gilead), Jiajun Liu (Gemini Thera-

peutics), and Jingjing Gao (Grail). Thank you to all of the BIOP members who 

participated in the survey. This is followed by the non-clinical statistical article, 

which we hope will become a regular feature of the BIOP report. In this issue, the 

non-clinical statistics article written by Stan Altan (Janssen) and John Kolassa 

(Rutgers University) discusses the history of non-clinical statistics across research 

and development in the pharmaceutical industry.  Following this, we interview Eric 

Gibson (Novartis) and discuss reflections on his excellent 2020 article from Sta-

tistics in Biopharmaceutical Research, “The Role of p-values in Judging the Strength 

of Evidence and Realistic Replication Expectations”. This is followed by an article on 

the history of pediatric drug development from Margaret Gamalo (Pfizer), Aijun 

Gao (Covance), Fei Wang (Boehringer Ingelheim), and Yoonjin Cho (Regenxbio), 

members of the BIOP Pediatric Scientific Working Group

We also share an update of upcoming conferences which may be of interest to the 

BIOP community. 
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TRANSITION REPORT
Bruce Binkowitz (BIOP Chair 2020) and Weili He (BIOP Chair 2021)

Greetings to all BIOP Section members. We want to 
thank you for the honor of serving the membership of 
the Biopharmaceutical Section (BIOP). 2020 was an 
extraordinary year, and an unplanned year, a time of 
both tragedy and exciting breakthroughs. It was a time 
of change, for both good and bad. 2020 was certainly 
a unique year, and while much of how we adjusted the 
operations of the BIOP section in 2020 will continue 
throughout 2021, the look and feel to 2021 has a dif-
ferent tone. To no one’s surprise, but to all their credit, 
our BIOP committees have been operating virtually and 
continue to be extremely effective in providing benefits 
to our members and preparing for our annual meetings. 
However, there were many changes in the BIOP as there 
were everywhere.

Traditionally, in a year with no pandemic restrictions, 
the BIOP Executive Committee (EC) meets virtually in 
March, and then in person at JSM, and again in person 
the ASA Biopharmaceutical Section Regulatory/Indus-
try Biostatistics Workshop. In 2020, all three of these 
EC meetings occurred virtually. While we all missed the 
in-person interactions, the EC still moved forward with 
section business without any hiccups. Also moved to a 
virtual meeting was the annual business meeting, held 
during JSM. In past years, this has been a great event 
for networking, catching up with acquaintances, learn-
ing about section business and seeing the award winners 
while having some food and drink supplied by BIOP. 
In 2020, this business meeting was virtual, and it was 
bring your own food and drink at home while viewing 
the evening business meeting. Nonetheless, there were 
approximately 80 attendees for the annual update to the 
BIOP business. 

Also moved to a virtual setting was our annual Reg-
ulatory-Industry Statistics Workshop meeting where 
the virtual setting allowed the Workshop to smash 
past attendance records, with the virtual attendance of 
approximately 1200. The Workshop certainly was not 
without its technical glitches, but given the circum-
stances, relatively short notice, and no experience to 
build a virtual workshop, the ASA, the workshop co-
chairs, and the organizing committee did an outstanding 
job to put on the workshop as never before. 

In this article, we provide a summary of the most 
important initiatives and events that took place in 2020 
and early 2021, and our plans for the rest of 2021. 

Biopharmaceutical Section Scholarship
The Biopharmaceutical Section scholarships were 
awarded again in 2020. Consideration for the awards 
was based primarily on notable academic achievement 
or applied project work related to the area of biophar-
maceutical statistics and considered general academic 
performance, leadership, volunteering, and service. 
Due to overwhelming interest in the award (a fivefold 
increase in applications between 2018 and 2019, and 
the generous support of our membership, the BIOP 
Executive Committee agreed to expand the number of 
scholarships available in 2020 from three to five. The 
2020 recipients were: 

• Bryan Blette (UNC, Chapel Hill)
• Yan Gao (Univ Illinois, Chicago)
• Yunasa Olufadi (Univ Memphis)
• Liwen Wu (Univ Pittsburgh)
• Xiao Wu (Harvard)

Best Contributed Poster Award at  
Joint Statistical Meetings

First: “Impact of Direction of Treatment Effect on 
Composite Time-to-event Endpoint Via Win Ratio 
Analysis” by Ran Liao, Sujatro Chakladar, Marga-
ret Gamalo (Eli Lilly)

Second: “Reginal Efficacy Evaluation in Multi-Reginal 
Clinical Trials Using a Discounting Factor Weighted Z 
Test” by Xuanxuan Yu, Jianling Bai, Hao Yu, Jing-
wei Wu (Nanjing Medical Univ, Univ of South Caro-
lina, Temple Univ)

Third: “Interim Monitoring in Sequential Multiple 
Assignment Randomized Trials” by Liwen Wu, Jun-
yao Wang, and Abdus S. Wahed (Univ. of Pittsburgh)
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Student Paper Award at  
Joint Statistical Meetings

First: Xinzhou Guo, University of Michigan, Inference 
on Selected Subgroups in Clinical Trials

Second: Duzhe Wang, University of Wisconsin-Madi-
son, Boosting Algorithms for Estimating Optimal Treat-
ment Rules

Third: Dana Johnson, North Carolina State University, 
One-Step Value Difference Test for The Existence of a 
Subgroup with Beneficial Treatment Effect Using Ran-
dom Forests

Honorable Mention: Thevaa Chandereng, University 
of Wisconsin-Madison, Robust Blocked Response-
Adaptive Randomization Designs

Biopharmaceutical Section  
40th Anniversary 
The Biopharmaceutical Section celebrates its 40th 
anniversary as a section in 2021. The Committee  
has planned a panel session with past BIOP chairs at both 
the 2021 Joint Statistical Meeting and the Regulatory-
Industry Statistics Workshop to celebrate the anniver-
sary. Recent issues of the Biopharmaceutical Report 
have included articles from long time members on the 
importance of the Section both personally and profes-
sionally. A contest was run in 2020 for a logo – the 
winning logo above, is also displayed on the web page  
and now on all communications about the 40th 
 Anniversary.

ASA Biopharmaceutical Section 
Regulatory-Industry Statistics Workshop
As noted above, 2020 was a record setting year for 
attendance at the Regulatory-Industry Statistics Work-
shop, albeit in a virtual format. The 2021 Workshop 
will again be virtual. However, looking forward, thanks 
to the efforts from ASA meeting planners and the BIOP 
Workshop Task Force, when we return to an in-person 
venue for the Workshop, we will have a new space 
at the Bethesda North Marriott Hotel and Conference 
Center which will allow for growth and additional flex-
ibility for activities within an in-person Workshop. 

We are also very happy to report that the 2020 
Workshop sponsorship was highly successful! There 
were five principal sponsors and five supporting spon-
sors, raising over $30,000 to support Workshop activi-
ties. Sponsorships for the 2021 Workshop are already 
underway, with numerous opportunities remaining. 
For more information on Workshop sponsorships, 
please see [https://ww2.amstat.org/meetings/biop/2021/ 
sponsor.cfm]. We look forward to the exciting program 
that our 2021 co-chairs Gene Penello and Bo Huang and 
their steering committee will provide for the attendees

Statistical Leadership
The efforts begun in 2019 about the importance of 
statistical leadership came to fruition in 2020 with the 
BIOP Leadership in Practice committee. The goals of 
the committee include providing visibility to existing 
leadership development initiatives within the Biophar-
maceutical Section (BIOP), promoting and enabling 
interactive leadership development training programs, 
and bridging the gap between BIOP leadership devel-
opment programs and other ASA leadership initiatives. 
For more information on LipCom: https://community.
amstat.org/biop/aboutus/sub-committees/lipcom

Fellows Committee
Our BIOP Fellows Committee will identify potential 
fellows from within BIOP and provide guidance in 
submitting nomination packages. Please utilize this 
resource if you are considering application for an 
ASA Fellow or sponsoring someone. A wonderful 
article was produced by BIOP members in 2020 about 
Advice for ASA Fellow Nominations. If you have not 
read it, check it out here: https://magazine.amstat.org/
blog/2020/06/01/advice-for-asa-fellow-nomination/

https://community.amstat.org/biop/aboutus/history/biop40yrs
https://ww2.amstat.org/meetings/biop/2021/sponsor.cfm
https://ww2.amstat.org/meetings/biop/2021/sponsor.cfm
https://community.amstat.org/biop/aboutus/sub-committees/lipcom
https://community.amstat.org/biop/aboutus/sub-committees/lipcom
https://magazine.amstat.org/blog/2020/06/01/advice-for-asa-fellow-nomination/
https://magazine.amstat.org/blog/2020/06/01/advice-for-asa-fellow-nomination/
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Joint Statistical Meetings

The Section had a successful presence at the virtual 
JSM in 2020. Special thanks and acknowledgment to 
Stephine Keeton, who as our BIOP Section Program 
Chair, had to negotiate the transition to a virtual meet-
ing and still managed to put together a spectacular 
program. Among the 30 Invited session proposals to 
the section, the invited program included five Bio-
pharmaceutical Section sponsored sessions and nine 
co-sponsored sessions. The invited sessions included 
diverse topics: Patient Reported Outcomes, Real World 
Data, Personalized/Stratified Medicine, Incorporating 
Knowledge from Previous Clinical Trials, and Drug 
Approval/Labeling based Bayesian Approach.

Demonstrating the quality of the submissions, a few 
sessions submitted to BIOP as the primary sponsor were 
selected as invited sessions in other sections. Forty-five 
topic contributed session proposals were received and 
the section sponsored 17 topic contributed sessions. 
BIOP also received 168 contributed abstracts, the most 
by any section! There were 13 contributed paper ses-
sions, one Poster session, and six Round table sessions. 
Another stellar year for the BIOP at JSM.

ASA Biopharmaceutical Section 
Nonclinical Biostatistics Conference
Preparation is already underway for the next NCB 
in 2021 with co-chairs Xin Huang and John Kol-
assa. The ASA Biopharmaceutical Section Nonclinical 
Biostatistics Conference is hosted by the ASA Biophar-
maceutical Section in cooperation with the Rutgers 
University Statistics Department. The biennial confer-
ence lasts four days with invited and contributed talks 
on nonclinical biostatistics topics with speakers from 
industry, regulatory, and academia. This seventh U.S. 
conference dedicated entirely to nonclinical biostatis-
tics topics took place, virtually, June 21-24, 2021. The 
theme this year is “Nonclinical Statistics in the Age of 
Data Science”. Registration for the conference is open. 
Information about the NCB 2021 can be found here: 
https://community.amstat.org/biop/events/ncb/registra-
tion. Sponsorship opportunities are available: https://
community.amstat.org/biop/events/ncb/index

Scientific Working Groups
The process of establishing new working groups is 
overseen by the Scientific Working Group (SWG) 
Committee. Through the SWG Committee, section 
members can submit research topics that contribute to 
the goals of advancing the science, enabling innova-
tion, and leveraging the membership expertise. The 
establishment of the working group must be approved 
by the Section Executive Committee and each scientific 
working group must provide a yearly update report to 
the Executive Committee.

Individuals interested in forming a new SWG can 
review the BIOP guidelines for more information. 
https://community.amstat.org/biop/aboutus/sub-com-
mittees/swg

Outreach
We are always looking for new ways to build synergies 
with other groups and share best practices within our 
own membership! 

For 2021, the BIOP EC is re-organizing and re-ener-
gizing our Outreach efforts through our Outreach Com-
mittee. A new charter for Outreach has been drafted, 
and the BIOP Chair-Elect will become a co-chair of the 
Outreach Committee to demonstrate the importance of 
outreach to BIOP, and to ensure engagement with the 
elected officials.

The BIOP is very fortunate to have generous spon-
sors and a large membership, which means we have 
available funds to benefit our members’ section experi-
ences. Towards that end, in 2020, a new BIOP com-
mittee was begun, The Next Generation Stewardship 
Committee, with Brian Millen as the initial chair. As 
you read this annual transition report, if you have ideas 
on new benefits for section members, please contact a 
BIOP officer or Brian. We always want to hear ideas on 
improving the membership experience.

