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ABSTRACT
Background: Although frailty is known to impact short-term postoperative outcomes, its long-term impact is unknown. This study examined
the association between frailty and remaining alive and at home after
cancer surgery among older adults. Methods: Adults aged $70 years
undergoing cancer resection were included in this population-based retrospective cohort study using linked administrative datasets in Ontario,
Canada. The probability of remaining alive and at home in the 5 years
after cancer resection was evaluated using Kaplan-Meier methods. Extended Cox regression with time-varying effects examined the association between frailty and remaining alive and at home. Results: Of 82,037
patients, 6,443 (7.9%) had preoperative frailty. With median follow-up of
47 months (interquartile range, 23–81 months), patients with frailty had a
signiﬁcantly lower probability of remaining alive and at home 5 years
after cancer surgery compared with those without frailty (39.1% [95% CI,
37.8%–40.4%] vs 62.5% [95% CI, 62.1%–63.9%]). After adjusting for
age, sex, rural living, material deprivation, immigration status, cancer
type, surgical procedure intensity, year of surgery, and receipt of perioperative therapy, frailty remained associated with increased hazards of not
remaining alive and at home. This increase was highest 31 to 90 days after
surgery (hazard ratio [HR], 2.00 [95% CI, 1.78–2.24]) and remained signiﬁcantly elevated beyond 1 year after surgery (HR, 1.56 [95% CI, 1.48–1.64]).
This pattern was observed across cancer sites, including those requiring
low-intensity surgery (breast and melanoma). Conclusions: Preoperative
frailty was independently associated with a decreased probability of remaining alive and at home after cancer surgery among older adults. This
relationship persisted over time for all cancer types beyond short-term
mortality and the initial postoperative period. Frailty assessment may be
useful for all candidates for cancer surgery, and these data can be used
when counseling, selecting, and preparing patients for surgery.
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Background
Older adults have the highest incidence of cancer and represent the fastest growing group of individuals requiring
cancer surgery.1–3 Shared decision-making with older
adults, in particular regarding surgery, has inherent complexity due to different risk/beneﬁt balance attributable to
more prevalent comorbidities, frailty, decreased life expectancy, and potentially different tumor biology.4,5 Although
improved perioperative care and surgical techniques have
created an opportunity for more extensive and invasive
procedures to be performed safely for broader groups of
older adults, postoperative recovery for older patients can
still be long and challenging and can have long-term repercussions for quality of life. Understanding these repercussions is crucial in delivering patient-centered care, because
older adults place higher importance on long-term functional independence and quality of life than on short-term
risk.6–11 The ability to maintain independence is essential for
older adults. However, there are few data on functional outcomes after cancer surgery, with most studies limited to 6- to
12-month time horizons.12–19 Lack of data regarding these
outcomes impacts the accuracy of prognostication and can
result in care that is not aligned with patients’ values and
wishes.
Frailty is a key consideration in the care of older
adults. It represents a state of vulnerability to stressors associated with multisystem decline in physiologic reserve
and function.20 The prevalence of frailty in the general
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older adult population is 10% to 20%, and up to 40% in
older adults with cancer.21–27 Frailty has been associated
with increased risks of falls, disability, hospitalization, and
overall mortality in the general population.20,28–32 In surgical patients, it has been associated with increased risks of
complications, mortality, and institutional disposition immediately after surgery.33–36 Although it can be suspected
that frailty similarly impacts long-term functional outcomes, this relationship has not been examined.
The ability to remain in one’s own home, a concept
known as aging in place, is an important patient-centered,
long-term outcome that has been used to examine outcomes after critical illnesses as well as orthopedic and
vascular surgery.37–41 In this study, we examined the association between preoperative frailty and remaining
alive and at home in the 5 years after cancer surgery in
patients aged $70 years. Understanding how frailty
might inﬂuence the likelihood of patients remaining
alive and at home after cancer surgery will help guide
shared decision-making discussions, preparedness for
surgery, and postoperative care for older adults.

Methods
Study Design
We conducted a population-based retrospective cohort
study of adults aged $70 years with a new diagnosis of solid
malignancy between January 1, 2007, and December 31,
2017, undergoing resection of the primary tumor site.42–44
The study was approved by the Sunnybrook Health
Sciences Centre Research Ethics Board, and conducted
and reported following the REporting of studies Conducted
using Observational Routinely-collected health Data
(RECORD) statement.45
Patient and Public Involvement
Two caregivers and family members of older adults who
underwent major cancer surgery were involved in developing the research question, deﬁning outcome measures,
and interpreting the results.
Data Sources
Administrative databases stored at ICES (formerly known
as the Institute for Clinical Evaluative Sciences) in Ontario,
Canada, were deterministically linked using unique patient identiﬁers. The Ontario population beneﬁts from universally accessible and publicly funded healthcare through
the Ontario Health Insurance Plan (OHIP).46
The Ontario Cancer Registry (OCR) includes all patients with a cancer diagnosis in Ontario.47 The Registered
Persons Database contains vital status and demographic
data.48 The Immigration, Refugees and Citizenship Canada
Permanent Resident database includes immigration application records.49 Information on health services received,
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such as hospitalizations (including surgery), emergency
department visits, rehabilitation center admissions, physician visits, prescriptions, and nursing home care, were extracted from the Canadian Institute for Health Information
(CIHI) Discharge Abstract Database and Same-Day Surgery
Database, National Ambulatory Care Reporting System, Ontario Mental Health Reporting System, National Rehabilitation Reporting System, OHIP Claims Database, Ontario Drug
Beneﬁt database, and Continuing Care Reporting System database. Details are provided in supplemental eTable 1, available with this article at JNCCN.org.

Study Cohort
We identiﬁed individuals aged $70 years with a new diagnosis of oropharyngeal, breast, esophageal, gastrointestinal, colorectal, hepatobiliary, pancreatic, genitourinary,
gynecologic, or bronchopulmonary cancer or melanoma
between January 1, 2007, and December 31, 2017, using
ICD-O-3 codes in the OCR. We included patients undergoing surgery for their cancer from 90 days before to 180 days
after their cancer diagnosis, according to the Canadian
Classiﬁcation of Health Interventions codes in the CIHI
Discharge Abstract Database (supplemental eTable 2). The
time window before surgery ensured the capture of patients diagnosed as a result of surgical pathology.
Patients were excluded if their date of death preceded
their date of diagnosis, their date of death was missing, they
had a previous cancer diagnosis in the 5 years before the
index cancer diagnosis, or had $2 cancer diagnoses recorded
on the same index diagnosis date. We also excluded individuals living in nursing home facilities before surgery, because
they did not have an opportunity to spend time at home.
Exposure
Preoperative frailty was the primary exposure of interest.50
Frailty was characterized using the Johns Hopkins Adjusted Clinical Groups (ACG) system frailty marker.51–54
This system contains 32 Aggregated Diagnosis Groups
(ADGs).52,55–57 This frailty marker identiﬁes 12 clusters of
frailty-deﬁning diagnoses within important geriatric domains, including nutrition and weight loss, cognition, mobility and falls, and social impairments, to create a dichotomous
frailty variable. The Vulnerable Elders Survey and comprehensive geriatric assessment have been used to externally
validate this frailty marker, showing moderate correlation
with clinical frailty scores, and the marker has previously
been used to investigate the impact of frailty on postoperative
resource use and outcomes.52,58,59
Outcome Measures
The outcome of interest was time spent alive and at home
after cancer surgery, operationalized as time to death or admission to a nursing home. Admission to a nursing home in
Ontario is funded by provincial health insurance for those
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who need 24-hour nursing and personal care, frequent assistance with activities of daily living, or constant supervision, and when the need for such care can no longer be
safely met through publicly funded community-based services. Thus, admission to a nursing home is an accurate measure of clinically signiﬁcant functional decline.
Patients who survived the hospital stay were considered eligible for the outcome, and time to death or admission to a nursing home was computed for all of them.
Patients were followed from the date of surgery to the
date of death or admission to a nursing home, and censored at the date of last contact or the end-of-study date
on December 31, 2018, allowing an opportunity of a minimum of 12 months of follow-up for all patients.

