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Abstract

Background: Adult survivors of child-
hood cancer are at elevated risk of mor-
bidity and mortality compared to the
general population, but their adherence
to lifelong periodic surveillance is sub-
optimal. We aimed to examine adher-
ence to surveillance guidelines for high-
yield tests and identify risk factors for
nonadherence in adult survivors of
childhood cancer.

Methods: In this retrospective, population-
based cohort study, we used health care
administrative data from Ontario, Can-
ada, to identify adult survivors of child-
hood cancer diagnosed between 1986

and 2014 who were at elevated risk of
therapy-related colorectal cancer,
breast cancer, or cardiomyopathy.
Using a Poisson regression framework,
we assessed longitudinal adherence
and predictors of adherence to the
Children’s Oncology Group surveillance
guideline.

Results: Among 3241 survivors, 327
(10%), 234 (7%), and 3205 (99%) were at
elevated risk for colorectal cancer, breast
cancer, and cardiomyopathy, respect-
ively. Within these cohorts, only 13%, 6%,
and 53% were adherent to recom-
mended surveillance as of February 2020.

During a median follow-up of 7.8 years,
the proportion of time spent adherent
was 14% among survivors at elevated
risk for colorectal cancer, 10% for breast
cancer, and 43% for cardiomyopathy.
Significant predictors of adherence var-
ied across the risk groups, but higher
comorbidity was associated with adher-
ence to recommended surveillance.

Interpretation: Survivors of childhood
cancer in Ontario are rarely up to date
for recommended surveillance tests.
Tailored interventions beyond special-
ized clinics are needed to improve sur-
veillance adherence.

Adult survivors of childhood cancer are at elevated risk of late
morbidity and premature mortality (“late effects”), resulting from
their treatment.! As many as 80% of childhood cancer survivors
(CCS) will develop a serious or life-threatening late effect by age
45 years.? Of these late effects, cardiomyopathy! and subsequent
malignant neoplasms (including breast and colorectal cancers®®)
are among the leading causes of premature mortality. For
example, female CCS who received chest radiation have a breast
cancer risk comparable with that of females who carry a BRCA
mutation.® The risk of colorectal cancer in CCS is 2- to 3-fold higher
than in the general population” and as many as 50% of CCS who
received anthracycline chemotherapy, radiation involving the
heart, or both will develop clinical or subclinical cardiotoxicity.

As risk-adapted surveillance can potentially reduce mortality,®°
the Children’s Oncology Group offers long-term follow-up guide-
lines for survivors of childhood, adolescent, and young adult can-
cers.!? Studies have shown the effectiveness and cost-effectiveness

of adherence to these surveillance guidelines, hence their broad
adoption by North American clinicians who care for CCS.>%12 How-
ever, guideline adherence among adult CCS and their health care
providers is suboptimal,®-1" placing many CCS at substantial risk
for preventable harm.

Our objective was to determine longitudinal surveillance
adherence among adult CCS in Ontario, Canada, and to identify
survivor and care provider characteristics associated with non-
adherence, to inform future targeted interventions.

Methods

Setting

When CCS transition to adult care, they are given a summary of
their treatment and the required surveillance testing. All adult CCS
in Ontario are eligible to access long-term follow-up clinics
(referred by the treating pediatric oncologist, or CCS can self-refer)
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located across 5 tertiary or quaternary provincial cancer centres
(Appendix 1, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.231358/tab-related-content), but attendance is poor and has
been declining.'®® Many CCS drop out as they age.?**! Some
survivors have lifelong annual long-term follow-up clinic visits and
others transition to their primary care physician. In the analysis,
we included CCS who received a diagnosis between July 1, 1986,
and Dec. 31, 2014.

Design

We conducted a retrospective, population-based cohort study of
adult CCS in Ontario, Canada. The Reporting of Studies Con-
ducted Using Observational Routinely-collected Health Data
(RECORD) checklist is available in Appendix 2 (at www.cmaj.ca/
lookup/doi/10.1503/cmaj.231358/tab-related-content).

Data sources

The Pediatric Oncology Group of Ontario Networked Information
System (POGONIS)? is a registry of all children and adolescents
who received a cancer diagnosis before age 18 years and were
treated at any of Ontario’s 5 pediatric cancer centres since 1986
(Appendix 1). Previous work has shown that POGONIS identifies
more than 96% of Ontario children with cancer, younger than
14 years.?

We excluded CCS with a less than 5-year event-free period
between their last childhood cancer event (latest of primary
diagnosis, relapse, or subsequent malignant neoplasm before
age 18 yr) and end of study (Feb. 28, 2020). Eligible CCS at ele-
vated risk of cardiomyopathy (anthracycline, radiation to the
heart, or both) were aged 18 years or older before the end of
study. Eligible CCS at elevated risk of breast cancer (female
survivor with radiation to the chest, axilla, or total body irradia-
tion), colorectal cancer (radiation to the abdomen, chest, pelvis,
spine, or total body irradiation), or both were age 25 years or
older before the end of the study.

We excluded CCS if they had an invalid unique encoded iden-
tifier or missing data on sex, a follow-up time of 1 year or less, or
emigrated out of Ontario.

