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METHODS

Data

This retrospective cohort study used Surveillance, Epidemiology
and End Results-Medicare (SEER-M) data, which are drawn from
a nationally representative sample of United States cancer patients
and are linked with Medicare claims data."" In accordance with the
journal’s guidelines, we will provide our data for the reproducibility
of this study in other centers if such is requested.

Study Population

Our cohort included female patients who died of a gynecologic
cancer (ovary, uterus, cervix, vagina, vulva, or other female genital
site) between January 2006 to December 2015, were enrolled
in Medicare Parts A and B for the last 12 months of life, and did
not have end-stage renal disease. We excluded patients who had
more than one gynecologic cancer, a cancer that was diagnosed on
autopsy, inconsistent SEER and Medicare dates of death, or zero
outpatient visits with a gynecologic or medical oncologist in the
last year of life (Online supplemental figure 1). In addition to this full
cohort sample, we created a smaller sample of propensity score-
matched patients (Online supplemental file).

Exposure

Medical and gynecologic oncologists were identified using the
specialty listed in physician claims. Gynecologic oncologists were
defined as any providers who had any specialty codes of “Gyne-
cological/Oncology” (specialty code 98). Medical oncologists were
defined as any providers who had any specialty codes of “Medical
Oncology” (specialty code 90) or “Hematology/Oncology” (specialty
code 83). This variable has been shown to accurately identify physi-
cian specialty in over 80% of oncologists.'? ™*

Each patient was assigned to a primary medical oncologist or a
primary gynecologic oncologist based on the specialty of their primary
oncologist, defined as the provider with the plurality of outpatient
oncology visits in the last year of life. A similar algorithm was found to
correctly attribute approximately 85% of patients to their anti-cancer
treatment-prescribing oncologist." Outpatient visits were identified
based on Healthcare Common Procedure Coding System (HCPCS)
codes (Online supplemental table 4). Ties were broken by assigning
the patient to the last outpatient provider seen before death. See
Online supplemental file for details on additional sensitivity analyses.

Primary Outcome

The primary outcome, high-intensity end-of-life care, was a binary
composite score of intense care in the last 30 days of life. The
score has been used in prior literature examining end-of-life care
in patients with cancer.’ '® The composite score was defined by
any of the following: receipt of chemotherapy in the last 14 days
of life,'” '® death in the hospital,'”~'® enroliment in hospice for less
than 3days,'” ™ more than one emergency department visit in the
last 30 days of life,"2° more than one hospital admission in the last
30 days of life,'” "2 spending more than 14 days in the hospital in
the last 30 days of life,2 ' or any intensive care unit (ICU) admission
in the last 30 days of life.”” "2 We also examined each individual
component of the composite score.

Secondary Outcomes
The secondary outcomes included invasive procedures in the last
30 days of life* and Medicare spending in the last 30 days of life.

Invasive procedures were defined as any invasive procedure, test,
or part of care that involved some amount of pain or discomfort.
Over 1200 HCPCS and International Classification of Diseases
(ICD) codes were manually selected. Invasive procedure categories
included surgery, biopsies, cardiac catheterization and procedures,
central lines, cardiopulmonary resuscitation, dialysis, drain inser-
tion or exchange, upper and lower endoscopy, gastrostomy tube
placement or exchange, incision and drainage, intubation, inter-
ventional radiology procedures, total parenteral nutrition, trache-
ostomy, indwelling bladder catheterization, mechanical ventilation,
and wound care. Non-invasive tests, venipuncture, injections, and
medications were excluded.

Medicare spending was defined as the total allowed Medicare
payment amount, a sum of Medicare spending in the last 30 days
of life for inpatient and outpatient, physician/suppliers, home health
agency, hospice, durable medical equipment, and Medicare Part
D claims. Suppliers includes non-physician providers including
advanced practice providers, social workers, some laboratories,
emergency medical services providers, and some ambulatory
surgical centers. Claims within 30 days after the date of death were
included to allow for a lagged claims submission.

Statistical Analysis

We used linear regression models to estimate the association
between primary oncologist specialty and the intense end-of-life
binary composite score. Simple (bivariate) and multivariable linear
regressions were conducted for each of the three cohorts: (1) entire
study population; (2) propensity score-matched with replacement;
and (3) propensity score-matched without replacement. The multi-
variable linear regression for the entire study population included
covariates for age at death, race, ethnicity, marital status, median
income of residential zip code, percent of people with less than
a high school education in the residential zip code, SEER registry
source, residential urban status, year of diagnosis, year of death,
cancer site, cause of death, stage at diagnosis, Medicare/Medicaid
dual eligibility, and Charlson Comorbidity Index (CCI) at death. The
multivariable linear regression for the propensity score-matched
cohorts included only unbalanced covariates. We repeated these
analyses with logistic rather than linear regressions.

Similar linear regression models tested the association between
specialty of the primary oncologist and other outcomes: each
component of the composite score, the secondary outcomes listed
earlier, and the composite score by cancer site. Standard errors
for all models were clustered at the primary oncologist level. All
statistical tests were considered significant at p<0.05. All analyses
were performed with Stata 15.0.2" This study was reviewed by the
University of Pennsylvania institutional review board and was deter-
mined to be exempt.

RESULTS

Cohort

A total of 22554 women who met the following initial criteria were
assessed for eligibility. The final cohort included 12189women.
Overall, most of the cohort was aged less than 80 years (61%),
White (>80%), and died of ovarian cancer (55%). Medical oncolo-
gists served as the primary oncologist for the majority of patients
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Table 1 Patient characteristics

Patients of medical

Patients of gynecologic

Total oncologists oncologists
Covariate (n=12189) (n=7705) (n=4484) P value
Age at death, years (%) <0.001
66-70 20.5 20.2 21.0
71-74 19.0 19.2 18.6
75-79 21.7 22.4 20.5
80-84 19.4 20.1 18.2
>85 19.5 18.1 21.7
Race (%) <0.001
White >80 >80 >80
Black 8.4 7.0 10.8
Asian or Pacific Islander 4.1 3.8 4.5
Other or Unknown <1 <1 <1
Hispanic 5.9 6.1 5.6 0.22
Married 43.8 45.5 41.0 <0.001
Charlson Comorbidity Index, year prior to death (%) 0.007
0 54.3 54.0 54.8
1 24.5 24.9 24.0
2 10.0 10.4 9.2
>3 8.3 8.2 8.5
Unknown 2.9 2.6 3.5
Cause of death, cancer site (%) <0.001
Ovary 55.1 60.8 45.4
Uterus 31.4 28.5 36.4
Cervix 6.9 6.2 8.1
Vulva 3.7 2.1 6.4
Vagina 1.3 1.0 1.7
Other 1.7 1.5 2.0
Stage at diagnosis (%) <0.001
I 11.3 10.0 13.5
I 6.8 6.3 7.4
11l 36.0 35.6 36.6
v 32.3 34.7 28.2
Unknown 13.7 13.3 14.3
Urban/rural location (%) <0.001
Big metropolitan >50 >50 >50
Metropolitan 30.4 32.0 27.7
Urban 5.6 6.5 4.0
Less urban 71 6.9 7.5
Rural 2.0 2.2 2.2
Unknown <1 <1 <1
Medicare/Medicaid dual eligible (%) 16.3 188 175 0.005
Continued
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Table 1 Continued