2020 was very active on our publication front, 
with 12 new podcasts from Richard Zink, 10 BIOP 
webinars, 3 issues of the Biopharmaceutical Report, 
and the growth of the BIOP YouTube Channel  
https://community.amstat.org/biop/media-contents/youtube

We completed 6 years of the BIOP mentoring pro-
gram! This program has been beneficial in pairing 
students and young professionals with more veteran 

https://community.amstat.org/biop/events/ncb/registration
https://community.amstat.org/biop/events/ncb/registration
https://community.amstat.org/biop/events/ncb/index
https://community.amstat.org/biop/events/ncb/index
https://community.amstat.org/biop/aboutus/sub-committees/swg
https://community.amstat.org/biop/aboutus/sub-committees/swg
https://community.amstat.org/biop/media-contents/youtube
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members of the Section to provide career advice. 
We are looking forward to many more years of this 
successful program. For more information on the  
BIOP mentoring program, send an email to  
[BiopharmMentoring@gmail.com]. The BIOP men-
toring program was also a featured topic in the 2020  
Podcast series. Check out podcast Episode 81 to hear 
from 3 mentor-mentee pairs on the value of the mentor-
ing program. 

All the Podcast Episodes can be found here: https://
www.buzzsprout.com/16296

While BIOP is one of the largest ASA Sections, we 
have made concerted efforts to highlight the benefits of 
BIOP membership at our conferences and in our pub-
lications (see Vol 26, issue 2 of the Biopharmaceutical 
Report). We believe that we provide a lot of educational 
and networking opportunities to our members. We hope 
you think so too. The best recommendations we can 
receive are from our members, so we would appreciate 
your recommendations for people to join the Section!

Membership Survey
We conducted a membership survey in early 2021, and 
you can find the survey results in this issue. Based on 
the feedback, we will continue to strive to improve our 
service to the members. 

Communication
We are working to keep you informed about the activi-
ties of the BIOP in new ways. We are revising and 
creating roles of Publications/Communication Officer, 
Communication Secretary and Social Media Coordina-
tor. We are examining new platforms to get the informa-
tion out, and to hear from our members. Stay tuned in 
2021 for more on this topic.

Biopharmaceutical Section Newly  
Elected Officers
We would like to welcome the following elected offi-
cers to the Biopharmaceutical Section Executive Com-
mittee for 2020:

• Alan Hartford, Chair-Elect for 2021 following 
on as Chair in 2022

• Freda Cooner, Program Chair-Elect in 2021 fol-
lowing on as Program Chair in 2022

• Inna Perevozskaya, Secretary for a 3-year term 
(2021-2023)

• Mark Levenson, Council of Sections Represen-
tative for a 3-year term (2021-2023)

We know these individuals will do a fantastic job rep-
resenting the Section and we wish them the best of luck!

Final Thoughts
We would like to take this opportunity to thank all of the 
elected officers, committee chairs, and committee mem-
bers for their commitment, time, energy, and expertise 
in the smooth running of the Section. Without all of you, 
the Section would not be able to accomplish everything 
that it does. Despite the pandemic, the dedication to the 
section did not waiver. That is greatly appreciated.

Special thanks to our outgoing elected officers at the 
end of 2020:

• Richard Zink, Past Chair (Chair in 2019)

• Stephine Keeton, Program Chair

• Janelle Charles, Secretary

• Brian Millen, Council of Sections Representative
Curious to see what it takes to keep the Section run-
ning? Check out our Charter and our Manual of Opera-
tions under the About Us tab of our website [https://
community.amstat.org/biop/home]. Thanks to Richard 
Zink for leading the 2020 updates to the MoO.

Finally, we would like to thank the membership for 
your support of our very active section. We are looking 
forward to a productive 2021, and hopefully seeing you 
all in person again, in 2022! n

Be Safe, Be Well,
Bruce and Weili

mailto:BiopharmMentoring%40gmail.com?subject=
https://www.buzzsprout.com/16296
https://www.buzzsprout.com/16296
https://community.amstat.org/biop/home
https://community.amstat.org/biop/home
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CELEBRATING THE 40TH ANNIVERSARY 
OF THE BIOPHARMACEUTICAL SECTION: 
THE SECOND DECADE (1991-2000)
Hiya Banerjee, Novartis

The Biopharmaceutical Section (BIOP) experienced 
immense growth after having achieved its status as an 
independent Section of the American Statistical Associa-
tion (ASA) in 1980. In the early decades of its existence, 
BIOP grew in membership while enjoying its autonomy, 
supporting regulatory relationships, and contributing to 
technical programs. Consequently, the body now wit-
nessed more engagements from regulatory statisticians 
in the Section membership and other professional activi-
ties. The ensuing discussion highlights some of the major 
growth milestones between 1991-2000.

The year of 1991 saw the introduction of the Bio-
pharmaceutical Section Best Contributed Paper Award 
to boost improvement in the presentations for Section-
sponsored sessions at JSM. The recipients of the first 
award were:

• HT Thaler, et al., Memorial Sloane-Kettering Cancer 
Center, Pharmacodynamics of Analgesia Produced by 
Morphine and One of its Metabolites 

• AJ Roth, Searle, A New Statistical Method for Ana-
lyzing the CHO/HGPRT Mutation Assay 

• GS Bieler and RL Williams, Research Triangle Insti-
tute, Ratio Estimates, the Delta Method and Quantal 
Response Tests for Increased Carcinogenicity 

Nina Mocniak designed the original Biopharmaceuti-
cal Section logo in 1992 (Figure 1). The Biopharmaceu-
tical Report launched its first issue in 1992. The main 
purposes of this report were a) to disseminate informa-
tion of relevance to section members regarding meetings 
and conferences, books and software, and educational 
opportunities b) to provide a vehicle for scientific inter-
change through invited articles, reviews, and discussions, 
as well as brief contributed papers on interesting and 
relevant applied problems. In 1994, the Biopharmaceuti-
cal Section Best Student Paper Award was conceived to 
honor the organization’s commitment to nurture young 
students in the biopharmaceutical domain. Five students 

were awarded with $1000 and a plaque in the BIOP 
1996 business meeting. The five winners of this com-
petition were:

• Li Chen, Department of Biostatistics, Harvard 
School of Public Health, Analysis of Multivariate 
Survival Times with Non-Proportional Hazards 
Models.

• David Dunson, Department of Biostatistics, 
Emory University, Dose Dependent Litter Size 
and Implications in Quantitative Risk Assessment 
for Developmental Toxicity. 

• Karen Higgins, Department of Biostatistics, 
Harvard School of Public Health, The effect of 
Serial Dilution Error on Calibration Inference in 
Immunoassay.

• Qi Zeng, Department of Biostatistics, Harvard 
school of public health, Bootstrap “Calibrated” 
calibration confidence limits for immunoassay.

• Hongwei Zhao, Department of Biostatistics, 
Harvard School of Public health, A consistent 
estimator for the distribution of quality adjusted 
survival time. 

Figure 1: Nina Mocniak designed the original Biopharmaceutical Section logo 
in 1992
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The Biopharmaceutical Section website was launched 
in March 1996. The website covered a wide range of 
materials. In addition to general ASA information and 
news, it included a six-month calendar of events, sec-
tion pages, chapter pages, details of national, regional, 
and local meetings, schools granting degrees in statis-
tics, and links to other statistical societies, electronic 
resources and granting agencies. 

1997 was a significant year in the history of the 
Section as it sponsored the historic workshop “FDA/
Industry: Working Together to Expedite the Develop-
ment of New Pharmaceutical Products” in Bethesda, 
Maryland in October. The announcement was released 
in the June edition of Amstat News and the then current 
issue of Biopharmaceutical report. Registration forms 
were made available on the website and the June edi-
tion of Amstat News. The workshop was participated 
by statisticians from diverse spheres of industry, FDA 
and academia. The workshop, with a theme of FDA/
industry partnership, attracted approximately 200 reg-
istrants. A total of four sessions were presented on 
the first day. The sessions were (1) Working together 
toward a common goal, (2) Discovery to early clinical 
trials, (3) Planning the confirmatory activities (4) The 
assembly of an NDA. The second day started with a 
session on “QA and QC – the mysterious black box”. 
The second session was devoted to “pathways to deci-
sion making”. The third session was on “challenges in 
the development of Biologics and Devices”. The two-
day workshop ended with a panel discussion on “How 
can we foster a mutually beneficial working relation-
ship?” Panelists included representatives from FDA and 
industry. The discussion was brisk and lively. Issues 

discussed during this ses-
sion included agreeable 
modes of communica-
tion, the likelihood of 
having two statisticians 
on an Advisory Com-
mittee, and the shar-
ing of FDA’s review 
of an NDA prior to 
the dissemination of 
such information to 
the Advisory Commit-
tee members. Even 
though no definitive decisions and 
commitments could be promised at the workshop, the 
communication issue caught everyone’s attention. The 
workshop received great response from the community 
and the majority of the presenters from the industry 
(>90%). There was notable participation from FDA/
CDER as well. Encouraged from the overwhelm-
ing response and success, more joint workshops with 
partnerships from FDA were organized leading to the 
second workshop with a theme on FDA and industry 
collaborations. The second workshop was mostly in 
collaboration with FDA/CDER (Ralph Harkins was the 
driving force at FDA/CDER for the second workshop). 
The partner list was steadily expanded in future years. 
This inceptive workshop became the stepping-stone for 
the more widely known ASA Biopharmaceutical Section 
Regulatory-Industry Statistics Workshop of today. For 
detail descriptions, please see Spring 1998 Issue of the 
Biopharmaceutical Report.  n

https://higherlogicdownload.s3.amazonaws.com/AMSTAT/fa4dd52c-8429-41d0-abdf-0011047bfa19/UploadedImages/BIOP%20Report/1998_Spring_BR.pdf
https://higherlogicdownload.s3.amazonaws.com/AMSTAT/fa4dd52c-8429-41d0-abdf-0011047bfa19/UploadedImages/BIOP%20Report/1998_Spring_BR.pdf
https://higherlogicdownload.s3.amazonaws.com/AMSTAT/fa4dd52c-8429-41d0-abdf-0011047bfa19/UploadedImages/BIOP%20Report/1996_Summer_BR.pdf
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MEMORIES FROM PAST BIOPHARMACEUTICAL 
SECTION CHAIRS IN COMMEMORATION OF THE 40TH ANNIVERSARY OF 

THE ASA BIOPHARMACEUTICAL SECTION PART 2 (1991-2000)

Throughout 2021, to remember all of the achievements 
of the Biopharmaceutical Section over the last 40 years, 
in each of the issues this year of the Biopharm Report, 
we plan to share reflections from past Section Chairs 
over this period. 

The Section Chairs during this second decade were 
the following:

 • 1991 Gladys H. Reynolds

 • 1992 Camilla Brooks

 • 1993 Bruce E. Rodda

 • 1994 Robert R. Starbuck

 • 1995 Lilliam Kingsbury

 • 1996 Gary L. Neidert

 • 1997 Robert Davis

 • 1998 Ken Koury

 • 1999 Steven Snapinn

 • 2000 Thomas Capizzi

In this issue, we share remembrances from Bob Davis, 
Ken Koury, and Steve Snapinn.

BOB DAVIS (SECRETARY/TREASURER  
1993-1995, SECTION CHAIR 1997)

In the 1980s the section raised dues with 
the hope of providing additional programs 
for the membership. Unfortunately, by 1993 

the BIOP treasury was approaching $100,000, 
at which point, we were at risk of losing our non-profit 
status. We had to spend money! Thus, we offered t-shirts 
to members who completed a section survey and, start-
ing with Lilliam Kingsbury’s 1995 section meeting, we 
began serving food and drinks at the annual meeting. The 
refreshments drove up attendance and worked down the 
treasury. We also made a concerted effort to broaden the 
leadership and membership base in what was becoming 
the largest section in ASA. The section especially encour-
aged involvement from the younger members and from 
statisticians in the biotech industry, two groups who had 
not played major roles before.