Covariates
Age and sex were obtained from the Registered Persons
Database. Rural living was determined using the Rurality
Index for Ontario, based on the postal code of the patient’s
primary residence.60 Immigration status was deﬁned as a
record of immigration in the College of Immigration and
Citizenship Consultants (CICC).49 Socioeconomic status
was captured using the Material Deprivation Index, a composite index of the inability of individuals or households to
afford consumption goods and activities typical in a society at a given point in time, categorized into quintiles.61,62
The comorbidity burden was measured using the Johns
Hopkins ACG System score, with a cutoff of 10 for high
burden, as previously described.56,57 The surgical procedure intensity was divided into high and low intensity using a standardized classiﬁcation.63 Finally, receipt of home
care support was captured via the home care database.
Covariates are detailed in supplemental eTable 3.
Statistical Analysis
Descriptive statistics evaluated characteristics of the overall cohort and stratiﬁed by frailty status. Continuous variables were reported as median with interquartile range
(IQR) and categorical variables as absolute number (n)
and percent (%). Standardized differences were used to
compare groups, with differences of ,10% representing a
negligible difference.64
The probability of remaining alive and at home, measured as time to death or admission to a nursing home
from the date of surgery to 5 years after surgery, was
estimated by using Kaplan-Meier methods. The outcome
was ﬁrst described for the whole cohort and compared
between patients with and without preoperative frailty using the log-rank test. Multivariable Cox regression models
were constructed to estimate the association between
preoperative frailty and remaining alive and at home. Relevant demographic and clinical characteristics were identiﬁed
a priori as potential confounders. Variables were selected
based on clinical relevance and existing literature: age
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(categorical: 75–79, 80–84, $85 years), sex, rural residence,
material deprivation (quintiles), immigration status, cancer
type, surgical procedure intensity, year of surgery, and receipt of perioperative therapy (neoadjuvant, adjuvant). All
variables were included to adjust the estimate of the independent association between preoperative frailty and the
outcome. Because of the increased risk for early mortality
after cancer surgery, an extended Cox model with timevarying effects was used. This method partitions the duration of follow-up into mutually exclusive time intervals, ﬁtting a model that assumes that the hazard function is
constant within each interval but not across intervals.65–67
An interaction term between frailty and time intervals was
included to examine the potentially varying association between frailty and remaining alive and at home over time. The
time intervals were determined by clinical reasoning and relevance as 0 to 30 days (immediate postoperative period); 31
to 90 days and 91 to 180 days (intermediate postoperative periods); 181 to 360 days (ﬁrst postoperative year); and 361 days
to 5 years (long-term beyond ﬁrst operative year).66 The
model can then assess potentially changing hazards of being
alive and at home over the immediate and long-term postoperative periods. We conducted an a priori subgroup analysis
that stratiﬁed the results by primary cancer type. Results
were reported as hazard ratios (HRs) with 95% conﬁdence intervals. The analyses were conducted for the entire cohort
and stratiﬁed by cancer type.
Statistical signiﬁcance was set at P#.05. All analyses
were conducted using SAS Enterprise Guide 7.1 (SAS Institute Inc).

Results
The cohort included 82,037 patients (Figure 1), with a median age of 76 years (IQR, 73–81 years). Overall, 34,044 patients died during the follow-up period, including 2,215
(2.7%) patients who died during their postoperative hospital
stay. The median length of stay was 4 days (IQR, 0–8 days)
for patients who survived the hospital stay, and 16 days
(IQR, 7–32 days) for those who died in the hospital. The majority of patients (90.5%; n573,713) were discharged home,
whereas 6.8% (n55,544) were discharged to institutions
(2.3% inpatient rehabilitation centers, 3.5% nursing home,
1.0% institution not identiﬁed) (Figure 2). In-hospital mortality was highest for patients with bronchopulmonary
(3.4%) and gastrointestinal cancers (5.3%), and lowest for
those with breast cancer (0.1%) and melanoma (0.5%).
Data were missing for rural residency in 0.8% of the cohort and for material deprivation in 0.6%. We therefore used
a complete-case analysis approach for the multivariable
analysis, whereby cases with missing data were excluded.68
Preoperative frailty was present in 6,443 (7.9%) patients. The characteristics of patients with and without
frailty are presented in Table 1. Patients with frailty were
more likely to be older, have a high comorbidity burden,
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Patients aged ≥70 years
undergoing cancer surgery
(N=87,086)
Exclusions (n=2,373):
• Death before date of diagnosis (n=79)
• Date of death missing (n=98)
• Other cancer diagnosis ≤5 years prior to
index cancer diagnosis (n=1,929)
• >1 cancer diagnosis involving separate
cancer types on the same date (n=267)
Eligible patients aged ≥70 years
undergoing cancer surgery
(n=84,713)
Exclusions (n=2,676):
• Long-term care in <5 years prior to
index cancer surgery

Final cohort
(n=82,037)

Figure 1. Flowchart of cohort creation.

and be diagnosed with gastrointestinal cancers. Discharge disposition differed for frail and nonfrail patients;
frail patients more frequently died in the hospital, were
discharged home with home care support, or were discharged to an institution (Figure 2).
Median follow-up was 47 months (IQR, 23–81
months). The 5-year probability of remaining alive and at
home after cancer surgery for the entire cohort was 60.7%
(95% CI, 60.3%–61.0%). The probability of being alive and
at home after cancer surgery was overall lower for patients
with preoperative frailty than for those without frailty (unadjusted log-rank P,.001) (Figure 3). This ﬁnding was
consistent throughout the entire study period. At 1 year,

the probability of remaining alive and at home was 75.5%
(95% CI, 74.4%–76.5%) for patients with frailty compared
with 87.6% (95% CI, 87.3%–87.8%) for those without, and
at 5 years, it was 39.1% (95% CI, 37.8%–40.4%) compared
with 62.5% (95% CI, 62.1%–62.9%), respectively.
After adjusting for potential confounders, frailty was associated with increased hazards of death or nursing home
admission after cancer surgery (Figure 4, supplemental
eTable 4). The hazards of death or nursing home admission
associated with preoperative frailty changed over time. Although the hazards of death or nursing home admission for
patients with frailty (vs nonfrail patients) was greatest between 31 and 90 days after surgery (HR, 2.44; 95% CI, 1.78–
2.73), preoperative frailty remained associated with 56% increased hazards from 1 to 5 years after surgery (HR, 1.88; 95%
CI, 1.80–1.97) (Figure 4).
Subgroup analyses by primary cancer type revealed similar patterns in the association between preoperative frailty
and the probability of remaining alive and at home as the
main analysis. The probabilities of remaining alive and at
home were consistently lower for patients with frailty after
surgery across most cancer types, including breast cancer
and melanoma (supplemental eFigure 1). The changes in adjusted associations between frailty and remaining alive and
at home over time varied by primary cancer type (Figure 5,
supplemental eTable 5). There was no association between
frailty and the probability of remaining alive and at home between 0 and 30 days for breast, bronchopulmonary, genitourinary, and head and neck cancers, and there also was no
association between 31 and 90 days for breast cancer, head

No frailty
(n=75,594)

Frailty
(n=6,443)

All patients
(n=82,037)
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Figure 2. Discharge disposition for the entire cohort and stratiﬁed by preoperative frailty.
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Table 1. Patient Characteristics, Stratiﬁed by Preoperative Frailty Status
All Patients
n (%)

No Preoperative Frailty
n (%)

Preoperative Frailty
n (%)

82,037

75,594

6,443

70–74 y

31,110 (37.9)

29,786 (39.4)

1,324 (20.5)

42%

75–79 y

23,439 (28.6)

21,815 (28.9)

1,624 (25.2)

8%

80–84 y

16,708 (20.4)

14,927 (19.7)

1,781 (27.6)

19%

$85 y

10,780 (13.1)

9,066 (12.0)

1,714 (26.6)

38%

Characteristic
Total, N

Standardized
Mean Differencea

Age group

Sex
Female

52,119 (63.5)

47,848 (63.3)