Patients of medical

Patients of gynecologic

Total oncologists oncologists
Covariate (n=12189) (n=7705) (n=4484) P value
Zip code percent less than high school education (%) <0.001
<5 15.7 15.1 16.6
5-9.9 29.8 30.9 28.1
10-19.9 32.7 31.9 34.2
20-29.9 14.2 14.0 14.5
>30 6 6.5 5.1
Unknown 1.6 1.6 1.4
Zip code median income (%) 0.26
<$20000 <1 <1 <1
$20 000-$44 999 25.6 24.9 26.8
$45 000-$139999 70.7 71.3 69.6
$140 000-$149999 0.7 0.7 0.6
>$150000 1 1 0.9
Unknown <2 <2 <2
Registry, year of death (%) <0.001
San Francisco 3.3 3.9 23
Connecticut 6.5 6.0 7.2
Detroit BB 3.7 8.7
Hawaii 0.8 0.5 1.4
lowa 6.5 5.9 7.4
New Mexico 2.2 1.4 3.5
Seattle 6.0 6.7 4.9
Utah 2.3 2.9 1.2
Atlanta 2.9 2.2 4.2
San Jose 2.1 2.3 1.7
Los Angeles 71 7.7 6.2
Rural Georgia <1 <1 <1
Greater California 17.3 19.8 12.8
Kentucky 5.8 4.2 8.7
Louisiana 5.4 5.2 5.7
New Jersey 16.9 18.7 13.8
Greater Georgia 7.9 7.6 8.5
Unknown <2 <2 <2

(n=7705, 63%) in the last year of life. Table 1 lists the patient char-
acteristics.

High-Intensity End-of-Life Care

Overall, the majority of women in the cohort received high-intensity
end-of-life care (n=6778, 56%). In unadjusted analyses, patients
with a primary medical oncologist were slightly more likely to
receive high-intensity end-of-life care (n=4354, 57%) compared
with patients with a primary gynecologic oncologist (n=2424, 54%;
p=0.028). A similar difference was seen in adjusted analyses (57%
vs 54%; p=0.018) with gynecologic oncologists’ patients having
lower odds of receiving high-intensity end-of-life care (odds ratio
(OR) 0.90, p=0.018). Similar results were seen in the propensity
score-matched cohorts (Table 2).

Most patients who received high-intensity end-of-life care
received only one measure of high-intensity care (Online supple-
mental figure 2). Figure 1 and Online supplemental table 5 show
the components of the high-intensity end-of-life care composite
score. Overall, 7% (n=855) received chemotherapy in the last 14
days of life, 15% (n=1879) died in the hospital, 11% (n=1313) were
enrolled in hospice for less than 3days, 14% (n=1748) had more
than one emergency department visit, 13% (n=1545) had more
than one hospital admission, 24% (n=2877) spent more than 14
days in the hospital, and 11% (n=1379) had an ICU admission in
the last 30 days of life. In adjusted analyses, patients with a primary
medical oncologist were more likely to receive chemotherapy in
the last 14 days of life (8% vs 6%; p<0.001) and have more than
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Table 2 Difference in composite rate of high-intensity end-of-life care by primary outpatient oncologist type
Model 3: Multivariable

Model 1: Simple Model 2: Multivariable linear logistic

Percent of Percent of

intense intense

end-of-life end-of-life
Cohort n care (%) 95%CIl Pvalue care (%) 95%Cl Pvalue OR 95% Cl P value
Entire cohort*
Medical 7705 56.51 55.35t0 0.028 56.56 55.4to0 0.018 1 Ref. 0.018
oncologist 57.66 57.73
Gynecologic 4484 54.06 52.2 to 53.97 52.21 to 0.90 0.82 to
oncologist 55.92 55.72 0.98
Propensity score-matched cohort, with replacementt
Medical 2768 57.51 55.59to 0.012 57.46 55.52to 0.011 1 Ref. 0.011
oncologist 59.44 59.39
Gynecologic 4484 54.06 52.2 to 541 52.38 to 0.87 0.78 to
oncologist 55.92 55.81 0.97
Propensity score-matched cohort, without replacementzt
Medical 4484 56.91 55.40to 0.020 56.78 55.27to 0.027 1 Ref. 0.027
oncologist 58.42 58.29
Gynecologic 4484 54.06 52.2 to 54.19 52.46 to 0.90 0.82 to
oncologist 55.92 55.92 0.99

*Covariates included in the multivariable regression models: age at death, race, ethnicity, marital status, median income of residential
zip code at death, percent of people with less than a high school education in the residential zip code at death, SEER registry at death,
residential urban status at death, year of diagnosis, year of death, cancer site, cause of death, stage at diagnosis, Medicare/Medicaid
dual eligibility at death, and CCl at death.

TCovariates included in the multivariable regression models: SEER registry at death, cause of death, and CCI at death.

FCovariates included in the multivariable regression models: SEER registry at death, cause of death, and year of death.

CCl, Charlson Comorbidity Index; Cl, confidence interval; OR, odds ratio; Ref., reference; SEER, Surveillance, Epidemiology and End
Results .
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Figure 1 End-of-life care outcomes by primary oncologist specialty. ED, emergency department; ICU intensive care unit.
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Table 3 Difference in overall Medicare spending in the last 30 days of life by primary outpatient oncologist type

Model 1: Simple

Model 2: Multivariable

Medicare

Cohort n spending ($) 95% ClI

Medicare

P value spending (§)  95%ClI P value

Entire cohort*

Medical oncologist 7705 76776 73 652 to 79900 0.263 74849 72 227 to 77471 0.004
Gynecologic oncologist 4484 80548 74 727 to 86370 83859 78 673 to 89045
Propensity score-matched cohort, with replacementt

Medical oncologist 2768 75769 70 650 to 80888 0.227 73192 68 451 to 77933  0.013
Gynecologic oncologist 4484 80548 74 725 to 86371 82139 77 246 to 87032
Propensity score-matched cohort, without replacementt

Medical oncologist 4484 75678 71 675 to 79681 0.177 73629 70184 to 77074  0.003
Gynecologic oncologist 4484 80548 74 726 to 86370 82597 77 867 to 87327

*Covariates included in the multivariable regression models: age at death, race, ethnicity, marital status, median income of residential zip code at
death, percent of people with less than a high school education in the residential zip code at death, SEER registry at death, residential urban status
at death, year of diagnosis, year of death, cancer site, cause of death, stage at diagnosis, Medicare/Medicaid dual eligibility at death, and CCI at

death.

TCovariates included in the multivariable regression models: SEER registry at death, cause of death, and CCI at death.
fCovariates included in the multivariable regression models: SEER registry at death, cause of death, and year of death.
CCl, Charlson Comorbidity Index; Cl, confidence interval; SEER, Surveillance, Epidemiology and End Results .

one emergency department visit (15% vs 13%; p=0.009). Ovarian
cancer was the only cancer site associated with a statistically
significant difference in high-intensity end-of-life care by primary
oncologist type (56% vs 53%; p=0.038), with gynecologic oncolo-
gists’ patients having lower odds of receiving high-intensity end-of-
life care (OR 0.89, p=0.044; Online supplemental table 6).

Invasive Procedures

Overall, 42% (n=5077) of women in the cohort received an invasive
procedure in the last 30 days of life. In unadjusted analyses, there
was not a significant difference in rates of invasive procedures
between medical oncologists’ patients (n=3155, 41%) compared
with gynecologic oncologists’ patients (n=1922, 43%; p=0.068).
However, in adjusted analyses (Figure 1 and Online supplemental
table 5), gynecologic oncologists’ patients were more likely to
undergo an invasive procedure (43%) compared with medical
oncologists’ patients (41%; p=0.014). The 25 most common
procedure codes in the last 30 days of life are presented in Online
supplemental table 7.

