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It is really hard to believe that it has been over a year since the global shut down for the pandemic. The 
decision to move to a virtual ACoP is one that was very difficult for me. We received equal numbers of emails 
and calls from people who what to meet in person as from those that were still not ready.   What is most 
important is that we respect each other’s positions on this.  In the end, to really leverage and continue to 
grow our international presence, we decided that virtual will be best for this year.   We are leveraging upon 
our learnings from last year to make this conference even better.   Please stay on the look-out for more 
surprises yet to come. Please check out our new ACoP webpage for continuous updates and planning for 
this year virtual ACoP. 

In addition to ACoP there are a lot of other activities going on at the Board of Directors level.  We continue 
to transition the organization to an infrastructure and foundation that will allow us to support the Society’s 
growth for years to come.  There are a few big elements that I would like to highlight.  First , we are 
researching more support staff for both the operations components of the organization and for our 
managing of social media. The addition of these roles will provide more rapid updating of websites and 
responses to day-to-day business needs.  Did you know that ISoP has a phone and that some of our members 
call it? In addition, there is the overall support of the volunteer system and facilitation needed for many 
opportunities that we have currently in place and new ones coming. 

The second big change is the investigation of the transition of the organization from a 501c6 to a 501c3 
organization.   This change will be important for us to be able to do a lot of the items that we feel are in line 
with the ISoP mission, including allowing donations from our members for scholarships and other important 
opportunities that give back to our Society. This transition will require a vote from the entire membership, 
so please review the section of the newsletter that highlights/compares the two organizations. 

It is that time of year again!  Time to recognize and nominate our colleagues for awards and manuscripts.     
This year, more than ever, please take a moment to review our award categories and nominate a colleague. 

I hope this newsletter finds you well and successfully navigating the new chapter of life.  As we continue to 
map out what the next pages look like, I want to continue to thank all of our volunteers for the creative 
ideas, continuous energy and motivation.  You are the lifeline of this organization.  

Thank you! 

Best, 

Brenda 
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ACoP12 is going virtual again! Although we’re seeing progress 
worldwide in the availability of vaccines, given the ongoing 
uncertainties in travel and the evolving restrictions around 
meeting sizes and mask requirements, the ISoP Board of 
Directors decided that holding an in-person meeting this year 
was not optimal. This change in format also allows us to better 
support our global Pharmacometrics community. Please join us 
for virtual ACoP12, which will be held from November 8-12, 
2021.  

The theme of virtual ACoP12 is “Charting the Course for Our 
Future”. The Conference will host an interactive pre-conference 
event titled “Integrating Standardization and Innovation in Your 
Organization: Find a Workflow that Works for You!”. The main 
conference will feature numerous exciting scientific sessions, 
poster presentations, awards, SIG events, dedicated activities 
for students and trainees, as well as ample networking 
opportunities.  

The call for Abstracts closed on May 7, 2021. Thank you to all 
who submitted abstracts! Of special mention, the Trainee 
Communications Challenge will be held again this year. Twelve 
trainees who submitted abstracts and agreed to be considered 
for this event will be randomly selected to participate in the 
Challenge during ACoP12. Four individual winners will receive 
$500 and members of the winning team will receive a special 
prize. You can visit the new ACoP12 website (https://www.go-
acop.org/) for more details.  

Early bird registration for virtual ACoP12 will open on June 1, 
2021. Please look for more Conference updates on the website 
and in future ISoP newsletters and communications. 

Stay safe and we look forward to connecting with you at 
ACoP12! 

 

On behalf of the ACoP12 Planning Committee, 

Heather Vezina, PharmD PhD, Conference Chair 

 

https://www.go-acop.org/
https://www.go-acop.org/
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ISoP Awards Call for Nominations is Open 

Chris Penland & Brenda Cirincione 

 

Each year, the International Society of Pharmacometrics (ISoP) honors outstanding individuals for their scientific merit 
and service achievements in the field of Pharmacometrics and related scientific disciplines. In 2020, we honored Jin Y. 
Jin, PhD and Robert S. Bies, PharmD, PhD as ISoP Fellows, recognizing their career-spanning contributions to 
pharmacometrics and the Society. Furthermore, recognized deserving colleagues in the following categories  

 

The call for nominations for all ISoP Awards is now open until July 15, 2021. A separate call for ISoP Fellows nominations 
will follow. 

What can you do?  

Great awards start with great nominations! We encourage everyone to consider nominating worthy candidates in one 
or more award categories. Reach out to your network and prepare to answer this call! 

Please note that current members of the ISoP Board of Directors and the Awards Committee are not eligible for any of 
these Awards. 

The nomination process will be detailed in the forthcoming announcement. If there are questions, feel free to contact 
Chris Penland (chris.penland@astrazeneca.com), ISoP Awards Committee Chair. 

2020 ISoP Award Recipients 

Lewis B. Sheiner Lecturer  Elizabeth CM de Lange, PhD, PharmDhc 

Innovation  Rene Bruno, PhD FISOP and Laurent Claret, PhD 

Leadership  Daniele Ouellet, PhD 

Outstanding Research Manuscript  Singh AP, et al.  for  "Development of a 
quantitative relationship between CAR-affinity, 
antigen abundance, tumor cell depletion and 
CAR-T cell expansion using a multiscale systems 
PK-PD model " mAbs 2020 12:1. 

ISoP Emerging Scientist Chris Rackaukas, PhD 

ISoP Unsung Hero Michelle Johnson, MBA, Mark Lovern, PhD,  and 
Songmao Zheng, PhD 

 

mailto:sihem.bihorel@cop.ufl.edu
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What’s been the hardest part of 
working at home during the pandemic? 

Among all the unexpected changes 
during the pandemic, I found that the 
biggest challenge of working from home 
is not being able to fully unplug after 
hours. It may be partially due to blurred 
lines between work and personal life, 
but also because of a shift in our 
routines. I spent less time eating out, 
going shopping, and meeting friends  
Instead, I stayed at home working, 
cooking, and online shopping. But we 
have identified one outdoor activity that 
my family started doing more during the 
pandemic than ever:  family walking, 
which turned out to be a very relaxing  

Tell us about yourself.  

I am a pharmaceutical scientist with 
extensive experience in applying PK/PD 
principles and modeling and simulation to 
address key questions and advance drug 
development. I have a PhD from the 
University at Buffalo and a MS from the 
China Pharmaceutical University. I am 
currently in the department of Clinical 
Pharmacology and Pharmacometrics at 
Bristol Myers Squibb, primarily 
supporting oncology drug development. 
Outside of work, I love traveling, 
gardening, and watching Premier League 
games with my family.  

What do you do at BMS? 

I serve as the Clinical Pharmacology Lead 
and Pharmacometrics Lead to a variety of 
early and late oncology programs. I have 
been actively involved in model-informed 
drug development to guide key decision 
making. Some of my notable 
achievements include the use of 
modeling and simulation to support the 
regulatory approval of nivolumab flat 
dosing of 240 mg every 2 weeks and 480 
mg every 4 weeks.  

How did you get involved with ISoP and 
what do you do? 