STEVE SNAPINN (SECTION CHAIR 1999) 
I was chair of the Biopharmaceutical Section 
in 1999, and the imminent arrival of the year 
2000 was not lost on the Section. The planning 
committee for the Section’s Fall Workshop came 
up with multiple proposed millennium-based themes 
before settling on “Statistical Issues for the New Millennium.” 
And we were particularly proud that the Section’s membership 
had coincidentally just crossed 2000. That made us the ASA’s 
2nd largest Section, behind only Statistical Computing. In fact, 
we were now larger than the Biometrics Section, from which 
we had spawned. Possibly due at least in part to that milestone, 
the Section in 1999 was not only looking forward to the new 
millennium, but also looking backward: The final comment in 
my annual report on the Section to the ASA was “We plan to 
prepare a history of the Section.”  n

KEN KOURY (SECTION CHAIR 1998)

As has been the case throughout the history of the 
Biopharmaceutical Section, the Executive Com-
mittee during the mid to late 1990s included 
energetic and dedicated members who worked 
to develop programs and services that attracted 
a large membership. In 1998, there were 1,954 
members. Strong programs at ENAR and JSM drew many 
participants, including sponsored short courses and roundtables. 
Best Presentation Awards were given, and Student Award win-
ners were also selected and highlighted at JSM sessions. Articles 
describing Section activities were routinely published in Amstat 
News, and three issues of the Biopharmaceutical Report and the 
Section’s Proceedings were also published. The FDA-Industry 
Workshop, as it was called then, was inaugurated during this 
period. The attendance in 1998 exceeded expectations with over 
275 participants and 75 FDA statisticians, firmly establishing the 
Workshop as an annual event. A unique opportunity during this 
time was sponsoring the final scheduled ASA Winter Conference 
in 1995 (while I was Section Program Chair). The ASA planned 
to cancel it since the previous sponsor did not show sufficient 
progress, but the Section rescued the conference, developing a 
broad program around the theme “Interface Between Statistical 
Science and Other Scientific Disciplines”. The conference was 
designed to attract student participation, the NC Chapter of ASA 
was enlisted as a co-sponsor, and it was held in January 1995 
in Raleigh, N.C.
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SUMMARY OF 2021 SURVEY FOR ASA 
BIOPHARMACEUTICAL SECTION
Kun Chen (Gilead Sciences Inc), Jiajun Liu (Gemini Therapeutics), Jingjing Gao (Grail)

Abstract
A survey was conducted by the Biopharmaceutical Sec-
tion [BIOP] of its members from January 20 to Febru-
ary 20, 2021. The 26-question survey was designed 
to collect information on demographics, professional 
experiences, professional meetings, continuing educa-
tion activities, and career development, as well as to 
solicit feedback and suggestions from the members on 
the services provided by the Biopharmaceutical Section 
and COVID-19 related issues. The survey was emailed 
to 2098 Biopharmaceutical Section members using the 
ASA Community website and 297 (14%) responded. 
Results are summarized based on the 297 responses.

The results showed that a majority of members live 
in the United States (93.6%), are male (57.3%), are 
35-64 years old (66.1%) and earned a doctorate degree 
in Statistics or a related field (69.4%). A majority of 
members have been working in statistical field for over 
10 years (76.6%), ASA members and Biopharmaceuti-
cal Section members for at least 10 years (70.7%). In 
terms of working experience, a majority of have worked 
or are working for industry (65.4%), followed by 19.3% 
for academia and 4.1% for government.

Introduction
To better serve its members and update membership 
profile, the Biopharmaceutical Section conducted the 
survey regarding demographics, job roles and interests 
periodically. The last survey was conducted in 2015. 
The 2021 survey was revised from the 2015 survey 
and finalized by the Membership Committee in Spring 
2021 after incorporating the comments from the Bio-
pharmaceutical Executive Committee. The survey was 
open from Jan 20 to Feb 20, 2021. Multiple reminders 
were emailed to Biopharmaceutical Section members. 
To boost the response rate, those who completed the 
survey were eligible to win the gift cards via raffle (Bio-
pharmaceutical Section Executive Committee members 
were not eligible for the gift cards).

Method
In Jan 2021, the survey was implemented at  
surveymonkey.com by BIOP Survey Monkey manager 
Jiajun Liu. The survey invitation and follow up mes-
sages were sent to all Biopharmaceutical Section mem-
bers via email by Richard Zink. Each member received 
a hyperlink to the online survey hosted by surveymon-
key.com. At the survey close, SurveyMonkey provided 
summary statistics for each question, and the survey 
results were downloaded for future analysis. Additional 
analyses were performed to summarize the responders’ 
comments from the text field part of the questionnaire. 
Recommendations were communicated to the Biophar-
maceutical Executive Committee for improving our 
services. 

Results
On Jan 20, 2021, the survey invitation was sent to 2079 
members’ email addresses. When the survey was closed 
on Feb. 20, 2021, 297 (14%) members had responded 
to the survey. Results are summarized in the following 
sections based on 297 responses.

Demographics
Members primarily live in the United States (93.6%); 
2.0% live in Europe, 3.4% live in Canada, and less than 
1% live in Asian, Mexico or Central/South America, 
or elsewhere. Most members are males (57.3%). The 
majority (66.1%) of members are between the ages 
of 35 and 64 years with 16.8% (35-44), 25% (45-54), 
and 24.3% (55-64); 18.2% of members are 34 years or 
younger and 15.8% of members are 65 years or older.

Education
Only 9.1% of members are students working part-time 
or full-time towards an advanced statistical degree. The 
majority (96.0%) of members hold an advanced degree 
in Statistics or related field: 69.4% with doctorate and 
26.6% with masters as the highest degree. 
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Professional Experience
As shown in Figure 1, 55.1% work primarily in the 
development of human drugs, 13.7% in biologics, blood 
and vaccines, 7.2% in medical devices and diagnostics, 
and 16.1% in multiple areas. Figure 2 shows that 31.9% 
of the members work primarily in Phase II and Phase III 
development, 13.6% in statistical methodology, 3.7% 
in Phase I/Clinical Pharmacology, 4.1% in health eco-
nomic/outcomes research/epidemiology, 2.7% in Phase 
4/Post-marketing, 2.7% in pre-clinical and 6.1% in 
other areas (marketing/commercial, consulting, manu-
facturing, software etc.). More than 30% of the mem-
bers work in two or more of these primary areas.

Of the members who responded to the professional 
sector question, 65.4%, 19.3%, 4.1%, and 11.2% have 
worked or are working in industry, academia, gov-
ernment, and other fields respectively. The majority 
(65.3%) of members have been a professional statisti-
cian for at least 15 years. 

Professional Meetings and Continued 
Education
Members were asked which statistical meetings they 
attended within the last five years and the factors that 
influenced them to attend the meetings. The most 
popular meetings were the ENAR, JSM and ASA Bio-
pharmaceutical Section Regulatory-Industry Statistics 
Workshop (previously known as the FDA-Industry 
Statistics Workshop), attended by 20.2%, 20.1%, and 
19.5% of the members at least once, respectively, within 
the last five years. The most important factor to attend a 
meeting was invited and contributed sessions (57.7%), 
followed by giving a presentation (53.2%), location 
(46.8%), funding or travel budget (43.7%), networking 
(43.7%) and continuing education courses (24.9%).

To characterize attendance at short courses and 
workshops, members were asked how frequently they 
attended both external and internal statistical short 
courses and workshops. About half of the members 
reported occasional attendance at external courses or 
workshops (49.7%), 17.7% attended once per year and 
8.8% never attended any external courses or workshops. 
A majority of the attendance (78.2%) was sponsored by 
the employers. 

Career Development
In responding to the question on importance of enhanc-
ing and updating statistical skills, our members identi-
fied statistical journals (83.5%), statistical software 
packages and manuals (83%), statistical books (82.8%), 

Figure 1: Primary Product Area

Figure 2: Primary Functional Area

statistical meetings (80.8%), statistical short courses 
(79.2%), and Biopharm Webinars (68.3%) as either 
“very important” or “somewhat important”. Our mem-
bers also identified inter-personal skills (56.7%), tech-
nical skills (52.6%) and high visibility project work 
(46.4%) as the most important factors for their career 
development. Networking (37.2%), presentation skills 
(33.5%), and education (34.8%) were also identified as 
highly important for career development.

Experience with ASA and 
Biopharmaceutical Section
A majority of members have been ASA members for 
at least 15 years (62.3%). When asked on what topics 
members would like to see more in seminars, a major-
ity (59.6%) answered “Improving Technical Programs” 
and 39.4% and 39.2% would like to see more seminars 
on “Improving Communication Skills” and “Improv-
ing Consulting Skills” respectively. About one-third of 
members would like to see more seminars on “Career 
Development.” 
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Figure 3: Pie Diagram of ASA Membership

Biopharmaceutical Section Services
Most of the members (89.4%) reported that member-
ship in ASA Biopharmaceutical Section is beneficial to 
their professional development. Overall, the following 
services are of greatest importance to members: fellow-
ship with other pharma statisticians, e-library, spon-
sor workshops/webinars and sponsor relevant sessions 
(Table 2).

Only 27.8% of members are familiar with the 
resources and venues available as a member of ASA 
Biopharmaceutical Section and 64.4% of members are 
only vaguely familiar. The majority (89.6%) thought 
that their current specialty sufficiently represented 
among the ASA sections’ activities and interest groups, 
and no need to create the new formal interest groups to 
support the special topics (68.3%). 

Table 1: Summary of Responses (%) to Services of Greatest Importance

COVID-19 Related Issues
Due to pandemic, we also added a couple of questions 
regarding the statistical conference, work at home and 
statistical topics related to COVID-19. In case COVID-
19 situation is not improved, 42.4% prefer online sta-
tistical conferences, 36.6% prefer the hybrid (both in 
person and online) and only 16.3% prefer in person only 
in the future. 

More than half (52.7%) prefer hybrid (both home and 
office) working location, 32.5% prefer work at home 
only, only 10.3% prefer work in office if they have 
choice. 

The majority (67.0%) of members are interested in 
specific topics related to statistical issues for COVID-
19 in ASA Biopharmaceutical Section sponsored future 
conferences. Among all the topics, clinical trial design 
has the most interest (73.3%) followed by statistical 

methodology (68.3%), data collection issues and miss-
ing data handling (56.4%) and real-world data/real-
world evidence (52%).

Figure 4: Interested Topics Related to COVID-19
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BIOP Survey Results ASA Information*

Categories 2009 2012 2015 2021 2009 2012 2015

Response  
Rate

636/2422 592/2137 278/2172 297/2098 Out of Out of Out of

26.3% 27.7% 12.8% 14.2% 17633 18329 19286

Demographics Male 67.9% 68.3% 60.1% 57.3% 54.4% 54.8% 55.4%

35-64 years old 77.6% 79.4% 80.4% 66.1% 45.0% 43.7% 44.9%

Highest Degree Ph.D. 59.6% 67.4% 72.6% 69.4% 45.3% 43.9% 46.9%

M.S./M.A. 35.4% 30.8% 25.2% 26.6% 25.8% 26.3% 26.90%

Employment Industry 67.9% 66.6% 70.4% 65.4% 34.0% 24.7% 33.00%

Academia NA 18.0% 13.1% 19.3% 29.9% 29.9% 32.00%

Recommendations 
Only 14.2% members responded to the survey even though 
it took only 10-15 minutes to complete the survey with a 
chance to win the award via raffle. It may be meaningful to 
find better ways to engage the members, so more members 
are motivated and interested in participating the Biophar-
maceutical section activities. The Executive Committee is 
open to hearing from section members regarding ideas on 
how to improve participation in future surveys. 

The section should continue supporting e-library, ses-
sions at annual meetings and conferences, workshops and 
webinars as well as cultivating fellowship among its mem-
bers. Majority of members are only vaguely familiar with 
resources and venues Biopharmaceutical section provides. 
We should find a better way to communicate and educate 
the members so they are more familiar with and utilize 
these resources available to them. 

The main objective of the Biopharmaceutical Member-
ship Committee Survey is to identify members’ needs. 
The COVID-19 pandemic has impacted everyone’s life 
and work. Many of members are interested in COVID-19 
related topics in future conferences and workshops. The 
BIOP section is considering providing some special ses-
sions to cover these topics.

Comparison with Previous Membership 
Information 
Table 2 presents the demographic information obtained 
from the Biopharmaceutical Section surveys conducted 
in 2009, 2012, 2015 and 2021. In addition, the table con-
tains the ASA demographic information at the end of each 
respective year. Missing ASA information varied depend-
ing on the category and year ranging from 15% (gender in 
2015) to 30% (employment in 2009). 

