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1. Abstract 42 

Patients with cancer often undergo costly therapy and acute care utilization that is discordant 43 

with their wishes, particularly at the end of life. Early serious illness conversations (SIC) 44 

improve goal-concordant care, and accurate prognostication is critical to inform the timing and 45 

content of these discussions. In this project, we will evaluate a health system initiative that uses a 46 

machine learning algorithm to predict patients with a higher risk of short-term mortality and then 47 

prompts oncologists to SICs with these patients. In partnership with the health system, this will 48 

be conducted as a cluster-randomized trial to evaluate its effect.  49 

2. Overall objectives 50 

The objective of the study is to evaluate the effect of a health system initiative using machine 51 

learning algorithms and behavioral nudges to prompt oncologists to have serious illness 52 

conversations with patients at high-risk of short-term mortality. 53 

3. Aims 54 

 3.1 Primary outcome 55 

The primary outcome is change in the proportion of patients that have an outpatient oncology 56 

visit with documentation of a serious illness conversation (SIC).  57 

 3.2 Secondary outcome 58 

The secondary outcomes are: 1) the change in the proportion of patients who have an outpatient 59 

oncology visit and are identified as high-risk by the machine learning algorithm with 60 

documentation of a SIC; 2) the change in the proportion of patients that have an outpatient 61 

oncology visit with documentation of advanced care planning (ACP). 62 

3.3 Exploratory outcomes 63 

 Acute care utilization metrics, including Oncology Evaluation Center, ED, Inpatient and 64 

ICU admissions.  65 

 Healthcare utilization in the last 30 days of life in Penn Medicine facilities: acute care 66 

utilization as above, plus receipt of chemotherapy in the last 30 days.  67 

4. Background 68 

Patients with cancer often undergo costly therapy and acute care utilization that is discordant 69 

with their wishes, particularly at the end of life.
1–5

 Early serious illness conversations (SICs) to 70 

determine a patient’s goals and values for therapy can increase goal-concordant care.
6, 7

 71 

Nevertheless most patients with advanced cancer die without a documented SIC, including the 72 

vast majority of UPHS oncology patients in 2018.
8, 9

 A key reason for this gap may be that 73 

oncologists routinely overestimate life expectancy of patients with advanced cancer, delaying 74 

SICs until late in the disease course and resulting in aggressive care near the end of life.
10, 11

 75 



Existing prognostic aids in oncology are rarely used because they do not apply to most cancers
12, 

76 
13

, do not identify most patients who will die within 1 year
14

, and require time-consuming data 77 

input
15

. Electronic health record (EHR)-based predictive algorithms can improve clinician 78 

decision-making in acute care settings
16–18

, but  it is unclear whether such algorithms can guide 79 

clinicians to perform SICs. As oncologists strive to assess patients’ goals earlier in the disease 80 

course, accurate prognostication is critical to inform the timing and content of these discussions. 81 
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5. Study design 127 

 5.1 Design 128 

This study will use a stepped-wedge cluster randomized trial to evaluate a health system 129 

initiative.  Oncology practices will be randomly assigned in sequential four-week blocks to 130 

receive the email prompt intervention, in which individual oncologists will receive an automated 131 

weekly email detailing 1) how many serious illness conversations they have had, 2) how their 132 

number of serious illness conversations compares to peer oncology providers across UPHS, and 133 

3) a weekly roster of their upcoming patients at high risk of short-term mortality as determined 134 

by our mortality prediction algorithm (see below), viewable on a HIPAA-compliant secure web 135 

interface. Clinicians will receive a HIPAA compliant text message on the morning of the 136 

appointment reminding them to consider a serious illness conversation with patients on the list. 137 

