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Symptoms are Common in Cancer

• Interfere with physical function and daily activities

• Lead to avoidable ER/hospital visits, readmissions

• Preclude treatment

Symptom management is a cornerstone of quality care
• But do we adequately detect and manage symptoms?
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Model for Systematic Symptom Monitoring
Using Electronic Patient-Reported Outcomes
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Early 2000s Patient Self-Reporting System
U.S. National Cancer Institute CTCAE Scale - Example: Pain



Early Alert Function to Clinicians
Example: Shortness of Breath (Dyspnea)



Email Alert to 
Clinical Nurse



Printed Report 
to Oncologist at 
Clinic Visit



Patients longitudinally self-reporting symptoms (N~700):

• Most patients self-report at any given clinic visit

Feasibility in Routine Cancer Care

Basch: J Clin Oncol: 2005, 2007, 2016



Basch: NEJM, 2010
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Clinician vs Patient-Reported 
Symptoms

Clinicians miss a substantial number of our 
patients’ symptoms – what are the potential 
consequences, and opportunities for 
improvement?



Large Single-Center “STAR” Study:
Impact on Clinical Outcomes

Patients receiving 
chemotherapy for 
metastatic breast, 
lung, GU, GYN 
cancer at MSKCC

INTERVENTION ARM
Self-report 12 common symptoms
• Prior to / between visits, by web
• Weekly email reminders to patients
• Alerts to nurses (by email)
• Reports to oncologists (at visits)

CONTROL ARM
“Standard” symptom monitoring

R
A
N
D
O
M
I
Z
E

Outcomes

- QOL

- ER visits

- Survival

Treatment discontinuation, 
withdrawal, hospice, death

Basch: JAMA, 2017766 patient participants; median follow up 7 years



Quality of Life

• Assessed at 6 months, 
compared to baseline

• Compared to standard 
care, 31% more 
patients in the self-
reporting arm 
experienced QOL 
benefits (P<0.001)
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Emergency 
Room Visits

• Compared to standard 
care, 7% fewer patients 
in the self-reporting 
arm visited the 
Emergency Room, with 
durable effects 
throughout the study 
(P=0.02)

Basch: JCO, 2017



Overall Survival

• Compared to standard care, 
median survival was 5 
months longer among 
patients in the self-reporting 
arm (31.2 vs. 26.0 months) 
(P=0.03)

• Remained significant in 
multivariable analysis:

Adjusted hazard ratio 0.832 

(95% CI; 0.696, 0.995)

• 5-year absolute survival 
benefit of 8%

Basch: JAMA, 2017



Mechanisms of Action
1. Proactive monitoring prompts clinicians to intervene early, before 

symptoms worsen and cause serious downstream complications
• Nurses acted on >75% of PRO alerts

2. Symptom control enables patients to stay more functional, which is 
known to be associated with better survival 
• Better physical functioning in PRO arm (P=.01)

3. Symptom monitoring enables control of chemotherapy side effects, 
enabling more intensive and longer duration of cancer treatment
• Longer time on chemotherapy in PRO arm (8 months vs. 6 months)

Basch: JAMA, 2017



Denis, Basch: JAMA, 2019

French Lung Cancer RCT 

• N=121 @ 5 centers in France

• Weekly PRO monitoring 

Results:

• Overall survival: 22.5 vs 13.5 
months (P=0.03)

• Optimal treatment 72.4% vs 
32.5% (P<0.001)



Barbera: Cancer Med, 2020
Barbera: JCO Clin Pract, 2020

Canadian Population-Based Study (N>128,000)

• PROs in clinics 
across Ontario

Results:

• 1 year survival: 
81.9% vs 76.4% 
(P=0.0001)

• 8% decrease 
emergency visits

• 14% decrease 
hospitalizations



PATIENT ELIGIBILITY
Up to 50 patients 
per practice with 
metastatic cancer 
receiving systemic 
therapy, not on a 
therapeutic trial

• Cluster randomized trial at 52 US community oncology practices, across 25 states 
• Funded by PCORI, sponsored by Alliance Foundation Trials