4,271 (66.3)

6%

Male

29,918 (36.5)

27,746 (36.7)

2,172 (33.7)

6%

Rural residence
High comorbidity burden (ACG $10)

8,380 (10.2)

7,791 (10.3)

589 (9.1)

4%

26,563 (32.4)

22,480 (29.7)

4,083 (63.4)

72%

22,811 (27.8)

21,096 (27.9)

1,715 (26.6)

3%

7,429 (9.1)

6,902 (9.1)

527 (8.2)

3%

32,036 (39.1)

29,131 (38.5)

2,905 (45.1)

13%

Cancer type
Breast
Bronchopulmonary
Gastrointestinal
Genitourinary

8,483 (10.3)

8,008 (10.6)

475 (7.4)

11%

Gynecologic

6,658 (8.1)

6,246 (8.3)

412 (6.4)

7%

Head and neck

867 (1.1)

787 (1.0)

80 (1.2)

2%

3,753 (4.6)

3,424 (4.5)

329 (5.1)

3%

48,812 (59.5)

44,836 (59.3)

3,976 (61.7)

5%

4,639 (5.7)

4,367 (5.8)

272 (4.2)

7%

First (least deprived)

14,896 (18.2)

13,843 (18.3)

1,053 (16.3)

5%

Second

15,941 (19.4)

14,726 (19.5)

1,215 (18.9)

2%

Third

16,351 (19.9)

15,068 (19.9)

1,283 (19.9)

0%

Fourth

17,662 (21.5)

16,243 (21.5)

1,419 (22.0)

1%

Fifth (most deprived)

16,673 (20.3)

15,249 (20.2)

1,424 (22.1)

5%

2007–2011

36,344 (44.3)

33,643 (44.5)

2,701 (41.9)

5%

2012–2017

45,693 (55.7)

41,951 (55.5)

3,742 (58.1)

5%

I

19,431 (23.7)

18,060 (23.9)

1,371 (21.3)

6%

II

17,907 (21.8)

16,411 (21.7)

1,496 (23.2)

4%

III

10,912 (13.3)

10,014 (13.2)

898 (13.9)

2%
0%

Melanoma
High-intensity surgical procedure
Immigrant
Material Deprivation Indexb quintile

Time period of diagnosis

Cancer stage

IV
Unknown
Neoadjuvant therapy
Adjuvant therapy

3,451 (4.2)

3,176 (4.2)

275 (4.3)

30,336 (37.0)

27,933 (37.0)

2,403 (37.3)

1%

3,525 (4.3)

3,362 (4.4)

163 (2.5)

10%

24,423 (29.8)

23,252 (30.8)

1,171 (18.2)

30%

Abbreviation: ACG, Johns Hopkins Adjusted Clinical Group.
Standardized mean difference .10% indicates signiﬁcant difference.
Composite index of the inability of individuals or households to afford consumption goods and activities typical in a society at a given point in time,
categorized into quintiles.61,62

a

b

and neck cancers, and melanoma. For bronchopulmonary,
gastrointestinal, genitourinary, and gynecologic cancers, the
association between frailty and the probability of death or
nursing home admission was greatest in the ﬁrst 30 days
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cancer types. For cancer types with fewer patients (such
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Probability of Remaining Alive and At Home

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
Preoperative frailty

0.2

No preoperative frailty

0.1
0
0

12

24

36

48

60

Months From Surgery
Number at risk
Preoperative frailty

6,443

4,860

3,809

2,848

2,161

1,550

No preoperative frailty

75,594

66,058

55,122

44,975

36,386

28,888

Figure 3. Probability of being alive and at home from the time of surgery, stratiﬁed by preoperative frailty status for the entire cohort.

as head and neck cancers) and time intervals with fewer
events (such as 0–30 days for breast cancer and melanoma), the conﬁdence intervals were wide.

Discussion
In this population-based analysis of older adults undergoing
cancer surgery, we compared the probability of remaining
alive and at home in the 5 years after surgery for patients
with and without preoperative frailty. Although the probability of remaining alive and at home postoperatively was high
for all patients, it was signiﬁcantly lower for those with frailty.
The inverse association between frailty and remaining alive
and at home was strongest in the ﬁrst 3 months after surgery
Hazard Ratio
(95% CI)

0−30 days
31−90 days
91−180 days
181−360 days
1−5 years

0

1

2

3

Hazards of Not Remaining Alive and At Home

Figure 4. Adjusted hazard ratios of the association between preoperative frailty and remaining alive and at home for the entire cohort
(multivariable extended Cox regression with time-varying effects).
Adjusted for age (categorical), sex, rural residence, comorbidity burden, material
deprivation, immigration status, stage at diagnosis, year of surgery, neoadjuvant
therapy, adjuvant therapy, intensity of surgical procedure, and cancer type.
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but persisted to 5 years after surgery. Furthermore, this association from years 1 to 5 was consistently observed across all
cancer types, including those requiring lower-intensity or
ambulatory surgery, such as breast cancer and melanoma.
When discussing cancer surgery with patients, it is important to frame postoperative outcomes from the perspective of what they value most. Being able to remain in one’s
own home represents a key, long-term, patient-centered
outcome for older adults.38–42,69,70 The data herein help answer patients’ questions, such as “How will I be living after
surgery?” or “Will I be able to live independently after surgery?,” and can be used in clinical practice to provide patient-centered information to support decision-making,
counseling on and setting of expectations for life after surgery, and preparation for surgery. This understanding of the
ability for patients to remain in their home after cancer surgery is crucial for counseling and preparing older adults for
cancer surgery. Because patients who did not undergo surgery in our population would not have been representative of
what would happen to patients selected for surgery who decided not to undergo surgery, we did not analyze that group.
Even though we could not provide accurate information
about what would happen to patients selected and offered
surgery should they have declined it, the data herein are important. Telling patients what can be expected after surgery is
valuable and ﬁlls a need in perioperative counseling. For example, if the long-term outcomes presented are not consistent with a patient’s values and wishes, they may elect not to
undergo surgery. If they undergo surgery, understanding the
expected outcomes is also useful to have appropriate expectations after surgery and to prepare for expected needs.
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Hazard Ratio
(95% Cl)

Breast cancer
0−30 days
31−90 days
91−180 days
181−360 days
1−5 years
Bronchopulmonary cancer
0−30 days
31−90 days
91−180 days
181−360 days
1−5 years
Gastrointestinal cancer
0−30 days
31−90 days
91−180 days
181−360 days
1−5 years
Genitourinary cancer
0−30 days
31−90 days
91−180 days
181−360 days
1−5 years
Gynecologic cancer
0−30 days
31−90 days
91−180 days
181−360 days
1−5 years
Head and neck cancers
0−30 days
31−90 days
91−180 days
181−360 days
1−5 years
Melanoma
0−30 days
31−90 days
91−180 days
181−360 days
1−5 years

0
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Hazards of Not Remaining Alive and At Home