My PhD advisor, Dr. Don Mager, told me 
about ISoP and ACoP annual meeting. In 
2013, I attended my first ACoP meeting, 
presented my PhD work, and made 
connections with many professionals in 
the field. Other than the annual meeting, 
ISoP special interest groups and local 
events have been invaluable to furthering 
my knowledge, gaining insight into the 
ever-changing area of pharmacometrics, 
and expanding my network.  

I view ISoP as a great opportunity to learn 
from and network with other members. 
Currently, I volunteer for the ISoP 
Influence working group to help promote 
awareness of the science of 
pharmacometrics to external audiences 
and communities. I also serve as Abstracts 
Committee Chair for ACoP12. The main 
responsibility of the Committee is to 
ensure a fair and scientific review of 
abstracts submitted to ACoP12. I look 
forward to your participation at ACoP12. 

 
Why do you think it’s important to 
volunteer for ISoP? 

Volunteering for ISoP allows me to connect 
to the community and change it for the 
better. Even helping out with the smallest 
tasks can make a real difference to all of us. 
It benefits not only the cause I choose to 
support, but myself as well. Dedicating a 
part of my time as a volunteer for ISoP 
helps me make new friends, broaden my 
network, and boost social skills. I’m very 
grateful for my ISoP experience and 
encourage others to get involved in 
volunteer activities as well as participate in 
conferences, webinars, and local events. 

 

and enjoying moment  during the day. 
We tried taking different routes and 
paths to keep our walking experience 
fun and being very flexible in terms of 
the time. 

Tell me about the Influence 
Committee.  What are you doing in that 
committee? 

We are a group of volunteers, coming 
from different backgrounds, different 
experiences, and different places. But 
we all share some common interests and 
aspiration to help spread the science of 
pharmacometrics to more people and 
continue growing the community. We 
work with each other to come up with 
great ideas, and our initial plan is to 
develop a communication package to 
describe our science and what we do to 
external audiences and communities. 
You will hear more from us this year. 

What’s your favorite ACoP memory? 

There are many great memories at ACoP. 
My favorite ones are the funny photo 
booth and dancing with DJ from 2019 
ACoP meeting. I still kept those pictures 
and some dancing videos :)  

What is something people don’t know 
about you? 

My family is crazy about experiencing 
new things, seeing new places, and 
tasting new foods. We have been to 41 
states in the US prior to the pandemic. 
Now, we find beauty in those places that 
we previously took for granted. We 
appreciate our family and friends back 
home. Our journey will continue in the 
near future.  
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Papers Worth Reading 
by The ISoP Publications Committee (Angela Birnbaum, David D’Argenio, 
Ashwin Karanam, Peter Bonate, and Ana Ruiz) 

Data from 42 children who contributed to 
a total of 332 blood concentrations were 
used in this analysis. Seventy percent of 
the data was used for developing the PPK 
model with the remaining 30% being used 
as an external validation dataset.    A two- 

-

Yu T and Yanguang C. Modeling the 
dynamics of antibody-target binding in 
living tumors. Science Reports, 
10(1):16764, 2020. doi: 10.1038/s41598-
020-73711-y.  Recommended by David 
D’Argenio 

Antibody–target engagement is the 
critical first step in determining antibody 
efficacy. Target binding affinity, however, 
is generally assessed in vitro, and target 
binding properties of antibodies in the 
native tumor environment remain largely 
uncharacterized. 

In this paper, Tang and Cao present a 
minimally invasive system for directly 
monitoring the antibody–target binding 
dynamics in tumors in vivo using 
bioluminescence resonance energy 
transfer (BRET). The system allows 
quantitation of the spatial and temporal 
distribution of antibody within the tumor 
environment. The authors previously 
used their BRET imaging approach to 
characterize the binding dynamics 
between cetuximab and its target 
epidermal growth factor receptor (EGFR) 
in vivo, from which they observed 
incomplete target engagement, even at a 
supra-therapeutic dose, indicating 
fractional target accessibility. In this 
paper, using a minimal PBPK model, 
several hypothetical mechanisms were 
tested to explain this observation, 
including a model with a spatially 
declining target binding, along with an 
increase of stromal cells. The temporal 
and spatial modeling analysis indicated 
that the antibody binds to target cells to a 
"slower but tighter" degree in tumor 
areas with dense stromal cells. Their 
study provided direct evidence that the 
stromal cells can strongly influence 
antibody-target interactions, leading to 
treatment resistance. These findings 
improve our understanding of the 
complex antibody targeting process and 
should aid in designing antibodies that 
show more favorable targeting 
properties. 

 

Zhou S, Zhang R, and Lv C et al. "Initial 
Dosage Optimization of Tacrolimus in 
Pediatric Patients with Thalassemia 
Major Undergoing Hematopoietic Stem 
Cell Transplantation Based on 
Population Pharmacokinetics." Annals of 
Pharmacotherapy 55.4 (2021): 440-451. 
Recommended by Jessica Barry, Charul 
Avachat, and Xintian Lyu, and Angela 
Birnbaum 

Hematopoietic stem cell transplantation 
(HSCT) has been established as an 
effective treatment in patients with β-
thalassemia major (β-TM), which is the 
most harmful form of anemia. For a 
successful HSCT and to prevent Graft-
versus-host disease (GVD), sufficient 
immunosuppression is needed in patients 
before and after the procedure. 
Tacrolimus is widely used as an 
immunosuppressant in patients who have 
undergone transplantation. With a 
narrow therapeutic window of 5-15 
ng/mL along with high interindividual 
variability optimal dosing regimens of 
tacrolimus need to be determined in 
pediatric patients with β-TM undergoing 
HSCT to ensure patient success. 
Tacrolimus is started with an intravenous 
dose in order to achieve target 
concentration due to the high variability 
of oral tacrolimus. Once the dose is 
stabilized, patients are given tacrolimus 
orally. There are no studies at present 
which guide decision of the tacrolimus 
starting intravenous dose in pediatric 
patients with β-TM undergoing HSCT. The 
objective of this study was thus to 
establish a population pharmacokinetic 
(PPK) model of tacrolimus for initial 
intravenous therapy in pediatric patients 
with β-TM undergoing HSCT. Due to the 
physiological differences between adult 
and pediatric patients it is important to 
evaluate how these changes affect the 
pharmacokinetics of tacrolimus which can 
guide therapeutic drug monitoring in 
pediatric populations undergoing HSCT. 

 

 

compartment model was used to describe 
the data. Several covariates were 
assessed  for  significance  amongst  which 
body surface area on clearance and sex on 
volume of distribution of the peripheral 
compartment   were   deemed   to   be 
significant and were included in the final 
model. The internal evaluation of the 
model was done using goodness of fit 
plots, visual predictive checks, bootstrap 
analysis and normalized prediction 
distribution error. External evaluation to 
assess the predictive performance was 
determined via calculation of the mean 
relative prediction error and mean 
prediction error. Monte Carlo simulations 
were performed to obtain the initial 
dosing regimen. In female pediatric 
patients with weights of 50, 40, 30, 20, 
and 10 kg the optimal initial dosing 
regimens were found to be 0.03, 0.04, 
0.05, 0.06, and 0.10 mg/kg respectively. In 
male pediatric patients with weights of 
50, 40, 30, 20, and 10 kg the optimal initial 
dosing regimens were 0.04, 0.05, 0.06, 
0.07, and 0.12 mg/kg respectively. The 
probability of target attainment for each 
dosing regimens was >91% which is 
indicative of the clinical relevance of the 
PPK model. 