Medicare Spending
The mean Medicare spending in the last 30 days of life for the
entire cohort was $76776. In unadjusted analyses, there was not
a significant difference in Medicare spending in the last 30 days of
life between medical oncologists’ patients ($76 776) compared with
gynecologic oncologists’ patients ($80 548; p=0.263). However, in
adjusted analyses, care with gynecologic oncologists was associ-
ated with significantly higher spending compared with care with
medical oncologists ($83 859 vs $74 849; p=0.004). Similar results
were seen in the propensity score-matched cohorts (Table 3).
Table 4 shows Medicare spending in the last 30 days of life by
claim type. In adjusted analyses, care from gynecologic oncologists
was associated with higher Medicare spending for short stay, long
stay, and skilled nursing facilities ($52 154 vs $44 203; p=0.010)
compared with care from medical oncologists. Care from medical
oncologists was associated with higher Medicare spending for

physician/suppliers ($2643 vs $2350; p<0.001) and home health
agencies ($1262 vs $1107; p=0.023) compared with care from
gynecologic oncologists. There was no significant difference in
Medicare spending for the following claim types by primary oncol-
ogist specialty: institutional outpatient providers (p=0.482), hospice
(p=0.158), durable medical equipment (p=0.116), and Part D
(p=0.475).

DISCUSSION

Summary of Main Results

Compared with patients who receive the majority of their cancer
care from a medical oncologist, those who receive the majority
of their cancer care from a gynecologic oncologist are less likely
to receive high-intensity care, but more likely to undergo invasive
procedures at the end of life. Overall, both specialties engage in
high levels of intense end-of-life care, with rates consistent with
those previously reported.?* Similar to prior literature,’® most
patients who experienced high-intensity end-of-life care experi-
enced only one measure of aggressive care. In addition, we found
that patients with a primary gynecologic oncologist have higher
Medicare spending in the last month of life compared with patients
with a primary medical oncologist. Qverall, these findings indi-
cate that gynecologic oncology patients receive a high amount of
aggressive medical end-of-life care, which may have implications
for their quality of life at the end of life. Given the differences in end-
of-life care between patients with a primary gynecologic oncologist
versus a medical oncologist, physician-level training could be a
target for educational or quality improvement initiatives to improve
end-of-life cancer care delivery.

Results in the Context of Published Literature

We found higher rates of invasive procedures at the end-of-life
than what has previously been reported. Lower rates of invasive
procedures in other literature may be due to variation in inclusion
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Table 4 Difference in Medicare spending in the last 30 days of life by primary outpatient oncologist type

Model 1: Simple

Model 2: Multivariable*

Parameter N Spending ($) 95%Cl P value Spending (§) 95%Cl P value
Short stay, long stay, and skilled nursing facilities

Medical 7705 46388 43 592 to 49185 0.528 44203 41734 to 46672 0.010
oncologist

Gynecologic 4484 48400 42 816 to 53983 52154 47 053 to 57255

oncologist

Physician/supplierst(Medicare Part B)

Medical 7705 2648 2551 to 2744 <0.001 2643 2560 to 2727 <0.001
oncologist

Gynecologic 4484 2343 2202 to 2483 2350 2235 to 2466

oncologist

Institutional outpatient providers

Medical 7705 9398 8727 to 10069 0.416 9427 8771 to 10083 0.482
oncologist

Gynecologic 4484 9906 8882 to 10930 9856 8892 to 10821

oncologist

Hospice

Medical 7705 15743 14 981 to 16504 0.035 16024 15 306 to 16743 0.158
oncologist

Gynecologic 4484 17622 16 050 to 19194 17138 15 836 to 18439

oncologist

Home health agency

Medical 7705 1277 1194 to 1360 0.005 1262 1180 to 1345 0.023
oncologist

Gynecologic 4484 1082 974 to 1190 1107 1007 to 1207

oncologist

Durable medical equipment

Medical 7705 194 164 to 224 0.827 177 149 to 204 0.116
oncologist

Gynecologic 4484 188 148 to 229 218 174 to 262

oncologist

Part D

Medical 7705 1128 974 to 1283 0.238 1112 960 to 1264 0.475
oncologist

Gynecologic 4484 1007 879 to 1136 1035 901 to 1169

oncologist

*Covariates included in the multivariable regression models: age at death, race, ethnicity, marital status, median income of residential zip code at
death, percent of people with less than a high school education in the residential zip code at death, SEER registry at death, residential urban status
at death, year of diagnosis, year of death, cancer site, cause of death, stage at diagnosis, Medicare/Medicaid dual eligibility at death, and CCI at

death.

TSuppliers includes non-physician providers including advanced practice providers, social workers, some laboratories, emergency medical services

providers, and some ambulatory surgical centers.

CCl, Charlson Ccomorbidity lindex ; Cl, confidence interval; SEER, Surveillance, Epidemiology and End Results .

criteria, as there is no validated standard definition.” % Silber et al
found no differences in operative procedures in the 5years after the
initial staging procedure by oncologist specialty.” Our finding that
patients with a primary gynecologic oncologist are more likely to
undergo invasive procedures in the last month of life may indicate
that the timing of procedures over a patient’s cancer course differs
by primary oncologist specialty, and that gynecologic oncologists
are more likely to offer invasive procedures, even in patients with
a very poor prognosis. Many of these invasive procedures may be
performed with palliative intent, but we were not able to determine
the intent of the procedure in our data. Furthermore, our analysis

assumed that the primary oncologist would be determining the
appropriateness of a procedure, and we did not assess the specialty
of the provider directly performing the procedure.

Differences in Medicare spending at the end of life by oncology
specialty have not been previously reported. It has been established that
cancer care spending increases at the end-of-life, driven mainly by inpa-
tient spending.? 2 Similarly, the majority of our observed differences
in Medicare spending at the end of life are due to differences in inpa-
tient spending, with gynecologic oncologist patients having significantly
higher Medicare spending. While we do not find specialty differences
in hospitalizations or ICU admissions in the last month of life to explain
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spending differences, other studies have suggested that gynecologic
cancer patients with high-cost admissions were more likely to undergo
invasive procedures.”’ Therefore, it is possible that the higher rate of
invasive procedures among gynecologic oncologist patients are contrib-
uting to higher Medicare spending.

This study captures new dimensions of specialty differences
in cancer care compared with descriptions in previous work. A
previous study that examined the role of the oncologist specialty in
gynecologic cancer care was conducted by Silber et al (2007), who
examined differences in care provided in the first 5years of treat-
ment. While the study found no differences in survival, it did find
that gynecologic oncologist patients received less chemotherapy
with fewer weeks of chemotherapy-associated toxicity than
medical oncologist patients.” Our findings suggest that specialty
differences in chemotherapy treatment may persist throughout a
patient’s cancer course, with medical oncologists being more likely
to prescribe chemotherapy, even in the last weeks of life.

In a recently published study, Mullins et al (2021) found that physi-
cian characteristics did influence end-of-life care, although physician
specialty was not meaningfully associated with variations in end-of-
life care. Similar to our study, they also used SEER-M data and found
a similar distribution of patients to gynecologic oncologists versus
medical oncologists at the end of life. However, they defined physician
specialty differently, assigning physicians to gynecologic oncology, OB/
GYN, oncology, or other. Their analyses also did not compare outcomes
among patients with gynecologic oncologists versus those with medical
oncologists directly. Furthermore, their study did not evaluate healthcare
spending outcomes.

Strengths and Weaknesses

Our study provides a unique perspective on how oncologist
specialty may be associated with differences in treatment course
even in the last weeks of life. Strengths of the study include our
large cohort from a national sample. Our careful definitions of the
medical specialties allowed us to directly compare patients of only
medical versus gynecologic oncologists. This comparison more
accurately reflects how gynecologic cancer care is delivered in
the United States compared with other literature. Our analyses by
Medicare claim type provide a detailed examination of Medicare
spending at the end of life. Finally, we performed several sensitivity
analyses to evaluate the robustness of our findings.