While the number of ASA members steadily increased 
from 17633 in 2009 to 19286 in 2015, the Biopharmaceuti-
cal Section membership decreased by approximately 12% 
from 2422 in 2009 to 2137 in 2012, increased slightly to 
2172 in 2015 but decreased slightly to 2097 in 2021. For 
the categories of male and 35-64 years of age, the percent-
ages were higher for the Biopharmaceutical Section in 
comparison to the ASA membership as a whole. As noted 
previously, the percent of Biopharmaceutical members 
with a doctorate degree in Statistics or a related field has 
increased from 59.6% in 2009 to 69.4% in 2021; however, 
for ASA membership as a whole, the percent remained 
fairly constant between from 2009 to 2015 and was con-
sistently smaller than the Biopharmaceutical Section. The 
percentage of members working in industry was higher 
in the Biopharmaceutical Section compared to the ASA 
membership as a whole.
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Comments from the BIOP Chairs
To better serve the BIOP members and celebrate our 
achievements in the past 40 years since the section’s incep-
tion, the BIOP will host the 40th anniversary celebration. 
We have planned to host celebrations at both JSM and 
the ASA BIOP RISW, but obviously it will depend on 
the venue of these conferences being in-person. The 40th 
anniversary committee also has planned activities each 

*Missing response rate varies from 15% to 30% depending on the categories.

Table 2: Biopharmaceutical and ASA Membership Information Comparison
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month beginning in January. For example, In January, we 
collected a top 40 reasons to be a biostatistician; in Febru-
ary the committee shared top 40 original articles published 
in SBR, JBS, Pharm stats. In March, there was a Trivia 
contest. Watch the BIOP Community announcements 
to learn more. The BIOP Webinar will continue to host 
seminars to serve the education and training needs of 
our members. This year, we initiated a new webinar 
series on Partnerships between Statisticians and Clinical 
Professionals in the Biopharma Industry. Each quarter 
we will have a clinical and statistical scientist pair to 

provide pragmatic and motivating examples of cross-
disciplinary scientific engagement in biopharmaceuti-
cal research. Our recent webinar attracted a great deal 
of attendees and reached line limit! We also have the 
mentor committee to pair the mentors with mentees to 
provide coaching on career development. Our leadership 
subcommittee planned various leadership training oppor-
tunities in the past and will continue to do so in the future. 
To enhance communication of BIOP activities, we have 
investigated having additional ways of communication, 
with the use of social media. Please stay tuned. n 

WHY IS NONCLINICAL STATISTICS NOT 
CALLED BY WHAT IT IS?
Stan Altan (Janssen) and John Kolassa (Rutgers University)

If you’re a clinical statistician, and you work with data 
from clinical trials on human subjects, do you assume 
that a nonclinical statistician works with data from clini-
cal trials on nonhumans? Or maybe nonclinical trials on 
humans? Or nonclinical trials from nonhumans? If you 
believe one of these, you would not be faulted for your 
logic. But logic doesn’t work when something is named 
for what it’s not, which brings us to this issue’s nonclini-
cal column: what is the purview of nonclinical statistics 
in pharmaceutical R&D and manufacturing.  

A reasonable working definition for a nonclinical 
statistician is someone who collaborates with pharma-
ceutical scientific or engineering experimenters making 
measurements or collecting data on primary statistical 
units from non-human target populations.  Examples 
include genomics/proteomics/transcriptomics experi-
mentation for the purpose of target identification or 
target validation, animal efficacy or safety studies, 
experiments to determine the physical and chemical 
characteristics of tablets of a drug product, the determi-
nation of the potency of a manufactured biologic, and 
repeated measurements of a batch of drug product to 
study its stability properties. 

With that as a working definition, we are bedeviled 
by the conundrum that there is not a better name more 
clearly descriptive of the nature of the work in relation 
to the class of statisticians who do this kind of work. We 
will expand on this question and in the process, give a 
brief overview of the subject matter areas of nonclinical 

statistics in pharmaceutical R&D, to place it into better 
context, and highlight its critical role in the drug, bio-
logic and vaccine development process. 

Let’s start with a brief history regarding the devel-
opment of nonclinical statistics in the pharmaceutical 
industry. In researching the literature, we could not 
find much written material on this specific topic. Snee 
(2019) provided a broad discussion of the important 
industrial contributions made by statisticians, with some 
mention of the pharmaceutical industry. Chuang-Stein, 
et al. (2010) published a review of statistics in the 
pharmaceutical industry focusing mainly on the role of 
clinical statistics, with passing references to nonclinical 
statistics. They point out that an important milestone in 
the development of clinical statistics was in 1962 when 
the Kefauver–Harris Amendment to the 1938 Food, 
Drug and Cosmetic Act was signed into law by Presi-
dent Kennedy. It required companies to demonstrate 
a drug product’s safety and efficacy through clinical 
trials as a condition of market authorization. This was 
the impetus that led to a rapid rise of clinical statistical 
resources in the industry through the 1970s and 1980s, 
and a parallel rise in academia of Biostatistics depart-
ments focused on clinical trials. 

Long before the Kefauver-Harris amendment was 
passed, however, statisticians were employed by the 
pharmaceutical industry. While it is clear that these early 
statisticians in the industry were nonclinical, Peterson et 
al. (2009) struggled with a name for them and finally 



BIOPHARMACEUTICAL REPORT SPRING 2021 15

settled on “Industrial Statisticians”, perhaps because 
they were working on manufacturing and quality issues. 
The names of these early pioneers were listed by Peter-
son et al. (2009) and are again given in an adapted 
form in Table 1 here to remember and honor them for 
their contributions to the field. This is by no means an 
exhaustive list of early contributors, but it highlights 
the important applications considered at that time.  The 
decision to use the term “Industrial” also shows the 
narrow scope of the term “nonclinical” as relevant only 
to the pharmaceutical R&D world and should therefore 
be understood as a much later development arising as 
much from the need to distinguish groups from the 
rapidly emerging clinical statistics groups. The term 
doesn’t exist in any other industry, which says volumes 
about its genesis. Industrial is a much broader term, 
and is certainly correct, but it also admits virtually any 
statistician working for any industry, and that is perhaps 
too general in our pursuit to find a more suitable name 
for nonclinical statistics.  

An informal survey of a selected group of pharma-
ceutical companies to supplement the historical infor-
mation given in Peterson et al. (2009) and Snee (2019) 

was also carried out to gain a greater appreciation and 
context for the early nonclinical scientist-statisticians. 
The survey confirmed that Joe Ciminera, trained as 
a pharmacist, was the first statistician working in the 
pharmaceutical industry.  He was hired by Sharp & 
Dohme (which later merged with Merck) in 1938, with 
a salary of $22.50/week (about $450 in today’s dol-
lars). Joe hired John Tukey as a consultant supporting 
manufacturing probably in the late 1940s.  In 1952, Joe 
was given the title Biometrician, and the Biometrics 
Research group was formed under his leadership. That 
was the original antecedent to the large group of statis-
tical scientists employed by Merck in both the clinical 
and nonclinical spaces today. 

There were other companies who found value in 
statisticians in these very early days. Lilly hired Chester 
Bliss in 1939 to work on a short-term project, a year 
after Merck hired Joe Ciminera. But it was not until 
1953 when Lilly hired a mathematician, Edward King, 
to provide full time support, marking the beginning of 
sustained statistical support at Lilly. King’s successors 
starting in the early 1960s expanded the group that 
eventually included Charlie Sampson, John Murphy, 
Steve Ruberg and other prominent statisticians. As at 
Merck, statisticians at Lilly today trace their antecedent 
organization back to the early 50s. Eli Lilly formed a 
clinical statistics group in 1969, seven years after the 
Kefauver-Harris amendment. 

Lederle formed a statistics group under Frank Wil-
coxon in 1953. Charles Dunnett was hired into the 
group and later became head of the group. By 1981, 
Lederle formed a preclinical group headed by Sandy 
Heft and a separate manufacturing and quality control 
statistics group headed by Bob Kohberger. GlaxoS-
mithKline (GSK) formed from the merger of Glaxo 
and Smith-Kline-Beecham in 2000.. Around 1955, 
Smith Kline & French (SKF), one of the predecessor 
companies of Smith-Kline-Beecham, hired Mike Free, 
one of Gertrude Cox’s graduate students from NC 
State, who was recognized as an expert in experi-
mental design. In 1964 he published the Free Wilson 
model for Quantitative Structure Activity Relation-
ship (QSAR) analyses which continues receiving 
citations to this day. It is conceivable that Mike Free 
formed the first formal nonclinical biostatistics group 
in the pharmaceutical industry. Another early com-
pany with a nonclinical group was Ciba-Geigy, which 
had a nonclinical unit by 1980. Ciba-Geigy merged 
with Sandoz in 1996 to form Novartis. 

Table 1 – List of Early Nonclinical Statisticians 

Subject Matter 
Area 

Name Application

Discovery/
Screening

Mike Free QSAR 

John R. Murphy
Screening 
designs

Manufacturing/
Quality

Joseph Ciminera
Control 
charting 

Charles B. 
Sampson

Quality control

Wayne A. Taylor Sampling plans

Lynn Torbeck
Process 
validation

Charles B. Pheatt Dissolution

Shein-Chung 
Chow 

Stability

Earl Nordbrock Stability 

Stephen Ruberg Stability

Jun Shao Stability

John R. Murphy 
Content 
Uniformity 

Analytical 
Development

David Salsburg
Methods 
Comparison



BIOPHARMACEUTICAL REPORT SPRING 2021 16

The British company ICI, which eventually became 
AstraZeneca, employed industrial statisticians through 
the 50s and 60s. Some of them were prominent names 
we recognize today: George Box, Owen Davies, Jeff 
Harrison, and I.J. Good. A nonclinical group was 
formed in 1982, under the leadership of Bob Ferguson. 

Johnson & Johnson formed a preclinical statistics 
group in 1980, led by Ran Sharma, supporting primar-
ily drug safety. In a matter of a few years, the group 
extended their support to the discovery and CMC orga-
nizations. Wyeth formed a discovery sciences support 
group in 1981 led by Tom Copenhaver. Abbott formed a 
nonclinical group in 1982, led by Joseph Chmiel. Prior 
to the formation of the Abbott nonclinical group, statis-
tical support for stability modeling, pharmacokinetics 
and formulation design was provided by a team of sta-
tistically-minded physical pharmacists created by James 
Tingstad in Abbott’s Preformulation department. Squibb 
which became Bristol Myers Squibb (BMS) in 1989 had 
formed a nonclinical group under Tom Graves’ leader-
ship in 1986. Squibb‘s formation of a formal statistics 
organization dates back to the 1960s. 

These were the early days of nonclinical groups 
within the industry. Other companies formed groups 
in the 1990s and later, Amgen, Biogen and Genentech 
among them. Existing nonclinical units underwent 
transformations in scope and organization in response to 
regulatory and commercial needs throughout the period 
of the 1990s and 2000s. Time and space limitations 
preclude more detailed examination of other companies 
in this article.  

Biologics and vaccines development also further 
contributed to the adoption of nonclinical statistics prac-
tices.  Important statistical applications in this context 
included modeling over time of the stability character-
istics of biological products, the analytical methods and 
their performance metrics used to measure biological 
properties such as potency through a bioassay, method 
transfers and reference standard qualifications.

We would be remiss in this historical survey if we 
overlooked a major milestone impacting the develop-
ment of nonclinical statistics. This was 21 CFR Part 
58 - GOOD LABORATORY PRACTICE FOR NON-
CLINICAL LABORATORY STUDIES published in 43 
FR 60013, Dec. 22, 1978. As the name suggests, this 
regulation established rules for the proper conduct and 
compliance requirements of laboratory studies, includ-
ing the need for a protocol. It prompted many companies 
to recognize the need for statistical resources supporting 
drug safety/toxicology studies specifically, starting in 

the late 70s. This marked the impetus for the formation 
of nonclinical statistics as a formal entity, with a distinct 
administrative identity. In those days such groups may 
have gone by different names; preclinical statistics, 
research statistics, biometrics and so on, and in some 
cases these groups merged with the earlier existing 
statisticians supporting laboratory and manufacturing 
studies. The expansion of these nonclinical groups was 
a consequence of having proved their worth by efficient 
information gathering methods, modeling, decision 
making and effective collaborations with scientific col-
leagues to advance the sciences. 