Hof F and Bridge LJ, Exact solutions and 
equidosing regimen regions for multi-
dose pharmacokinetics models with 
transit compartments. J 
Pharmacokinetics and 
Pharmacodynamics (2021) 48:99-131.  
Recommended by Jessica Barry, Charul 
Avachat, and Xintian Lyu, and Angela 
Birnbaum 

We often assume one or two 
compartment models are sufficient to 
describe drug ADME. While this makes 
sense for intravenous dosing, where drug 
is administered to the central 
compartment and immediately appears 
there, routes of administration that 
require absorption steps can be more 
complicated. Transit compartment 
models (TCMs) offer a physiologically and 
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mathematically plausible way to describe 
drug absorption delay effects that are 
evident in some pharmacokinetic data, 
but calculating exact solutions proves 
challenging. This paper outlines a 
methodology to compute exact 
concentrations as a function of time 
through a general multi-dosing scenario 
of M doses. 

A series of n linear transit compartments, 
an absorption compartment, and finally a 
central compartment make-up the 
general model structure. Several 
assumptions need to be accepted 
regarding the structure of the model. 
First, a bioavailability correction factor is 
introduced at the first transit 
compartment, unlike many existing and 
simpler TCMs which incorporate a 
correction factor at other points in the 
series. This addition provides the entire 
transit compartment cascade with an 
“effective dose.” Additionally, the authors 
mainly consider a scenario where the 
dose amount and the dosing interval are 
constant. The ordinary differential 
equations to describe the model are 
formulated as an initial value problem, 
with dosing described by a dosing-rate 
forcing function made up of Dirac delta 
functions or a Heaviside function for bolus 
dosing or infusion dosing respectively. 
Finally, the exact solutions rely on 
evaluating the lower incomplete gamma 
function, a special function involved in 
solving some complex intervals using the 
built-in MATLAB function for accuracy and 
to shorten run time. Log-gamma functions 
are available in many pharmacokinetics 
software packages including NONMEM 
and MLXTRAN/MONOLIX.s software 
packages including NONMEM and 
MLXTRAN/MONOLIX. 

The authors sought to use these methods 
to improve an existing model which used 
the Stirling approximation for factorials. 
Results from the Stirling approximation to 
the exact solution model were compared. 
The authors concluded that for a single 
bolus dose regimen, the exact solution 
improves accuracy significantly, as 
evidenced by relative and root-mean-
square error. The exact solutions 
presented could be an option in future 
pharmacokinetic analyses, particularly in 
absorption models or any model requiring 
delayed concentration-time courses. As 
new  routes  of  administration  and  novel 

drug classes with complex 
pharmacokinetics are developed, we will 
need more complex models to describe 
them. The authors propose that the 
smooth delay profile provided by this 
model would yield better estimates than 
the typical non-smooth time lag models. 
future pharmacokinetic analyses, 
particularly in absorption models or any 
model requiring delayed concentration-
time courses. As new routes of 
administration and novel drug classes with 
complex pharmacokinetics are developed, 
we will need more complex models to 
describe them. The authors propose that 
the smooth delay profile provided by this 
model would yield better estimates than 
the typical non-smooth time lag models. 

Balyan R, Dong M, Pilipenko V, Geisler K,  
Vinks AA, Chidambaran V. 
Hydromorphone population 
pharmacokinetics in pediatric surgical 
patients. Pediatric Anesthesia (2020) 
30:1091-1101. Recommended by Jessica 
Barry, Charul Avachat, and Xintian Lyu, 
and Angela Birnbaum 

Hydromorphone is a pure opioid that is 
widely used as a pain reliever post trauma, 
after surgery, for moderate to severe pain 
conditions, and to treat complications of 
cancer. Compared to morphine, 
hydromorphone is a seven times more 
potent analgesic with faster onset and is 
safer for patients with renal failure with a 
shorter duration of action. 
Hydromorphone is used as intravenous 
bolus doses of 5-10 μg/kg and as patient-
controlled analgesia (PCA) in doses of 4 
μg/kg with lockout intervals (the time 
interval before the pump delivers the next 
dose) of 7-10 minutes in patients for 
postoperative analgesia. PCA-demand 
dosing needs an optimal initial loading 
dose to be effective without side effects, 
while the lockout interval is intended to 
ensure that doses administered on 
demand achieve safe and effective 
analgesia without being given too 
frequently. In this context effective is 
considered as when patients experience 
adequate analgesia, with a maximum of 2-
3 doses per hour, without increased side 
effects such as sedation or respiratory 
depression.1 

For pediatric patients, hydromorphone 
PCA is almost as commonly used as 
morphine (43.8% vs 56.2%) .2 

Hydromorphone’s pharmacokinetics in 
pediatric patients are not as well-
established as for adult patients and the 
optimal dosing for pediatric patients has 
not been well characterized. To 
determine the appropriate dosing 
regimen for pediatric patients, this study 
performed hydromorphone population 
pharmacokinetic modeling and 
simulated initial doses, demand doses 
and lockout intervals in pediatric 
patients. Plasma concentration time 
points were collected from 34 pediatric 
surgical patients who were up to 18 
years of age and weighed at least 5 kg at 
the time of surgery yielding 179 
concentrations. After exploring one-, 
two- and three-compartment model, a 
two-compartment model was chosen. 
Allometric scaling principles with a fixed 
power exponent were used in order to 
address the effects of body size. 
Bodyweight, race, age, height, and sex 
were included in the covariate analysis 
but only bodyweight was found to be 
significant. The final model was 
evaluated by goodness-of-fit diagnostic 
plots, condition number, and decrease in 
objective function value. The final model 
stability was evaluated by 
nonparametric bootstrap analysis. 
Predictive performance of the final 
model was assessed by comparing the 
predicted concentrations with 
concentrations reported in the 
literature. As a result, the simulation 
supported an initial dose of PCA of15 
μg/kg and a demand dose of 6 μg/kg with 
a lockout interval of 20 minutes. This 
model provides a basis for guiding 
hydromorphone clinical use for better 
pain management for pediatric patients. 
The results from the pediatric 
hydromorphone pharmacokinetic model 
developed in this study along with 
simulations for different dosing 
regimens provides information that may 
be useful to obtain more effective and 
individualized analgesia. 

References 

1. Grass JA. Patient-controlled analgesia. Anesth 

Analg. 2005;101(5 Suppl):S44-S61. doi: 

10.1213/01.ANE.0000177102.11682.20 

2. DiGiusto M, Bhalla T, Martin D, Foerschler D, 

Jones MJ, Tobias JD. Patient-controlled 

analgesia in the pediatric population: 

morphine versus hydromorphone. J Pain Res. 

2014;7:471-475. doi: 10.2147/JPR.S64497 
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Dear All, 

 

The ISoP Education Committee is pleased to announce the launch of the ISoP Mentorship Program 

(IMP). 

The IMP aims to connect mentees at various stages of their Pharmacometrics (PMx) career with 

mentors via matching criteria. If you are looking to transition into the PMx field or move to a different 

role/area within PMx or expand on your skillset, a mentor can help you.  