Our study has several limitations. First, our cohort was limited
to older patients who aged into Medicare and were enrolled in
both Parts A and B. Practice patterns may be different for younger
patients or those with commercial insurance or Medicare Advan-
tage, which is an alternate insurance plan where Medicare services
are subcontracted and overseen by commercial (private) insurers.
Studies have found that end-of-life spending?® and palliative care
specialist care?® are higher for younger patients and that patients
with Medicare Advantage tend to use hospice more and hospital
services less at the end of life compared with patients with fee-
for-service Medicare.® ® However, there are data that benefi-
ciaries enrolled in Medicare Advantage do not differ significantly
in characteristics compared with those in traditional Medicare.®'
Second, it is possible that we misclassified a physician’s specialty
because the specialty codes could be incorrect. In addition, it is
not uncommon in gynecologic oncology for patients to receive care
from both gynecologic and medical oncologists in a team-based

collaborative care model. We therefore could also have misclassi-
fied primary oncologist because the assignment was based on a
plurality of visits, assuming that the physician who sees a patient
most frequently is the most involved with clinical decision-making.
We would expect measurement errors like these to bias our results
toward the null. Furthermore, our results remained consistent in
our sensitivity analyses. Third, high-intensity end-of-life care may
represent goal-concordant care for an individual patient. We were
unable to assess goal-concordance in our data. Fourth, while clin-
ical practice may change over time, we did not find changes in
aggressive end-of-life care over time in our prior work.*? Finally,
we were not able to accurately assess palliative care referrals or
consultations.

Implications for Practice and Future Research

This is the first study to examine differences in end-of-life care by
primary oncologist specialty. Overall, the majority of gynecologic
cancer patients experience high-intensity end-of-life care. Differ-
ences in high-intensity end-of-life care, invasive procedures, and
Medicare spending by primary oncologist specialty indicate that
training background and scope of practice have a measurable
impact on the care that patients receive. Interventions to address
high rates of high-intensity end-of-life care and differences by
primary oncologist specialty may include additional training,*
support for earlier end-of-life discussions,* increased and more
consistent referral to palliative care specialists,'>*® and clear docu-
mentation of advance directives,* allowing patients to make delib-
erate decisions about their cancer care at the end of life.%’

CONCLUSIONS

End-of-life care with a gynecologic versus medical oncologist
was associated with lower rates of high-intensity end-of-life care,
higher rates of invasive procedures, and higher Medicare spending
in the last month of life.
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e Propensity Score Methods

e Supplement Figure 1. Consort diagram

e Supplement Figure 2. Number of measures of aggressive care experienced by patients by
primary oncologist specialty. Measures of aggressive care included receipt of
chemotherapy in the last 14 days of life, death in the hospital, enrollment in hospice for
less than three days, more than one emergency department visit in the last 30 days of life,
more than one hospital admission in the last 30 days of life, spending more than 14 days
in the hospital in the last 30 days of life, or any intensive care unit admission in the last
30 days of life

e Supplement Table 1. Patient characteristics of total and propensity score matched cohorts

e Supplement Table 2. Differences between patients with a primary gynecologic versus
medical oncologist in a propensity-score matched cohort with replacement.

o Supplement Table 3. Differences between patients with a primary gynecologic versus
medical oncologist in a propensity-score matched cohort without replacement.

e Supplement Table 4. Outpatient Healthcare Common Procedure Coding System
(HCPCS) codes.

e Supplement Table 5. Difference in end-of-life care outcomes by primary oncologist
specialty.

e Supplement Table 6. Difference in composite rate of high-intensity end-of-life care by
primary outpatient oncologist type and cancer site.

e Supplement Table 7. Most common procedures in the last 30 days of life among patients
with gynecologic cancer.

Propensity Score Methods
We created a smaller sample of propensity-score matched patients. We used 14 patient and

disease characteristics to estimate each patient’s propensity for having a gynecologic oncologist
as a primary oncologist. Propensity scores were estimated using a logit model that included age
at diagnosis, race and ethnicity indicators, marital status, median income of residential zip code,
percent of population with less than a high school education in the residential zip code, SEER
registry source, residential urban status, year of diagnosis, cancer site, stage at diagnosis,
Medicare/Medicaid dual eligibility, and Charlson comorbidity index (CCI). We matched patients
using nearest-neighbor propensity score matching with replacement and, in a sensitivity analysis,
without replacement. See Supplement Tables 1, 2 and 3 for characteristics of propensity score-

unmatched and matched cohorts.
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Sensitivity Analyses
In a sensitivity analysis, we assigned patients based on the specialty with which they had the

majority of their oncology appointments in the last year of life, rather than the specialty of the
specific oncologist they encountered most. This change resulted in reassignment of only 2.7% of

patients.

In an additional sensitivity analysis, we conducted a multivariable linear regression to estimate
the association between the proportion of visits with a gynecologic oncologist in the last 12
months of life and the intense end-of-life composite score. While we didn’t restrict our sample to
patients who only received care with one type of oncologist, the analysis provides an estimate of
the effect of changing from 0% gynecologic oncologist visits to 100%. Our sensitivity analysis
found that transitioning from 0% gynecologic oncologist visits to 100% gynecologic oncology
visits was associated with a 2.43 percentage point decrease in intense end-of-life composite score

(p=0.015).
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Supplement Table 1. Patient characteristics of total and propensity score matched cohorts

