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Four Questions:

• What are the use of molecular diagnosis for genetic 
counseling and therapeutic decision making for 
prostate cancer?

• How can ePROs & Apps improve adherence?
example: mitigation of drug toxicity

• How can we nurture and develop this space?
Sidney Kimmel Medical College & Cancer Center, 
Thomas Jefferson University, Phila, PA



A web-based version of this report is available at: https://PresCancerPanel.cancer.gov/report/connectedhealth



Prostate Cancer Can Be Inherited

Approximately 5-15% of prostate cancer can be due to inherited genetic mutations in high-to-
moderately penetrant genes

American Cancer Society. Cancer Facts and Figures 2018





Germline Insights from Metastatic Prostate Cancer

~12% of men with mCRPC have
germline mutations:
BRCA2, ATM, CHEK2, BRCA1
RAD51D, PALB2



Role of Genetic Testing for Inherited Prostate Cancer Risk: 
Philadelphia Prostate Cancer Consensus Conference 2017

Co-Chairs:
Leonard G. Gomella, MD

Veda N. Giri, MD
Karen E. Knudsen, PhD

-www.phillyprostate.com
-Giri et al. JCO 2017



Giri, et al J Clin Oncol. 2017 Dec 13 [Epub ahead of print]. 10

Representation: Urology (National and International), Medical Oncology, 
Radiation Oncology, Clinical Cancer Genetics, Genetic Counseling, Health 
Policy, Bioethics, Population Science, Molecular Epidemiology, Pathology, 

Breast/GI/Gyn Oncology, Genetic Basic Science Research, Patient Advocates, 
Patient Stakeholders, NCCN, NCI, ACS





Current NCCN Guidelines
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Olaparib combined with abiraterone in 
patients with metastatic castration-resistant 
prostate cancer: A randomized Phase II trial

Noel Clarke,1 Pawel Wiechno,2 Boris Alekseev,3 Nuria Sala,4 Robert Jones,5 Ivo 
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Rahul Aggarwal



Trial design

Rahul Aggarwal

• mCRPC

• Prior treatment with 
docetaxel for mCRPC

• ≤2 prior lines of 
chemotherapy

• No prior 2nd-
generation 
antihormonal agents 

• Candidate for 
abiraterone treatment

Randomized 1:1
Double-blind

Olaparib tablets 
300 mg bid

+
abiraterone* 
1000 mg od

Placebo
+

abiraterone* 
1000 mg od

*Prednisone/prednisolone (5 mg) was administered alongside abiraterone as indicated. bid, twice daily; CTC, circulating tumor cell; HRRm, homologous recombination repair gene 
mutation; mCRPC, metastatic castration-resistant prostate cancer; od, once daily; PCWG, Prostate Cancer Working Group; RECIST, Response Evaluation Criteria in Solid Tumors; 
rPFS, radiologic progression-free survival

Secondary endpoints:
• rPFS by HRRm status
• Time to second progression (PFS2)
• Overall survival (OS)
• Objective response rate (ORR)
• Times to first and second subsequent 

therapies (TFST/TSST)
• CTC-conversion rate
• Health-related quality of life 

(HRQoL)
• Safety and tolerability

Primary endpoint:
• Radiologic progression-free survival 

(RECIST 1.1; PCWG2)
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Primary endpoint: Investigator-assessed
Radiographic progression free survival

Rahul Aggarwal

CI, confidence interval; HR, hazard ratio

Olap +abi
(n=71)

Abi
(n=71)

Events, n (%)  46 (65) 54 (76)
Median, months 13.8 8.2

HR 0.65
95% CI 0.44, 0.97; P=0.034
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Olap + abi 
(n=45)

Abi
(n=41)

30 (67) 30 (73)
13.1 6.4

HR 0.67
95% CI 0.40, 1.13; 
nominal P=0.13

Radiographic progression free survival by
DNA repair mutation status

Rahul Aggarwal

Olap + abi
(n=11)

Abi
(n=10)

8 (73) 7 (70)
17.8 6.5

HR 0.74
95% CI 0.26, 2.12; 
nominal P=0.581.0

0.8

0.6

0.4

0.2

0.0
0 6 12 18 24 30

P
ro

p
o

rt
io

n
 o

f 
p

a
ti

en
ts

 e
ve

n
t 

fr
e

e

Positive 
Mutation

Wild 
type, 

plasma/
germline 

only
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tissue 
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Time from randomization (months)