We linked patients in POGONIS to population-based administra-
tive databases (Appendix 3, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.231358/tab-related-content) using unique encoded
identifiers. Linked data sets were analyzed at ICES, an independent,
nonprofit organization that analyzes data collected from administer-
ing Ontario’s publicly funded health care system. These databases
have been validated?® and used extensively for health services
research in Ontario (https://www.ices.on.ca/publications/). Data-
bases capture hospital stays with diagnostic and procedure
codes (Discharge Abstract Database), physician claims through
the Ontario Health Insurance Plan (OHIP), outpatient ambulatory
care visits (National Ambulatory Care Reporting System), cancer
cases in Ontario (the Ontario Cancer Registry), basic demograph-
ics (Registered Persons Database), and use of breast cancer
screening services (Ontario Breast Screening Program).

From POGONIS, we retrieved information on primary cancer
diagnosis, diagnosis date, treatment (hematopoietic stem cell
transplant, radiation, chemotherapy including anthracyclines),

and relapse or subsequent malignant neoplasm before age
18 years. For CCS at elevated risk of colorectal or breast cancer,
we categorized radiation as none, abdomen or pelvis only, breast
and abdomen or pelvis, or breast only. For CCS at elevated risk of
cardiomyopathy, we categorized treatment as anthracycline
only, radiation involving the heart only, or radiation involving the
heart and anthracycline.

We captured socioeconomic status at index through a com-
posite measure of rurality and neighbourhood income. The Sta-
tistics Canada measure included 5 Census-derived neighbour-
hood income quintiles,?* with quintile 1 representing the lowest
income level. Rural residence was considered a sixth category.
We adhered to Statistics Canada’s recommendation not to report
income quintiles in rural areas, owing to the variation of income
within a single rural postal code, an approach that has been
adopted by past studies.?>28

Using the OHIP database, we identified all primary care phys-
ician and long-term follow-up clinic visits in the year before the
start date of each surveillance lookback period. We categorized
Johns Hopkins’ Aggregated Diagnosis Groups (ADG) scores, rep-
resenting measures of morbidity,”*° as none, low (1-5), inter-
mediate (6-9), and high (= 10).3

Outcomes

Five versions of the Children’s Oncology Group Long-Term Fol-
low-Up Guidelines (Table 1 and Appendix 4, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.231358/tab-related-content)
have been produced. We assessed guideline adherence to sur-
veillance for colorectal cancer, breast cancer, or cardiomyopathy
because these outcomes involve 3 high-yield surveillance tests
that are cost-effective in CCS.1232

Current adherence analysis

Current adherence proportions for each surveillance category
were calculated as the number of patients adherent on the last
day of follow-up (using version 5 [V5] of the guidelines) divided
by the total number of patients under follow-up at that time. To
assess adherence at the beginning of follow-up, we included a
lookback period (pre-index date) based on the surveillance test
frequency. We also calculated adherence proportions in 2005,
2010, 2015, and 2019 and examined whether they consistently
increased or decreased over time, using the Cochran-Armitage
trend test. Proportions adherent for breast and colorectal cancer
were compared between survivors newly eligible for the V5
guidelines (no radiation dose criteria for eligibility) and those
who had been eligible in versions 1 to 4 (dose criteria for eligibil-
ity). Appendix 5 (available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.231358/tab-related-content) provides observation window
calculations.

Longitudinal analysis

We calculated follow-up time from each survivor’s index date,
defined as the latter of age 18 years or 5 years after their last
childhood cancer event (Appendix 5). We calculated longitudinal
adherence based on when each guideline version was applica-
ble. We measured adherence from the index date until an event
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Table 1: Children’s Oncology Group Long-Term Follow-Up Guidelines, version 5.0°

Breast cancer Colorectal cancer

Therapeutic exposure

Any level of radiation exposure to
the chest, axilla, or TBI
Surveillance*

Mammography — Yearly,
beginning at age 25 yror 8 yr
post-radiation, whichever occurs

Therapeutic exposure

whole), TBI
Surveillance*

Breast MRl — Yearly, as an
adjunct to mammography,
beginning at age 25 yr or 8 yr
post-radiation, whichever occurs
last whichever occurs last.

colonoscopy

Note: MRI = magnetic resonance imaging, TBI = total body irradiation.
*Recommendations as per version 5.0 — October 2018.*°

Any level of radiation exposure to the
abdomen, pelvis, spine (lumbar, sacral,

Multitarget stool DNA test — performed every
3yr, beginning at age 30 yr or 5 yr after

last radiation, whichever occurs last. Positive
result should be followed up with a timely

Colonoscopy — Performed every 5 yr,
beginning at age 30 yr or 5 yr after radiation,

Cardiomyopathy

Therapeutic exposure

Anthracycline chemotherapy or radiation to a field that

involves the heart

Surveillance*

Echocardiogram (or comparable imaging to evaluate cardiac

function) starting at the completion of cancer therapyt

« Anthracycline dose = none

« If radiation dose is < 15 Gy or none, then the recommended
frequency is “no surveillance”

« If radiation dose is = 15 to < 35 Gy, then the recommended
frequency is every 5 yr

« If radiation dose is = 35 Gy, then the recommended
frequency is every 2 yr. Anthracycline dose < 250 mg/m?

« If radiation dose is < 15 Gy or none, then the recommended
frequency is every 5 yr

« If radiation dose is = 15 Gy, then the recommended
frequency is every 2 yr. Anthracycline dose is =250 mg/m?