% of Patients
Total Cohort Propensity score matched with replacement Propensity score matched without replacement
Covariate Total Patients of | Patients of | p- Total Patients of | Patients of | p- Total Patients of | Patients of | p-
(n=12,189) | MO GO value (n=7,252) | MO GO value (n=8,968) | MO GO value
(n=7,705) | (n=4,484) (n=2,768) | (n=4,484) (n=4,484) | (n=4,484)
Age at death, years <0.001 0.027 0.011
66-70 20.5 20.2 21.0 20.6 20.0 21.0 21.1 21.1 21.0
71-74 19.0 19.2 18.6 18.5 18.2 18.6 18.4 18.2 18.6
75-79 21.7 224 20.5 21.2 22.3 20.5 20.9 21.3 20.5
80-84 19.4 20.1 18.2 18.9 20.1 18.2 19.2 20.2 18.2
=85 19.5 18.1 21.7 20.9 19.5 21.7 20.4 19.2 21.7
Race <0.001 0.14 0.64
White >80 >80 >80 >80 >80 >80 >80 >80 >80
Black 8.4 7.0 10.8 10.1 9.0 10.8 10.3 9.8 10.8
Asian or Pacific Islander | 4.1 3.8 4.5 4.7 4.9 4.5 4.5 4.5 4.5
Other or Unknown <1 <l <1 <1 <1 <1 <1 <1 <1
Hispanic 5.9 6.1 5.6 0.22 5.6 5.7 5.6 0.89 5.7 5.7 5.6 0.82
Married 43.8 455 41.0 <0.001 | 41.9 434 41.0 0.58 422 434 41.0 0.27
Charlson comorbidity 0.007 0.008 0.087
index, year prior to death
0 54.3 54.0 54.8 54.8 54.8 54.8 54.5 54.3 54.8
1 24.5 24.9 24.0 24.1 243 24.0 239 23.9 24.0
2 10.0 10.4 9.2 9.7 10.6 9.2 9.8 10.5 9.2
>3 83 8.2 8.5 8.4 8.1 8.5 8.6 8.6 8.5
Unknown 29 2.6 3.5 3.0 22 3.5 3.1 2.7 3.5
Cause of death <0.001 <0.001 <0.001
Ovary 55.1 60.8 45.4 48.2 52.8 45.4 473 49.3 454
Uterus 31.4 28.5 36.4 34.9 325 36.4 36.1 359 36.4
Cervix 6.9 6.2 8.1 8.1 8.0 8.1 8.1 8.1 8.1
Vulva 3.7 2.1 6.4 5.4 3.7 6.4 4.9 3.4 6.4
Vagina 1.3 1.0 1.7 1.6 1.4 1.7 1.6 1.5 1.7
Other 1.7 1.5 2.0 1.9 1.7 2.0 1.9 1.9 2.0
Stage at diagnosis <0.001 0.19 0.53
I 11.3 10.0 13.5 13.0 12.2 13.5 13.1 12.6 13.5
I 6.8 6.3 7.4 7.4 7.2 7.4 7.3 7.2 7.4
I 36.0 35.6 36.6 36.2 35.6 36.6 36.4 36.3 36.6
v 323 34.7 28.2 29.1 30.6 28.2 28.9 29.6 28.2
Unknown 13.7 133 143 143 14.4 143 14.3 143 14.3
Urban/rural location <0.001 0.53 0.37
Big metropolitan >50 >50 >50 >50 >50 >50 >50 >50 >50
Metropolitan 30.4 32.0 27.7 27.7 27.8 27.7 274 27.1 27.7
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Urban 5.6 6.5 4.0 43 4.7 4.0 43 4.7 4.0
Less urban 7.1 6.9 7.5 7.7 8.1 7.5 7.9 8.2 7.5
Rural 2.0 2.2 2.2 2.1 2.1 2.2 2.3 2.3 2.2
Unknown <1 <1 <1 <1 <1 <1 <1 <1 <1
Medicare/Medicaid dual 16.3 15.5 17.5 0.005 17.5 17.5 17.5 0.97 17.7 18.0 17.5 0.52
eligible
Zip code % less than high <0.001 0.35 0.37
school education
<5% 15.7 15.1 16.6 16.1 15.4 16.6 16.0 15.5 16.6
5%-9.9% 29.8 30.9 28.1 28.5 29.2 28.1 28.5 28.8 28.1
10%-19.9% 32.7 31.9 34.2 33.8 33.1 34.2 338 334 342
20%-29.9% 14.2 14.0 14.5 14.7 14.9 14.5 14.8 15.1 14.5
>30% 6.0 6.5 5.1 5.4 5.9 5.1 5.5 5.8 5.1
Unknown 1.6 1.6 1.4 1.5 1.5 1.4 1.4 1.5 1.4
Zip code median income 0.26 0.34 0.95
<$20,000 <1 <1 <1 <1 <1 <1 <1 <1 <1
$20,000-$44,999 25.6 24.9 26.8 25.9 24.5 26.8 26.5 26.2 26.8
$45,000-$139,999 70.7 71.3 69.6 70.5 72.0 69.6 69.9 70.1 69.6
$140,000-$149,999 0.7 0.7 0.6 0.6 0.5 0.6 0.6 0.6 0.6
>$150,000 1.0 1.0 0.9 1.0 1.0 0.9 1.0 1.1 0.9
Unknown <2 <2 <2 <2 <2 <2 <2 <2 <2
Registry, year of death <0.001 <0.001 <0.001
San Francisco 33 39 23 2.5 2.7 23 2.5 2.6 23
Connecticut 6.5 6.0 7.2 7.3 7.4 7.2 7.3 7.4 7.2
Detroit 5.5 37 8.7 7.8 6.3 8.7 7.4 6.2 8.7
Hawaii 0.8 0.5 14 1.3 1.0 1.4 1.1 0.8 1.4
Iowa 6.5 5.9 7.4 7.2 6.9 7.4 7.7 8.0 7.4
New Mexico 2.2 1.4 35 3.1 2.5 3.5 2.9 22 35
Seattle 6.0 6.7 4.9 5.4 6.2 49 52 5.6 4.9
Utah 2.3 2.9 1.2 1.3 1.6 1.2 1.3 14 1.2
Atlanta 2.9 2.2 4.2 3.8 33 4.2 39 3.6 42
San Jose 2.1 2.3 1.7 1.9 2.1 1.7 1.9 2.0 1.7
Los Angeles 7.1 7.7 6.2 6.7 7.4 6.2 6.9 7.5 6.2
Rural Georgia <1 <1 <1 <1 <1 <1 <1 <1 <1
Greater California 17.3 19.8 12.8 13.4 14.4 12.8 13.2 13.6 12.8
Kentucky 5.8 4.2 8.7 7.7 6.1 8.7 7.6 6.5 8.7
Louisiana 54 52 5.7 5.5 5.1 5.7 5.6 5.5 5.7
New Jersey 16.9 18.7 13.8 14.8 16.4 13.8 14.9 15.9 13.8
Greater Georgia 7.9 7.6 8.5 8.5 8.5 8.5 8.8 9.2 8.5
Unknown <2 <2 <2 <2 <2 <2 <2 <2 <2
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Supplement Table 2. Differences between patients with a primary gynecologic versus medical oncologist in a propensity-score matched cohort with
replacement.
Unmatched Propensity-Score Matched with Replacement
Mean % Bias p-value Mean % Bias p-value % Reduction in absolute bias
Gynecologic Medical Gynecologic Medical
Covariate Oncologists Oncologists Oncologists Oncologists
Age at diagnosis, years 75.13 74.33 10.1 <0.001 75.13 75.07 0.7 0.740 92.9
Race
Black 10.79 7 13.4 <0.001 10.79 9.92 3.1 0.177 77.1
American Indian/Alaska Native 0.36 0.42 -0.9 0.619 0.36 0.47 -1.8 0.410 -90.6
Astan or Pacific Islander 4.55 3.79 3.8 0.041 4.55 5.11 2.8 0.218 26.6
Other or Unknown 0.07 0.04 1.2 0.502 0.07 0.04 0.0 1.0 100.0
Hispanic 5.6 6.14 2.3 0.223 5.6 6.16 2.4 0.262 -3.0
Marital status
Married 41.04 45.45 -8.9 <0.001 41.04 41.75 -1.4 0.493 83.8
Separated 0.42 0.55 -1.7 0.360 0.42 0.58 2.2 0.296 -28.6
Divorced 9.52 8.75 2.7 0.150 9.52 9.39 0.5 0.829 82.7
Widowed 35.68 32.62 6.5 0.001 35.68 35.68 0.0 1.0 100.0
Unmarried or domestic partner 0.05 0.01 1.9 0.283 0.05 0.11 3.9 0257 -111.6
Unknown 4.06 3.83 12 0.527 4.06 3.57 2.5 0.225 -113.1
Zip code median income
$20,000-844,999 26.83 25.87 22 0.244 26.83 24.69 49 0.020 1225
$45,000-8139,999 63.43 63.4 0.1 0.978 63.43 64.03 -1.2 0.553 -2,296.7
$140,000-$149,599 0.56 0.48 11 0.563 0.56 0.60 -0.6 0.781 423
$150,000-5199,999 0.71 0.74 0.3 0.87 0.71 0.78 0.8 0.713 -156.0
2$200,000 0.07 0.08 0.4 0.83 0.07 0.09 0.8 0.705 -103.4
Unknown 7.96 9.11 4.1 0.03 7.96 9.37 -5.0 0.018 222
Zip code % less than high school education
3%-9.9% 25.49 27.19 -3.9 0.041 25.49 25.29 0.5 0.827 88.2
10%-19.9% 32.32 30.36 4.2 0.024 32.32 31.47 1.8 0.389 56.7
20%-29.9% 14.5 13.84 1.9 0312 14.5 14.05 13 0.546 32.5
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>30% 5.87 7.19 5.4 0.005 5.87 6.33 -1.9 0.34 64.6
Unknown 7.76 8.98 4.4 0.02 7.76 9.17 -5.1 0.017 -15.1