Despite the growth of nonclinical statistical groups, 
the number of statisticians supporting clinical studies 
continues to far outstrip the number of statisticians 
supporting nonclinical studies, typically by a factor of 
5-10. The reason for this imbalance is a topic for another 
forum, but it is at least partly due to the relative comfort 
level and training in statistics of clinicians compared 
to laboratory scientists and the broad implications of 
regulatory guidances specific to clinical and nonclini-
cal studies. We mention in passing that the guidances 
and compendial references governing the industry from 
multiple regulatory agencies across the world make 
the pharmaceutical business the most heavily regulated 
among all industries, and accounts to a large extent for 
the specialized and substantial need for statisticians in 
both industry and government.  The demand for non-
clinical statisticians is not likely to diminish given the 
current regulatory and technological environment, espe-
cially in the face of continued advances in all aspects of 
pharmaceutical research and manufacturing technolo-
gies (Peterson et al. 2019).   

Given this historical backdrop and the impact of 
regulations in driving business demand for statisticians, 
we can understand nonclinical statistics in more formal 
terms as the broad array of statistical applications per-
tinent to the three major subject matter areas in phar-
maceutical research and development : 1. Discovery/
Pharmacology/-omics, 2. Nonclinical Drug Safety/Toxi-
cology/Biomarkers,  and 3. Chemistry, Manufacturing 
and Controls (CMC). 

We turn now to a brief discussion of some of the 
statistical tools important to these three subject matter 
areas. Knowledge of experimental design choices and 
principles stands out as a distinct skill important to the 
nonclinical statistician. In contrast to the standard paral-
lel treatment group designs common in phase 3 clinical 
trials, the need for a variety of statistical experimental 
designs is enormous in the nonclinical space. Screen-
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ing designs including Definitive Screening Designs, 
and fractional factorials. Other useful designs include 
Latin squares, Greco-Roman Latin squares, complete 
and incomplete block designs in many variations, 
multi-level split plots, mixture designs, optimal designs 
and others are important tools in the nonclinical space 
to provide an understanding of process control and 
analytical method performance. Linear and nonlinear 
mixed modeling tools are also essential. More and more 
Bayesian approaches are being pursued in the non-
clinical areas (Yang and Novick, 2019). The interested 
reader can consult the references provided to dig more 
deeply into these areas.  

Drug Discovery/ Pharmacology/-omics
Statisticians who support Discovery/Pharmacology 
experiments are at the very earliest stage of drug 
development. They are engaged in finalizing a drug 
target, and the research required for the corresponding 
chemical identification and biological characterization 
of potentially therapeutically active compounds  (New 
Molecular Entity, NME for small molecules; New Bio-
logical Entity, NBE for large molecules). A recent tech-
nology for target identification is called Genome Wide 
Association Studies (GWAS) which seeks to character-
ize the association of sequences of base pairs (referred 
to as Single Nucleotide Polymorphisms, or SNPs) in 
the human genome (the genotype) with phenotype 
(pathological manifestation). The challenges of poten-
tial sequences numbering (PSU) in the millions, com-
bined with the sparsity of independent PSUs, has led 
to innovative approaches to deal with these statistical 
challenges and promises to advance insight into a causal 
understanding of disease processes.  Another important 
aspect of the drug discovery stage is to investigate the 
efficacy and toxicity of the NME in sufficient detail to 
meet the most critical challenge of the discovery statis-
tician, to provide effective statistical tools to minimize 
risk of NME rejection in later phases of development. 
This also extends into the drug safety/toxicology studies 
in even more detail discussed in the next section. Impor-
tant statistical tools relevant to this area include dose 
response modeling of biological and chemical assays, 
high-throughput screening, combination drug synergy 
modeling, predictive modeling of drug properties, and 
experimental designs to choose chemical structures that 
improve molecular characteristics. A good overview of 
statistical methods useful to this area of application can 
be found in Leach et al. (2007), Zhang (2011) and Kuhn 
et al (2016). 

Drug Safety/Toxicology/Biomarkers
Following the identification of an NME, nonclinical 
Drug Safety/Toxicology studies (also referred to as 
preclinical) are carried out to characterize its toxicity 
and physiological effects in either live animal or in vitro 
models. Regulations contained in the ICH S1-S11 series 
of guidances lay out the required safety studies to be 
carried out prior to human trials. General Toxicology, 
Genetic Toxicology and Safety Pharmacology refer to 
the essential battery of tests to be carried out, see Bailey 
et al. (2016). In addition, reproductive toxicology and 
carcinogenicity studies may be required depending on 
the type of drug and the intended target population.  

General toxicology studies have a specific interest in 
identifying toxic effects on target organs, dose effects, 
and the relationship to exposure and potential reversibil-
ity. This information is critical for proposing an initial 
safe starting dose in human trials and to identify safety 
signals for clinical monitoring, see ICH M3(R2) (2010). 
Trend tests, equivalence tests and multiple comparisons 
are common statistical approaches for characterizing 
treatment effects on safety parameters and help to 
increase sensitivity given the small sample sizes used 
by convention in assessing toxicity.

Safety Pharmacology studies arose due to the need 
for greater sensitivity to very low risk adverse effects, 
aiming to identify undesirable pharmacodynamic effects 
on the  central  nervous,  cardiovascular  and  respira-
tory systems. A good discussion of safety pharmacology 
principles can be found in Pugsley et al (2009).

Recent developments in Safety/Toxicology studies 
concern the application of optimal designs in order to 
minimize the numbers of animals used in the short-
term studies. An efficient   blood   sampling   method   
(micro-sampling) which allows both pharmacokinetic 
and pharmacodynamic studies in the same animal has 
led to an optimal sparse sampling scheme, see Barnett 
et al. (2017). A good introduction to nonclinical safety 
assessment is given in Peers and South (2016). An 
overview of statistical methods typically used in safety/
toxicology studies can be found in Jarvis et al. (2011), 
Hothorn (2014), and Zhang (2016). 

Chemistry, Manufacturing and Controls
In parallel with the safety/toxicology studies, Chemistry, 
Manufacturing and Controls (CMC) studies are carried 
out to formulate the NME into a drug product (formula-
tion development), and develop measurement tools to 
characterize the drug product’s chemical and physical 
properties (analytical development); see Burdick et al 
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(2017). Similar support is given to the development of 
processes, formulations, and analytical methods for vac-
cines and cell and gene therapies.

Formulation development concerns the scientific 
studies required to develop a final drug product into a 
dosage form (solid dosage forms for example can be a 
tablet or capsule). The drug product in whatever dos-
age form is the combination of the active compound 
plus “excipients” which enhance the drug performance 
characteristics.  The goal is to formulate a drug product 
so it dissolves as intended following consumption when 
it is supposed to, delivers the desired amount of active 
ingredient and remains stable on the shelf at a desirable 
environmental storage condition for an acceptably long 
period of time. Recent initiatives meant to improve 
product quality, driven by commercial and regula-
tory considerations, are embodied by the “Quality by 
Design” (QbD) paradigm (see ICH Q8). At its founda-
tion, QbD is a call for the application of experimental 
design and predictive risk modeling to study the effects 
of processing and formulation parameters on critical 
quality attributes (CQA) of the product. Peterson (2008) 
has given a good discussion of a multivariate Bayesian 
posterior predictive approach to address this question 
from a natural risk control perspective.  

Analytical development concerns the scientific stud-
ies necessary for implementing measurement systems to 
characterize the important chemical and physical qual-
ity attributes of the drug product, for example potency, 
impurities, dissolution, tablet hardness, disintegration 
time and so on. These are essential to the full commer-
cialization of a drug product, since decision making to 
release product into the market requires accurate and 
precise measurement tools to permit an unambiguous 
statement of product quality to ensure proper delivery 
of active ingredient to the patient. Experimental design, 
linear and nonlinear modeling methods, and Bayes-
ian methods are important statistical tools relevant to 
the statistical support of this area.   Noteworthy in this 
category is bioassay development.  Bioassays measure 
the biological activity of biotherapeutics, vaccines, and 
cell and gene therapies in animals, cell culture and using 
immunochemical methods. Bioassays are particularly 
challenging to design and optimize due to their sensitiv-
ity to reagents and operational factors.  Best practices in 
bioassay development and validation has been codified 
in the USP General Chapters cited among the references. 

A third aspect of CMC concerns manufacturability, 
the specific engineering aspects that lead to the scale 
up of laboratory scale product to full commercial pro-
duction scale, and the associated tools necessary for 
assuring high quality drug product. As you read this, the 
industry is at the early stages of a technological revolu-
tion as companies transition from the traditional “batch” 
processing of drug products, to “continuous” manu-
facturing (CM) capabilities. CM will have substantial 
impact on statisticians supporting this area, where the 
advanced engineering and scientific controls and vol-
ume of real time process data will require more sophisti-
cated statistical tools to develop real time understanding 
of the process. The past reliance on asymptotic statisti-
cal methods will give way to “big data” approaches and 
new methods to measure and track quality attributes 
replacing labor and time intensive laboratory methods 
through Near Infrared (NIR) measurement technologies, 
using Partial Least Squares as a calibration tool. The 
technical challenges to the statistician working in this 
realm are many. A good overview of some of the chal-
lenges are discussed in Peterson et al. (2019). 

Summary
In summary, “nonclinical statistics” is a term that is 
unique to the pharmaceutical industry. It acquired a 
natural identity as descendants of earlier “industrial” 
statistics groups in response to the formation of clinical 
statistics groups starting in the early 1980s. The entire 
time span of the drug development process requires 
nonclinical statistical support. It starts with the drug  
discovery phase, continues into the preclinical safety 
studies and in parallel, drug formulation studies to 
develop a shelf stable and bioavailable dosage form to 
allow commercial scale manufacturing for human dos-
ing. While the large scale phase 3 clinical trials are in 
progress, studies for assessing long term safety in ani-
mal models are being conducted as needed. In addition, 
CMC studies are carried out to achieve a final market 
configuration with clear understanding of the drug 
product’s quality attributes (i.e. physical and chemical 
properties) to permit ongoing lifecycle managed quality 
control. All the  nonclinical studies driven by regulatory 
requirements are documented in detail and constitute a 
large section of the NDA or BLA addressing nonclinical 
drug safety and manufacturability. Even into the com-
mercialization phase following approval to market, the 
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nonclinical CQAs serve as surrogate signals mapping 
the measured quality attributes of commercial batches 
released into the market to the phase 3 clinical trials. 
By virtue of this mapping, the company is legally autho-
rized to release drug product into the market assuring 
the safety and efficacy documented in the clinical trials. 
Throughout the drug development and commercializa-
tion phases, nonclinical statistics plays a key role in 
decision making, assessing risks, and making more 
efficient the overall drug development process. 

We come now full circle to the title of this article, 
why is it called by what it’s not. The historical record 
reflected by the memories of a sample of statisticians 
indicate that the discipline of nonclinical statistics, if 
we can call it that, came into being in the 1980s as a 
reasonable counterpart to the already established clini-
cal statistics groups. The record also shows that these 
groups integrated into their purview the existing tradi-
tional support to nonclinical scientists and engineers. 
In this sense, we can regard the nonclinical groups as 
a continuation of a long tradition of statistical engage-
ment with laboratory and manufacturing studies by 
earlier industrial statisticians. Many of these industrial 
statisticians made substantial contributions to the sta-
tistical literature and the practice, some of whom have 
been named in this article, and their influence is felt in 
tangible ways even today, see Snee (2019).    
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AN INTERVIEW WITH ERIC GIBSON, 
REFLECTIONS ON THE ROLE OF P-VALUES IN 
JUDGING THE STRENGTH OF EVIDENCE AND 
REALISTIC REPLICATION EXPECTATIONS (SBR, 2020)

BIOP Report: Congratulations on your well 
received article last year in Statistics in Biopharmaceu-
tical Research, which provides an excellent perspective 
on p-values and their use in clinical trials. Despite the 
many examples that exist on the misuse of p-values, 
why in clinical research are we obsessed with report-
ing statistical significance (p<0.05) even in situations 
where it may not be appropriate?

EG: This is a very good question. It is likely due 
to 100 years of inertia.  In his original textbooks on 
statistics, Fisher produced compact tables of selected 
significance levels. Before the age of modern statistics 
this was all that people could reference. The threshold 
of 1 in 20 was just a simple way to convey an unusual 
finding that is somewhat unexpected if there is really no 
effect, corresponding to two standard deviations from 
the mean. This level of evidence was enough to war-
rant further investigation (hopefully) in a second study, 
but it was not considered strong evidence or definitive 
proof (Stigler 2008). Since most journals have always 
required a ‘statistically significant’ result for publica-
tion, scientists under pressure to publish are always in 
search of p<0.05. 

BIOP Report: How do we as statisticians improve 
the education for non-statisticians on the misuse of 
p-values in the interpretation of clinical trial results?