« If radiation dose is “any or none,” then the recommended
frequency is every 2 yr

TAlthough echocardiographic screening is recommended to start during childhood, for the present analysis we have focused on screening that occurs once survivors

become adults at age 18 years.

in adulthood (relapse, subsequent malignant neoplasm), death,
emigration out of Ontario, or the end of study.

We organized data as person-period-level, using a Poisson
framework. The period reflected the number of surveillance win-
dows during a patient’s follow-up. The first period began at the
index date. Surveillance windows depended on the frequency of
each recommended test (e.g., 1-year windows for a yearly screen-
ing test). We created fixed 1-year windows and determined the
proportion adherent within each window using our algorithm.
Patients could be censored midway through the last year; we used
an offset term to account for this. We considered survivors to be
adherent for 365 days after completing a test and then nonadher-
ent until next test completion. Within each period, we calculated
the proportion of time a patient was adherent as total days adher-
ent divided by total days of follow-up in that period.

Predictors of adherence

Using the Poisson framework, we analyzed predictors of adher-
ence with a Poisson multivariable regression model incorporat-
ing generalized estimating equations to account for multiple
period data for each patient. The generalized estimating equa-
tions model allowed for possible overdispersion.

For each person in every period, we defined the outcome as
total days adherent during the period. The regression model off-
set was the natural log of the patient’s follow-up time within that
period. We entered variables significant (p < 0.10) in the univari-
ate model for each at-risk group into a multivariable model. We
added age at diagnosis, sex, and socioeconomic status a priori
into the multivariable model regardless of significance; the latter
2 variables affect cancer screening in the general population.33*
We included all covariates as baseline measures except for

primary care physician and long-term follow-up clinic visits,
which were updated over time.

Ethics approval
This study was exempted from ethics review and informed con-
sent under Ontario’s Personal Health Information Protection Act.

Results

We identified 3241 adult survivors at elevated risk per the V5
guidelines (Figure 1). The number of survivors at elevated risk for
1, 2, or 3 late effects was 2806 (87%), 345 (11%), and 90 (3%),
respectively. The number of survivors at risk of colorectal cancer,
breast cancer, or cardiomyopathy was 327 (10%), 234 (7%), and
3205 (99%), respectively.

Table 2 describes CCS baseline characteristics by risk type.
Median follow-up time was 7.8 years (range 1.41-28.5 yr) and
there were 31476 person-years of follow-up. Median time from
diagnosis date until the end of follow-up was 21.0 years (range
5.0-33.6 yr) and there were 79 149 person-years of follow-up.
Reasons for censoring were death (n = 32), an adulthood cancer
event (n = 149), or did not meet screening criteria before Feb. 28,
2020 (n = 205).

Current adherence

At the end of follow-up, 3241 survivors remained in the cohort,
with 13%, 6%, and 53% adherent to colorectal cancer, breast
cancer, and cardiomyopathy surveillance recommendations,
respectively (Table 3). The Cochran-Armitage trend test indi-
cated that the proportions differed over time for cardio-
myopathy, breast, and colorectal adherence (p < 0.05, Table 4).
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Over time, adherence proportions increased for colorectal can-
cer and cardiomyopathy but decreased for breast cancer
(Table 4). Breast cancer surveillance adherence proportions in
2019 were lower than in previous years. Adherence proportions
for mammograms also decreased over time. At last follow-up,
only 6% of elevated-risk females had completed both mammo-
gram and magnetic resonance imaging (MRI) and were con-
sidered adherent; 10% had completed a mammogram but not an
MRI. Breast and colorectal cancer surveillance adherence was
not significantly different between those who became newly eli-
gible for the V5 guidelines compared with those eligible in previ-
ous versions (Appendix 6, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.231358/tab-related-content).

Longitudinal adherence

The proportion of time adherent to surveillance guidelines was
highest for survivors at elevated risk for cardiomyopathy (43%),
followed by colorectal cancer (14%) and breast cancer (10%)
(Table 5). Table 6, Table 7, and Table 8 describe factors associ-
ated with adherence. Greater adherence to colorectal cancer sur-
veillance was associated with older age at diagnosis, female sex,
and higher ADG scores. Greater adherence to breast cancer sur-
veillance was associated with older age at diagnosis, more recent
period of diagnosis, no transplant, and higher ADG scores.
Greater adherence to cardiomyopathy surveillance was associ-
ated with younger age at diagnosis, female sex, highest income
neighbourhood, more recent period of diagnosis, radiation and

All survivors
n=6621

anthracyclines, higher anthracycline dose, no autologous trans-
plant, higher ADG scores, more primary care physician visits, and
a long-term follow-up clinic visit. Survivors who attended a long-
term follow-up clinic in the previous year had generally poor
adherence but better than the rest of the cohort: proportion of
time adherent was 71% for those at elevated risk for cardio-
myopathy, 27% for colorectal cancer, and 15% for breast cancer,
compared with 27%, 11%, and 6%, respectively.

Interpretation

In this population-based cohort of 3241 adult survivors of child-
hood cancer followed for up to 29 years with comprehensive out-
come assessments using administrative data, survivors at ele-
vated risk for cardiomyopathy, breast cancer, or colorectal
cancer spent a majority of time nonadherent to surveillance
guideline recommendations. Although adherence to cardio-
myopathy and colorectal cancer surveillance increased over
time, adherence to breast cancer surveillance decreased.