Olap + abi
(n=15)

Abi 
(n=20)

8 (53) 17 (85)
15.0 9.7

HR 0.52
95% CI 0.24, 1.15; 
nominal P=0.11
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Safety summary

Rahul Aggarwal

Olaparib + abiraterone 
(n=71)

Abiraterone
(n=71)

Median duration of olaparib/placebo, days 309 253

Median duration of abiraterone, days 338 253

Any adverse event, n (%) 66 (93) 57 (80)

Grade ≥3 adverse event, n (%) 38 (54) 20 (28)

Serious adverse event, n (%) 24 (34) 13 (18)

Fatal adverse event, n (%) 4 (6) 1 (1)

Adverse event leading to dose interruption, n (%) 24 (34) 9 (13)

Adverse event leading to dose reduction, n (%) 13 (18) 0

Adverse event leading to treatment discontinuation, n (%) 21 (30) 7 (10)

Clarke N, et al. ASCO 2018 Abstract #5003 



Patient-Reported Outcomes (PROs)

“Any report of the status of a patient’s health 
condition that comes directly from the patient, 
without interpretation of the patient’s response by a 
clinician or anyone else.” 

Disease 
Symptomatology

Treatment 
Side Effects

Quality of Life

Kluetz et al., Clin Cancer Res 2016; 22:1553-8.
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Anorexia

Nausea

Vomiting

Constipation

Diarrhea

Hair loss

Sensitivity of AEs Compared to Patient Report

Adverse Events Don’t Accurately Capture Toxicity

Di Maio et al., JCO 2015; 33: 910-5.



PROs Can Improve Outcomes 

• High relevance for managing toxicity in combination trials

• Clinic-based monitoring of 12 common symptoms using the PRO-CTCAE in 
766 patients

• Treated with chemotherapy
for metastatic breast, GU, Gyn, 
or lung cancer

• Triggered email alerts to 
nurses with severe or 
significantly worsening 
symptoms

Basch et al., JCO 2016; 34: 557-565-34.



PROs Can Improve Outcomes 

• ER visits at one year (34% vs. 41%) (p=.02)

• Median months on chemotherapy (8.2 vs. 6.3) (p=.002)

• Quality-adjusted one year survival (75% vs. 69%) (p=.05)

• More pronounced benefits for computer-inexperienced 
patients

Basch et al., JCO 2016; 34: 557-565-34.



The image part with relationship ID rId15 was not found in the file.

Confidential  ©Voluntis v1.1

Technology APPlications: 
Use of digital health technology 

to enable drug development

A pilot study to evaluate the feasibility, usability, and 
perceived satisfaction with eCO (eCediranib-Olaparib), a 

mobile application for side effect monitoring and 
reporting, in women with recurrent ovarian cancer.

NRG-004 and 005 and other NCI-sponsored studies using risk based monitoring Percy Ivy, MD
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Web Portal View of Patient Data 



Confidential  ©Voluntis v1.1 - Page 
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Secure Access for Patients

• Data is stored on a secure 
server and not on patient phone

• Access is prescription only 
using

• Access code entry adds 
additional layer of security for 
patients

© Voluntis, all rights reserved
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Real Time Collaboration When Needed

© Voluntis, all rights reserved



The image part with relationship ID rId15 was not found in the file.

Blood Pressure

© Voluntis, all rights reserved

Real Time Data Entry and Assessment
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© Voluntis, all rights reserved

Real Time Data Entry and Assessment

Diarrhea

Liu J, Lee J, Strock E, Phillips R, Mari K, Killam B, Bonnam M, Milenkova T, Kohn E, Ivy, P.
Technology APPlications:  Use of digital health technology to enable drug development.  Journal of Clinical Oncology Informatics



• Key findings:
• Step counts were obtained for 94% 

of days during patients’ treatment 
courses.

• 14/38 subjects were hospitalized 
due to acute toxicities (triangles).

• 38% reduction in the risk of 
hospitalization for every 1,000 
steps taken each day (HR=0.62, 
p<0.001)

Nitin Ohri, MD
Albert Einstein



“Activity Score” Predicts Hospitalizations

Nitin Ohri, MD
Albert Einstein



Digital Literacy - Urban Cancer Population: Who Are We Leaving Out?