Providers may opt out of this reminder on the web interface containing the weekly patient roster 138 

of high risk patients. Prior to receiving the intervention, practices will receive current standard 139 

communications regarding serious illness performance until they are randomized to the 140 

intervention. Practices will be cluster-randomized to the intervention over a 16-week period, 141 

after which all practice physicians will receive the email intervention.   142 

 5.2 Study duration 143 

The study is expected to begin in June 2019 and take 10 months (16 weeks for intervention + 24 144 

weeks followup) to complete. 145 

 5.3 Target population 146 

Medical oncology clinicians (physicians, nurse practitioners and physician assistants) and their 147 

patients at the University of Pennsylvania Health System practicing at one of two 148 

hematology/oncology practices: The Perelman Center for Advanced Medicine (PCAM) and 149 

Pennsylvania Hospital (PAH).  150 

 5.4 Accrual 151 

Patients will accrue to the trial as their clinical practice receives the email intervention. Eight 152 

University of Pennsylvania oncology practices will be randomly assigned to one of four start 153 

dates separated by four weeks, resulting in four pairs of clinics starting the intervention two 154 

clinics at a time every four weeks over sixteen weeks. When a clinic reaches the assigned start 155 

date for the intervention arm, the clinicians will begin to receive the weekly email intervention 156 

and text reminders. Based on previous studies and assuming a baseline SIC rate of 0.65 SICs per 157 



provider per 4-weeks, we believe we will have over 80% power to detect a 60% increase in SIC 158 

rates per provider per 4-weeks.  159 

 5.5 Key inclusion criteria 160 

Oncologists must meet the following criteria to be eligible for the study:  161 

1) Care for adults with cancer at the following oncology clinics at the University of Pennsylvania 162 

Health System: 163 

1. Perelman Center for Advanced Medicine: 164 

o Breast Oncology 165 

o Gastrointestinal Oncology 166 

o Genitourinary Oncology 167 

o Lymphoma 168 

o Melanoma and Central Nervous System Oncology (grouped together due to low 169 

number of providers) 170 

o Myeloma 171 

o Thoracic / Head and Neck Oncology (one group, not a combination of 172 

subspecialties) 173 

2. Pennsylvania Hospital Oncology  174 

5.6 Key exclusion criteria 175 

 Providers at these clinics who care for only patients with benign hematologic disorders or 176 

who only see genetics consults will be excluded and not receive any emails. 177 

 Providers who see less than 12 high-risk patients in either the pre- or post-intervention 178 

periods 179 

 Visits for patients with lung cancer who are enrolled in an ongoing palliative care clinical 180 

trial that may lead to more SICs. 181 

 Patient visits that are for oncology genetics consults (such patients may still be included 182 

if they see their primary oncologist during the trial) 183 

 Providers who have not undergone Serious Illness Conversation Program training 184 

6. Subject recruitment 185 

Information on oncology practices and their clinicians at the University of Pennsylvania Health 186 

system will be identified by department leadership. High-risk patients will be identified by 187 

applying our mortality prediction algorithm (which uses electronic health record data from 188 

Clarity, an EPIC reporting database) to weekly oncology clinic schedules. 189 

7. Subject compensation 190 

No compensation will be offered in this study. 191 



8. Study procedures 192 

 8.1 Consent 193 

A waiver of informed consent is requested.  This is a health system initiative that will be 194 

implemented.  The study is to evaluate that initiative.  Therefore, physicians and their patients 195 

will not be consented as this is the standard of practice per the health system initiative.  Without 196 

a waiver of the consent, the initiative would still be implemented by the health system, but the 197 

study would be infeasible.  There are several additional reasons why we feel a waiver of consent 198 

should be granted.  First, it is not feasible to consent every physician and as mentioned this 199 

initiative would occur with or without the study of it.  Second, if members of the control group 200 

were consented, this alone could change their behavior.  This could potentially disrupt the design 201 

of the study and making interpretation of the findings challenging.  Third, physicians are not 202 

being forced to have serious illness conversations for their patients.  Instead, they are being 203 

reminded of their patients at high-risk of mortality and receiving an email prompt regarding the 204 

number of serious illness conversations that they have had, , with opt-out text message reminders 205 

on the day of the appointment. This is no different than standard of care in which a physician 206 

would review the same information and decide to have a serious illness conversation. The 207 

initiative is simply a reminder for the physician and makes their standard of care process easier 208 

