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Abstract
Purpose Because many survivors do not receive recommend-
ed follow-up, we sought to characterize patterns and predic-
tors of survivorship clinic attendance in a population-based
sample of childhood cancer survivors.
Methods Using the Connecticut Tumor Registry, we identi-
fied all patients diagnosed with cancer at age≤18 years from
March 1, 1998 to March 1, 2008, still in follow-up 5 years
post-diagnosis, and living <100miles fromYale. Survivorship
clinic attendance, demographics, disease characteristics, and
treatment exposures were ascertained. Vital status was con-
firmed with the National Death Index. The Kaplan-Meier
curves and hazard ratios were calculated for survivorship clin-
ic attendance.
Results Four hundred eighty-nine eligible survivors currently
19.1±6.2 years old were diagnosed at a mean age of 9.1±
5.8 years with leukemias/lymphomas (47.2 %), central nervous
system tumors (16.4 %), sarcomas (11.2 %), thyroid cancers or
melanomas (7.8 %), and other solid tumors (17.4 %). The 10-
year post-diagnosis clinic attendance probability was 27.8 %
(SE=2.3) overall, and 36.9 % (SE=4.4) and 40.8 % (SE=3.8),
in patients with radiation and anthracycline exposure, respec-
tively. In adjusted analysis, patients with insurance (HR=2.90;
p<0.01 for private and HR=2.05; p=0.02 for public

assistance), treated with anthracyclines (HR=3.05; p<0.01),
and treated with radiation (HR=1.90; p<0.01) were signifi-
cantly more likely to attend clinic.
Conclusions The majority of childhood cancer survivors in
our population-based sample had not attended survivorship
clinic, even among those with high-risk exposures. Health
care access, as measured by insurance status, was an important
predictor of clinic attendance.
Implications for Cancer Survivors More research is needed to
clarify the link between insurance status and survivorship care
to increase appropriate late effects surveillance in this
population.
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Introduction

The population of childhood cancer survivors has grown be-
cause of advances in therapy and supportive care that have led
to cure rates of over 80 % [1]. However, about 73 % of long-
term survivors will develop at least one chronic health condi-
tion within 30 years of their diagnosis with 42 % of those
conditions being severe, disabling, life-threatening, or life-
ending. The risk of developing these severe conditions was
eight times greater when compared to siblings without a his-
tory of cancer [2].

The Children’s Oncology Group (COG), a National Cancer
Institute supported clinical trials group with over 200 member
institutions, launched guidelines in 2004 for childhood cancer
survivors to receive risk-based follow-up and screening [3].
One of the proposed models for delivering this type of care is
the establishment of specialized, long-term follow-up clinics
[4, 5]. The majority of COG member institutions provide
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some level of survivorship care, with more than half reporting
doing so in a specialized late effects program [6]. Yale
established a regional clinic (HEROS) in 2003 to screen for
and provide preventative health education regarding potential
late effects from treatment for pediatric cancer survivors of all
ages. Although individual practices may differ, it is the con-
sensus recommendation of the Yale section of Pediatric
Hematology-Oncology for all off-therapy patients to be re-
ferred to HEROS Clinic 5 years after diagnosis or 2 years after
end of therapy. Analysis of patient data from the HEROS
clinic from 2003 to 2009 showed that new treatment-related
health conditions were identified as a result of a clinic visit in
34 % of the attendees [7].

Available estimates of childhood cancer survivors receiv-
ing appropriate risk-based survivorship care are limited to
much older cohorts or general oncology follow-up in the short
term. In adult survivors of childhood cancer survivors treated
from 1970 to1986, only 31.5 % of survivors reported receiv-
ing any follow-up care focusing on their prior cancer with just
17.8 % reporting care that included consultation about risk
reduction and screening tests [8]. An acknowledged limitation
of a more recent analysis of the frequency of survivors receiv-
ing survivorship care is its inability to distinguish general
recurrence monitoring follow-up from surveillance for late
effects. In addition, this study only ascertained follow-up at
a range of 0–5 years from diagnosis and did not collect de-
tailed treatment exposure data [9].

The Yale HEROSClinic is an informative sample to examine
patterns and predictors of survivorship clinic attendance account-
ing for all eligible survivors over a 10-year period, from 5–
15 years post diagnosis. Our aims for this study are to (1) deter-
mine the cumulative incidence rate of survivorship clinic atten-
dance and (2) identify cancer, treatment, and sociodemographic
factors associated with increased risk of non-attendance.

Methods

Study population

Included in this retrospective study were patients diagnosed
with cancer at age≤18 years at Yale NewHaven Hospital from
March 1, 1998 toMarch 1, 2008. Patients additionally met the
following inclusion criteria: residence within 100 miles from
Yale at 5 years from diagnosis, primary oncologic care at Yale,
and completion of all therapy within 5 years from the date of
diagnosis. A cohort of 694 patients diagnosed with cancer at
age≤18 years from March 1, 1998 to March 1, 2008 and
treated at Yale New Haven Hospital was identified through
the hospital tumor registry, which contributes to the
Connecticut (CT) Tumor Registry. The CT Tumor Registry
is the oldest population-based tumor registry in the country,
having collected case histories of all newly diagnosed cancer

patients in the state of Connecticut and lifelong follow-up
records from these patients since 1935 [10]. Last known ad-
dress and change of address for each patient was ascertained
from Yale medical records, which are uniformly updated by
clinic registration staff at each encounter. After review of these
charts, we excluded those patients who were deceased prior to
5 years from diagnosis (N=111), transferred care prior to
5 years from diagnosis (N=45), had moved >100 miles from
Yale at 5 years from diagnosis (N=28), were on active treat-
ment as of March 1, 2013 (N=1), and whose medical records
were incomplete (N=20). The final sample included 489 pa-
tients as displayed in Fig. 1. The Yale University Human
Investigation Committee approved the current study.