THE DIGITAL HEALTH LANDSCAPE

HEALTH 
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JeffMD Digital Health & Data Science

Cassra Clarke Lillian Flashner

Abhishek Surampudy Brendan Gleason Taylor Jones

George Titomihelakis Christine Wamsley Sabrina Lefcochilos-
Fogelquist

Ji-Hui (Gavyn) Ooi Chaim Miller

Justin Dang

Marissa Ruggiero

Victoria Nguyen

Sara LongJeffrey LuRobert Bloom



Course Clusters – all Masters’ Level Healthcare
Learners

Tech
Learners

Design Learners

Healthcare system overview:
Evolution, Organization, Delivery, Culture, Finance, Architecture, Design, Innovation History, HSS X X

Introduction to Design Thinking and Innovation: Fundamentals of functional design and materials X

Comparative technology architecture X X

Fundamentals of clinical and basic research: Design, interpretation, funding, operations and management X X

Fundamentals of biologic and physiologic monitoring X X

Fundamentals of population science and population health X X

Healthcare safety and quality management: Systems, measurement, reporting, improvement science X X

Principles of user experience X X X

Fundamentals of health information technology and clinical informatics:
Health tech, data and systems, interoperability, information exchange X X X

Seminars in cross disciplinary teams: Function, leadership, effectiveness X X X

Clinical and econometric outcomes analysis X X X

Organization of the biotechnology industry and markets X X X

Introduction to business and legal issues for entrepreneurs:
IP law and practices, contracts, funding sources, business structures X X X

Fundamentals of digital and mobile design methods X

Leadership: Seminar Organizational Integration of Innovation X X X

Anticipated Participants

ExMDHMS Digital Health 
Sample/Proposed Foundational Courses



A tiered approach for a comprehensive, personalized, molecular,
patient centered perspective

Translational 
molecular profile

Patient Reported 
Outcomes + 
Wearable data
-PRO-CTCAE
-Remote collection
-Weekly
-Shared with patient

Imaging Data
-Functional
-Spatial



Thank you!





Hypothesis:

• A combination of electronic patient reported 
outcomes and remote monitoring will improve the 
lives of patients

ePROs  +



Predicting Hospitalization: 
Activity Score v. PS and QoL

Nitin Ohri, MD



PRO-RAM: The investigation of remote electronic Patient-Reported 
Outcomes in combination with Remote Activity Monitoring to reduce

missed treatments in patients receiving concomitant chemoradiotherapy

• Aim 1: To investigate compliance rates with the activity trackers (% wearing / 
syncing the device over total prescribed time) and ePRO completion.

• Aim 2: To explore correlations between validated ePROs (Edmonton Symptom 
Assessment Tool and EQ-5D-5L) and activity tracker data and to characterize 
types and costs of interventions initiated by our care team that were triggered 
by declining step data and/or ePRO scores. 

• Aim 3: To prospectively demonstrate that an early targeted intervention system 
(triage visit with subsequent outpatient supportive care measures) as triggered 
by remote ePRO scores and activity tracker data for patients receiving 
chemoradiotherapy (CRT) will reduce the rates of patients missing ≥ 2 RT 
treatment visits when compared to the usual model of care.

Noelle Williams



Randomized phase II study investigating remote activity monitoring with 
remote electronic patient-reported outcomes to reduce missed treatments 
in patients receiving concomitant chemoradiotherapy



Utilizing Digital Health to Collect Electronic 
Patient-Reported Outcomes in Prostate Cancer: 

A Prospective Feasibility and Acceptability Study 





Which HRQoL Tool?

Localized Prostate Cancer:
Epic-26 HRQoL Domains

• Urinary
• Bowel
• Sexual
• Vitality/Hormonal

Advanced Prostate Cancer:
Epic-CP HRQoL Domains

• Urinary
• Bowel
• Sexual
• Vitality/Hormonal

FAPSI-8 HRQoL Domains
• Pain
• Fatigue/Lack of energy
• Weight loss
• Worry
• Urinary Difficulties

Chen, R. C., Chang, P., Vetter, R. J., Lukka, H., Stokes, W. A., Sanda, M. G., ... & Sandler, H. M. (2014). Recommended patient-reported core set of 
symptoms to measure in prostate cancer treatment trials. Journal of the National Cancer Institute, 106(7), dju132.