These findings mirror the low proportions of adherence in the
United States.® In Canada, health insurance is rarely a barrier to
accessing surveillance, although indirect costs (e.g., time off
work, travel) may affect test completion.3¢3" Earlier studies
found that a lack of knowledge about late effects risks and sur-
veillance recommendations among survivors,®3 family phys-
icians,** and specialists*? are substantial barriers to adherence.
Our results support this: despite primary care physician visits,

Excluded: did not receive
any radiation n=5867
Y
Received radiation to abdomen
or pelvis*
n=754

Females only

n=3055

Excluded: did not reach
25% birthday by censor date
n=217

At risk for colorectal cancer

n=537 n=339

Excluded: lost to follow-up
before 25% birthday n=210

Eligible for colorectal screening
n=327

n=234

— Excluded: males
n=3566

— Excluded: patient did not receive
any radiation n=2716

At risk for breast cancer

Excluded: lost to follow-up
before age 25 yr, or 8 yr after the
last childhood event n =105

Eligible for breast cancer screening

Excluded: patient did not
receive anthracycline or
radiation n=3345

At risk for cardiac disease
n=3276

— Excluded: lost to follow-up
before age 18 yr, or 5 yr
after the last childhood
event n=71

Y

Eligible for cardiac disease screening
n=3205

Figure 1: Flow chart for childhood cancer survivors at risk for colorectal cancer, breast cancer, and cardiac complications. Note: A survivor can be in
more than 1 group, at risk for cardiac and colorectal cancer. *In earlier versions of the Children’s Oncology Group Long-Term Follow-Up guidelines, only
patients who received more than the specified amount of radiation were considered at risk for colorectal cancer. In the most recent version, there is no

lower radiation dose limit.
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Table 2: Distributions of baseline characteristics of high-risk survivors of childhood cancers by risk type, n = 3241

No. (%)* of survivors at risk No. (%)* of survivors at risk No. (%)* of survivors at risk

of colorectal cancer of breast cancer of cardiomyopathy
Characteristic n=327 n=234 n=3205
Age at first diagnosis, yr
Median (IQR) 11 (6-14) 13 (8-15) 9 (4-13)
0-4 53 (16.2) 28 (12.0) 930 (29.0)
5-11 115 (35.2) 60 (25.6) 1094 (34.1)
12-18 159 (48.6) 146 (62.4) 1181 (36.8)
Sex
Female 130 (39.8) 234 (100.0) 1377 (43.0)
Male 197 (60.2) 0(0) 1828 (57)
Rurality and neighbourhood income
Rural 33(10.2) 23(10.0) 366 (11.5)
Urban and income quintile 1 47 (14.6) 33(14.3) 406 (12.8)
Urban and income quintile 2 51(15.8) 41(17.8) 529 (16.7)
Urban and income quintile 3 69 (21.4) 43 (18.7) 597 (18.8)
Urban and income quintile 4 50 (15.5) 34 (14.8) 593 (18.7)
Urban and income quintile 5 72 (22.4) 55 (23.9) 669 (21.1)
Missing 0(0) 5(0.4) 12 (0.4)
Diagnosis
Leukemias 40 (12.2) 25 (10.7) 1402 (43.7)
Lymphomas 137 (41.9) 149 (63.7) 939 (29.3)
Central nervous system tumours 65 (19.9) 36 (15.4) 138 (4.3)
Solid tumours 80 (24.8) 15 (6.7) 749 (23.2)
Period of diagnosis
1986-1996 243 (74.3) 117 (50.0) 1309 (40.8)
1997-2007 84 (25.7) 98 (41.9) 1418 (44.2)
2008-2014 0(0) 19 (8.1) 478 (14.9)
Anthracycline doset
None 99 (30.3) 59 (25.2) 216 (6.7)
<250 mg/m? 152 (46.5) 136 (58.1) 2148 (67.0)
=250 mg/m? 76 (23.2) 39 (16.7) 841 (26.2)
Transplant
Allogenic 25 (7.6) 18 (7.7) 179 (5.6)
Autologous 11 (3.4) 10 (4.3) 149 (4.6)
None 291 (89.0) 206 (88.0) 2877 (89.8)
Radiation
Breast and abdomen or pelvis 255 (78.0) 151 (64.5) 491 (15.3)
Breast only 0(0) 83 (35.5) 238 (7.4)
Abdomen or pelvis only 72 (22.0) 0(0) 171 (5.3)
No radiation to any body region 0(0) 0(0) 2305 (71.9)
Follow-up time, yr
Median (IQR) 1.41(1.4-1.4) 1.95 (1.41-6.7) 9.33 (4.2-14.6)
Range 0=13.5 0.1-11.4 0.1-17.0
Total person-years contributed 601.8 959.5 29915.1

Note: IQR = interquartile range.
*Unless otherwise specified. A survivor can be in more than 1 group.
‘tDoxorubicin equivalents.
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survivors’ adherence to breast and colorectal cancer surveil-
lance guidance was low. Primary care physician visits were asso-
ciated only with higher adherence to cardiomyopathy surveil-
lance, although others have found an association with adherence
to colorectal surveillance.*® This may reflect practical barriers;
compared with other surveillance tests, echocardiography is
more readily available and less restrictive for primary care phys-
icians in Ontario to arrange than a multitarget stool DNA test.