to conduct. Finally, as part of a previous quality improvement initiative, we previously 209 

interviewed 40 patients after a serious illness conversation with their oncologist. We found no 210 

evidence of harm and found that serious illness conversations were considered standard of care 211 

for patients with cancer.  212 

 8.2 Procedures 213 

Data on oncologists and their patients at the University of Pennsylvania Health System will be 214 

obtained from Penn Data Store and Clarity (Epic’s data reporting database). Physician data 215 

includes demographic information (e.g. sex, type of medical degree, etc.) and may be also 216 

obtained from publicly available databases or websites online. The predictive algorithm 217 

identifies high-risk patients based on demographic information, information about comorbid 218 

conditions (including type of cancer; other variables like diabetes, hypertension, and chronic 219 

kidney disease, and comorbid conditions needed to calculate the Charleston Comorbidity Index; 220 

laboratory test results; and previous emergency department and hospital admissions. This 221 

predictive algorithm has been validated and results are currently being submitted for publication 222 

in a medical journal. Clarity will be used to identify documentation of SICs and ACP.  223 

After identifying eligible oncologists, block randomization will occur at the clinic level (noting 224 

that PCAM melanoma and CNS Oncology will be randomized together as both clinics have a 225 

low number of providers). We will obtain baseline measures and plan to stratify the 226 

randomization by those above and below median level of SICPs in March through May of 2019. 227 

9. Analysis plan 228 



All analyses will be conducted using intention-to-treat using the patient as the unit of analysis 229 

and clustering at the level of the oncologist. Advanced practice providers (APPs) will receive the 230 

intervention, but will be associated with the oncologist with whom they work for the purposes of 231 

the analysis. All hypothesis tests will use a two-sided alpha of 0.05 as our threshold for statistical 232 

significance. 233 

The primary and secondary outcome measures will use a binary indicator representing the 234 

presences of an SIC or ACP for each patient. The primary outcome will be expressed as a 235 

standardized rate of documented SIC discussions (number of documented SIC notes / 100 unique 236 

patient visits). In the main adjusted analysis, we will fit models using generalized estimating 237 

equations cluster on oncologists, using group (oncology practices) and period (4-week 238 

increments) fixed effects and adjusting for monthly temporal trends.  239 

To test the robustness of our findings, we will perform sensitivity analyses that adjusts for 240 

available patient characteristics and comorbidities such as demographics and the Charlson 241 

Comorbidity Index.  242 

Additional sensitivity analyses will include: 243 

- Including patients enrolled in aforementioned palliative care lung cancer trial  244 

- Analyzing results clustering at the level of the clinician (oncologist or APP) 245 

10. Investigators 246 

Mitesh Patel, MD, MBA is the Principal Investigator. Dr. Patel has experience implementing 247 

pragmatic clinical trials of similar scale at the University of Pennsylvania Health System. 248 

Christopher Manz,, MD, and Ravi Parikh, MD, MPP, are the co-Investigators. Dr. Manz and Dr. 249 

Parikh are both second year fellows in Hematology / Oncology at the Hospital of the University 250 

of Pennsylvania. All investigators have experience implementing similar pilot interventions as 251 

quality improvement initiatives at Chester County Hospital and Penn-Presbyterian Medical 252 

Center in 2018. 253 

Dr. Manz and Dr. Parikh are supported by the Conversation Connect team and Abraham Cancer 254 

Center leadership, including: 255 

Nina R. O’Connor, MD   Palliative Care 256 

Justin E. Bekelman, MD   Penn Center for Cancer Care Innovation  257 

Michael Draugelis, MS   Penn Data Science 258 

Mitesh Patel, MD, MBA  Penn Nudge Unit 259 

Lynn M. Schuchter, MD   Hematology/Oncology 260 

Lawrence N. Shulman, MD  Hematology/Oncology 261 

Sujatha Changolkar   Penn Nudge Unit 262 

Corey Chivers, PhD    Penn Data Science 263 

Susan Harkness Regli, PhD   Human Factors 264 

Lead Biostatistician (TBD) 265 

 266 



 267 

11. Human research protection 268 

 11.1 Data confidentiality 269 

Computer-based files will only be made available to personnel involved in the study through the 270 