Measurement

Localized Prostate 
Cancer:

Epic-26 HRQoL 
Domains

• Urinary
• Bowel
• Sexual
• Vitality/Hormonal

Advanced Prostate 
Cancer:

Epic-CP HRQoL 
Domains

• Urinary
• Bowel
• Sexual
• Vitality/Hormonal

FAPSI-8 HRQoL 
Domains
• Pain
• Fatigue/Lack of 

energy
• Weight loss
• Worry
• Urinary Difficulties





86.2% (25/29) of 
participants reached 
satisfactory questionnaire 
completion defined as 
completion of 60% of 
weekly questions over 12 
weeks 

86%

All participants were able 
to complete informed 
consent through the 
smartphone app. 

100%
Patterns of missing data 
showed a decline in 
responses after week six.

The lower bound of the 
exact one-sided 95% 
confidence interval was 
71.2% exceeding the 70% 
feasibility threshold. 

3 participants reported 
technical issues (app 
randomly closing/needing to 
restart app) as the main 
reason for missing 
questions. 

Quantitative Evaluation: Feasibility (Assessment of Satisfactory Completion)



Journals focused on Digital Health (partial list)



Heather Jim, PhD, Associate Member
Department of Health Outcomes and Behavior

Do What Matters



Efficacy in Randomized Trials

20

25

30

35

40

45

50

Baseline 6 months

Fa
tig

ue
 S

ev
er

ity
 (h

ig
he

r 
is

 w
or

se
)

Less Fatigue 

Intervention (n=66) Control (n=66)

50

55

60

65

70

75

80

Baseline 6 months

Q
ua

lit
y 

of
 li

fe
 (h

ig
he

r i
s 

be
tt

er
)

Better Quality of Life

Intervention (n=66) Control (n=66)



Cancer-Related Fatigue

Fatigue
Decrease

d
activity

Physical 
deconditioning



Energize Modules

Activity pacing

Sleep hygiene

Thinking differently about fatigue

Plus optional modules









Sociodemographic and clinical characteristics of the sample

Characteristics No. of Patients (n=29)

Age (range)
Race: n (%) Caucasian
Martial status: n(%) married
Education: n (%) college grad
Annual household income: n (%) $40,000 or more

Diagnosis: n (%)
Localized Prostate Cancer X
Advanced Prostate Cancer X

Digital Health Literacy Level: n (%) High 27



Theme 1

The value of emotional-support and 
wellness in cancer treatment 

“I’d rather an app pay attention to how I’m doing emotionally. 

Weeks go by and I still end up sleeping the day or weekend 

away because I’m depressed and tired. I avoided seeing anyone 

and used symptoms I didn’t even have as an excuse.” 



Theme 2

The rise of online patient 
communities and networks

“I go on there because I’m interested and want to know 

more and those are the people I want to talk to. They 

make me feel like I can take my life back and move 

on.”



Theme 3

Concerns over privacy
“It’s hard to trust. We don’t have the 

same type of security on the internet 

than we do in the real-world. 

Especially with companies, I don’t 

believe they have my best interest in 

mind. I don’t see my opinion 

changing.”



Theme 4

Personalization for patient
engagement

“Without some kind of data analysis, I feel like 

I’m just the product giving you information, not 

the consumer.”



Results

A total of 30 patients consented to the study; 1 patient failed to 
complete any of the questionnaires and was left out of the analysis 
of the intervention.  Out of the remaining 29 participants, , 25 
86.2% (one-sided95% CI lower bound 71.2% completed at least
60% of weekly questions over the 12-week period exceeding our 
pre-specified threshold of 70%. Most participants self-identified 
with having a high digital literacy level (defined as the ability to 
use, understand, evaluate, and analyze information from multiple 
formats from a variety of digital sources) and only a few 
participants identified with having a low digital literacy level, 
(defined as only having the ability to gather information on the 
web).



Thank you!



• Of those who opted-in to receive 
push notifications, most 

participants reported 
notifications to fill out weekly 

surveys as an effective tool as a 
passive reminder to monitor their 

health.  

Quantitative Evaluation: Feasibility (Assessment of Satisfactory Completion)

89.6%

Notifications
Optional push notification reminder 
was used by 89.6% of participants 
(26/29), all of which were 
participants identified to have 
localized disease. 


