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The Context

Everyone is looking to solve the issue of care in the final months/years of 
life

• What adds value, without adding significant cost?

• How do we honor patient/family choice when we don’t have 
consistent systems to identify those choices?

• How can we improve transitions?
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The Cost
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Medicare 5% File Analysis: Costs at End of Life

Cost of Care Per Member Per Month by Type of Service in the last 3 and 6 Months of Life
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2016

Time Period

INPATIENT PHYSICIAN HOSPICE OUTPATIENT

Skilled-

nursing 

Facility

HOME 

HEALTH

Durable 

Medical 

Equipment TOTAL MEMBERS

90 days  $    5,458  $  1,209  $    953  $        1,144  $      1,057  $        247  $          74  $10,141     265,977 
180 days  $    3,488  $      911  $    631  $        1,069  $         797  $        210  $          75  $   7,182     265,977 

PLACE OF SERVICE



Cost by place of death: last 3 months

Cost by Place of Death and Type for Patients in Last 3 months of life

7

 $-

 $2.000,00

 $4.000,00

 $6.000,00

 $8.000,00

 $10.000,00

 $12.000,00

 $14.000,00

 $16.000,00

 $18.000,00

HOME HOME HEALTH AGENCY HOSPICE INPATIENT OUTPATIENT Skilled-Nursing

Durable Medical

Home Healrth

Skilled Nursing Facility

Outpatient

Hospice

Physician

Inpatient



Cost Per Day: Hospital Patients

Hospital Cost per Day – last 3 months of life*
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* Log scale
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Cost per day: Hospice Patients

Medicare Hospice Payment Rates by Type of Service

2018 Rates:  $190.55 (Routine Home Care)

By comparison, the 2013 Average Hospital Facility per diem was $1,617.62 
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The Problem with EOL Care in the US 

 Marked by multiple hospital admissions and ED visits

• Nearly 80% are due to exacerbations of pre-existing and chronic 
symptoms.

 2/3 of medical practices lack systems to assess patients’ wishes or 
symptom burden.

 Caregivers are overwhelmed and lack needed support.

 People prefer to die at home, yet the majority die in hospitals or 
nursing homes.



Highly Medicalized Deaths
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Spending at End-of-Life

12% of Beneficiaries
Driving 69% of the Expense

Second to last year of life represents 13% 
of the total Medicare FFS spend.

Last year of life represents ~30% 
of the total Medicare FFS spend.

5% of Medicare Beneficiaries die annually.
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Hospice
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Hospice Services

• Pain and symptom 
management

• Maintenance of QOL

• Emotional, psychosocial, 
spiritual support

• Provides drugs, medical 
supplies, equipment

• Speech or physical therapy if 
needed

• Short-term inpatient care if 
needed

• Instructs family on how to care 
for the patient

• Bereavement care & counseling
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Total Hospice Patients Served by Year
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Hospice Primary Diagnoses
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Hospice Length of Stay
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End of Life Modeling
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End-of-Life Modeling

• Our Hospice dataset contains data on approximately 200,000 patients 
over 5 years. 

• Dataset is unique in that includes prescription drug data. 
• Hospice patients receive palliative but not therapeutic care, including 

prescription drugs.  Four major drug classes:
• Analgesics (e.g. morphine)
• Anti-nausea (e.g. Zofran)
• Anti-cholinergic (e.g. Benadryl; Dramamine)
• Anxiolytic (e.g. benzodiazepine)
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Drug Dosage
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Drug Dosage



Drug Dosage by Diagnosis
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End-of-Life Modeling

• Patients receive therapeutic drugs necessary for survival (e.g. insulin; 
ACE inhibitors).

• In total, 28 classes of therapeutic drugs.
• Our hypothesis is that by looking at prescription and dosage of these 

drugs we can better predict terminal events.
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End-of-Life Modeling: Typical Models

Modeling Time-to-event data

• Studies of mortality outcomes are collected for each sample unit, with a 
longitudinally measured response (alive/dead). 

• Medical studies typically collect longitudinal observations (e.g. 
prescription drug data). 

• In clinical studies we are interested in the prognostic abilities of the 
longitudinally-observed markers. 

• The rate of progression to the ultimate outcome depends dynamically on 
the markers.  
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End-of-Life Modeling: Typical Models

The survival function is defined as:  where 

is the cumulative survival function and          is the hazard function, or 
instantaneous risk of the event.    may be estimated in different ways; 
the Kaplan-Meier function being a well-known option. 

Where survival depends on a number of covariates, the Cox proportional 
hazards model is used. 
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End-of-Life Modeling: Typical Models

Cox Proportional Hazards Model

Where      is the vector of fixed covariates and       is the vector of coefficients.
The event hazard depends only on constant covariate values.

Cox model with time-dependent co-variates:

Where            = 1 (subject at risk; 0 otherwise) and           is the vector of time-
dependent covariates. 
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Results
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More End-of-Life Modeling

Sample results:
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More End-of-Life Modeling

Sample results (2):
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More End-of-Life Modeling

Sample results (3):
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End-of-Life Modeling: Interpretation

Likely to die sooner:

• Males (+19%)

• Patients with more co-morbidities (measured through risk score) 
(+3.6%)

• Patients with increased dosage of analgesics or anti-nausea drugs 
(+3%).

• Patients with increased dosage anti-cholinergic or anxiolytic drugs 
(+18%; +25%).
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Convert survival distribution into life expectancy:

Issue:

Current work:  estimating future drug dosage pathways – Stochastic Process; 
investigating Cluster Analysis. 

Next Steps
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