Across the surveillance tests, higher comorbidity was the
most robust (rate ratio [RR] > 2) and consistent predictor of
better adherence. In the general population, some studies
have found higher adherence to cancer screening guidelines
among those with self-reported poor health* and chronic ill-
nesses,** but others have reported mixed results.*® Perhaps
survivors with greater morbidity and their medical teams are
more motivated to conduct investigations. Rurality and

Table 3 (part 1 of 2): Proportion of high-risk childhood cancer survivors adherent on the last day of follow-up, by risk type

(up to Feb. 28, 2020)*

Survivors at risk of
colorectal cancer (%)

Characteristic n=327
Overall 12.8
Age at first diagnosis, yr
0-4 57
511 8.7
12-18 18.2
Age at end of follow-up, yr
18-24 0
25-29 5.4
30-34 17.4
85289 213
40-44 21.1
45-49 =
50-54 -
Sex
Female 21.5
Male 7.1
Rurality and neighbourhood income, end of follow-up
Rural 6.7
Urban and income quintile 1 15.0
Urban and income quintile 2 14.3
Urban and income quintile 3 14.3
Urban and income quintile 4 16.4
Urban and income quintile 5 9.8
Diagnosis
Leukemias 10.0
Lymphomas and neoplasms 16.1
Solid tumours and other categories 10.7
Period of diagnosis
1986-1996 13.6
1997-2007 10.7
2008-2014 -
Anthracycline dose
None 8.1
<250 mg/m? 15.1
=250 mg/m? 14.5

Survivors at risk of breast Survivors at risk of
cancer (%) cardiomyopathy (%)
n=234 n=3205
6.4 52.7
0 59.6
5.0 54.8
8.2 453
7.5 72.5
6.0 54.0
4.3 42.0
9.7 37.8
0 29.9
- 16.9
- 0
6.4 56.9
NA 49.5
0 54.8
0 47.0
8.8 55.5
7.0 55.9
7.3 51.5
14.3 56.5
4.0 57.9
8.1 49.6
3.3 47.5
6.8 40.6
4.1 58.9
15.8 67.4
5. 38.4
5.9 54.8
10.3 50.8
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Table 3 (part 2 of 2): Proportion of high-risk childhood cancer survivors adherent on the last day of follow-up, by risk type

(up to Feb. 28, 2020)*

Survivors at risk of Survivors at risk of breast Survivors at risk of
colorectal cancer (%) cancer (%) cardiomyopathy (%)

Characteristic n=327 n=234 n=3205
Transplant

Allogenic 12.0 5.6 49.2

Autologous 9.1 0 46.3

None 13.1 6.8 53.2
Radiation

Breast and abdomen or pelvis 13.3 6.6 39.9

Breast only 6.0 51.3

Abdomen or pelvis only 11.1 - 57.3

No radiation to any body region - - 55.2
ADG

None 0 0 8.5

Low, 1-5 9.5 4.2 54.5

Intermediate, 6-9 15.3 8.0 62.0

High, =10 28.8 9.2 67.9
No. of primary care visits in the yr before end of follow-up

No visits 1.9 35 35.2

1-3 17.2 3.7 59.0

24 18.5 10.6 60.2
LTFU clinic visit in the yr before end of follow-up

No 9.2 5.8 39.3

Yes 30.4 8.1 85.5

Note: - = no survivors in these categories, ADG = Aggregated Diagnosis Groups, LTFU = long-term follow-up.
*A lookback period before the last day of follow-up assessed whether the survivor was adherent. We calculated rates by taking the number of patients who were adherent
on the last day of follow-up divided by the total number of eligible survivors.

Table 4: Proportion of high-risk childhood cancer survivors adherent by risk type, over time (on the last day of follow-up or

end of the year)*

Breast cancer
Colorectal cancer Breast cancer (mammography only) Cardiomyopathy
Proportion Proportion Proportion Proportion

Lookback n adherent adherent n adherent n adherent (95%
from N eligible (95% CI) n eligible (95% CI) eligible (95% CI) eligible Cl)
Dec.31,2005 1001 = 2.4(0.1-13.6) 58 19.0 (9.5-33.9) 58 19.0 (9.5-33.9) 980 30.8 (27.4-34.5)
Dec.31,2010 1785 42 0 (0) 920 7.8 (3.1-16.0) 90 15.6 (8.5-26.1) 1741 39.2 (36.3-42.2)
Dec. 31,2015 2544 = 11.9 (3.9-27.8) 125 10.4 (5.5-17.8) 125 16.0 (9.8-24.7) 2490 47.3 (44.7-50.1)
Dec.31,2019 3241 323 13.6 (9.9-18.3) 231 5.6 (3.0-9.62) 231 9.5 (6.0-14.4) 3205 53.0 (50.5-55.5)
Feb.28,2020 3241 327 12.8(9.3-17.4) 234 6.4 (3.6-10.6) 234 9.8 (6.2-14.8) 3205 52.7 (50.2-55.2)
p value from Cochran- 0.003 0.003 0.01 <0.0001

Armitage trend test

Note: CI = confidence interval.