If you are interested in applying as a Mentor or a Mentee with the IMP, please complete the forms: 

• Mentor: https://forms.gle/Cwpohf7bEww8GybT7  

• Mentee: https://forms.gle/EemZ7akwxiHCW2sf6  

 

The requirements for applicants are: 

• Mentors and Mentees must be ISoP members.* 

• Mentors should commit to a one-hour mentorship session per month. 

• Mentoring sessions may last for as long as needed by mentees to achieve their goals.  

• Mentors and Mentees will have to provide feedback to the ISoP Education Committee via 

surveys and/or testimonials 

• Mentors names will be published in the end of the year ISoP Newsletter special issue.   

 

Please do not hesitate to contact the ISoP Education Committee at isopeducation@go-isop.org with 

any questions. 

 

Do not miss this outstanding opportunity. Apply to join the IMP today and start your journey towards 

achieving your career goals! 

 

Thanks, 

 

Sihem Bihorel & Gauri Rao, ISoP Education Committee Co-chairs. 
(On behalf of all members of the IMP working group) 

 

--------------------------------------------------------------------------------------------------------------------- 

Footnote: *To join ISoP please apply Here 

 

https://forms.gle/Cwpohf7bEww8GybT7
https://forms.gle/EemZ7akwxiHCW2sf6
mailto:isopeducation@go-isop.org
http://go-isop.org/membership/
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Highlights from 
the QSP SIG 
From Christina Friedrich and the 
Leadership Team 

While local and in-person plans continue 
to be on hold, the QSP SIG is pushing 
ahead with some exciting virtual 
programs.  

 

ISoP QSP SIG Student Virtual 
Symposium 

On April 28, 2021, the QSP SIG hosted its 
first ever virtual QSP Student Symposium. 
The event was an opportunity for 
students and post-docs to connect with 
each other and with professionals in the 
field to discuss training and career paths 
in QSP. Trainee short talks and 3 parallel 
poster presentation sessions were based 
on abstract submissions spanning a wide 
range of topics. Industry and academic 
speakers shared their perspectives on the 
role of QSP in drug development, QSP 
training, and early career opportunities. 
Rounding out the program, a panel 
discussion and networking session with 
break-out groups facilitated discussion 
and connections. Details of the event can 
be found here. 

The QSP SIG would like to thank the 
illustrious speakers: CJ Musante (Pfizer, 
President-Elect of ISoP), Aleksander S. 
Popel (Johns Hopkins School of 
Medicine), Benjamin Ribba (Roche, QSP 
SIG Chair-Elect), and Ioannis Androulakis 
(Rutgers University, QSP SIG Vice Chair). 

We also thank the panelists: Birgit 
Schoeberl (Novartis), Eric Sobie (Icahn 
School of Medicine), Jane Bai (FDA), Don 
Mager (University at Buffalo, SUNY), Jin 
Jin (Genentech), Akintunde (Tunde) Bello 
(BMS), Jeff Woodhead (DILIsym), 
Christina Friedrich (Rosa & Co), Lyndsey 
Meyer (Pfizer), Jingqi Gong (AbbVie), 
Jingxian (JC) Chen (Merck), and Yi Ting 
(Kayla) Lien (Genentech). 

Trainees submitted an impressive number 
of high-quality abstracts! Congratulations 
to the following trainees, who were 
chosen to present their work in short 
talks: 

• Cemal Erdem (Clemson University): 
Towards integrative mechanistic 
models of mammalian cell responses 
to extracellular perturbations: growth 
factors, hormones, and cytokines 

• Aleksandra Kmieciak (University of 
Oxford): Mathematical modelling of 
post-splenectomy T cell 
redistribution: Predicted limited 
redistribution of T-cells to secondary 
lymphoid tissue post-splenectomy 
correlates with increased risk of 
haematological malignancies in 
asplenic patients 

• Chiara Campana (Icahn School of 
Medicine at Mount Sinai): Machine 
learning techniques to classify the 
severity of novel SCN5A variants 

The overall poster award winner was: 

• Yesenia Franco (University of Florida): 
A Quantitative Systems 
Pharmacological Approach Identified 
Activation of JNK Signaling Pathway as 
a  Promising   Treatment Strategy   for 

Refractory HER2 Positive Breast 
Cancer. 

Finally, the following posters earned a 
virtual “Blue Ribbon”: 

• Fabian Froehlich (Harvard Medical 
School): Causal Deconvolution of a 
Thermodynamic Model of MAPK 
signaling explains adaptive and 
genetic resistance to targeted drugs in 
BRAF-mutant Cancers 

• Yannuo Li (Rutgers University): Light 
entrainment of the Suprachiasmatic 
Nucleus circadian clock and 
implications for personalized 
alterations in corticosterone rhythms 
in shiftwork and jet lag 

• Hanwen Wang (Johns Hopkins 
University): QSP Model-Based 
Predictions of Clinical Response to PD-
L1 Inhibition and Chemotherapy in 
Triple-Negative Breast Cancer 

• Madeleine S Gastonguay (University 
of Connecticut): Identification of 
Combinations of Pharmacologic 
Targets for Claudin-Low Triple 
Negative Breast Cancer Reversion 

Congratulations to all the winners!  

The Student Symposium was a rousing 
success with over 170 participants. We 
hope this will be the first of many such 
events! 

Working Groups  

The QSP SIG working groups (WGs) allow 
small groups of scientists to focus on 
particular issues within the field. These 
can provide an excellent way to engage 
with other scientists, so please contact us 
for  information  on   WGs  that   might  fit 

https://sites.google.com/view/qsp-virtual-student-symposium/home?authuser=0
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your interests. The QSP SIG’s WGs are 
having a busy year: 

• Variability, Uncertainty, and Error 
(VUE) in QSP Models WG will be 
presenting a session at ACoP12 

• Immuno-Oncology (IO) WG has 
published a survey and is working on 
a paper 

• Integrating QSP and Machine 
Learning WG is working on a paper 

• Neuroscience WG published a paper 
(Bloomingdale P, et al., CPTPSP 2021 
Mar 14, PMID: 33719204), is helping 
to plan an industry workshop with 
the European Molecular Biology 
Laboratory (EMBL), and is working on 
another paper 

• Drug Development Science WG is 
organizing and articulating its 
ambitious charter 

The QSP SIG Leadership Team is meeting 
with all WG chairs on a rotating basis and 
collecting ideas and good practices that 
will be summarized in a document to 
share ideas and give guidance across 
WGs. Anyone interested in these WGs 
can reach out to isop_qsp_sig@go-

isop.org for more information. 

Future QSP Events  

vQSP Week 2021 

Last year the QSP SIG organized a week-
long virtual QSP week in place of our 
regional QSP days on August 24-28, 
2020. The week-long event featured 6 
main session presenters along with 3x2 
parallel-track virtual poster sessions. We 
had an overwhelming response of 325 
attendees! As this was truly one of the 
better things to come out of the 
pandemic, we will be repeating it this 
summer, targeting the middle of August. 
Suggestions or programming ideas are 
welcome! More details to come soon. 

FOMO (fear of missing out)? Don’t forget 
to sign up for QSP SIG slack channel 
(https://isopqspsig.slack.com) and email 
list! Follow us on LinkedIn 
(www.linkedin.com/groups/12072362/) 
and Twitter (@QspSig) to get the latest 
updates and information. 