EG: Current undergraduate and graduate-level ser-
vice courses in statistics place too much focus on 
the calculation of test statistics and p-values, with 
little focus on strategic thinking and good case studies, 
although this is slowly changing (Maurer et al. 2019). 
There are a number of opportunities. One is to think of 
the p-value as a continuous measure of evidence whose 
order of magnitude on the log scale, namely —log10(p), 
is important. For example, 0.045 is not better than 0.049 
and 0.02 is not twice as good as 0.04.  Recognizing the 

‘silent killers’ of replication, namely multiplicity and 
selection, and understanding how they quietly exagger-
ate the evidence is also very important. Multiplicity is a 
characteristic of the analysis (many endpoints × doses 
× time points × subgroups …, etc.), whereas selection 
is the biased behavior of choosing what is important 
after we see the data. 

A more subtle opportunity is understanding that the 
appropriate standards of evidence depend on where 
you are on the research continuum spanning from 
exploratory to confirmatory. The goal of exploratory 
research is to find new discoveries without becoming 
overwhelmed by false signals. Here the focus is less on 
robust power and strict type 1 error control and more on 
low-to-moderate power and containing the false discov-
ery rate. For example, p<5×10-8 with moderate power 
is necessary to control the very high FDR from extreme 
multiple testing in GWAS (Jannot et al. 2015). This is 
almost never covered in undergraduate or graduate-
level service courses in statistics.

BIOP Report: As we progress in a world of more 
complex clinical trial designs where effectiveness of 
interventional treatments will be determined increas-
ingly more based on Bayesian principles, will this result 
in further confusion amongst non-statisticians on the 
clinical meaningfulness of trial results?

EG:  Several of the commentaries on the paper 
address this (Posch and Koenig, 2020 and Hung et. al, 
2021) and the challenges that we face with the increas-
ing number of platform trials, group sequential trials 
and adaptive trial designs that are being used in clinical 
research.  It will become increasing important in these 
scenarios to be able to provide full context of what 
clinically meaningful effects can be detected.  For us to 
be able to be successful in the use of these types of trial 
designs, we need to be working with our partners and 
be patient and teach what is the impact of multiplicity 
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and selection in light of the complexity of the design 
of these trials.  As areas of future research, we need 
to  continue to study what is the strength of evidence 
required in these types of trials and what are the appro-
priate methods for adjustment.  This was the motivation 
for the case studies that were presented in the paper.

BIOP Report: Has the variability in trial results 
observed within investigational treatments in COVID-
19 clinical trials further supported the evidence on 
p-values and the challenges in their interpretation and 
the need for alternative measures for evaluating success 
and reproducibility of results?

EG:  Reproducibility probabilities can be an impor-
tant tool for calibrating the strength of evidence and 
setting realistic expectations for what may happen in 
a follow-up trial. The simple, unadjusted reproduc-
ibility probability when p=0.05 is 50%. For p=0.001, 
the reproducibility probability is 91%. There are meth-
ods for adjusting for sources of variation within and 
between trials (Held and Pawel 2020), which often 
result in smaller reproducibility probabilities. For 
example, when adjusting for the variability in the 
patient population across trials conducted for treatments 
for COVID-19, the resulting reproducibility prob-
abilities will become more sobering.  What constitutes 
a reasonable reproducibility probability will depend on 
many factors and as statisticians, we need to calibrate 
expectations of our collaborators on the risks of not 
reproducing results in subsequent clinical trials.

BIOP Report: Why are reproducibility probabili-
ties not used more in practice?

EG: I think we are seeing reproducibility prob-
abilities, posterior probabilities, and other methods used 
more in practice. Bayes factor bounds are a convenient 
way to translate the p-value to the odds against the null 
hypothesis. The reproducibility probability for p=0.001 
is 91%, which corresponds to 53 to 1 odds against the 
null. Bayesian methods, for example, are commonly 
used to develop synthetic evidence from historical data 
in rare diseases, and to extrapolate efficacy from adults 
to children in pediatric drug development.

BIOP Report: When the effect size for an inves-
tigational treatment in Phase 3 is smaller than it was in 
Phase 2, is it often the case that the observed effect in 
Phase 3 is still within the 95% CI for what was observed 
in Phase 2? Do such situations further emphasize the 
need to educate those involved in the reporting of 
clinical trial results on the importance of presenting 
trial results based on point estimates accompanied by 
confidence intervals?

EG:  Absolutely!  Kempthorne (1976) explained 
that “the force of an observed p-value depends on the 
distribution of the p-value under alternative hypotheses 
which are worth entertaining.” Betensky (2019) pro-
posed that the strength of p-values should be judged 
by the clinically meaningful effects that the result sup-
ports for a specific study design. She derives a “p-value 
threshold” for concluding that a meaningful effect has 
been observed.  One would then reject the null hypoth-
esis if the lower limit of the 95 percent confidence 
interval exceeds this p-value threshold value. Statisti-
cally significant effects observed in smaller and more 
noisy studies are often exaggerated relative to what was 
expected. In phase 2, for example, we too often fail to 
characterize the strength of evidence in terms of the 
clinically meaningful effects that the data supports.

BIOP Report: How frustrating is the follow-
ing statement to you when it appears in press release 
discussing clinical trial results? “ … Even though the 
primary objective of the study was not met, in a pre-
specified subgroup analysis, significant evidence of 
efficacy was demonstrated.”

EG:  Drug development requires a lot of optimism, 
but it is also important to set expectations based on the 
actual (not perceived) strength of evidence. Pocock and 
Stone (2016) stated it very well that “it is hard to think 
of an example in which an apparent benefit in subgroup 
in a trial with a negative outcome has led to a confir-
mation in a subsequent trial.”  We nevertheless need 
to keep an open mind and consider whether the results 
are biologically plausible, whether patients in this sub-
group have high unmet medical need if not successfully 
treated, whether there is supportive external evidence. 
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Beware of selection and multiplicity and adjust accord-
ingly based on the exploratory or confirmatory attitude 
of the initial study. If you decide to plan a follow-up 
study, make sure to discount the effect size observed in 
the subgroup.

BIOP Report: Thank you Eric for your time today 
from the BIOP community.
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THREE DECADES OF PEDIATRIC 
DRUG DEVELOPMENT: The Increasing Use 
of Innovative Analytic Methodologies and the 
Emergence and Utility of a Pediatric Scientific 
Working Group
Margaret Gamalo (Pfizer), Aijun Gao (Covance), Fei Wang (Boehringer Ingelheim), Yoonjin Cho (Regenxbio)

1. Growth of pediatric drug development 
through regulations
The combination of incentives and obligations provided 
by regulations in many regions stimulated pediatric 
research in the last three decades and transformed the 
way medicines are developed and labelled globally (see 
Figure 1 for a timeline of these regulations).  In the 
US alone, the FDA has issued more than 450 Written 
Requests for new pediatric studies (most recent update 
was on October 2019). The FDA has also made label-
ling changes in 854 drugs including 199 from studies 
performed under Best Pharmaceuticals for Children 
Act (BPCA) alone, 131 under BPCA and Pediatric 
Research Equity Act (PREA), 475 under PREA only, 
and 49 under the Pediatric Rule (a precursor to PREA) 

since 2007 as of April 2020 (ref [1]). Most of these 
labelling changes are based on new pediatric studies. 
In Europe, the European Medicines Agency (EMA) 
and its Paediatric Committee (PDCO) reported that the 
number of agreed Paediatric Investigation Plans (PIPs) 
have surpassed 1000 in 2017 (ref [2]). Furthermore, 
more than 260 new medicines for use by children were 
authorized with most of them linked to the Paediatric 
Regulation’s requirements (ref [3]). Evidence for a 
more robust pediatric medicines development is also 
present in ClinicalTrials.gov, which reported that more 
than 770 industry-sponsored pediatric clinical trials are 
underway, and this number is increasing (see Figure 2). 
Of the 770 clinical trials, which are recruiting or not yet 
recruiting, 378 are multinational1. 

Figure 1:  Timeline of the development of pediatric regulations across different geographies. The period in blue is when the laws in the US and Europe are 
enacted

1 ClinicalTrials.gov search using status = recruiting or not yet recruiting, age =child, study type = interventional, study phase = phase 3-4, funder type= industry. First posted on 
or before December 31, 2020
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2. Fundamental challenge in pediatric drug 
development  
The multi-regional nature for the majority of these 
pediatric development programs highlights the need 
for harmonization of scientific, regulatory, and under-
lying ethical principles. While recognized worldwide, 
both the US and EU regulations specifically call out 
that children are a vulnerable group2  and as such are 
granted additional protection as research subjects. In 
the US, the Belmont Report [ref 4] states that children 
should only be enrolled in a clinical trial if the scientific 
and/or public health objectives cannot be met through 
enrolling older subjects who can understand and pro-
vide informed consent (cf. scientific necessity)3.  In 

addition, to find a balance between protecting children 
against unknown risks and harms which may occur with 
trial participation and the obligation to conduct trials, 
there has to be sufficient prospect of direct benefit (45 
CFR part 46 Subpart D) and that children should not 
be enrolled in studies that are duplicative or unlikely 
to yield important knowledge about the product or 
condition under investigation [ref 5]. By implication, 
scientific necessity also suggests the timeliness of 
obtaining answers for these public health objectives. It 
is a matter of importance that these principles influence 
the scope of pediatric drug development4 concerning 
data required to meet regulatory obligations for labeling 
across different regions.
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Figure 2: Number of clinical trials posted in ClinTrials.gov over time.

2 The World Health Organization (WHO) and World Medical Association (WMA) Declaration of Helsinki also uses the term vulnerable subjects. The term is mentioned in 
ICH E6 (R1) but not in ICH E11 (R1). All state explicitly that vulnerable populations such as children should not be enrolled in a clinical investigation unless their involvement 
is essential to answer a scientific objective relevant to the health and welfare of that vulnerable population.

3 Belmont Report  entitled Ethical Principles and Guidelines for the Protection of Human Subjects of Research is codified in HHS regulations as  45 CFR part 46 which 
includes four subparts. Subpart D pertains to Special Protections for Children as Research Subjects. In the EU, children as vulnerable subjects are covered in Directive 
2001/20/EC (Clinical Trials Directive). Directive 2001/20/EC of the European Parliament and of the Council of 4 April 2001 on the approximation of the laws, regulations, and 
administrative provisions of the Member States relating to the implementation of good clinical practice in the conduct of clinical trials on medicinal products for human use. 
Official Journal of the European Communities L 121, 1.5.2001, p. 34

4 Both the FDA and EMA define children as the age prior to obtaining the legal age of majority. Physiological development and maturity of organs, pathophysiology and natural 
history of the disease or condition, available treatment options, and the pharmacology of the investigational product are factors to be considered in determining the subgroups 
in pediatric studies, e.g., adolescents (12  to less than 21 years old), children (2 to less than 12 years old), infants (29 days to less than 2 years old), and neonates (first 28 days 
of life). These pediatric studies will be interchangeably referred to as pediatric drug development. 
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In the US, drugs being developed for children are 

subject to the same evidentiary standards for efficacy 
and safety as drugs developed in adults (see 21 CFR 
314.50 and PHS Act, 505(d)), i.e., effectiveness is 
determined based on adequate and well-controlled 
investigations. This is also echoed by the EMA where 
marketing authorization (MA) is granted based on the 
provision of adequate evidence on clinical efficacy and 
safety. In this regard, both the U.S. and EU regulations 
suggest a complementary strategy on assessing the 
relevance of existing information in a related popula-
tion (usually adult population) to the target pediatric 
population, in terms of the disease, drug pharmacology, 
and clinical response to treatment to identify the gaps or 
level of uncertainty that need to be addressed to extend 
conclusion of adequate evidence of efficacy and safety 
(ref [6], [7]). This strategy is called “pediatric extrapo-
lation” and is adopted broadly by ICH member parties5  

to maximize the use of pre-existing information and to 
reduce the amount of, or general need for, additional 
information to reach conclusions of effective and safe 
use of drugs in children. This concept has implications 
on how we view the assessment of efficacy and type I 
error control. 