5
2

 P
R

A
C

TI
C

ES
 

R
A

N
D

O
M

IZ
ED

 1
:1

INTERVENTION ARM PRACTICES: DIGITAL MONITORING WITH PROs
• Patients complete weekly survey with 12 common symptoms
• Email alerts to clinical nurses for severe/worsening symptoms
• Symptom management pathways triggered to nurses and patients
• Reports showing longitudinal symptoms to clinical team at visits

CONTROL ARM PRACTICES: USUAL CARE
• Symptom management pathways provided to nurses and patients

OUTCOMES

Survival (1⁰)

Physical function

Symptom control

HRQL

Implementation

Satisfaction

Basch: JAMA 2022
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Automated 

Telephone 

SystemsMobileWeb

• Weekly PRO survey items from NCI PRO-CTCAE (pain, nausea, vomiting, 

constipation, diarrhea, dyspnea, insomnia, depression, oral intake), plus 

patient-reported ECOG performance status, falls, financial toxicity

• Patient choice of interface for completing weekly surveys



PRESENTED BY:
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Adherence with Weekly ePROs: 91.5%

Basch: JAMA 2022
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Results: Effects on Patient Physical Functioning

PRO Arm

M
e

a
n

 C
h

a
n

g
e

 f
ro

m
 B

a
s

e
li

n
e

PRO Arm

Usual Care Arm

P<0.05 P<0.05P<0.01

0 1 3 6 9 12

Month of Participation
Basch: JAMA, 2022



PRESENTED BY:

Results: Effects on Patient Symptom Control
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Results: Effects on Health-Related Quality of Life
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Patient Impressions of ePRO System

Basch: JCO Cancer Clin Informatics, 2020



Nurse Impressions of ePRO System

Basch: JCO Cancer Clin Informatics, 2020



Subsequent Wave of  Commercial ePRO Symptom 
Monitoring Digital Therapeutics in Oncology



Inclusion of ePROs in Value-Based Care Models



(Immediate) Future Challenges 

1. Integrating with EMR and other information systems

2. Standardizing implementation (clinical integration)

3. Determining sufficient reimbursement for practices



Currently Planning

• National U.S. demonstration project for PROs

• In partnership with major EMR vendors, oncology 
professional societies and patient organizations
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Use of PROs for Patient Monitoring in 

Oncology Clinical Trials



TAXOTERE 75 mg/m2 every 3 weeks

ADVERSE REACTION ANY (%) GRADE 3/4 (%)

Anemia 67 5

Neutropenia 41 32

Thrombocytopenia 3 1

Infection 32 6

Epistaxis 6 0

Allergic Reactions 8 1

Neuropathy Sensory 30 2

Neuropathy Motor 7 2

Rash/Desquamation 6 0

Alopecia 65 N/A

Nail Changes 30 0

Nausea 41 3

Diarrhea 32 2

Stomatitis/Pharyngitis 20 1

Taste Disturbance 18 0

Vomiting 17 2

Anorexia 17 1

Cough 12 0

Dyspnea 15 3

Cardiac function 10 0

Fatigue 53 5

Myalgia 15 0

Tearing 10 1

Arthralgia 8 1

Table from Docetaxel 
Chemotherapy 
U.S. Drug Label
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CTCAE/MedDRA
Term

CTCAE Grade 1 CTCAE Grade 2 CTCAE Grade 3 CTCAE Grade 4

Mucositis oral Asymptomatic or 
mild symptoms; 
intervention not 
indicated

Moderate pain; not 
interfering with oral 
intake; modified diet 
indicated

Severe pain; 
interfering with oral 
intake

Life-threatening 
consequences; 
urgent intervention 
indicated

Source of Adverse Event Data in Oncology Trials

• “Common Terminology Criteria for Adverse Events” (CTCAE)

• Item library, designed for clinicians to complete

• About 800 items total (10% of items are symptom)



Reliability of Clinician-Reporting in Trials

Atkinson/Basch: Qual Life Res, 2011



Patient-Reported Outcomes version of the Common 
Terminology Criteria for Adverse Events