Update from 
the Clinical 
PMx Sig 
From Amelia Deitchman 

 

The Clinical Pharmacometrics SIG is 
pleased to announce the 
sponsorship of a scientific session at 
the 2021 ACCP annual meeting this 
September, held on Friday, 
September 17th.  The symposium 
When Will Then Be Now? Making 
Precision Dosing the New Standard 
for Antimicrobial Prescribing in 
Children (11:00 AM – 12:30 PM ET) is 
co-chaired by SIG members Drs. Yi 
Ting (Kayla) Lien, PhD and Kevin J. 
Downes, MD. During the session, 
speakers will provide a 
multidisciplinary view of challenges 
and potential solutions to applying 
model-informed dosing practices to 
treat pediatric infections. We hope 
you can join us for this and other 
SIG-relevant sessions virtually this 
fall! 

 

 
The Call for Proposals for the 2022 Annual ACCP 
Meeting "Transforming Global Health through 
Clinical Pharmacology" to be held in Bethesda, 
MD is now open and due July 31, 2021. Please 
reach out to the SIG Leadership Team via email 
(clinical.pmx.sig@go-isop.org) if you have ideas 
for a SIG-related session you’d like to submit.  

Finally, we’d like to call your attention to a highly 
relevant perspective recently published in the 
Journal of the American Medical Association 
(JAMA), describing factors needed to enable the 
development and application of precision dosing 
clinically. 

 

Update from the Finance Committee 
In January the Finance Committee was revived and is meeting now on a regular basis. 
A number of members have agreed to be part of the committee: Vikram Prabhakar, Jill 
Fiedler-Kelly, Mark Rogge, and Rajesh Krishna.  The committee is filled out by President 
Brenda Cirincione, President-elect CJ Musante, Treasurer Pete Bonate, and ISoP 
Director Enrico Smith.  
 
One of the first orders of business was to convert ISoP from a 501c(6) tax status to 
501c(3) status making ISoP a true nonprofit organization. There are many tax benefits 
to be gained by making the conversion and will also allow members to make tax-
deductible donations to ISoP. After approval by the US Internal Revenue Service, the 
process will require creating a new legal entity and then moving all the assets into the 
new entity. The entire process is expected to take a year. 
 
Other activities of the Finance committee have been to regularly review the finance 
status of ISoP, recommend definitions for what qualifies as an Low-to-Middle Income 
Country (LMIC) and to work with the ISoP Board of Directors on a pricing strategy for 
ACOP12.  Future activities will be to recommend a long-term investment strategy for 
ISoP. 

 

mailto:isop_qsp_sig@go-isop.org
mailto:isop_qsp_sig@go-isop.org
https://isopqspsig.slack.com/
http://www.linkedin.com/groups/12072362/
https://accp1.org/Members/Annual_Meeting/Call-for-Proposals/ACCP1/3Annual_Meeting/Call-for-Proposals.aspx
mailto:clinical.pmx.sig@go-isop.org
https://pubmed.ncbi.nlm.nih.gov/33760028/
https://pubmed.ncbi.nlm.nih.gov/33760028/
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A Note From 
the ISoP Board 
Liaison For 
Local Groups – 
Kevin Dykstra 
Greetings from your new ISoP Board 
Liaison for local groups! This position was 
created to foster involvement in ISoP 
through local scientific and networking 
events, and also to provide a local 
framework to encourage members to 
become more involved in ISoP. I am very 
much looking forward to working with 
those interested in sponsoring ISoP local 
events and in helping to bring the local 
Pharmacometrics communities together. 
We are looking to help where we can, 
whether it be from finding creative ideas 
for programming themes to providing 
practical support in planning the actual 
events and meetings. Please contact me 
at kevin.dykstra@go-isop.org if you are 
interested in getting together with other 
PMx’ers in your area, to see how we can 
work together to make it happen! 

ISoP New 
England 
Hosting 
Monthly 
Meetings and 
Young 
Scientist 
Competitions 
The ISoP New England (NE) group has 
resumed monthly meetings, occurring 
every third Wednesday of the month 
from 5-6:30 PM EST. A variety of formats, 
mostly virtual, and content are being 
developed to provide opportunities for 
our community to connect. These include 

virtual happy hours, “food for thought” 
webinars consisting of 15-minute overviews of 
big topics followed by conversations amongst 
participants about those topics, and a mid-
summer in-person Bring-Your-Own-Picnic in 
Boston. Opportunities for additional in-person 
events will be considered based on public 
safety guidelines and member comfort level. 

Eric Jordie (Chair), Mirjam Trame (Chair Elect), 
and Thang Ho (Social Chair) are also excited to 
announce that several fun fall/winter activities 
are being developed to help foster 
connections between industry veterans and 
the next generation of young scientists and 
students. Details for the following events are 
being refined, with input from ISoP NE 
members: 

• An ISoP NE meeting will be “taken over” by 

young scientists.  This will likely take the 

form of a poster/talk competition. 

• “Career Nights” will be held to provide 

opportunities for young scientists and 

students to talk with industry professionals 

about career paths and experiences.  These 

will likely take the form of panel discussions 

and breakout sessions. 

• A hackathon is being organised for young 

scientists to work with industry 

professionals to creatively solve problems 

that bubble up from a call for proposals. 

The call will be published late fall, with 

teams formed (virtually) and problems 

worked on over the winter.  

Stay tuned for additional details about these 
events in the next ISoP Newsletter and 
through our ISoP NE communications 
channels, such as our LinkedIn page 
(https://www.linkedin.com/groups/6580515). 
A revamped ISoP NE webpage is also being 
developed to disseminate information to our 
community. 

 

 

 

 

I came across this really 
cool website called 

What They Forgot to 
Teach You About R.  It is 
chock full of useful tips.  

And the website title 
URL made me laugh 
(https://rstats.wtf/), 

because I am sure that 
wtf is short for ‘what 
they forgot’ but if you 
work in R, you know 
first hand about the 

other connotation for 
‘wtf’. Of course, maybe 

they planned it this 
way.  Check it out. 

The ISoP Newsletter needs your help 

Are you creative? Are you looking to for an 
opportunity to volunteer?  We need volunteers to 

help manage the newsletter.  Please contact 
peter.bonate@astellas.com if you are interested.  

mailto:kevin.dykstra@go-isop.org
https://www.linkedin.com/groups/6580515
https://rstats.wtf/
mailto:peter.bonate@astellas.com
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New Logos 
 

The ISoP Trainee Community (formerly the Student Community) 
has a new logo!  We hope you like it. 

 

 

 

 

 

 

 

 

 

 

 
 

Also,the NE local chapter has a new logo. 
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Volunteering is a great way to give back, make a difference and connect with 
your peers. There are many benefits to volunteering for ISoP such as 
networking with fellow members, developing technical and/or leadership 
skills, and creating professional opportunities for yourself and for others. 

The ISoP Membership Committee is seeking volunteers for many activities 
such as: 

▪ Assess membership needs through instruments such as surveys and 

questionnaires or other methods. 

▪ Actively recruit new members and promote and encourage participation in 

ISoP. 

▪ Reach out to those who have not renewed their membership to determine 

why and encourage them to rejoin. 