use of access privileges and passwords. Wherever feasible, identifiers will be removed from 271 

study-related information. Precautions are already in place to ensure the data are secure by using 272 

passwords and HIPAA-compliant encryption. 273 

 11.2 Subject confidentiality 274 

Data on physicians and patients will be obtained from Epic, Penn Data Store and Tableau. Any 275 

information that is obtained will be used only for research purposes and to inform the behavioral 276 

nudges described above.  Information on individual patients will only be disclosed within the 277 

study team. All study staff will be reminded of the confidential nature of the data collected and 278 

contained in these databases. 279 

Data regarding provider performance of Serious Illness Conversations are already shared among 280 

providers and will continue to be shared in unblinded fashion as part of the trial. Data regarding 281 

acute care utilization in the last 30 days for a provider’s deceased patient panel will be shared 282 

amongst providers as well. This will occur as part of the intervention but is planned to occur 283 

occur regardless of trial approval as part of quality improvement efforts. 284 

Data will be stored, managed, and analyzed on a secure, encrypted server behind the University 285 

of Pennsylvania Health System (UPHS) firewall. The primary investigator (Dr. Patel) and 286 

statistical analyst will be blinded to the randomization schema and which groups are receiving 287 

the intervention. This server was created for projects conducted by the Penn Medicine Nudge 288 

Unit related to physician and patient behavior at UPHS. All study personnel that will use this 289 

data are listed on the IRB application and have completed training in HIPAA standards and the 290 

CITI human subjects research. Data access will be password protected. Whenever possible, data 291 

will be deidentified for analysis. 292 

 11.3 Subject privacy 293 

All efforts will be made by study staff to ensure subject privacy.  Data will be evaluated in a de-294 

identified manner whenever possible. 295 

 11.4 Data disclosure 296 

Information on physicians and patients will not be disclosed to anyone outside of the study team, 297 

with the exception of provider level data (SIC rates, acute care utilization) that are deliberately 298 

shared as a part of the behavioral nudges. 299 



 11.5 Data safety and monitoring 300 

The investigators will provide oversight for the study evaluation of this health system initiative.  301 

Providers will use their clinical judgment to determine the appropriateness of initiating ACPs 302 

with patients, in accordance with standard of care.  303 

11.6 Risk/benefit  304 

  11.6.1 Potential study risks 305 

The potential risks associated with this study are minimal.  Breach of data is a potential risk that 306 

will be mitigated by using HIPAA compliant and secure data platforms for the nudge 307 

interventions (name of list platform and platform used to share info w/ MAs) and evaluation 308 

(Nudge Unit server). As noted above, substantial data demonstrates that ACPs improve patient 309 

goal-concordant care without any identified harms (despite concerns that ACPs may increase 310 

psychosocial distress, the opposite has been found), so the negative impact on patients is 311 

minimal.  312 

The provider data that will be shared with providers is already shared in one form (in the case of 313 

SIC rates) and is planned to be shared with providers in the near future independent of this trial 314 

(in the case of acute care utilization near the end of life), so the trial does not exposure providers 315 

to additional risk. 316 

  11.6.2 Potential study benefits 317 

As described in the literature, patients may have improved quality of life and better goal-318 

concordant care when exposed to ACPs, especially earlier in their disease course. An 319 

intervention that prompts providers to have an ACP with patients at a high risk of death in the 320 

next six months may increase the likelihood that these conversations occur and that they occur 321 

earlier in the disease course. However, it is possible that patients will receive no benefit from this 322 

study. 323 

  11.6.3 Risk/benefit assessment 324 

The risk/benefit ratio is highly favorable given the potential benefit from eligible patients having 325 

an SIC or ACP discussion with their provider and benefitting from better goal-concordant care 326 

and that efforts have been put into place to minimize the risk of breach of data. 327 

 328 

 329 