Figure 5. Adjusted hazard ratios of the association between preoperative frailty and remaining alive and at home, stratiﬁed by cancer type (multivariable extended Cox regression with time-varying effects).
Adjusted for age (categorical), sex, rural residence, comorbidity burden, material deprivation, immigration status, stage at diagnosis, year of surgery, neoadjuvant
therapy, adjuvant therapy, and intensity of surgical procedure.
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In surgical populations, frailty has been associated with
increased risks of complications, readmission, prolonged
length of stay, discharge to care facilities, costs, and
mortality.23,24,27,59 Frailty has also been linked to increased postoperative patient-reported disability and slower
recovery.59,71,72 However, these prior data have largely been
limited to a 12-month postoperative time horizon and did
not focus speciﬁcally on outcomes after cancer surgery.59,71,72
Although such data are critical in understanding the role of
frailty in patients’ short-term outcomes, they do not represent the total burden of illness for older adults because of the
limited scope and short time horizons. The data from this
study regarding patients’ ability to remain in their own home
in the years after surgery, along with our prior data regarding
the need for home care support after cancer,42,43 provide an
overall description for clinicians and patients of life in the
years after cancer surgery for older adults.
We identiﬁed that patients with frailty had lower
probability of remaining alive and at home over the 5 years
after cancer surgery compared with those without frailty.
Although the magnitude of this difference varied with the
time period after surgery, it persisted beyond the ﬁrst postoperative year. The initial hazards of death or admission
to a nursing home were highest in the ﬁrst 90 days after
surgery, consistent with the traditional time window to optimally capture initial mortality after surgery.73–75 These
ﬁndings indicate that observed differences in the time spent
alive and at home between patients with and without frailty
are a result of not only higher short-term postoperative mortality or discharge to nursing homes but also an elevated
baseline risk of physiologic and functional decline for patients with frailty. The observations were consistent across
all surgical procedures, including lower-stress surgery, such
as for breast cancer and melanoma. These ﬁndings complement prior data regarding higher morbidity and mortality in
older adults with frailty undergoing both high- and low-intensity emergency and elective noncardiac surgery.34–37,76
Our ﬁndings highlight the importance of assessing frailty in
the preoperative period for all older adults considered for
cancer surgery, regardless of the invasiveness of the procedure. Various frailty instruments that can be used at the
point of care for screening are available and have been
shown to be accurate, feasible, and easily integrated in routine clinical practice and workﬂow.77–80
Of note, the differences in long-term outcomes between
patients with and without frailty should not lead to the conclusion that surgery is not indicated or is not worth the risk
in the presence of frailty. Rather, acknowledgment of frailtyspeciﬁc risks should allow an individualized, patient-centered discussion with patients to determine whether surgery is indicated and desired. To facilitate such discussions,
validated prognostication tools to predict individualized
probabilities of being alive and at home in the years after surgery should be the focus of future research. Such instruments
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would complement existing prognostication tools regarding
short-term outcomes and would facilitate personalized
counseling, decision-making, preparation for surgery, and
postoperative monitoring.81 Furthermore, preoperative interventions to mitigate the effect of frailty on postoperative outcomes are emerging, such as prehabilitation, and can be
used if patients are assessed and identiﬁed.82,83
Our results should be interpreted with consideration of
their limitations. The data used were not collected speciﬁcally for the purposes of the research question and were analyzed retrospectively. Some data were lacking, such that we
could not account for performance status (such as ECOG),
cognitive function, and burden of cancer. There are also risks
of misclassiﬁcation using administrative health datasets. For
example, the tool used to measure frailty is based on frailtydeﬁning diagnoses; although it has been externally validated
against clinical frailty scores, its correlation with such scores
was moderate.52,58,59 This is an issue shared with other administrative data algorithms for identifying frailty.84 Our
frailty exposure is also a dichotomous variable that does not
distinguish between different levels of frailty. In particular,
those with the greatest degree of frailty may not have been offered surgery or may have declined surgery. Thus, the results
are generalizable only to older adults who are selected for
and offered cancer surgery. As such, it is important that our
results be interpreted in the context of patients selected for
cancer surgery. For instance, only 8% of our cohort had preoperative frailty compared with 10% to 20% in the general
older adult population and up to 40% in older adults diagnosed with cancer, pointing toward the expected selection
bias for cancer surgery.21–27
Overall, we acknowledge a risk of misclassiﬁcation with
our datasets and frailty measure; this would have led to
underestimating the prevalence of frailty and underestimates
of the risk of remaining alive and at home. We also examined
outcomes after surgery over a prolonged time horizon of 5
years, focusing on the association between frailty and longterm outcomes after surgery. We did not aim to determine
whether the differences in outcomes between patients with
and without frailty were a result of cancer surgery. The goal
of the study was rather to provide a real-life picture of the
natural postoperative history of older adults after cancer surgery and how this differs based on preoperative frailty. Moreover, because comparisons with older adults without cancer,
older adults with cancer not having surgery, or younger patients with cancer undergoing surgery bear selection bias
and are not informative for decision-making in the individual
older adult selected for cancer surgery, these analyses were
not undertaken. Nevertheless, the population-based design
of this study allowed a detailed real-world evaluation of older
adults undergoing cancer surgery with data available across
the entire continuum of care. We used high-quality data to
create the cohort, deﬁne the exposure, and measure outcomes. We conducted this study with a population within a
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universal healthcare system in which insurance status does
not confound access to nursing home admission. Furthermore, input from patient and family advisors ensured the
clinical relevance and usefulness of the results.

Conclusions
Preoperative frailty was associated with a reduced probability of older adults remaining alive and living in their
own home in the 5 years after cancer surgery. The impact
of preoperative frailty on a patient’s likelihood of remaining alive and at home persisted beyond the effect of
short-term postoperative mortality and discharge disposition. Moreover, frailty was associated with reduced
probability of being alive and at home for all cancer
types, including those requiring lower-intensity surgery.
This information highlights the need for surgeons to routinely screen and assess older adults for frailty before
cancer surgeries and to use frailty-speciﬁc probabilities
of outcomes when counseling, selecting, and preparing
patients for surgery.

ORIGINAL RESEARCH

Submitted April 7, 2022; ﬁnal revision received July 5, 2022; accepted for
publication July 6, 2022.
Previous presentation: A portion of this work was presented at the SSO
2021 – International Conference on Surgical Cancer Care Virtual Meeting;
March 18–20, 2021.
Disclosures: Dr. Hallet has disclosed receiving honoraria from Ipsen,
Novartis AG, AAA Pharmaceutical, Inc., Bristol Myers Squibb Company, and
Medtronic. The remaining authors have disclosed that they have not
received any ﬁnancial consideration from any person or organization to
support the preparation, analysis, results, or discussion of this article.
Funding: Research reported in this publication was supported by the CIHR (grant
419955; J. Hallet) and the Ontario Institute for Cancer Research (grant 156; J. Hallet).
Disclaimer: This study was supported by ICES, which is funded by an annual grant
from the Ontario Ministry of Health and Long-Term Care (MOHLTC). The opinions,
results and conclusions reported in this paper are those of the authors and are
independent from the funding sources. No endorsement by ICES or the Ontario
MOHLTC is intended or should be inferred. Parts of this material are based on data
and information compiled and provided by CIHI. However, the analyses, conclusions,
opinions, and statements expressed herein are those of the author, and not
necessarily those of CIHI. Parts of this material are based on data and information
provided by Cancer Care Ontario (CCO). The opinions, results, view, and conclusions
reported in this paper are those of the authors and do not necessarily reﬂect those of
CCO. No endorsement by CCO is intended or should be inferred.
Correspondence: Julie Hallet, MD, MSc, Odette Cancer Centre,
Sunnybrook Health Sciences Centre, 2075 Bayview Avenue, T2-063,
Toronto, ON, M4N 3M5, Canada. Email: julie.hallet@sunnybrook.ca

References
1.

2.
3.
4.

5.
6.

7.

8.

9.

10.

Lundebjerg NE, Trucil DE, Hammond EC, et al. When it comes to older adults,
language matters: Journal of the American Geriatrics Society adopts modiﬁed
American Medical Association style. J Am Geriatr Soc 2017;65:1386–1388.
Smith BD, Smith GL, Hurria A, et al. Future of cancer incidence in the United
States:burdensuponan aging,changingnation.JClinOncol2009;27:2758–2765.
Balducci L, Ershler WB. Cancer and ageing: a nexus at several levels.
Nat Rev Cancer 2005;5:655–662.
Edwards BK, Howe HL, Ries LAG, et al. Annual report to the nation on
the status of cancer, 1973-1999, featuring implications of age and aging
on U.S. cancer burden. Cancer 2002;94:2766–2792.
Yourman LC, Lee SJ, Schonberg MA, et al. Prognostic indices for older
adults: a systematic review. JAMA 2012;307:182–192.
Chesney TR, Hallet J. Associations of preoperative frailty with cancer and
noncancer deaths of older adults following surgery for cancer-reply.
JAMA Surg 2022;157:83.
Fox S, Kenny L, Day MR, et al. Exploring the housing needs of older
people in standard and sheltered social housing. Gerontol Geriatr Med
2017;3:2333721417702349.
Bipartisan Policy Center. Healthy aging begins at home. Accessed July 15, 2020.
Available at: https://bipartisanpolicy.org/report/recommendations-for-healthyaging/
Fried TR, Van Ness PH, Byers AL, et al. Changes in preferences for lifesustaining treatment among older persons with advanced illness. J Gen
Intern Med 2007;22:495–501.
Fried TR, Bradley EH, O’Leary J. Prognosis communication in serious illness: perceptions of older patients, caregivers, and clinicians. J Am
Geriatr Soc 2003;51:1398–1403.