▪ Follow up with any potential members you contact to address questions, 

provide additional information, and help facilitate their joining ISoP. 

▪ Provide input/suggestions to expand/ improve services and add value to 

membership.  

▪ Provide input/suggestions on how to increase membership to further 

support ISoP initiatives.  

▪ When attending meetings and conferences, support and promote 

membership involvement 

 

Who is eligible to volunteer? 

1. It is open to all!  An ISoP membership is not required. 

2. Be committed to attend meetings via TC (1 hour every 2 weeks)  

3. Be willing to invest some voluntary time for the activities of the Committee 

How to apply? 

Simply send an email to membership@go-isop.org and indicate “Volunteer” in 
the subject email. 

Do not miss this outstanding opportunity. Get involved with ISoP and become 
a volunteer for its Membership Committee! 
 
Thanks, 
 
Sihem Bihorel. 
(On behalf of the ISoP Membership Committee) 

Did You Know? 

Old versions of the 
newsletter are posted on 

the ISoP Web site: 

http://go-
isop.org/newsletters/ 

 

Dear colleagues, 

The ISoP Education 

Committee encourages 

you to participate in a 

short anonymous 

survey (less than 1 min 

to answer!) to help 

create a comprehensive 

library with the most 

relevant books and 

publications for 

mathematical 

modeling. Thank you 

very much in advance, 

we extremely 

appreciate your 

contribution! 

Link to survey 

https://unc.az1.qualtric

s.com/jfe/form/SV_eh

UjKriicMdsp6J 

 

mailto:membership@go-isop.org
http://go-isop.org/newsletters/
http://go-isop.org/newsletters/
https://unc.az1.qualtrics.com/jfe/form/SV_ehUjKriicMdsp6J
https://unc.az1.qualtrics.com/jfe/form/SV_ehUjKriicMdsp6J
https://unc.az1.qualtrics.com/jfe/form/SV_ehUjKriicMdsp6J
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ISoP is Double Digits 
By Stacey Tannenbaum 

On April 4, 2021, the International Society of 
Pharmacometrics turned *10 years old*!!  

ISoP was originally born ASoP at ACoP3 at the Hotel Del 
in Coronado, CA.  The announcement was met with 
enthusiasm and support from the Pharmacometrics 
community… although to be honest, we may have 
slightly overpredicted the number of people who would 
register during the conference, despite the offer of an 
ASoP T-shirt.  Speaking of which, if you are experiencing 
FOMO because you don't have a super cool collector’s 
item limited supply *ASoP T-shirt* like mine I just might 
have a few (ok more than a few) left in my garage.  You 
want one?  Email me.  Seriously.  Please! 

One of the reasons why some were hesitant to join was 
indeed the choice of *A* in our name, but lesson learnt, and 
it wasn’t long before the paperwork was done to change our 
name to ISoP!    It is amazing to see how the organization has 
grown beyond our hopes and expectations.  The 
development of the SIGs and working groups, the 
partnerships with other organizations and journals, the 
many committees doing important work and contributing to 
MIDD in so many ways, the development of best practices 
and educational materials, the active student community, 
and the ever improving and expanding yearly event that is 
ACoP fill me with joy and pride.  I'm so personally grateful to 
have had the opportunity to bring this organization to life 
along with co-founders Dick Brundage, David D'Argenio, 
Marc Gastonguay. Raymond Miller, and Marc Pfister, and to 
serve as the society's first President.  It has truly been the 
highlight of my career, and has been both personally and 
professionally incredibly rewarding.    

There are a few great articles on the early history of our 
society that can be found here- see how far we’ve 
come! 

Defining the Future of Pharmacometrics: The American 
Society of Pharmacometrics 

The International Society of Pharmacometrics 

I tip my hat to the many volunteer leaders of the last 10 
years who built ISoP into the strong and vibrant 
organization that it is today, and thanks in advance to 
those of you that are helping to shepherd ISoP into its 
second decade.  You are the future of Pharmacometrics, 
and the future looks bright!  (And really, if you want an 
ASoP T-shirt, email me.  Please.) 

 

https://accp1.onlinelibrary.wiley.com/doi/full/10.1177/0091270010377632
https://accp1.onlinelibrary.wiley.com/doi/full/10.1177/0091270010377632
https://link.springer.com/content/pdf/10.1007%2Fs10928-013-9310-8.pdf
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News from the Journal  
By Peter Bonate, Editor-in-Chief 
 

Biorhythms are inherent in many biological systems, 
circadian rhythm being the most prevalent. Circadian 
rhythms have been shown to affect both the PK and PD of 
drugs. Chronotherapeutics is the science of preventing or 
treating illnesses according to biologic rhythms. 
Pharmacometrics is the scientific discipline developing 
and applying mathematical, statistical, and computational 
methods to characterize, understand, and predict a drug’s 
pharmacokinetics and pharmacodynamics (2). 
Chronopharmacometrics encompasses pharmacometric 
methods relevant to chronotherapeutics. The June issue 
of JPKPD will be a themed issue entitled 
“Chronopharmacometrics”, edited by Wojciech 
Krzyzanski, which contains many interesting articles 
related to chronopharmacometrics.  Here is a list of those 
articles: 

Special issue: Chronopharmacometrics 
Commentary by W. Krzyzanski 

 
p. 319 

Circadian rhythms: influence on physiology, 
pharmacology, and therapeutic interventions 
V.S. Ayyar · S. Sukumaran 

p. 321 

Applications of cosinor rhythmometry in 
pharmacology 
G. Cornelissen 

p. 339 

Pathway-level analysis of genome-wide circadian 
dynamics in diverse tissues in rat and mouse 
A. Acevedo · P.D. Mavroudis · D. DuBois · R.R. 
Almon W.J. Jusko · I.P. Androulakis 

p. 361 

Mathematical modeling of mammalian circadian 
clocks affecting drug and disease responses 
P.D. Mavroudis · W.J. Jusko 

p. 375 

How circadian variability of the heart rate and 
plasma electrolytes concentration influence the 
cardiac electrophysiology – model-based case 
study 
B. Wiśniowska · Z.M. Bielecka · S. Polak 

p. 387 

The rhythm of a preterm neonate’s life: ultradian 
oscillations of heart rate, body temperature and 
sleep cycles 
G. Koch · K. Jost · S.M. Schulzke · R. Koch · M. 
Pfister ·A.N. Datta 

p. 401 

Population pharmacodynamic modeling of 
intramuscular and oral dexamethasone and 
betamethasone effects on six biomarkers with 
circadian complexities in Indian women 
W. Krzyzanski · M.A. Milad · A.H. Jobe · T. Peppard  
R.R. Bies · W.J. Jusko 

p. 411 

The power of modelling pulsatile profiles 
M.J. van Esdonk · J. Stevens 

p. 439 

 

of PK and PD  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quantitative Systems Pharmacology (QSP) Modeling is a 
very important tool within Model-Informed Drug 
Discovery and Development. The Journal is planning to 
publish next year a special issue on Methodologies in QSP. 
This special issue will cover topics ranging from QSP model 
development to application. It will include a snapshot of 
where the field is, through a survey from individual QSP 
practitioners to better understand current practices. Gaps 
and proposed solutions for QSP model evaluation will be 
addressed with input from both academic and industry 
experts. An overview of QSP applications will help the 
reader understand where these approaches have been 
leveraged and highlight what challenges need to be 
addressed moving forward. 
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News from CPT: PSP  
CPT: Pharmacometrics & Systems Pharmacology: New research  

Two New Associate Editors and Two Themed Issues 

 
 

 

 

 

 

 

 

 

Sriram Krishnaswami is Vice President and Medicine Team 
Leader for Pfizer Oncology Global Product Development. 