3. Growth of innovative design and analytics 
for clinical trials and resultant reflections
The regulatory decision to require pediatric studies 
through PREA and the Paediatric Regulation assumes 
that the adult indication or condition exists in the 
pediatric population (i.e., the disease is “sufficiently 
similar” to establish a sufficient prospect of clinical 
benefit and justify the risks) and that clinical benefit 
observed in adults may apply to children as well. This 
observation provides background on why extrapolation 
should be a default strategy unless proven not war-
ranted. In this circumstance, extrapolation provides 
the scientific justification for the use of aggregative 
analytic methods, e.g., information borrowing/bridg-
ing through Bayesian and meta-analytic methods, for 
obtaining efficacy conclusions in children. The FDA 
has recognized this in their guidance stating that “…
Bayesian inference may be used in settings where it is 
advantageous to combine multiple sources of evidence, 
such as extrapolation from adult data to pediatric popu-
lations….” Table 1 below shows some of the common 
and emerging aggregative methods that have been used 
or are useful in the analysis of pediatric trials. It is not 
known, however, how many of the studies published in 

Potential harm to children during 
research

Sufficient prospect of direct benefit;   
Address an important public health 

question that cannot be answered with 
adults

Figure 3: Extrapolation and Innovative Analytics balances the conduct of trials in children given sufficient prospect of 
direct benefit while protecting children from research harms.

5 Member parties that have implemented the guideline include ANVISA (Brazil), EC (Europe), FDA (US), HSA (Singapore), Health Canada (Canada), MFDS (Republic of 
Korea), MHLW/PMDA (Japan), NMPA (China), Swissmedic (Switzerland), TFDA (Chinese Taipei)
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ClinicalTrials.gov (shown in Figure 2) use any of these 
analytic strategies. Statistical details in this site are 
generally not disclosed and neither Complex Innovative 
Design (CID) proposals are disclosed. In EU, while the 
key binding elements are disclosed, they do not provide 
information on innovative methods beyond the agreed 
studies (e.g. non-clinical, clinical, extrapolation, model-
ing, and simulation studies) and sample sizes. Neverthe-
less, the authors acknowledge that while many of these 
methods are not associated with any published case 
examples, they have been widely used in proposals for 
pediatric clinical trials in their knowledge. 

Methodological Interpretability. One key con-
cept in the use of these innovative analytical strategies 
is whether the methodological construct aligns with the 
scientific framework. For example, robust priors for 
which the prior structure is updated between extrapola-
tion versus no extrapolation at every iteration of the 
estimation process. Explaining this to a cross-functional 
non-statistical team would create confusion because the 
concept of switching between the two for the prior may 
not make sense. As stated previously, the regulatory 
decision to require studies in children is an acknowl-
edgment of the potential benefit for children. More-
over, the decision between some extrapolation and no 
extrapolation is highly dependent on a single outcome 
of the pediatric trial. Extrapolation, on the other hand, 
requires the assessment of similarity of disease and an 
assessment of similarity of treatment response before-
hand. If extrapolation is based purely on outcomes, 
then it will be subject to chance finding and other post-
randomization events that impact the study. Penalizing 
for heterogeneity of outcomes that are a product of 
several post randomization factors as opposed to the 
scientific determination of similarity of disease seems 
counterintuitive. Furthermore, it is possible that there 
may be more variability in one endpoint than another 
and hence the amount of information to be borrowed 
will vary from one endpoint to another. These consider-
ations suggest having a nuanced statistical methodology 
to ensure they are aligned with the concept scientifi-
cally. Furthermore, having a methodology that aligns 
with the science makes for an easier justification of the 
proposal in a regulatory submission and interpretation 
of the results of the trial. 

Type I error and tolerable uncertainty. The 
nature of extrapolation is an acknowledgment of a 
different view of tolerable uncertainty. There are two 

different perspectives or judgments of causal inference, 
i.e., whether a drug is effective or offers a prospect of 
clinical benefit. These judgments differ in the degree 
of tolerable uncertainty, that is, what is the acceptable 
risk of having a wrong decision over the approval of 
an investigational drug. Efficacy (from an FDA regu-
latory perspective) requires either two clinical trials, 
one clinical trial with overwhelming evidence, or one 
clinical trial with additional supporting evidence (21 
CFR 514.4). Most pediatric drug development does 
not require this same level of certainty. The tolerable 
uncertainty concerning the decision to expose a child 
to the risks of a new drug in a research protocol (i.e., 
the prospect of direct benefit) is framed by the risks 
and prospect of direct benefit to that individual child 
(see Figure 3). Arguably, the lack of safe and effective 
treatment options for a smaller pediatric population 
with severe life-threatening disease argues for a level of 
tolerable uncertainty closer to that of individual clini-
cal decisions. When a drug is known to be effective in 
adults, there should be a willingness to incorporate 
this information into the pediatric program planning, 
regardless of the statistical approach, which will neces-
sarily increase type 1 error. An argument can be made 
that type I error may not be the appropriate tool to 
measure false positive decisions in pediatric drug devel-
opment for the same reason that the clinical question 
at hand is already framed by a different judgment of 
causal inference. Consequently, any borrowing must be 
framed by the expectation of an increase in type I error 
proportional to the degree of extrapolation (similarity) 
possible. The more similar the diseases are, the higher 
the confidence that the type I error, which is a concept 
defined in the null hypothesis, needs to be modified. It 
should be called by a different term to avoid confusion. 

 
Such an argument becomes important in the fol-

lowing situation depicted in Figure 4 on the choice 
of including adolescents in adult research. On the 
one hand, the tolerable uncertainty in a simultaneous 
development is disproportionately higher than a fully 
powered study in adolescents and children even for the 
same indication and of a similar mechanism of action 
and treatment development landscape. Such an argu-
ment justifies why it is possible for an increase in the 
alpha level as shown in Table 1 (from a frequentist test-
ing perspective) so that the sample size required does 
not necessarily have to be onerous. 
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Endpoints and consistency of therapeutic 
benefit. Table 1 also includes non-aggregative meth-
ods that can potentially reduce sample size require-
ments e.g., choice of endpoint, and the argument for 
consistency of treatment response. These techniques 
are not unique to pediatric drug development and that 
the choice of endpoint, in any development, is always 
driven by whether it measures how a patient func-
tions, feels, and survives. The way the endpoint is 
efficiently captured is secondary. However, because of 
limited populations, efficiency in endpoint assessment 
is important and arguably justified under extrapola-
tion. Inclusion of patient-reported outcomes (PROs) 
and quality of life measures of pediatric patients is also 
important where there is no clear acceptable endpoint to 
capture therapeutic benefit. 

Consistency, on the other hand, is a concept needed in 
every clinical trial to ensure that the therapeutic benefit 
is robust for different defined sectors of the population. 
Relative consistency among the subgroups provides 
evidence that clinical trial findings are robust across 
the intended patient population, while signs of hetero-
geneity may be used to inform approval decisions or 
clinical practice (like region-specific/local consistency 
assessment). Any inconsistency found is investigated 
if it is indeed real through considerations of the total-
ity of evidence and whether the benefit-risk in the least 
benefiting subgroup remains positive.  In a trial where 
adolescents are included with adults, this means verify-
ing the consistency of the effect in the adolescent cohort 
to support the indication in both the adult and adoles-
cent population. Usually, this approach is no different 
from looking at the consistency of subgroups based on 
guidelines set up in ICH E17 for multi-regional trials 

Figure 4: Common Patterns of Development and ensuing statistical issue on demonstration of substantial evidence of efficacy and safety

(ref [8]) and EMA guidelines on subgroups (ref [9]). Of 
note, consistency is an argument aligned with pediatric 
drug development, i.e., if at the starting point there is an 
understanding of the prospect of direct benefit, we are 
interested in ascertaining whether the treatment effect in 
the pediatric cohort is consistent regardless of whether 
the cohort is part of the trial or in a subsequent stag-
gered trial. In fact, why would the argument of efficacy 
in a stand-alone pediatric trial be any different from a 
trial that includes both adults and adolescents? 

Control data and collaborative trials. Table 2 
shows some common strategies for innovative design 
in pediatric drug development. References for key 
articles are also provided. In general, there are two 
areas for the innovation and efficiency of the design 
– borrowing data or minimizing the randomization to 
control or making this more efficient. Borrowing data 
was discussed extensively with the use of Bayesian 
and meta-analytic approaches. Control data is a fragile 
issue. Given the prospect of direct benefit, equipoise is 
no longer supported which then begs the question of 
why children are randomized to placebo? For adults, 
there probably is an argument for randomization to 
placebo through informed consent but this may not be 
true for children. Nevertheless, two ways of minimizing 
control data have been to use external control (or by use 
of a partially controlled study) or use platform trials that 
have the capability of sharing controls. The use of the 
external control is carefully selected to mimic the target 
population (e.g. matching). The addition of a concurrent 
control in a partially controlled trial provides a bench-
mark for similarity and sort of “assay sensitivity” that 
the external control behaves like the concurrent control 
like it is intended to be. 



Aggregative methods Example methods and key reference How extrapolation is implemented?

Use of Informative Priors 
or scaling of likelihoods

Power Prior: conditional; modified/normalized power prior; joint 
power prior; commensurate power prior; partial borrowing power 
prior (ref [11],[12],[13]) 

Using the likelihood of existing data in the source or reference 
(adult) population to create an informative prior distribution for 
the target (pediatric) population. Down-weighting is implemented 
through the power of the likelihood function that is constrained 
within the [0,1] interval. Power can be fixed and pre-specified 
(conditional), defined by a pre-specified distribution (modified); 
or the pre-specified distribution is reparametrized to include a 
measure of divergence between source and target population 
(commensurate). For either modified or commensurate 
power prior, the outcome of the target has an influence on 
the borrowing. The partial borrowing power prior is a class of 
flexible informative priors to allow borrowing from the reference 
population with common parameters in the target population. It 
can be combined with the usage of pre-specified a_0, random a_0, 
normalized, and commensurate settings.

Commensurate Prior (ref [14]) Using the likelihood of existing data in the source or reference 
(adult) population to create an informative prior distribution for 
the target (pediatric) population. Down-weighting is implemented 
by parametrizing a divergence criterion between parameters in 
the source or target population. The outcome of the target has an 
influence on the borrowing.

Robust and/or Meta-analytic prior (ref [15],[16]) Using the likelihood of existing data in the source or reference 
(adult) population to create an informative prior distribution for 
the target (pediatric) population. Down-weighting is implemented 
by averaging the informative part with a vague part (no 
extrapolation). The averaging is done by having a prior distribution 
on how often the informative prior is selected compared to the 
vague prior. The outcome of the target has an influence on the 
borrowing and prior could be dominated by the outcome of the 
trial. 

Elicited prior ([17], [18]) Uses perception of experts to inform prior distribution for 
pediatric cohort. Can be combined with other methods above to 
select for power in power prior, power distribution or weight or 
distribution of weights in model averaging.

Hierarchical Models Composite likelihoods [ref 19] Using the likelihood of existing data in the source or reference 
(adult) population to augment likelihood of target population. 
Down-weighting is done by pre-specifying a power to the 
likelihood. Estimation is done through maximum likelihood.

Bayesian random-effects meta-analysis (ref [20],[21]) Obtain parameter estimates for the target pediatric population 
that “borrow” from multiple sources of information (cohorts 
or studies); “to combine the results of a number of different 
reports into one report to create a single, more precise estimate 
of an effect” [ref 20]. The aims of meta-analysis are “to increase 
statistical power; to deal with controversy when individual studies 
disagree; to improve estimates of size of effect, and to answer new 
questions not previously posed in component studies” [ref 21]. 
Assumes that the parameters for treatment effects in the current 
and historical trials are considered “exchangeable” (in the sense of 
Bernardo [ref 22]).   Also assumes that the variance in each of the 
studies is known. Estimation is through posterior distribution of 
the parameters 

Frequentist random-effects meta-analysis  (ref [23]) e.g., likelihood-
based methods (restricted maximum likelihood), the DerSimonian-
Laird approach, empirical Bayes, method of moments estimators (e.g., 
Paule-Mandel, Hedges estimator and Hunter-Schmidt estimator), model 
error variance estimator (e.g., Sidik-Jonkman estimator)

Same as Bayesian meta-analysis. The standard errors of the study-
specific estimates are adjusted to incorporate a measure of the 
extent of variation, or heterogeneity, among the intervention 
effects observed in different studies. Does not incorporate prior 
distribution for parameters and estimation and inference is 
different.