11.

Teno JM, Fisher ES, Hamel MB, et al. Medical care inconsistent with
patients’ treatment goals: association with 1-year Medicare resource use
and survival. J Am Geriatr Soc 2002;50:496–500.

12.

Nabozny MJ, Kruser JM, Steffens NM, et al. Constructing high-stakes surgical
decisions: it’s better to die trying. Ann Surg 2016;263:64–70.

13.

Deschler B, Ihorst G, H€
ull M, et al. Regeneration of older patients after
oncologic surgery. A temporal trajectory of geriatric assessment and
quality of life parameters. J Geriatr Oncol 2019;10:112–119.
Amemiya T, Oda K, Ando M, et al. Activities of daily living and quality of
life of elderly patients after elective surgery for gastric and colorectal
cancers. Ann Surg 2007;246:222–228.
Al-Refaie WB, Parsons HM, Henderson WG, et al. Major cancer surgery
in the elderly: results from the American College of Surgeons National
Surgical Quality Improvement Program. Ann Surg 2010;251:311–318.

14.

15.

JNCCN.org

| Volume 20 Issue 11 | November 2022

16.

17.

18.

19.
20.

21.
22.

23.
24.
25.

26.

27.
28.

29.

30.

31.

Fujii S, Tsukamoto M, Fukushima Y, et al. Systematic review of laparoscopic vs open surgery for colorectal cancer in elderly patients. World J
Gastrointest Oncol 2016;8:573–582.
Markar SR, Karthikesalingam A, Thrumurthy S, et al. Systematic review
and pooled analysis assessing the association between elderly age and
outcome following surgical resection of esophageal malignancy. Dis
Esophagus 2013;26:250–262.
Wang JF, Zhang SZ, Zhang NY, et al. Laparoscopic gastrectomy versus
open gastrectomy for elderly patients with gastric cancer: a systematic
review and meta-analysis. World J Surg Oncol 2016;14:90.
Fonteyne V, Ost P, Bellmunt J, et al. Curative treatment for muscle invasive
bladder cancer in elderly patients: a systematic review. Eur Urol 2018;73:40–50.
Bourgin C, Saidani M, Poupon C, et al. Endometrial cancer in elderly
women: which disease, which surgical management? A systematic review
of the literature. Eur J Surg Oncol 2016;42:166–175.
Clegg A, Young J, Iliffe S, et al. Frailty in elderly people. Lancet 2013;381:752–762.
Tinetti ME, Naik AD, Dodson JA. Moving from disease-centered to patient goals-directed care for patients with multiple chronic conditions: patient value-based care. JAMA Cardiol 2016;1:9–10.
Makary MA, Segev DL, Pronovost PJ, et al. Frailty as a predictor of surgical outcomes in older patients. J Am Coll Surg 2010;210:901–908.
Shamliyan T, Talley KM, Ramakrishnan R, et al. Association of frailty with
survival: a systematic literature review. Ageing Res Rev 2013;12:719–736.
Tan KY, Kawamura YJ, Tokomitsu A, et al. Assessment for frailty is useful for
predicting morbidity in elderly patients undergoing colorectal cancer resection
whose comorbidities are already optimized. Am J Surg 2012;204:139–143.
Ethun CG, Bilen MA, Jani AB, et al. Frailty and cancer: implications for
oncology surgery, medical oncology, and radiation oncology. CA Cancer
J Clin 2017;67:362–377.
Handforth C, Clegg A, Young C, et al. The prevalence and outcomes of frailty
in older cancer patients: a systematic review. Ann Oncol 2015;26:1091–1101.
Li Y, Pederson JL, Churchill TA, et al. Impact of frailty on outcomes after
discharge in older surgical patients: a prospective cohort study. CMAJ
2018;190:E184–190.
Robinson TN, Walston JD, Brummel NE, et al. Frailty for surgeons: review
of a National Institute on Aging conference on frailty for specialists. J Am
Coll Surg 2015;221:1083–1092.
Anaya DA, Johanning J, Spector SA, et al. Summary of the panel session at
the 38th Annual Surgical Symposium of the Association of VA Surgeons: what
is the big deal about frailty? JAMA Surg 2014;149:1191–1197.
Morley JE, Vellas B, van Kan GA, et al. Frailty consensus: a call to action.
J Am Med Dir Assoc 2013;14:392–397.

1231

Hallet et al

ORIGINAL RESEARCH

32.
33.
34.

35.
36.

37.

38.
39.

40.
41.
42.
43.

44.

45.

46.

47.

48.

49.
50.

51.
52.
53.

54.
55.

56.

57.
58.

Collard RM, Boter H, Schoevers RA, et al. Prevalence of frailty in community-dwelling older persons: a systematic review. J Am Geriatr Soc 2012;60:1487–1492.
Song X, Mitnitski A, Rockwood K. Prevalence and 10-year outcomes of frailty in
older adults in relation to deﬁcit accumulation. J Am Geriatr Soc 2010;58:681–687.
McIsaac DI, Bryson GL, van Walraven C. Association of frailty and 1-year
postoperative mortality following major elective noncardiac surgery: a
population-based cohort study. JAMA Surg 2016;151:538–545.
Shah R, Attwood K, Arya S, et al. Association of frailty with failure to rescue
after low-risk and high-risk inpatient surgery. JAMA Surg 2018;153:e180214.
Shinall MC Jr, Arya S, Youk A, et al. Association of preoperative patient
frailty and operative stress with postoperative mortality. JAMA Surg
2020;155:e194620.
George EL, Hall DE, Youk A, et al. Association between patient frailty
and postoperative mortality across multiple noncardiac surgical specialties. JAMA Surg 2021;156:e205152.
Bayer AH, Harper L. Fixing to Stay: A National Survey of Housing and
Home Modiﬁcation Issues. Washington, DC: AARP; 2000.
Hendin A, Tanuseputro P, McIsaac DI, et al. Frailty is associated with
decreased time spent at home after critical illness: a population-based
study. J Intensive Care Med 2021;36:937–944.
Rectenwald JE, Huber TS, Martin TD, et al. Functional outcome after
thoracoabdominal aortic aneurysm repair. J Vasc Surg 2002;35:640–647.
Dyer SM, Crotty M, Fairhall N, et al. A critical review of the long-term
disability outcomes following hip fracture. BMC Geriatr 2016;16:158.
Groff AC, Colla CH, Lee TH. Days spent at home – a patient-centered
goal and outcome. N Engl J Med 2016;375:1610–1612.
Chesney TR, Haas B, Coburn NG, et al. Immediate and long-term health
care support needs of older adults undergoing cancer surgery: a population-based analysis of postoperative homecare utilization. Ann Surg
Oncol 2021;28:1298–1310.
Chesney TR, Haas B, Coburn NG, et al. Patient-centered time-at-home
outcomes in older adults after surgical cancer treatment. JAMA Surg
2020;155:e203754.
Chesney TR, Haas B, Coburn N, et al. Association of frailty with long-term
homecare utilization in older adults following cancer surgery: retrospective
population-based cohort study. Eur J Surg Oncol 2021;47:888–895.
Benchimol EI, Smeeth L, Guttmann A, et al. The REporting of studies
Conducted using Observational Routinely-collected health Data
(RECORD) statement. PLoS Med 2015;12:e1001885.
Government of Canada, Health Canada. Canada Health Act – Health
Care System – Health Canada. Accessed January 1, 2022. Available at:
https://www.canada.ca/en/health-canada/services/health-care-system/
canada-health-care-system-medicare/canada-health-act.html
Robles SC, Marrett LD, Clarke EA, et al. An application of capturerecapture methods to the estimation of completeness of cancer
registration. J Clin Epidemiol 1988;41:495–501.
Iron K, Zagorski B, Sykora K, et al. Living and Dying in Ontario: An Opportunity for Improved Health Information. Toronto, Canada: ICES; 2008.
Chiu M, Lebenbaum M, Lam K, et al. Describing the linkages of the immigration, refugees and citizenship Canada permanent resident data and
vital statistics death registry to Ontario’s administrative health database.
BMC Med Inform Decis Mak 2016;16:135.
Sternberg SA, Wershof Schwartz A, Karunananthan S, et al. The identiﬁcation
of frailty: a systematic literature review. J Am Geriatr Soc 2011;59:2129–2138.
Sternberg SA, Bentur N, Abrams C, et al. Identifying frail older people
using predictive modeling. Am J Manag Care 2012;18:e392–397.
Abrams C, Lieberman R, Weiner JP. Development and Evaluation of the
Johns Hopkins University Risk Adjustment Models for Medicare1Choice
Plan Payment. Baltimore, MD: Johns Hopkins University; 2003.
Huisingh-Scheetz M, Walston J. How should older adults with cancer be
evaluated for frailty? J Geriatr Oncol 2017;8:8–15.
Turner G, Clegg A. Best practice guidelines for the management of
frailty: a British Geriatrics Society, Age UK and Royal College of General
Practitioners report. Age Ageing 2014;43:744–747.
Weiner JP, Starﬁeld BH, Steinwachs DM, et al. Development and application of a population-oriented measure of ambulatory care case-mix. Med
Care 1991;29:452–472.
Reid RJ, MacWilliam L, Verhulst L, et al. Performance of the ACG casemix system in two Canadian provinces. Med Care 2001;39:86–99.
Neuman HB, Weiss JM, Leverson G, et al. Predictors of short-term
postoperative survival after elective colectomy in colon cancer patients
$ 80 years of age. Ann Surg Oncol 2013;20:1427–1435.