Sriram has more than 20 years of pharmaceutical industry 
experience, applying pharmacometrics methods to influence 
diverse drug development decisions. For the past 5+ years, he 
has been leading late-stage, drug development teams in 
immunology and oncology as well as delivering regulatory 
approvals for new medicine and supplemental indications. He 
has published more than 160 papers, abstracts, and book 
chapters and is an adjunct professor at the University of Florida. 

Karen Rowland Yeo is Senior Vice President, Client and 
Regulatory Strategy at Certara UK Limited’s Simcyp Division. 

Before taking on her current role, Karen was Head of PBPK 
Consultancy Services at Simcyp where she led a team of scientists 
who applied physiologically-based pharmacokinetic (PBPK) 
modeling to drug development. Her work spanned most 
therapeutic areas, including developing models for special 
populations dosage. She also worked with a team of scientists 
and developers to extrapolate in vitro data to predict in vivo 
pharmacokinetics in humans. Before her move to Simcyp, Karen 
lectured in the Department of Clinical Pharmacology & 
Therapeutics at the University of Sheffield in the UK. 

 

CPT: PSP would also like to thank Douglas Lauffenburger and Lang Li for their service as Associate Editors! Both Doug and Lang have 
now transitioned to the journal’s Scientific Advisory Board, where they will continue to shape the trajectory of the journal.   

Two Themed Issues in CPT:PSP:  Statistics and Pharmacometrics (April 2021) & Quantitative Approaches to Drug Safety (Spring 
2022) 

In April 2021, CPT:PSP published its first themed issue on Statistics and Pharmacometrics.  

As Jonathan French and France Mentré wrote in their editorial for the issue, “Pharmacometrics and Statistics have a long, common 
history, as many of the methods and software tools used in pharmacometrics were developed by statisticians from the theory of 
mixed effect models. However, the intersection between these two disciplines is still limited both in academia and in drug 
development.” The resulting issue is a mix of Perspectives, Reviews, Tutorials, and Original Research all centered around the chosen 
theme.    The new virtual issue “Statistics and Pharmacometrics” is now launched. 

A second  themed issue is planned on Quantitative Approaches to Drug Safety.  

The issue, which will publish in spring 2022 (with articles online shortly after acceptance), aims to highlight recent advances through 
which quantitative approaches can be applied to understand and predict various types of drug-induced adverse events. The issue 
will also discuss strategies for overcoming obstacles that impede the widespread implementation of these approaches, including 
collaborations between stakeholders, and the seamless integration of drug safety studies with other steps in drug development. 

Original research articles are encouraged, but submissions may include reviews, position/white papers, or shorter perspectives. 
Educational, tutorial-style papers are also encouraged. Please contact alethea@ascpt.org for details about manuscript types and 
format requirements. 

To be considered for publication in this high-profile themed issue, manuscripts should be submitted via the online submission and 
tracking system by October 1, 2021. 

https://ascpt.onlinelibrary.wiley.com/toc/21638306/2021/10/4
https://ascpt.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mentr%C3%A9%2C+France
https://ascpt.onlinelibrary.wiley.com/doi/10.1002/psp4.12625
https://www.ascpt.org/Resources/ASCPT-News/View/ArticleID/26814
mailto:alethea@ascpt.org
https://psp.msubmit.net/
https://psp.msubmit.net/
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How does Collinearity Influence Linear 
Regressions? 
By Fabio Votta 
This blog was originally published by Fabio Votta ( http://www.favstats.eu/#about) on 28 August 2018 
(http://www.favstats.eu/post/multicol_sim/).  ISoP would like to thank him for allowing us to republish it. The one 
section not republished is an animation section that is best viewed online. 

This is a short simulation study trying to figure out the impact of collinearity on linear regressions. 

Overview: 

• Packages 
• Simulation Function 
• Simulate and Save Data 
• Visualizing the Influence of Collinearity  

o Standard Errors 
o T-Statistic and P-Values 
o B-Coefficients 
o Animation 
o Standardized 

Packages 
Load the necessary packages 
 

# install pacman once if not available on your machine 

# install.packages("pacman") 

 

pacman::p_load(arm, purrr, MASS, broom, ggthemes, tidyverse, ecodist, viridis, gridExtra, grid, lm.beta, 

tidyr, ggrepel) 
 

Simulation Function 
First, I write a little function to simulate collinearity. 
 

generate_multi <- function(n, cor_seq){ 

  set.seed(2017) 

  x <- runif(n, 1, 10) 

  models <- list() 

  std.models <- list() 

  for (jj in seq_along(cor_seq)) { 

    ## generate correlated variable x2 

    dat <- data.frame(corgen(x = x, r = cor_seq[jj],  epsilon = 0)) 

    colnames(dat) <- c("x1", "x2") 

    ## generate y variable 

    dat$y <- 0.5 * dat$x1 + 0.5 * dat$x2 + rnorm(n, sd = 10) 

    ## modelling and tidy dataframe 

    models[[jj]] <- tidy(lm(y ~ x1 + x2, data = dat)) 

    ## get standardized betas 

    std.models[[jj]] <- data.frame(lm.beta::coef.lm.beta((lm.beta::lm.beta(lm(y ~ x1 + x2, data = dat))))) 

    colnames(std.models[[jj]]) <- c("std.estimate")   

 

http://www.favstats.eu/#about
http://www.favstats.eu/post/multicol_sim/#packages
http://www.favstats.eu/post/multicol_sim/#sim1
http://www.favstats.eu/post/multicol_sim/#sim2
http://www.favstats.eu/post/multicol_sim/#coll
http://www.favstats.eu/post/multicol_sim/#std
http://www.favstats.eu/post/multicol_sim/#t_stat
http://www.favstats.eu/post/multicol_sim/#b_coef
http://www.favstats.eu/post/multicol_sim/#anim
http://www.favstats.eu/post/multicol_sim/#b_stand
http://www.favstats.eu/post/multicol_sim/#packages
http://www.favstats.eu/post/multicol_sim/#sim1
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    ## bind it together 

    models[[jj]] <- std.models[[jj]] %>% bind_cols(models[[jj]])  

    models[[jj]]$cors <- cor_seq[jj] 

  } 

  sim_dat <- bind_rows(models) 

  sim_dat$col <- n 

  return(sim_dat) 

} 

 

draw.data <- function(cor_seq = NULL, step_seq = NULL){ 

    sim.list <- list() 

    for(jj in seq_along(step_seq)) { 

      sim.list[[jj]] <- generate_multi(n = step_seq[jj], cor_seq) 

      sim.list[[jj]]$n <- step_seq[jj] 

      cat(paste0("Batch: ", jj, "\t")) 

    }  

    sim_data <- bind_rows(sim.list) 

    return(sim_data) 

} 

 
Simulate and Save Data 

Draw data from function and save it. 
 

sim_data <- draw.data(cor_seq = seq(0,.99,0.01), step_seq = seq(50, 10000, by = 50)) 

if(!dir.exists("data")) dir.create("data") 

save(sim_data, file = "data/sim_data.Rdata") 
 

Visualizing the Influence of Collinearity 
 
load("data/sim_data.Rdata") 

Now, consider the following linear regression: y ~ x1 + x2. 