Meta-regression including Proportional Interactions Model (ref [24]) 
can also be formulated in the Bayesian form 

Proportional interactions model to simultaneously estimate an 
individualized prognostic score and its effect on treatment in a 
single clinical trial, i.e., proportional covariate slopes across age 
groups. For multi-arm studies, can be extended to treatment by 
covariate interactions where age-related covariate by treatment 
interactions are proportional across the covariates

Non-aggregative but 
efficient methods

Choice of endpoint Win ratio or win odds (ref [25],[26]) Use of prioritized outcomes to capture treatment benefit in a 
meaningful and efficient way; useful in diseases where event rates 
are small. Extrapolation is not actually used.

Reduction in alpha level Argues that because of similarity of disease and response to 
intervention, the acceptable risk for concluding an ineffective 
drug is efficacious in children is higher than 5%. See discussion in 
Section 3: Type I error and tolerable uncertainty. 

Consistency argument See ICH E17 [ref 8] and EMA guidelines on subgroups [ref 9].

Table 1: Some common and emerging statistical techniques in extrapolation



BIOPHARMACEUTICAL REPORT SPRING 2021 30

In the pediatric community, the concept of multi-
compound and/or multi-sponsor trials has been pro-
posed to achieve a faster pace and efficiency in pediatric 
drug development (ref [10], see for e.g., Pediatric-Onset 
Type II Diabetes Mellitus and therapeutic areas where 
a drug could be developed in many indications, e.g., 
immunologic products). Multi-compound/multi-spon-
sor studies could help to address rare and/or competitive 
research environments, reducing recruitment challenges 
while identifying candidate drugs more efficiently in 
phase I to move into pediatric dose-finding studies. 
This type of collaborative trial design could also benefit 
patients by helping to minimize the number of study 
participants through utilization of a single control group 
for multiple potential treatments as a comparator.

Assessment of benefit-risk. Innovation disrupts 
our processes and common ways of thinking. Questions 
on its viability in a multi-stakeholder environment drive 
its adoption. For example, as trials become leaner through 
efficient analytical ways, there will be less and less data 
for the assessment of safety. If the development is depen-
dent on ensuring the ability to detect adverse events of 

special interest, this will circumvent the efficiency of the 
trial as such an objective will require a larger sample size. 
Often regardless of simultaneous or staggered develop-
ment, the driver for sample size is ensuring an adequate 
safety database and exposures to have confidence in both 
the incidence of adverse events in the short and long 
term. The issue also happens because, unlike efficacy, 
safety cannot be extrapolated. Hence, while sample size 
may be reduced through efficient designs, safety, on the 
other hand, may require more patients. 

The assessment of safety is an important objective 
to ensure safe drugs for children. How is this done in 
a scientifically will allow for a better determination of 
pediatric trial design. Of note, one must monitor mus-
culoskeletal, reproductive, and neurocognitive domains 
to ensure that the drug does not modify the develop-
ment of a child. If a drug has no on-target effects on 
these domains, the question boils down to the number of 
patients needed and the length of the follow-up to have 
an adequate safety database. Currently, there is no gen-
eral guidance on this issue and potentially provides an 
opportunity for the sample size to be dictated by efficacy. 

Table 2: Some common and emerging innovative designs in pediatric clinical trials

Design Example design and key reference Why is the design efficient?

A Bayesian adaptive design Two stage design (ref [27]) After stage I analysis by borrowing information from completed adult trials, the 
pediatric trial may be stopped for futility, enrollment may be stopped, or enrollment 
may proceed into stage II to reach a prespecified maximum sample size.

Partially controlled adaptive design Like the two-stage design but using external control to augment concurrent control. 
The pediatric trial may be stopped for futility, enrollment may be stopped, or enrollment 
may proceed into stage II to reach a prespecified maximum sample size.

Hierarchical Model + escape 
design 

See hierarchical models above and use of 
informative priors

Uses hierarchical modelling for analyzing combined adult and adolescent cohort. If 
the adolescent cohort is delayed in enrollment, adult cohort is analyzed first then the 
adolescent cohort will borrow information from adults. Ability to be pooled with adults 
and ability to borrow when the cohorts need to be analyzed separately. 

Master protocol (Platform/
Umbrella/Basket trial)

See ref [28] Pooling control/placebo to increase inferential precision. With internal validity for 
efficacy determination due to concurrent control/placebo. First, this enables efficient 
enrollment of rare fraction patients so that centralized patient management, based on 
a common protocol, promotes the acceleration of clinical development. Second, master 
protocol trials are beneficial for patients as well because they increase the chance of 
trial participation for which they can expect optimal therapeutic effects.

Use of external control data Threshold crossing (ref [29]) Leveraging data available from completed trials and from real world data sources; 
Relying on formalized procedures, information from these data is used to estimate the 
counterfactual, enabling efficacy assessment of new drugs.

Externally controlled/partial control (ref 
[30],[31])

Using matching external control observations from different data source including 
registry; can also use matched external control to augment concurrent control. 
Minimizes the number of patients exposed to placebo making the recruitment faster.

Use of alternative 
Randomization 

Patient preference in randomization (ref 
[32])

Ensures preference of parents and patients are incorporated in randomization to make 
recruitment faster.

Response adaptive design Response-adaptive design maximizes the total number of patient successes in the trial 
and penalizes if a minimum number of patients are not recruited to each treatment arm. 
Makes recruitment faster.
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4. Statistics in Pediatric Drug Development 
Scientific Workgroup: Statisticians in the 
frontline of innovation) 
Innovative designs pose a challenge for many statisti-
cians as it can occupy substantial resources within tight 
development timelines. Also, the reflections just stated 
offer a complex glimpse of pediatric drug development. 
For these reasons, it is not easy to grapple with all 
statistical details and requires a group of experts. With 
this in mind, the Statistics in Pediatric Drug Develop-
ment [ref 32] was created with the vision of promoting  
the development of safe and effective medicines for 
children at the same time as adults while respecting 
scientific necessity through efficient and robust innova-
tive trial designs and analytic strategies. The group’s 
mission is to serve as a forum for the development, 
education and dissemination of statistical research and 
innovation, and a forum for the interchange of mean-
ingful scientific opinion across multiple disciplines to 
accelerate the development of medicines for children. 
In each subgroup (see figure 5), the Scientific Working 
group provide a venue for collaboration among profes-
sionals in pharma, academia, and regulatory bodies and 
exchange learnings on challenges on pediatric drug 
development; for exploration statistical methodology 
that can be applied in the design and analysis of clinical 
trials with a particular interest in application to extrapo-
lation and effective ways for communication of results; 
for information gathering on the existing successful 

development and providing advice on best practices 
that could be used by pharma and CRO statisticians in 
designing trials for pediatric therapeutics. 

There is one goal in pediatric drug development and 
that is to provide safe and effective medicines that are 
appropriately labeled for use in children. Because of 
this, society needs to keep pediatric drug development 
aligned with the speed of innovation in medicines. It 
is in society’s best interest to ensure that evidence is 
generated to better inform on the appropriate use of 
therapies across pediatric populations thoughtfully and 
efficiently. The use of innovative methodologies such as 
pediatric extrapolation is a means of helping us deliver 
on this promise. Analytic tools that can be used to “bor-
row” adult data, along with adaptive study designs to 
manage uncertainty in assumptions, are helpful methods 
for enhancing efficiency in extrapolation. Both the spon-
sors and regulatory agencies need to assess the role of 
innovative approaches in every Paediatric Investigation 
Plans, Pediatric Study Plan, Proposed Pediatric Study 
Request they receive, or Written Requests they issue. For 
development proposals that already provide innovative 
approaches, incentives are needed to encourage more 
efficient programs to robustly inform on the appropriate 
use of therapies across pediatric populations. Examples of 
successful innovative plans and regulatory interactions 
can be a nudge toward further innovation. For devel-
opment plans not proposing innovative approaches, a 
rationale for not including so may be needed. 

Figure 5: Teams within the Statistics and Pediatric Drug Development Scientific Working Group
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Therefore, there needs to be a place for collaboration to 
ensure that the objectives of each stakeholder are achieved.  
Public-private partnerships have been established to fos-
ter the formation of pediatric clinical research networks, 
such as i-ACT for children in the US and IMI2 and C4C 
in the EU.  Similar constructs may serve as meaningful 
exchanges for quantitative experts e.g., Bayesian statisti-
cians, predictive modelers, biomarker analysts to facilitate 
a broader understanding of innovative designs and ana-
lytics for which the scientific working groups attempt to 
address.

Acronyms: 
FDA - Food and Drug Administration; BPCA - Best 

Pharmaceuticals for Children Act; PREA - Pediatric 
Research Equity Act; EMA - European Medicines 
Agency; PDCO - Paediatric Committee; PIP - Pae-
diatric Investigation Plan; FDAMA - Food and Drug 
Administration Modernization Act; MHLW-Ministry of 
Health, Labor and Welfare, FDAAA - Food and Drug 
Administration Amendments Act; FDASIA - Food and 
Drug Administration Safety and Innovation Act; PAC 
- Pediatric Advisory Committee, RACE - Research 
to Accelerate Cures and Equity; CFR - Code of Fed-
eral Regulations; WHO - World Health Organization; 
WMA - World Medical Association; ICH - International 
Council for Harmonization; HHS  - Health and Human 
Services; EC - European Communities; MA - Market 
Authorization; ANVISA - Agência Nacional de Vigilân-
cia Sanitária(National Health Surveillance Agency); 
HSA - Health Science Authority; MFDS - Ministry 
of Food and Drug Safety; PMDA - Pharmaceutical 
and Medical Device Agency; NMPA - National Medi-
cal Products Administration; TFDA - Taiwan’s Food 
and Drug Administration; CID - Complex Innovative 
Design; PRO - Patient Reported Outcomes; ASA- 
American Statistical Association; CMPH - Committee 
for Medicinal Products for Human Use; i-ACT - Insti-
tute for Advanced Clinical Trials ; IMI2- Innovative 
Medicine Initiative Project; C4C - conect4children
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SPRING CONFERENCES
2021 JOINT STATISTICAL MEETING
The Joint Statistical Meetings (JSM) is one of the larg-
est Statistical events in the world. It is also one of the 
broadest, with topics ranging from statistical applica-
tions to methodology and theory to the expanding 
boundaries of statistics, such as analytics and data sci-
ence. JSM also offers a unique opportunity for statisti-
cians in academia, industry, and government to exchange 
ideas and explore opportunities for collaboration. Begin-
ning statisticians (including current students) can learn 
from and interact with senior members of the profession. 
For more information: https://ww2.amstat.org/meetings/
jsm/2021/program.cfm 

The meeting will be held virtually. Conference “Regu-
lar” registration opens June 16th and closes July 15th. 

2021 ASA BIOPHARMACEUTICAL 
SECTION REGULATORY-INDUSTRY 
STATISTICS WORKSHOP 
The ASA Biopharmaceutical Section Regulatory-Indus-
try Statistics Workshop is sponsored by the ASA Bio-
pharmaceutical Section in cooperation with the FDA 
Statistical Association. Each year, the conference lasts 
three days, with invited sessions co-chaired by statisti-
cians from industry, academia, and the FDA and short 
courses on related topics offered the first day of the 
workshop. For more information: https://ww2.amstat.
org/meetings/biop/2021/

The workshop will be held virtually. Conference 
“Early” registration opens June 15th and closes 
August 16th.

2021 NONCLINICAL 
BIOSTATISTICS CONFERENCE
The ASA Biopharmaceutical Section Nonclinical 
Biostatistics Conference is hosted by the ASA Bio-
pharmaceutical Section in cooperation with the Rutgers 
University Statistics Department. The biennial confer-
ence lasts four days with invited and contributed talks 
on nonclinical biostatistics topics with speakers from 
industry, regulatory, and academia. Two short courses 
are offered on the first conference day. Click on here   
https://community.amstat.org/biop/events/ncb/registra-
tion to register for the conference. Contributed abstract 
submission is now open: https://community.amstat.org/
biop/events/ncb/abstracts

The seventh U.S. conference dedicated entirely to 
nonclinical biostatistics topics took place June 21-24, 
2021. This year’s theme is Nonclinical Statistics in the 
Age of Data Science. While we would love to host the 
conference at the Rutgers University College Avenue 
Student Center located at 126 College Avenue, New 
Brunswick, NJ 08901 as we did in 2019, the confer-
ence committee decided to host this event virtually.  
We believe that we can create a virtual environment 
in which attendees will have ample opportunity to net-
work, share experiences, and discuss current scientific 
issues with colleagues and leaders in the field. n 
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