Registry, year of diagnosis

Connecticut 6.67 5.71 4 0.033 6.67 7.45 3.2 0.149 18.5
Detroit 8.34 343 21 <0.001 8.34 7.40 4.0 0.100 80.9
Hawaii 127 0.44 9 <0.001 127 1.92 7.0 0.014 22.1
Towa 7.09 5.59 6.1 0.001 7.09 7.38 -1.2 0.596 80.6
New Mexico 3.19 1.27 13 <0.001 3.19 3.8 0.6 0.811 95.3
Seattle 4.44 6.14 7.6 <0.001 4.44 451 0.3 0.878 96.1
Utah 1.18 2.69 -10.9 <0.001 1.18 1.09 0.6 0.690 94.1
Atlanta 3.84 2.08 10.4 <0.001 3.84 4.08 -1.5 0.551 86.1
San Jose 1.74 217 3.1 0.105 1.74 1.76 -0.2 0.936 94.8
Los Angeles 5.89 7.24 5.5 0.004 5.89 6.11 -0.9 0.657 83.5
Rural Georgia 027 0.2 15 0.409 027 0.60 7.0 0.016 -358.6
Greater California 11.49 18.05 -18.6 <0.001 11.49 9.92 44 0.017 76.2
Kentucky 8.1 3.88 17.8 <0.001 8.1 7.58 22 0.366 87.8
Louisiana 5.6 491 1.6 0.385 5.26 4.17 5.0 0.015 205.9
New Jersey 12.94 17.05 -11.6 <0.001 12.94 12.69 0.7 0.728 94.0
Greater Georgia 8.01 6.92 4.1 0.026 8.01 8.36 14 0538 67.2
Unknown 8.21 8.67 -1.7 0.377 8.21 9.59 -5.0 0.021 -198.8

Urban/rural location

Metropolitan 25.27 29.67 9.9 <0.001 25.27 24.26 2.3 0.271 77.2
Urban 4.04 5.94 -8.8 <0.001 4.04 4.44 -1.8 0.345 79.0
Less urban 7.16 6.74 1.7 0.374 7.16 7.76 2.4 0.278 424
Rural 2.16 1.87 2.1 0.26 2.16 2.1 0.5 0.826 77.3
Unknown 6.42 7.27 3.3 0.077 6.42 7.78 5.4 0.012 -61.0

Year of diagnosis

2001 1.76 2.25 3.5 0.07 1.76 1.87 -0.8 0.693 76.9
2002 1.99 3.09 7 <0.001 1.99 2.39 2.6 0.194 63.6
2003 272 421 8.1 <0.001 272 2.88 -0.9 0.654 89.5
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2004 4.17 522 5 0.009 4.17 4.26 04 0.834 915
2005 7.09 8.88 6.6 0.001 7.09 651 2.1 0276 67.5
2006 9.63 10.64 33 0.077 9.63 8.88 25 0215 24.8
2007 8.92 9.63 24 0.195 8.92 9.41 17 0.421 30.8
2008 10.42 9.44 33 0.079 10.42 11.06 22 0323 34.0
2009 10.30 9.62 2.3 0221 10.30 941 3.0 0.157 -30.0
2010 9.43 8.74 24 0.193 9.43 10.06 22 0319 10.7
2011 8.79 8.16 22 0231 8.79 9.14 -1.3 0.554 427
2012 7.61 6.96 25 0.182 7.61 7.54 0.3 0.905 89.7
2013 7.78 5.96 72 <0.001 7.78 7.18 24 0.279 67.0
2014 5.6 4.01 7.4 <0.001 5.6 553 0.3 0.890 95.8
2015 2.63 1.40 8.8 <0.001 2.63 2.74 0.8 0.744 90.9
Cancer type
Ovary 35.91 27.98 17.1 <0.001 35.91 3437 33 0.127 80.6
Uterus, corpus 2.28 171 4 0.029 2.28 248 -1.4 0.533 64.3
Uterus, NOS 42.42 57.51 -30.5 <0.001 42.42 42.98 -1.1 0.594 963
Vulva 1.65 1.22 3.6 0.049 1.65 1.56 0.8 0.737 79.3
Vagina 6.85 2.18 22.6 <0.001 6.85 6.67 0.9 0.736 96.2
Other 3.23 3.19 0.7 0.696 323 3.86 3.0 0.173 3111
Medicare/Medicaid dual eligible 15.79 13.2 7.4 <0.001 15.79 16.01 0.6 0.773 91.4
Stage at diagnosis
II 7.45 635 43 0.019 745 6.80 2.6 0.234 413
I 36.55 35.63 1.9 0.304 36.55 34.95 33 0.113 734
v 28.17 34.73 -14.2 <0.001 28.17 28.99 -1.8 0.387 87.4
Unknown 14.32 13.34 2.8 0.131 14.32 15.05 2.1 0.325 24.6
Charlson comorbidity index, year prior to diagnosis
1 19.34 19.43 0.2 0.9 19.34 18.56 2.0 0.346 734.6
2 6.02 5.59 1.8 0328 6.02 553 2.1 0319 147
23 4.15 331 44 0.017 4.15 3.70 24 0277 46.8
Unknown 14.07 15.06 2.8 0.139 14.07 15.08 2.8 0.178 2.1
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Supplement Table 3. Differences between patients with a primary gynecologic versus medical oncologist in a propensity-score matched cohort without
replacement.
Unmatched Propensity-Score Matched with Replacement
Mean % Bias p-value Mean % Bias p-value % Reduction in absolute bias
Gynecologic Medical Gynecologic Medical
Covariate Oncologists Oncologists Oncologists Oncologists
Age at diagnosis, years 75.13 74.33 10.1 <0.001 75.13 74.54 73 0.001 26.9
Race
Black 10.79 7 134 <0.001 10.79 9.84 34 0.135 74.8
American Indian/Alaska Native 0.36 0.42 -0.9 0.619 0.36 0.40 -0.7 0.731 23.7
Astan or Pacific Islander 4.55 3.79 3.8 0.041 4.55 4.55 0.0 1.0 100.0
Other or Unknown 0.07 0.04 1.2 0.502 0.07 0.05 1.0 0.655 20.3
Hispanic 5.6 6.14 2.3 0.223 5.6 5.71 -0.5 0.819 794
Marital status
Married 41.04 45.45 -8.9 <0.001 41.04 43.35 4.7 0.026 47.5
Separated 0.42 0.55 -1.7 0.360 0.42 0.56 -1.9 0.365 -10.2
Divorced 9.52 8.75 2.7 0.150 9.52 9.17 1.2 0.562 54.0
Widowed 35.68 32.62 6.5 0.001 35.68 33.65 43 0.043 33.8
Unmarried or domestic partner 0.05 0.01 1.9 0.283 0.05 0.02 13 0.564 29.5
Unknown 4.06 3.83 12 0.527 4.06 3.77 1.5 0.479 -25.9
Zip code median income
$20,000-$44,999 26.83 25.87 22 0.244 26.83 25.94 2.0 0338 73
$45,000-8139.999 63.43 63.4 0.1 0.978 63.43 62.09 28 0.190 -5,226.0
$140,000-5149,999 0.56 0.48 11 0.563 0.56 0.60 0.6 0.781 423
$150,000-5199,999 0.71 0.74 0.3 0.87 0.71 0.85 L6 0472 412.1
2$200,000 0.07 0.08 0.4 0.83 0.07 0.09 0.8 0.705 -103.4
Unknown 7.96 9.11 4.1 0.03 7.96 10.08 -1.6 <0.001 -84.3
Zip code % less than high school education
3%-9.9% 25.49 27.19 -3.9 0.041 25.49 2527 0.5 0.808 86.9
10%-19.9% 32.32 30.36 4.2 0.024 32.32 30.87 3.1 0.140 26.0
20%-29.9% 14.5 13.84 1.9 0312 145 14.52 -0.1 0.976 96.6
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>30% 5.87 7.19 5.4 0.005 5.87 6.11 -1.0 0.624 81.5
Unknown 7.76 8.98 4.4 0.02 7.76 9.95 7.9 <0.001 -79.1