Y=β0+β1X1+β2X2+ϵ; Y=β0+β1X1+β2X2+ϵ  

For this simulation, I consistently increase the correlation between x1 and x2 (from 0 to .99) and the sample size (from 
50 to 10.000) and estimate separate models for each of these combinations,, 

Standard Errors 

First, I take a look at the impact that sample size and collinearity have on the standard error of x1. On the x-axis, you 
can see the increasing collinearity between x1 and x2 and the individual lines are colored in by sample size. There are 
a few things we can observe here: the standard error diminishes with greater sample size, correlations around .75 
increase the standard error quite drastically and this effect is weaker the higher your sample size is. 
 

get_smooths <- function(smooth_dat, n_val, y) { 

  smooth_dat <- filter(smooth_dat, n == n_val & term == "x1") 

  fm <- paste0(y," ~ cors") 

  smooth_vals <- predict(loess(fm, smooth_dat), smooth_dat$cors)  

  smooth_dat %>% mutate(smooth = smooth_vals) %>%  

  group_by(n) %>%  summarise(max_smooth = max(smooth),  min_smooth = min(smooth)  ) 

} 

http://www.favstats.eu/post/multicol_sim/#sim2
http://www.favstats.eu/post/multicol_sim/#coll
http://www.favstats.eu/post/multicol_sim/#std
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smooth_dat <- c(50, 100, 150, 200, 10000) %>%  

  map_df(~get_smooths(sim_data, n_val = .x, y = "std.error")) %>%  

  mutate(n_lab = ifelse(n == 50, "Sample Size: 50", n)) 

 

sim_data %>%  

  filter(term == "x1") %>%  

  ggplot(aes(cors, std.error, colour = n, group = n)) +  

scale_color_viridis("Sample Size", direction = -1, 

       breaks = seq(1000, 10000, 3000), 

       labels = seq(1000, 10000, 3000)) + 

  ggtitle("Sample Size and Collinearity Influence on Standard Error") + 

  geom_point(data = smooth_dat, aes(x = .99, y = max_smooth)) + 

  geom_text_repel(data = smooth_dat, aes(x = .99, y = max_smooth, label = n_lab),  

                  nudge_y = 0.07, nudge_x = 0.03) + 

  guides(colour = guide_colourbar(barwidth = 20, label.position = "bottom")) 

 

 
 

T-Statistic and P-Values 

Next, let’s take a look at the t-statistic and p-values. In line with what you would expect with greater standard errors, 
statistical significance also suffers from collinearity. Again, greater sample sizes seem to partly remedy this but the shift 
is clearly observable. 

sim_data  %>%  

     filter(term == "x1") %>%  

     ggplot(aes(cors, statistic, colour = n, group = n)) +  

     geom_smooth(method = "loess", se = F, size = 1, alpha = 0.5) + 

  xlab(expression("Pearson's"~r~correlation~between~x[1]~and~x[2])) +  

  ylab(expression(x[1]~t-Statistic)) +  

  theme_hc() +  

  geom_smooth(method = "loess", se = F, size = 1, alpha = 0.5) + 

 

http://www.favstats.eu/post/multicol_sim/#t_stat
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  xlab(expression("Pearson's"~r~correlation~between~x[1]~and~x[2])) +  

  ylab(expression(x[1]~Standard~Error)) +  

  theme_hc() + 

  scale_color_viridis("Sample Size", direction = -1, 

       breaks = seq(1000, 10000, 3000), 

       labels = seq(1000, 10000, 3000)) + 

  geom_hline(yintercept = 1.96, linetype = "dashed", alpha = 0.9) + 

  annotate(geom = "text", x = 0, y = 2.3, label = "t = 1.96") + 

  ggtitle("Sample Size and Collinearity Influence on t-Statistic") + 

  guides(colour = guide_colourbar(barwidth = 20, label.position = "bottom")) 

 

 

 
 

 

 

sim_data  %>%  

     filter(term=="x1") %>%  

     ggplot(aes(cors, p.value, colour = n, group = n)) +  

     geom_smooth(method = "loess", se = F, size = 1, alpha = 0.5) + 

  xlab(expression("Pearson's"~r~correlation~between~x[1]~and~x[2])) +  

  ylab(expression(x[1]~p-value)) +  

  theme_hc() +  

   

 

scale_color_viridis("Sample Size", direction = -1, 

       breaks = seq(1000, 10000, 3000), 

       labels = seq(1000, 10000, 3000)) + 

  geom_hline(yintercept = 0.05, linetype = "dashed", alpha = 0.9) + 

  annotate(geom = "text", x = 0, y = 0.08, label = "p = 0.05") + 

  ggtitle("Sample Size and Collinearity Influence on p-values") + 

  guides(colour = guide_colourbar(barwidth = 20, label.position = "bottom")) 
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B-Coefficients 

This one I find most interesting. In addition to statistical signif. being affected, you can also see how the coefficients 
change with increasing collinearity. The most drastic impact is for small sample sizes (~1000) where a coefficient of .5 
can even become negative. 

sim_data  %>% 

    filter(term=="x1") %>% 

    filter(n>200) %>% 

    ggplot(aes(cors, estimate, colour = n, group = n)) + 

    geom_hline(yintercept = 0.5, linetype = "dashed", alpha = 0.9) + 

    geom_line(alpha = 0.5) + 

    xlab(expression("Pearson's"~r~correlation~between~x[1]~and~x[2])) +  

    ylab(expression(x[1]~b-coefficient)) +  

    theme_hc() +  

     scale_color_viridis("Sample Size", direction = -1, 

       breaks = seq(1000, 10000, 3000), 

       labels = seq(1000, 10000, 3000)) + 

    annotate(geom = "text", x = 0, y = 0.08, label = "b = 0.5") + 

    ggtitle("Sample Size and Collinearity Influence on b-coefficients") + 

    guides(colour = guide_colourbar(barwidth = 20, label.position = "bottom")) 

 

http://www.favstats.eu/post/multicol_sim/#b_coef
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Standardized 

Same spiel, just this time with standardized coefficients. 

sim_data  %>%  

     filter(term=="x1") %>%  

     filter(n>200) %>% 

     ggplot(aes(cors, std.estimate, colour = n, group = n)) +  

    geom_line(alpha = 0.5) + 

    xlab(expression("Pearson's"~r~correlation~between~x[1]~and~x[2])) +  

    ylab(expression(x[1]~b-coefficient)) +  

    theme_hc() +  

    scale_color_viridis("Sample Size", direction = -1, 

       breaks = seq(1000, 10000, 3000), 

       labels = seq(1000, 10000, 3000)) + 

    ggtitle("Sample Size and Collinearity Influence on standardized b-coefficients") + 

    guides(colour = guide_colourbar(barwidth = 20, label.position = "bottom")) 

 

 
 

http://www.favstats.eu/post/multicol_sim/#b_stand
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