*A lookback period before the last day of follow-up assessed whether the survivor was adherent. We calculated proportions by taking the number of patients who were
adherent on the last day of follow-up, divided by the total number of eligible survivors. We included data on patients before this date until they were taken out of the
analysis, as described in the Methods.
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Table 5 (part 1 of 2): Proportion of time that childhood Table 5 (part 2 of 2): Proportion of time that childhood

cancer survivors spent adherent from Mar. 1, 2003, to Feb. cancer survivors spent adherent from Mar. 1, 2003, to Feb.
28,2020, by risk type* 28,2020, by risk type* 2
(]
Colorectal Breast Cardiomyopathy Colorectal Breast Cardiomyopathy g
cancer (%)  cancer (%) (%) cancer (%) cancer (%) (%) !_”‘
Characteristic n=327 n=234 n=3205 Characteristic n=327 n=234 n=3205 g_
Overall 13.9 10.0 42.5 Transplant
Age at first diagnosis, yr Allogenic 13.7 0.5 389
0-4 6.4 0 455 Autologous 10.9 3.5 36.0
5-11 11.7 5.0 46.3 None 13.9 10.7 43.1
12-18 163 13.0 37.1 Radiation
Current age, end of follow-up, yr Breast and 126 111 30.9
. . . abdomen or
18-24 0 6. 72.9 pelvis
25-29 66 10.8 564 Breast only - 8.0 43.2
S L2 29 — Abdomen or 18.9 - 41.9
35-39 17.6 25.6 29.4 pelvis only
40-44 13.1 3.7 20.1 No radiation to - - 44.5
45-49 _ _ 16.0 any body region
50-54 - - 0 ADG
Sax None 0.7 13 16.8
Female 209 101 464 Lo s 2 Rl
Male 9.5 NA 39.6 Intermediate 23.0 13.5 49.0
High 22.6 11.3 51.4

Rurality and neighbourhood income

FuEl 163 6.0 1.8 Median no. of primary care visits (in the previous yr) for every

follow-up yr
Urban and 13.0 2.3 40.5 .
income quintile 1 No visits 3.3 1.5 25.8
Urban and 16.1 11.4 45.0 13 169 103 41.6
income quintile 2 >4 20.8 14.2 47.0
Urban and 11.8 11.6 43.5 LTFU clinic visit (in the previous yr) for every follow-up yr
income quintile 3 No 105 6.5 272
prban and_ _ 18.5 15.3 43.7 Ve 26.7 15.0 715
income quintile 4
Urban and 10.4 14.9 44.1 Note: - = no survivors in this group, ADG = Aggregated Diagnosis Groups, LTFU =

long-term follow-up, NA = not applicable.

income quintile 5 *Proportion of time adherent was calculated by taking the total amount of time

Missing 16.3 6.0 42.8 that a patient was adherent throughout the follow-up period and dividing by

. . the total days of follow-up starting from when a patient started screening
Diagnosis eligibility. Then the value was multiplied by 100 to obtain the final rate in

Leukemias 115 0.4 48.0 person-days.

Lymphomas 11.8 14.4 41.0

and neoplasms X L . o X

: income quintile did not significantly predict colorectal and

Stellddume s L L &2 breast cancer surveillance adherence, but with small numbers,

(and other it X

categories) there may be undetected differences. For cardiomyopathy sur-

veillance, CCS in the lowest income quintile had lower adher-

Period of diagnosis
ence (RR=10.93,p =0.02).

1986-1996 144 12.7 323 Long-term follow-up clinic attendance was a significant
1997-2007 11.0 7.1 55.0 predictor of CCS completing cardiomyopathy surveillance.
2008-2014 - 13 67.4 These specialized clinics often have access to surveillance
Anthracycline dose tests and are staffed by physicians who are unlikely to be more
N 10.1 35 2.0 familiar with surveillance recommendations for CCS than the
. f bhysicians.1® .

<250 mg/m? e o o0 géngral population of p ysm’lans Survivors wh9 attend su'ch
clinics may also be more inclined to seek preventive care, driv-

=250 mg/m? 23.9 10.1 35.2

ing higher surveillance rates. However, even survivors who
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Table 6: Longitudinal adherence to colorectal cancer surveillance guidelines from Mar. 1, 2003, to Feb. 28, 2020, in

327 survivors of childhood cancer — univariable and multivariable rate ratios and 95% confidence intervals from generalized
estimating equations Poisson regression*

Characteristic

Age at diagnosis, yr
Sex
Female v. male
Rurality and neighbourhood income
Rural v. urban and income quintile 5
Urban and income quintile 1 v. urban and income quintile 5
Urban and income quintile 2 v. urban and income quintile 5
Urban and income quintile 3 v. urban and income quintile 5
Urban and income quintile 4 v. urban and income quintile 5
Period of diagnosis
1997-2007 v. 1986-1996
2008-2014 v. 1986-1996
Anthracycline dose
<250 mg/m?v. none
=250 mg/m?v. none
Transplant
Allogenic v. none
Autologous v. none
Radiation

No radiation to any body region v. breast and abdomen or pelvis

Abdomen or pelvis only v. breast and abdomen or pelvis

Breast only v. breast and abdomen or pelvis

ADG, categorical
High v. none
Intermediate v. none
Low v. none
PCP visits in the past yr
1-3 PCP visits v. no PCP visits
=4 PCP visits v. no PCP visits
LTFU clinic visit in the past yr

Yesv. no

Univariable
RR (95% Cl)

1.05(0.99-1.12)