Registry, year of diagnosis

Connecticut 6.67 5.71 4.0 0.033 6.67 6.94 -1.1 0.615 72.1
Detroit 8.34 343 21.0 <0.001 8.34 5.84 10.7 <0.001 49.2
Hawaii 127 0.44 9.0 <0.001 127 0.76 5.6 0.015 38.2
Towa 7.09 5.59 6.1 0.001 7.09 7.69 2.5 0.276 59.8
New Mexico 3.19 1.27 13.0 <0.001 3.19 2.12 7.3 0.002 44.2
Seattle 4.44 6.14 7.6 <0.001 4.44 4.93 22 0.272 71.2
Utah 1.18 2.69 -10.9 <0.001 1.18 1.23 0.3 0.846 97.0
Atlanta 3.84 2.08 10.4 <0.001 3.84 3.52 1.8 0.432 82.3
San Jose 1.74 217 3.1 0.105 1.74 1.87 -1.0 0.634 68.7
Los Angeles 5.89 7.24 5.5 0.004 5.89 7.07 4.8 0.023 12.7
Rural Georgia 027 0.2 15 0.409 027 034 14 0.563 8.3
Greater California 11.49 18.05 -18.6 <0.001 11.49 11.42 02 0.921 99.0
Kentucky 8.1 3.88 17.8 <0.001 8.1 6.2 8.0 <0.001 55.0
Louisiana 5.6 491 1.6 0.385 5.26 5.31 0.2 0.925 87.5
New Jersey 12.94 17.05 -11.6 <0.001 12.94 13.89 2.7 0.183 76.7
Greater Georgia 8.01 6.92 4.1 0.026 8.01 8.41 -5 0.489 63.1
Unknown 8.21 8.67 -1.7 0.377 8.21 10.33 -7.6 0.001 -357.9

Urban/rural location

Metropolitan 25.27 29.67 9.9 <0.001 25.27 23.86 32 0.122 68.1
Utban 4.04 5.94 -8.8 <0.001 4.04 4.08 0.2 0.915 97.7
Less urban 7.16 6.74 1.7 0.374 7.16 7.94 -3.1 0.162 -84.6
Rural 2.16 1.87 2.1 0.26 2.16 225 0.6 0.774 69.7
Unknown 6.42 7.27 3.3 0.077 6.42 8.43 -7.9 <0.001 -137.5

Year of diagnosis

2001 1.76 2.25 3.5 0.07 1.76 1.87 -0.8 0.693 76.9
2002 1.99 3.09 7 <0.001 1.99 2.19 13 0.506 81.8
2003 272 421 8.1 <0.001 272 3.03 1.7 0.377 79.0
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2004 4.17 522 5 0.009 4.17 4.8 0.5 0.793 89.3
2005 7.09 8.88 6.6 0.001 7.09 7.49 15 0.465 715
2006 9.63 10.64 33 0.077 9.63 9.72 0.3 0.886 91.2
2007 8.92 9.63 24 0.195 8.92 9.28 1.2 0557 49.7
2008 10.42 9.44 33 0.079 10.42 1035 02 0917 93.2
2009 1030 9.62 23 0.221 10.30 10.33 0.1 0.972 96.7
2010 9.43 8.74 24 0.193 9.43 9.66 -0.8 0.719 68.1
2011 8.79 8.16 22 0231 8.79 8.88 0.3 0.882 85.7
2012 7.61 6.96 25 0.182 7.61 7.61 0.0 1.0 100.0
2013 7.78 5.96 72 <0.001 7.78 6.82 3.8 0.081 475
2014 5.6 4.01 7.4 <0.001 5.6 5.4 17 0.456 775
2015 2.63 1.40 8.8 <0.001 2.63 2.12 3.7 0.111 58.3
Cancer type
Ovary 35.91 27.98 17.1 <0.001 35.91 35.88 0.0 0.982 99.7
Uterus, corpus 2.8 171 4 0.029 2.8 223 0.3 0.887 92.1
Uterus, NOS 42.42 57.51 -305 | <0.001 42.42 45.07 5.4 0.011 82.4
Vulva 1.65 1.22 3.6 0.049 1.65 1.67 0.2 0.934 94.8
Vagina 6.85 2.18 226 <0.001 6.85 3.61 15.7 <0.001 307
Other 3.23 3.19 0.7 0.696 323 3.55 1.3 0562 713
Medicare/Medicaid dual eligible 15.79 132 7.4 <0.001 15.79 16.68 2.5 0.252 65.6
Stage at diagnosis
II 7.45 635 43 0.019 745 7.18 1.1 0.627 75.7
I 36.55 35.63 1.9 0.304 36.55 36.29 0.6 0.792 71.1
v 28.17 34.73 -142 <0.001 28.17 29.59 3. 0.136 78.3
Unknown 14.32 13.34 2.8 0.131 14.32 143 0.1 0.976 97.7
Charlson comorbidity index, year prior to diagnosis
1 19.34 19.43 0.2 0.9 19.34 19.25 02 0915 4.6
2 6.02 5.59 1.8 0328 6.02 5.75 11 0.590 37.4
23 4.15 331 44 0.017 4.15 3.86 15 0.484 65.4
Unknown 14.07 15.06 2.8 0.139 14.07 16.06 -5.6 0.009 -101.9
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Supplement Table 4. Outpatient Healthcare Common Procedure Coding System (HCPCS) codes.
HCPCS Code Definition
99201-99205 Office or other outpatient services
99211-99215 Office or other outpatient services
99241-99245 Consultations
99271-99275 Confirmatory consultation codes
99261-99263 Follow-up consultation codes
99354-99355 Prolonged physician service
99381-99429 Preventive medicine
G0408 follow-up consultation, telehealth
G0438- G0439 Annual wellness visit
G0463 Outpatient clinic visit
G0466- G0467 FQHC visit
MO0064 Brief office visit for changing prescriptions (psych)
50260 H&P for surgery
T1015 Clinic visit
99999 Pre-operative H&P
G0344 Initial preventive physical
99261 follow-up consultation
99262 follow-up consultation
99263 follow-up consultation
99271 confirmatory consultation
99272 confirmatory consultation
99383 Initial comprehensive preventive medicine evaluation
99386 Initial comprehensive preventive medicine evaluation
99393 Periodic comprehensive preventive medicine
99396 Periodic comprehensive preventive medicine
99402 Preventive medicine counseling
99403 Preventive medicine counseling
G0402 Initial preventive physical exam
G9050 Oncology, primary focus of visit
G9051 Oncology, primary focus of visit
G9052 Oncology, primary focus of visit
G9053 Oncology, primary focus of visit
G9054 Oncology, primary focus of visit
G9055 Oncology, primary focus of visit
G9056 Oncology, primary focus of visit
S0613 Annual gyn exam
59088 Urgent care services
99024 Postop f/u visit
98969 online digital evaluation and management
Service(s) typically provided in the office, provided out of the office at request of patient,
99056 in addition to basic service
Service(s) provided between 10:00 PM and 8:00 AM at 24-hour facility, in addition to
99053 basic service
Service(s) provided in the office during regularly scheduled evening, weekend, or holiday
99051 office hours, in addition to basic service
Service(s) provided on an emergency basis in the office, which disrupts other scheduled
99058 office services, in addition to basic service
Services provided in the office at times other than regularly scheduled office hours, or days
when the office is normally closed (e.g., holidays, Saturday or Sunday), in addition to
99050 basic service
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Supplement Table 5. Difference in end-of-life care outcomes by primary oncologist specialty.
Model 1: Simple Model 2: Multivariable®
n % of 95% CI p-value % of 95% CI p-value
Patients Patients
Chemotherapy in last 14 days
Medical oncologist | 7,705 7.99 7.39, 8.60 <0.001 7.83 7.23, 8.43 <0.001
Gynecologic | 4,484 5.33 4.63, 6.03 5.61 49,632
oncologist
Death in the hospital
Medical oncologist | 7,705 15.87 15.03, 0.113 15.69 14.85, 0.315
16.72 16.52
Gynecologic | 4,484 14.63 13.35, 14.94 13.78,
oncologist 15.91 16.10
Enrollment in hospice < 3 days
Medical oncologist | 7,705 10.68 9.98, 0.702 10.77 10.07, 0.995
11.38 11.47
Gynecologic | 4,484 10.93 9.88, 10.77 9.72,
oncologist 11.98 11.82
>1 Emergency department visit in the last 30 days of life
Medical oncologist | 7,705 14.71 13.88, 0.159 15.02 14.18, 0.009
15.55 15.86
Gynecologic | 4,484 13.69 12.54, 13.17 12.11,
oncologist 14.85 14.23
>1 Hospital admission in the last 30 days of life
Medical oncologist | 7,705 12.54 11.79, 0.585 12.56 11.81, 0.645
13.29 13.30
Gynecologic | 4,484 12.91 11.79, 12.88 11.81,
oncologist 14.03 13.94
> 14 Days in the hospital in the last 30 days of life
Medical oncologist | 7,705 24.06 23.05, 0.149 23.76 22.76, 0.631
25.07 24.76
Gynecologic | 4,484 22.81 21.45, 23.33 21.94,
oncologist 24.17 14.72
Any intensive care unit admission in the last 30 days of life
Medical oncologist | 7,705 11.07 10.35, 0.352 11.18 10.47, 0.597
11.79 11.9
Gynecologic | 4,484 11.73 10.54, 11.54 10.48,
oncologist 12.92 12.59
Invasive procedures in the last 30 days of life
Medical oncologist | 7,705 40.95 39.81, 0.068 40.71 39.61, 0.014
42.08 41.81
Gynecologic | 4,484 42.86 41.14, 43.27 41.62,
oncologist 44.58 44.93