59.

60.
61.

62.

63.
64.

65.
66.
67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.
83.
84.

McIsaac DI, Wijeysundera DN, Huang A, et al. Association of the hospital
volume of frail surgical patients cared for with outcomes after elective,
major noncardiac surgery: a retrospective population-based cohort study.
Anesthesiology 2017;126:602–613.
Kralj B. Measuring “rurality” for purposes of health-care planning: an
empirical measure for Ontario. Ont Med Rev 2009;67:33–52.
Krieger N. Overcoming the absence of socioeconomic data in medical
records: validation and application of a census-based methodology. Am
J Public Health 1992;82:703–710.
Matheson FI, Dunn JR, Smith KLW, et al. Development of the Canadian
Marginalization Index: a new tool for the study of inequality. Can J Public
Health 2012;103(Suppl 2):S12–16.
Schwarze ML, Barnato AE, Rathouz PJ, et al. Development of a list of high-risk
operations for patients 65 years and older. JAMA Surg 2015;150:325–331.
Austin PC. Using the standardized difference to compare the prevalence
of a binary variable between two groups in observational research.
Commun Stat Simul Comput 2009;38:1228–1234.
Zhang Z, Reinikainen J, Adeleke KA, et al. Time-varying covariates and
coefﬁcients in Cox regression models. Ann Transl Med 2018;6:121.
Allison PD. Survival Analysis Using SAS: A Practical Guide. 2nd ed. Cary,
NC: SAS Institute; 2010.
Austin PC. A tutorial on multilevel survival analysis: methods, models and
applications. Int Stat Rev 2017;85:185–203.
Haukoos JS, Newgard CD. Advanced statistics: missing data in clinical
research—part 1: an introduction and conceptual framework. Acad
Emerg Med 2007;14:662–668.
Jerath A, Austin PC, Wijeysundera DN. Days alive and out of hospital:
validation of a patient-centered outcome for perioperative medicine.
Anesthesiology 2019;131:84–93.
Jerath A, Austin PC, Ko DT, et al. Socioeconomic status and days alive and
out of hospital after major elective noncardiac surgery: a population-based
cohort study. Anesthesiology 2020;132:713–722.
McIsaac DI, Wong CA, Huang A, et al. Derivation and validation of a
generalizable preoperative frailty index using population-based health
administrative data. Ann Surg 2019;270:102–108.
Sanford DE, Olsen MA, Bommarito KM, et al. Association of discharge
home with home health care and 30-day readmission after pancreatectomy. J Am Coll Surg 2014;219:875–886.e1.
Byrne BE, Mamidanna R, Vincent CA, et al. Population-based cohort
study comparing 30- and 90-day institutional mortality rates after colorectal surgery. Br J Surg 2013;100:1810–1817.
Schiergens TS, D€
orsch M, Mittermeier L, et al. Thirty-day mortality leads to
underestimation of postoperative death after liver resection: a novel method
to deﬁne the acute postoperative period. Surgery 2015;158:1530–1537.
In H, Palis BE, Merkow RP, et al. Doubling of 30-day mortality by 90 days
after esophagectomy: a critical measure of outcomes for quality improvement. Ann Surg 2016;263:286–291.
Seib CD, Rochefort H, Chomsky-Higgins K, et al. Association of patient
frailty with increased morbidity after common ambulatory general surgery
operations. JAMA Surg 2018;153:160–168.
Aucoin SD, Hao M, Sohi R, et al. Accuracy and feasibility of clinically
applied frailty instruments before surgery: a systematic review and
meta-analysis. Anesthesiology 2020;133:78–95.
Shahrokni A, Tin AL, Sarraf S, et al. Association of geriatric comanagement
and 90-day postoperative mortality among patients aged 75 years and
older with cancer. JAMA Netw Open 2020;3:e209265.
Montroni I, Saur NM, Shahrokni A, et al. Surgical considerations for older
adults with cancer: a multidimensional, multiphase pathway to improve
care. J Clin Oncol 2021;39:2090–2101.
Shahrokni A, Tin A, Alexander K, et al. Development and evaluation of a
new frailty index for older surgical patients with cancer. JAMA Netw Open
2019;2:e193545.
Hornor MA, Ma M, Zhou L, et al. Enhancing the American College of
Surgeons NSQIP surgical risk calculator to predict geriatric outcomes. J
Am Coll Surg 2020;230:88–100.e1.
McIsaac DI, MacDonald DB, Aucoin SD. Frailty for perioperative
clinicians: a narrative review. Anesth Analg 2020;130:1450–1460.
McIsaac DI, Jen T, Mookerji N, et al. Interventions to improve the outcomes of
frail people having surgery: a systematic review. PLoS One 2017;12:e0190071.
Kim DH, Patorno E, Pawar A, et al. Measuring frailty in administrative claims
data: comparative performance of four claims-based frailty measures in the
U.S. Medicare data. J Gerontol A Biol Sci Med Sci 2020;75:1120–1125.

See JNCCN.org for supplemental online content.