Developed under contracts to the NCI

(2008-present)

http://appliedresearch.cancer.gov/pro-ctcae



CTCAE/MedDRA
Term

CTCAE Grade 1 CTCAE Grade 2 CTCAE Grade 3 CTCAE Grade 4

Mucositis oral Asymptomatic or 
mild symptoms; 
intervention not 
indicated

Moderate pain; not 
interfering with oral 
intake; modified diet 
indicated

Severe pain; 
interfering with oral 
intake

Life-threatening 
consequences; 
urgent intervention 
indicated

Patient-Centered Structure for Questions

Two Items Responses

What was the severity of your MOUTH OR THROAT SORES at 
their worst?

None
Mild
Moderate 
Severe
Very Severe

How much did MOUTH OR THROAT SORES interfere with your 
usual activities?

Not at all
A little bit
Somewhat
Quite a bit
Very much



Robust Psychometric Evaluation

• 124 items representing 78 Symptomatic Adverse Events

• Extensive qualitative evaluation in diverse populations

• Large national “validation” study demonstrated robust 
validity, reliability, sensitivity, appropriate recall periods, 
mode equivalence (paper/electronic)

Basch: JNCI, 2014
Hay/Basch: Qual Life Res, 2014
Dueck/Basch: JAMA Oncol, 2015



http://healthcaredelivery.cancer.gov/pro-ctcae/



Industry Trial Example

Basch: JAMA Oncol 2019

Cabozantinib vs. mitoxantrone 
in metastatic prostate cancer

• 10 PRO-CTCAE AEs
• Selected by investigators based on expected toxicities

• Reported by patients every 3 weeks from home between
visits via automated telephone system
• Human reminder call if no response after 72 hours

• Average 96% compliance at each time point



SYMPTOM

INVESTIGATOR-REPORTED
CTCAE Max Grade 3+

PATIENT-REPORTED
PRO-CTCAE Max 3+

Cabo Mito P Cabo Mito P

Constipation 3.3% 1.8% 1.00 26% 13% 0.04

Decrease appetite 1.7% 5.3% 0.36 38% 15% 0.008

Diarrhea 8.3% 1.8% 0.21 44% 11% <0.001

Fatigue 18.0% 8.8% 0.18 36% 26% 0.30

Nausea 38% 15% 0.008

Short of breath -- 5.3% 0.11 14% 13% 1.00

Vomiting 1.7% 7.0% 0.20 12% 7% 0.52

Between-Arm Comparison: CTCAE and PRO-CTCAE

# of significant between-arm AE differences:
• By investigator report (CTCAE):   0

• By patient report (PRO-CTCAE):  4 Basch: JAMA Oncol 2019



PRO-CTCAE now widely used in 
international cancer drug 
development trials

Included in FDA and EMA 
guidance



Conclusions

Patient self-reporting improves symptom monitoring and 
outcomes in routine cancer care and clinical research
• Expands our understanding of patient experience 

• Engages patients

Demonstrates how hard it is to change a simple process, 
even if it makes a lot of intuitive sense
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APPENDIX: Key Technical Functions for PROs in EHRs

• Administrative interface
• Registration form to enroll patient to initiate PRO reporting
• Dashboard showing patient/panel compliance with PRO reporting

• Clinician interface
• Alert notifications: Inbasket receipt of notifications, with audit trail for 

clearing alerts
• Data visualization: Ability to view longitudinal data in table and line graph

formats

• Patient interface
• Automated e-prompts reminding when to self-report (email, text, phone call)

• Follow up e-prompt(s) if don’t self-report in response to initial e-prompt

• PRO surveys with easy access (this is a major pitfall of native EHR PRO 
systems)

• Alert notifications triggered to clinicians for severe/worsening symptoms



Example: PRO Patient Interface Interfaced with EMR



Example: PRO patient Interface in Native EMR Functionality



Example: Clinician Visualization of PRO Data in EMR 



Example: Clinician Visualization of PRO Data in EMR 
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Example: PRO-CTCAE Anorexia

week week

MitoxantroneCabozantinib

Grade/Score

100