2.75 (1.52-4.98)

0.73 (0.24-2.24)
1(0.48-2.08)
0.92 (0.47-1.78)
0.85 (0.41-1.77)
0.97 (0.47-2.01)

0.76 (0.38-1.52)

1.39 (0.69-2.78)
2.18(1.04-4.58)

1.03 (0.35-3.06)
0.79 (0.12-5.16)

No patients
in this category

1.21(0.61-2.38)

No patients
in this category

10.72 (4.65-24.69)

9.07 (4.47-18.39)
4.29 (1.9-9.66)

2.54 (1.42-4.53)
2.3 (1.09-4.86)

2.01(1.29-3.11)

Multivariable
RR (95% Cl)

1.07 (1.01-1.14)
1.86 (1.05-3.31)

1(0.33-3.04)
1.25(0.57-2.73)
0.93 (0.47-1.83)
0.94 (0.41-2.18)
1.07 (0.51-2.21)

1.2 (0.6-2.4)
1.75 (0.89-3.45)

8.58 (2.87-25.59)
7.51 (2.99-18.88)
3.8 (1.6-9.05)

1.3 (0.59-2.85)
0.93 (0.33-2.63)

1.33 (0.89-1.98)

Note: ADG = Aggregated Diagnosis Groups, Cl = confidence interval, LTFU = long-term follow-up, PCP = primary care physician, RR = rate ratio.

*Age, sex, rurality, anthracycline dose, ADG, PCP visits in the past year.

attended a long-term follow-up clinic had generally poor
adherence to all 3 surveillance guidelines. Long-term follow-up
clinic physicians can recommend or order tests, but it is up to
patients to complete them. Our study did not assess potential
barriers to patients’ ability to access screening.

Older age at diagnosis was associated with greater adher-
ence to breast and colorectal surveillance, but the inverse was

observed for cardiomyopathy surveillance. Perhaps survivors
who receive a diagnosis at an older age are more aware of
their cancer and are more motivated to complete surveil-
lance. Although female sex was a predictor of greater adher-
ence to cardiomyopathy and colorectal cancer surveillance,
the literature is inconsistent regarding sex as a predictor for
screening adherence.’>%-* A more recent period of diagnosis
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Table 7: Longitudinal adherence to breast cancer surveillance guidelines from Mar. 1, 2003, to Feb. 28, 2020, for 234 survivors

— univariable and multivariable rate ratios and 95% confidence intervals from Poisson regression*

Characteristic

Age at diagnosis, yr
Rurality and neighbourhood income
Rural v. urban and income quintile 5
Urban and income quintile 1 v. urban and income quintile 5
Urban and income quintile 2 v. urban and income quintile 5
Urban and income quintile 3 v. urban and income quintile 5
Urban and income quintile 4 v. urban and income quintile 5
Period of diagnosis
1997-2007 v. 1986-1996
2008-2014 v. 1986-1996
Anthracycline dose
<250 mg/m?v. none
=250 mg/m?v. none
Transplant
Allogenic v. none
Autologous v. none
Radiation

No radiation to any body region v. breast and abdomen or pelvis

Abdomen or pelvis only vs breast and abdomen or pelvis

Breast only v. breast and abdomen or pelvis
ADG, categorical

High v. none

Intermediate v. none

Low v. none
PCP visits in the past yr

1-3 PCP visits v. no PCP visits

>4 PCP visits v. no PCP visits
LTFU clinic visit in the past yr

Yes v. no

Univariable
RR (95% ClI)

1.15 (1.05-1.25)

1.02 (0.38-2.74)
1.2(0.51-2.81)
1.01(0.36-2.87)
0.46 (0.14-1.54)
0.65 (0.26-1.61)

0.71(0.33-1.52)
0.14 (0.02-0.84)

3.36 (0.96-11.73)
2.8 (0.74-10.63)

0.08 (0.01-0.6)
0.3 (0.08-1.15)

No patients
in this category

No patients
in this category

0.65 (0.31-1.38)
5.14 (1.5-17.67)
5.91 (2.21-15.79)

4.52 (1.82-11.25)

1.35 (0.9-2.04)
1.11 (0.63-1.96)

1.56 (0.66-3.68)

Multivariable
RR (95% Cl)

1.09 (1.01-1.18)

0.85 (0.32-2.25)
1.09 (0.54-2.23)
0.95 (0.45-2.03)
0.51(0.23-1.13)
0.59 (0.31-1.12)

0.44 (0.23-0.85)
0.09 (0.02-0.39)

2.43(0.72-8.17)
2.15(0.63-7.31)

0.14 (0.02-1.18)
0.13 (0.04-0.41)

3.21 (1.25-8.25)
3.82(1.9-7.7)
2.63 (1.32-5.21)

1.15 (0.75-1.74)
0.95 (0.55-1.65)

1.59 (0.88-2.89)

Note: ADG = Aggregated Diagnosis Groups, Cl = confidence interval, LTFU = long-term follow-up, PCP = primary care physician, RR = rate ratio.
*Age, rurality, period of diagnosis, anthracycline dose, transplant, ADG, PCP visits in the past year, LTFU clinic visit.

was associated with greater adherence to breast and cardio-
myopathy surveillance, perhaps because physicians are more
aware of the Children’s Oncology Group guidelines (first pub-
lished in 2003).