1232

© JNCCN—Journal of the National Comprehensive Cancer Network

| Volume 20 Issue 11 | November 2022

JOURNAL OF THE NATIONAL COMPREHENSIVE CANCER NETWORK

Supplemental online content for:

Association Between Frailty and Time Alive
and At Home After Cancer Surgery Among
Older Adults: A Population-Based Analysis
Julie Hallet, MD, MSc; Bourke Tillman, MD; Jesse Zuckerman, MDCM; Matthew P. Guttman, MD, PhD;
Tyler Chesney, MD, MSc; Alyson L. Mahar, PhD; Wing C. Chan, MPH; Natalie Coburn, MD, MPH; and
Barbara Haas, MD, PhD

J Natl Compr Canc Netw 2022;20(11):1223–1232.e8
eFigure 1: Probability of Remaining Alive and At Home From the Time of Surgery
eTable 1: Data Sources
eTable 2: Strategy for Cohort Creation
eTable 3: Definition of Covariates
eTable 4: Unadjusted Association Between Preoperative Frailty and Remaining Alive and At Home
eTable 5: Adjusted HRs Showing Effect of Preoperative Frailty on Hazards of Remaining Alive and At Home
After Cancer Surgery

© JNCCN—Journal of the National Comprehensive Cancer Network

| Volume 20 Issue 11 | November 2022

Hallet et al – 1

A

Breast Cancer
1.0

Probability of Remaining Alive and At Home

0.9
0.8
0.7
0.6
0.5
0.4
0.3
Preoperative frailty

0.2

No preoperative frailty

0.1
0
12

0

24

36

48

60

Months From Surgery
Number at risk
Preoperative frailty

1,715

1,503

1,221

914

702

519

No preoperative frailty

21,096

20,272

17,678

14,746

12,105

9,650

48

60

B

Bronchopulmonary Cancer
1.0

Probability of Remaining Alive and At Home

0.9
0.8
0.7
0.6
0.5
0.4
0.3
Preoperative frailty

0.2

No preoperative frailty

0.1
0
0

12

24

36
Months From Surgery

Number at risk
Preoperative frailty

527

398

314

241

168

113

No preoperative frailty

6,902

5,733

4,434

3,446

2,639

1,974

eFigure 1. Probability of remaining alive and at home from the time of surgery for (A) breast and (B) bronchopulmonary cancers.
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eFigure 1 (cont.). Probability of remaining alive and at home from the time of surgery for (C) gastrointestinal and (D) genitourinary cancers.
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eFigure 1 (cont.). Probability of remaining alive and at home from the time of surgery for (E) gynecologic cancer and (F) melanoma.
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eFigure 1 (cont.). Probability of remaining alive and at home from the time of surgery for (G) head and neck cancers. Data for head and neck
cancers are reported up to 36 months due to small numbers at risk beyond that time point.
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eTable 1. Data Sources
Database

Description

Ontario Cancer Registry (OCR)

The OCR is a passive, provincial registry of all incident cancer diagnoses in Ontario. It
includes 96% of cancer diagnoses in the province. Information included in the registry:
cancer topography and morphology/histology, and details of diagnosis (eg, types of
contributing information to the diagnosis, dates).

Activity Level Reporting (ALR) of Cancer
Care Ontario

Cancer Care Ontario maintains a database of cancer-speciﬁc services, including
consultations, chemotherapy, and radiotherapy, provided by regional cancer centers in the
province. Because all radiotherapy is delivered at regional cancer centers, this database is a
complete source for this information. However, because not all patients with cancer who
receive surgery or chemotherapy visit a regional cancer center, this database cannot be
used as a population data source for those treatments.

Registered Persons Database (RPDB)

The RPDB is an ICES database derived from all administrative data sources and provides
demographic data, including age, patient residence, vital status, date of last contact with
the healthcare system, and Ontario Health Insurance Plan eligibility.

Ontario Ofﬁce of the Registrar General (ORG)

The ORG contains gold standard vital status data for all Ontarians. According to the Vital
Statistics Act, it is mandatory to register all deaths occurring in the province.

Ontario Marginalization Index (ON-Marg)

ON-Marg is a specialized database using census data to proﬁle relative area-level
marginalization dependency, deprivation, ethnic concentration, and instability at various
geographic levels in Ontario.

Ontario Health Insurance Plan (OHIP)

The OHIP database contains all physician billing data, including information on diagnoses as
well as services provided, such as receipt of surgery, chemotherapy, and radiotherapy.

National Ambulatory Care Reporting
System (NACRS)

The NACRS collects data elements describing emergency health services provided by
emergency departments in Ontario, including diagnoses, procedures, and administrative
information such as wait times.

Ontario Drug Beneﬁt (ODB) database

The ODB database contains all information for prescription drugs dispensed by community
pharmacies and long-term care/nursing facilities. It covers all seniors (age $65 y) and
individuals on social assistance for all prescriptions listed on the provincial formulary.

New Drug Funding Program (NDFP)

The NDFP contains information for high-cost drugs for all ages, including new and often
expensive systemic therapies.

Assistive Devices Program (ADP)

The ADP captures amounts reimbursed to individuals based on claims for medical
equipment (eg, walker, insulin pump).

Home Care Data (HCD)

The HCD includes information on home care services provided by Ontario’s Community
Care Access Centres (CCACs) established by the Ministry of Health to provide access to
government-funded home and community services. It captures all information on services
provided by or coordinated by CCACs, including type of services, service dates, and
functional assessments.

Continuing Care Reporting System (CCRS)

The CCRS contains information on individuals receiving facility-based continuing care,
including medical long-term care, rehabilitation, geriatric assessment, respite care, palliative
care, and nursing home care.

Immigration, Refugees and Citizenship Canada
Permanent Resident Database (IRCC-PD)

The IRCC-PD includes information on immigration, permanent residence, and citizenship
since 1985.
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eTable 2. Strategy for Cohort Creation
Resection Codes (CIHI CCI Codes)

Breast

C50.0–C50.9

Excision partial: 1YM87 , 1YM88 (with
reconstruction)
Mastectomy: 1YM89 , 1YM90 (with
reconstruction), 1YM91 (radical), 1YM92
(radical with reconstruction)

Melanoma

C44.2–C44.9

Head and neck: 1YF87 , 1YG87
Trunk and abdomen: 1YS87
Extremities: 1YR87 (axilla), 1YT87 (arm),
1YU87 (hand), 1YV87 (leg), 1YW87 (foot)
Other: 1YZ87 (NEC)

Esophageal

C15.0–C15.9

1NA87 , 1NA88 , 1NA89 , 1NA90 , 1NA91 ,
1NA92
Except: 1NA87BA , 1NA87DA , 1NA87LA

Gastric

C16.0–C16.9

1NF87 , 1NF89 , 1NF90 , 1NF91 , 1NF92
Except: 1NF87BA , 1NF87DA , 1NF87LA

Hepato-pancreaticobiliary

Liver: C22.0, C22.1
Biliary: C23.9, C24.0, C24.1, C24.8,
C24.9
Pancreas: C25.0–C25.9

Liver: 1OA87
Bile ducts: 1OE87 , 1OE89
Except: 1OE87BA , 1OE89BA
Pancreas: 1OJ87 (distal), 1OJ89 (distal),
1OK87 (Whipple), 1OK89 (Whipple),
1OK91 (Whipple)

Colorectal and enteric

Small bowel: C17.0–C17.9
Colon: C18.0–C18.9
Rectum: C19.9, C20.9

Small bowel: 1NK87
Except: 1NK87BA , 1NK87DA , 1NK87LA
Colon: 1NM87 , 1NM89 , 1NM91
Except: 1NM87BA , 1NM87DA , 1NM87LA
Rectum: 1NQ87 , 1NQ89
Except: 1NQ87BA , 1NQ87DA , 1NQ87LA

Kidney and ureter

C64.9, C65.9, C66.9

Kidney: 1PC87 , 1PC89 , 1PC91 , 1PE87 ,
1PE89 , 1PE91
Ureter: 1PG87 , 1PG89
Except: 1PG87BA , 1PG89BA

Bladder

C67.0–C67.9

1PL87 , 1PM87 , 1PM89 , 1PM90 , 1PM91 ,
1PM92
Except: 1PL87BA , 1PL89BA , 1PM87BA ,
1PM89BA

Prostate

C61.9

1QT87 , 1QT91
Except: 1QT87BA

Adrenal

C74.0, C74.1, C74.9

1PB87 , 1PB89
Except: 1PB87DA , 1PB89DA

Gynecologic
(excluding vulva)

Vagina: C52.9
Cervix: C53.0, C53.1, C53.8, C53.9
Uterus: C54.0, C54.1, C54.2,
C54.3, C54.8, C54.9, C55.9
Ovaries: C56.9, C57.0, C57.1,
C57.2, C57.3, C57.4
Others: C57.7, C57.8, C57.9

Ovary and fallopian: 1RB87 , 1RB89 ,
1RF87 , 1RF89
Uterus: 1RM87 , 1RM89 , 1RM91
Except: 1RM87BA , 1RM89
Cervix: 1RN87 , 1RN89 , 1RN91
Except: 1RN87CR , 1RN89CR
Vagina: 1RS87 , 1RS89
Except: 1RS87AA , 1RS89CR

Bronchopulmonary

C30.0–C34.9, C38.1–C39.9

Lobectomy: 1GR87 , 1GR89 , 1GR91 , 1GT87
Pneumonectomy: 1GT89 , 1GT91

Oropharyngeal

C00.0–C14.8, C76.0

1ED87 , 1ED91 , 1FJ87 , 1FX87
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Genitourinary
(excluding penis, seminal
vesicle, urethra)
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ICD-O-3 Code

.
.