a: Covariates included in the multivariable regression models: age at death, race, ethnicity, marital status, median income of residential zip code at death, percent of
people with less than a high school education in the residential zip code at death, SEER registry at death, residential urban status at death, year of diagnosis, year of
death, cancer site, cause of death, stage at diagnosis, Medicare/Medicaid dual eligibility at death, and Charlson comorbidity index at death
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Supplement Table 6. Difference in composite rate of high-intensity end-of-life care by primary outpatient oncologist type and cancer site.
Model 1: Simple Model 2: Multivariable linear Model 3: Multivariable logistic
n % of 95% CI p-value | % of 95% CI p-value Odds ratio 95% CI p-value
intense intense
EOL care EOL care
Entire cohort®
Medical oncologist | 7,705 56.51 55.35, 57.66 0.028 56.56 55.4,57.73 0.018 1 REF 0.018
Gynecologic | 4,484 54.06 52.2,55.92 53.97 52.21,55.72 0.90 0.82,0.98
oncologist
Ovary?*
Medical oncologist | 4,682 56.22 54.78, 57.65 0.038 56.14 54.69, 57.58 0.046 1 REF 0.044
Gynecologic | 2,035 53.02 50.38, 55.67 53.21 50.76, 55.66 0.89 0.79, 1
oncologist
Uterus®
Medical oncologist 2,194 57.70 55.57, 59.83 0.28 57.41 55.22,59.59 0.508 1 REF 0.502
Gynecologic 1,630 55.83 53.18, 58.48 56.22 53.61,58.84 0.95 0.82,1.10
oncologist
Cervix*
Medical oncologist 475 56.63 52.22,61.04 0.991 57.48 52.96, 62 0.587 1 REF 0.537
Gynecologic 364 56.59 51.6,61.59 55.49 50.34, 60.63 0.90 0.66, 1.24
oncologist
Vulva?*
Medical oncologist 158 55.06 47.23, 62.89 0.300 56.31 47.08, 65.54 0.238 1 REF 0.184
Gynecologic 289 49.83 43.73,55.92 49.15 42.87,55.43 0.71 0.43,1.18
oncologist
Vagina®*
Medical oncologist 78 44.87 33.88, 55.86 0.679 40.08 27.35,52.81 0.581 1 REF 0.124
Gynecologic 77 41.56 30.2,52.92 46.12 31.77 61.06 4.39 0.67, 28.89
oncologist
Other”
Medical oncologist 118 55.08 45.94, 64.23 0.545 53.98 43.68, 64.29 0.450 1 REF 0.269
Gynecologic 89 59.55 48.26, 70.84 61.01 48.09, 73.93 1.65 0.68, 3.99
oncologist

a: Covariates included in the multivariable regression models: age at death, race, ethnicity, marital status, median income of residential zip code at death, percent of people with less than a high school education in the residential
zip code at death, SEER registry at death, residential urban status at death, year of diagnosis, year of death, cause of death, stage at diagnosis, Medicare/Medicaid dual eligibility at death, and Charlson comorbidity index at death
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Supplement
Supplement Table 7. Most common procedures in the last 30 days of life among patients with gynecologic cancer.
Code Code | Definition
Type
CPT 49083 | Abdominal paracentesis with imaging guidance
CPT 49080 | Abdominal paracentesis
ICD 5491 | Percutaneous abdominal drainage
ICD 9915 | Parenteral infusion of concentrated nutritional substances
ICD 3491 | Thoracentesis
CPT 36556 | Insertion of non-tunneled central venous catheter
CPT 31500 | Emergency endotracheal intubation
ICD 9604 | Insertion of endotracheal tube
CPT 32555 | Thoracentesis
CPT 36569 | Peripherally inserted central catheter
CPT 36561 | Insertion tunneled central line with port
ICD 9671 | Continuous invasive mechanical ventilation for less than 96 consecutive hours
CPT 11721 | Debridement of nail(s) by any method(s)
CPT 92950 | Cardiopulmonary resuscitation
CPT 52332 | Cystourethroscopy, with insertion of indwelling ureteral stent
CPT 32422 | Thoracentesis with insertion of tube, includes water seal
CPT 32421 | Thora puncture of pleural cavity
CPT 43239 | Esophagogastroduodenoscopy, flexible, transoral; with biopsy, single or multiple
ICD 4311 | Percutaneous [endoscopic] gastrostomy
ICD 3404 | Insertion of intercostal catheter for drainage
CPT 50392 | Nephrostomy tube placement
ICD 387 Interruption of the vena cava
ICD 4516 | Esophagogastroduodenoscopy [EGD] with closed biopsy
ICD 9607 | Insertion of other (naso-)gastric tube
CPT 43246 | Gastric tube
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