The low surveillance rates we observed for colorectal cancer
are consistent with findings from other at-risk populations.*’#0
Fear of bowel preparation is a substantial barrier.>®5! Other sur-
veillance approaches might be more acceptable to survivors.>
The V5 guidelines suggest that a fecal immunochemical test is a
reasonable alternative to colonoscopy, but it is generally not
acceptable to high-risk patients.

Our research suggests that further work on rural residence
and lower socioeconomic status as predictors of surveillance
adherence can elucidate barriers to screening. There is also a
need to evaluate the trade-offs in costs, accessibility, and usabil-
ity of surveillance tests against accuracy in adult CCS. Our find-
ings demonstrate a need to support patients and clinicians to
improve adherence to surveillance guidelines among CCS. This
responsibility must be shared between the cancer care system,
particularly the provincial pediatric cancer survivor network, as
well as the patients themselves, through advocacy and other sur-
vivor support groups.

CMAJ | March 11,2024 | Volume 196 | Issue 9 E291

yoieasay



Research

Table 8: Longitudinal adherence — univariable and multivariable rate ratios and 95% confidence intervals from Poisson

regression for adherence to cardiomyopathy surveillance guidelines from Mar. 1, 2003, to Feb. 28, 2020, for 3205 survivors*

Characteristic

Age at diagnosis, yr
Sex
Female v. male
Rurality and neighbourhood income
Rural v. urban and income quintile 5
Urban and income quintile 1 v. urban and income quintile 5
Urban and income quintile 2 v. urban and income quintile 5
Urban and income quintile 3 v. urban and income quintile 5
Urban and income quintile 4 v. urban and income quintile 5
Period of diagnosis
1997-2007 v. 1986-1996
2008-2014 v. 1986-1996
Anthracycline dose
<250 mg/m?v. none
=250 mg/m?v. none
Transplant
Allogenic v. none
Autologous v. none
Radiation and anthracycline
Anthracycline only v. radiation only
Radiation and anthracycline v. radiation only
ADG
High v. none
Intermediate v. none
Low v. none
PCP visits in the past yr
1-3 PCP visits v. no PCP visits
=4 PCP visits v. no PCP visits
LTFU clinic visit in the past yr

Yesv. no

Univariable
RR (95% Cl)

0.99 (0.98-0.99)
1.09 (1.03-1.15)

1.03(0.97-1.1)
0.91 (0.86-0.97)
0.96 (0.91-1.01)
0.98 (0.93-1.03)
0.97 (0.92-1.01)

1.79 (1.67-1.91)
2.05(1.9-2.2)

1.52 (1.28-1.81)
1.11(0.93-1.34)

0.93 (0.82-1.06)
0.82 (0.7-0.95)

1.86 (1.5-2.31)
1.51(1.21-1.88)

2.84 (2.62-3.06)
2.65 (2.46-2.85)

2.34(2.18-2.51)

1.16 (1.13-1.19)
1.22 (1.19-1.26)

1.4 (1.36-1.44)

Multivariable
RR (95% CI)

0.97 (0.96-0.97)
1.03 (0.98-1.07)

1.02 (0.96-1.09)
0.93 (0.87-0.99)
0.97 (0.91-1.02)
0.98 (0.93-1.03)
0.96 (0.92-1.01)

1.64 (1.55-1.73)
2.16(2.01-2.32)

0.96 (0.81-1.14)
0.77 (0.65-0.92)

0.99 (0.9-1.09)
0.9 (0.79-1.03)

1.97 (1.51-2.55)
1.64 (1.26-2.15)

2.81(2.53-3.12)
2.63(2.38-2.91)

2.38(2.16-2.63)

1.04 (1.01-1.07)
1.05 (1.02-1.08)

1.34(1.3-1.37)

Note: ADG = Aggregated Diagnosis Groups, Cl = confidence interval, LTFU = long-term follow-up, PCP = primary care physician, RR = rate ratio.
*Age, sex, rurality, period of diagnosis, anthracycline dose, transplant, radiation and anthracycline, ADG, PCP visits in the past year, LTFU visit.

Limitations

We examined survivors in a province with survivorship clinics and
publicly funded health insurance, which may affect generalizabil-
ity to other jurisdictions. However, other jurisdictions may have
even more barriers to obtaining recommended testing, so these
poor adherence proportions may represent best-case scenarios.
Importantly, we derived outcomes from administrative data
instead of direct patient assessment. They do not capture CCS
who emigrated out of the province or the purpose of a test (sur-
veillance or diagnostic). Survivors of childhood cancer who turned
18 years old before 2018 were not discharged from pediatric care
with knowledge of the updated guidelines, complicating their

ability to adhere to the most recent guidelines. Also, other meth-
ods are possible for surveillance (e.g., ultrasound for breast can-
cer screening), but would not be guideline adherent.

Finally, young adults may avoid or disengage from the health
care system owing to the trauma of their cancer experience;?:53>
administrative databases cannot capture such factors.

Conclusion
Surveillance for late effects in adult survivors of childhood can-

cer is poor, placing many survivors at risk for preventable harm.
To increase surveillance among this elevated-risk population,
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screening recommendations need to consider and address bar-
riers to completing surveillance tests. Surveillance approaches
that meet the needs of survivors and their physicians are import-
ant to help CCS stay healthy in adulthood.
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