Subtype

.
.

Cancer Site

Abbreviations: CCI, Canadian Classiﬁcation of Health Interventions; CIHI, Canadian Institute for Health Information.

© JNCCN—Journal of the National Comprehensive Cancer Network

| Volume 20 Issue 11 | November 2022

Hallet et al – 7

eTable 3. Deﬁnition of Covariates
Variable

Definition

Source

Type

Analysis Format

Age

Year of age at diagnosis

OCR

Categorical

70–74 y
75–79 y
80–84 y
$85 y

Sex

Sex

OCR
RPDB

Dichotomous

Male/Female

Material deprivation

Measure of the inability of
individuals or households to afford
goods or activities typical in a
society at a given timea

Canadian Census
RPDB
ON-Marg

Categorical

First (least deprived)
Second
Third
Fourth
Fifth (most deprived)

Rural residence

Determined with postal code of
residence as per national census
deﬁnition of a community with
,10,000 peopleb

RPDB

Dichotomous

Urban/rural

Immigration status

Immigrant deﬁned as permanent
residence granted or citizenship in
1985 or laterc

IRCC-PD

Dichotomous

Immigrant
Nonimmigrant (longstanding resident)

Year of diagnosis

Year of cancer diagnosis date

OCR

Ordinal

2007, 2008, 2009, 2010,
2011, 2012, 2013, 2014,
2015, 2016, 2017

Comorbidity burden

Measured using the Johns Hopkins
Adjusted Clinical Groups system
score based on health service use
with a 24-month look-back window
before the date of cancer diagnosis
whereby the 32 Aggregated
Diagnosis Groups (ADGs) are
summed to create a total scored,e

CIHI-DAD
CIHI-SDS
OHIP

Dichotomous

,10
$10

Preoperative frailty

Measured using the Johns Hopkins
Adjusted Clinical Groups system
frailty markerf

CIHI-DAD
CIHI-SDS
NACRS

Dichotomous

Frailty
No frailty

Cancer type

Type of primary cancer based on
ICD-O-3 codes (supplemental
eTable 2)

OCR

Categorical

Breast
Skin (melanoma)
Gastrointestinal
Genitourinary
Gynecologic
Bronchopulmonary
Oropharyngeal

Intensity of surgery

Intensity of the surgical procedure
in terms of baseline risk, using a
consensus-validated deﬁnitiong

CIHI-DAD
CIHI-SDS

Dichotomous

Low
High

Neoadjuvant therapy

Receipt of radiation therapy or
chemotherapy from 180 days before
date of surgery to date of surgery

OHIP
ALR

Dichotomous

Yes
No

Adjuvant therapy

Receipt of radiation therapy or
chemotherapy with ﬁrst treatment
administered within 180 days from
the date of surgery

OHIP
ALR

Dichotomous

Yes
No

Abbreviations: ALR, Activity Level Reporting; CIHI, Canadian Institute for Health Information; DAD, Discharge Abstract Database; IRCC-PD, Immigration,
Refugees and Citizenship Canada Permanent Resident Database; NACRS, National Ambulatory Care Reporting System; OCR, Ontario Cancer Registry; OHIP,
Ontario Health Insurance Plan; ON-Marg, Ontario Marginalization Index; RPDB, Registered Persons Database; SDS, Same-Day Surgery Database.
a
Matheson FI, Dunn JR, Smith KL, et al. Development of the Canadian Marginalization Index: a new tool for the study of inequality. Can J Public Health
2012;103:S12–16.
b
Du Plessis V, Beshiri R, Bollman R. Deﬁnitions of rural. Ottawa, Ontario, Canada: Statistics Canada, Agriculture Division; 2002.
c
Chiu M, Lebenbaum M, Lam K, et al. Describing the linkages of the immigration, refugees and citizenship Canada permanent resident data and vital
statistics death registry to Ontario’s administrative health database. BMC Med Inform Decis Mak 2016;16:135.
d
Reid RJ, Roos NP, MacWilliam L, et al. Assessing population health care need using a claims-based ACG morbidity measure: a validation analysis in the
Province of Manitoba. Health Serv Res 2002;37:1345–1364.
e
Reid RJ, MacWilliam L, Verhulst L, et al. Performance of the ACG case-mix system in two Canadian provinces. Med Care 2001;39:86–99.
f
Sternberg SA, Wershof Schwartz A, Karunananthan S, et al. The identiﬁcation of frailty: a systematic literature review. J Am Geriatr Soc 2011;59:2129–2138.
g
Schwarze ML, Barnato AE, Rathouz PJ, et al. Development of a list of high-risk operations for patients 65 years and older. JAMA Surg 2015;150:325–331.
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eTable 4. Unadjusted Association Between
Preoperative Frailty and Remaining
Alive and At Home by Postoperative
Time Intervala
HRb (95% CI)

Postoperative Time Interval
0–30 days

2.10 (1.88–2.35)

31–90 days

2.44 (2.18–2.73)

91–180 days

2.10 (1.86–2.36)

181–360 days

1.99 (1.80–2.17)

1–5 years

1.88 (1.80–1.97)

Abbreviation: HR, hazard ratio.
a
Univariable extended Cox regression with time-varying effects.
b
Hazards of death or admission to nursing home (HR .1 indicates higher hazard of not being alive and at home).

eTable 5. Adjusted HRs Showing Effect of Preoperative Frailty on Hazards of Remaining Alive and
At Home After Cancer Surgery, Stratiﬁed by Cancer Typea
Breast
Cancer
HRb (95% CI)

Bronchopulmonary
Cancer
HRb (95% CI)

Gastrointestinal
Cancer
HRb (95% CI)

Genitourinary
Cancer
HRb (95% CI)

Gynecologic
Cancer
HRb (95% CI)

Head and Neck
Cancers
HRb (95% CI)

Melanoma
HRb (95% CI)

0–30 days

1.61 (0.91–2.87)

1.37 (0.90–2.07)

1.69 (1.48–1.92)

1.23 (0.73–2.05)

1.88 (1.09–3.24)

1.29 (0.29–5.80)

4.90 (2.45–9.80)

31–90 days

1.57 (0.99–2.48)

1.76 (1.20–2.59)

2.02 (1.76–2.34)

2.85 (2.00–3.97)

2.23 (1.42–3.51)

1.06 (0.37–3.02)

1.56 (0.69–3.51)

91–180 days

2.36 (1.74–3.20)

1.24 (0.81–1.90)

1.66 (1.41–1.96)

1.98 (1.35–2.88)

1.63 (1.01–2.63)

1.22 (0.51–2.90)

3.12 (1.86–5.23)

181–360 days

2.52 (2.03–3.11)

1.49 (1.10–2.00)

1.46 (1.27–1.68)

1.60 (1.15–2.24)

1.51 (1.07–2.12)

1.04 (0.49–2.20)

1.87 (1.24–2.80)

1–5 years

1.78 (1.62–1.96)

1.31 (1.12–1.54)

1.43 (1.33–1.53)

1.42 (1.16–1.73)

1.59 (1.31–1.92)

1.63 (1.09–2.43)

1.76 (1.44–2.15)

Postoperative
Time Interval

Abbreviation: HR, hazard ratio.
a
Multivariable extended Cox regression with time-varying effects.
b
Hazard of death or admission to nursing care (HR ,1 indicates higher probability of remaining alive and at home). Adjusted for age (categorical), sex, rural
residence, comorbidity burden, material deprivation, immigration status, stage at diagnosis, year of surgery, neoadjuvant therapy, adjuvant therapy, and
intensity of surgical procedure.
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