Procedures

All eligible patients in our cohort were first identified as either
Battenders^ (having attended Yale’s survivorship clinic at least
once) or Bnon-attenders^ (never having attended Yale’s survi-
vorship clinic), based on HEROS clinic records of all patient
encounters from March 1, 2003 to March 1, 2013. Over this
time period, clinic practices have consistently included medi-
cal abstraction to prepare a treatment summary and survivor-
ship care plan, and multidisciplinary care from a team, which
includes a physician, nurse practitioner, psychologist, and
nurse educator. HEROS is located at a dedicated time in the
same space as the general pediatric oncology outpatient clinic.
There have been no concerted media or advertising cam-
paigns, but the clinic is described in an oncology patient fam-
ily manual given to patients and their families at the time of
diagnosis since its inception.

For attenders of clinic, all sociodemographic and treatment
variables were obtained from HEROS clinic electronic data-
base. For non-attenders, these same sociodemographic and
treatment variables were abstracted from both electronic and
paper charts in the Yale medical record.

Sociodemographic variables abstracted included: gen-
der, parent-reported race/ethnicity (White, Black,
Hispanic, and other), type of insurance (none or self-pay,
private, and having some form of public assistance), travel
time from the hospital, and household income (based on
quartiles). The last known address was entered into the
Google Maps website to calculate shortest driving time to
Yale New Haven hospital [11]. This address was also en-
tered into the Federal Financial Institutions Examination
Council’s (FFIEC) Geocoding system to obtain median
household income for the census tract where the address is
located based on data from the 2013 US census [12].

Treatment variables abstracted included: age at diagnosis,
cancer diagnosis (leukemias, lymphomas, tumors of the cen-
tral nervous system, sarcomas, thyroid cancers or melanomas,
and all other solid tumors), surgery (yes/no), radiation (yes/
no), radiation site (cranial, chest, abdomen and pelvis, limb,
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full body), stem cell transplant (yes/no), chemotherapy (yes/
no), alkylating agent exposure (yes/no), anthracycline expo-
sure (yes/no), lung toxic therapy exposure (yes/no), radioac-
tive iodine (yes/no), relapse (yes/no), secondary malignancy
(yes/no), and enrolled on clinical study (yes/no). For cancer
diagnosis, we decided to group thyroid cancers and melano-
mas together based on the fact that these two diagnoses tend to
be treated with surgical resection only and/or are not typically
referred or followed by pediatric oncology at Yale. We iden-
tified treatment with alkylating agents as exposure to busulfan,
carmustine, carboplatin, chlorambucil, cisplatin, cyclophos-
phamide , d ac a rba z in e , i f o s f amide , l omus t i n e ,
mechlorethamine, melphalan, procarbazine, thiotepa, or tem-
ozolomide [13]; anthracyclines as exposure to doxorubicin,
daunorubicin, idarubicin, epirubicin, mitoxantrone [13]; and
lung-toxic agents as exposure to busulfan, carmustine
(BCNU), lomustine (CCNU), or bleomycin [13].

Vital status was ascertained for all patients using depart-
mental lists of deceased patients, an Internet collection of
obituaries on Legacy.com [14], as well as a search of records
from the National Death Index (NDI) [15]. The NDI is a
database run by the National Center for Health Statistics that
tracks deaths and causes of death of US citizens occurring
after 1978 in the USA [15]. Those patients found to be de-
ceased less than 5 years from date of diagnosis were deemed
ineligible for the study.

Statistical analysis

Descriptive statistics summarized patient characteristics for
patients overall and stratified by survivorship clinic atten-
dance. A Kaplan-Meier estimator was used to estimate the
probability of attending survivorship clinic over time and to
examine the proportional hazards assumption for each of our
independent variables. A subsequent Cox proportional haz-
ards regression was conducted adjusted for gender, age at
diagnosis, and type of insurance. Type of insurance at the last

documented medical visit in our study period was chosen as
our best estimate of socioeconomic status, as income
ascertained from census tracts was not significant in the unad-
justed analysis. P<0.05 was used to define statistical signifi-
cance. All analyses were conducted in SAS software, Version
9.4 of the SAS system [16]. Copyright © 2013 SAS Institute
Inc. SAS and all other SAS Institute Inc. product or service
names are registered trademarks or trademarks of SAS
Institute Inc., Cary, NC, USA.

Results

Patient characteristics

Table 1 displays the characteristics of the 489 cancer survivors
analyzed in this study. Patients were diagnosed at a mean age
of 9.1±5.8 years with leukemias/lymphomas (47.2 %), central
nervous system tumors (16.4 %), sarcomas (11.2 %), thyroid
cancers or melanomas (7.8 %), and other solid tumors
(17.4 %). Of this group, 26.0 % were part of a racial minority
group. In terms of their cancer treatment, 29.9 % had received
conventional radiation, 45.5 % of patients had been exposed
to alkylating agents, 45.6 % had been exposed to
anthracyclines, and 13.1 % had been exposed to lung toxic
chemotherapies. Over half (51.1 %) either had no insurance or
some level of public assistance. The median age for clinic
attendees when they first attended survivorship clinic was
13.6 years (interquartile range 10.2–19.8) with a normal dis-
tribution, results not shown.

Patterns

For all survivors, the Kaplan-Meier estimated 5-, 10-, and 15-
year post-diagnosis survivorship clinic attendance probabili-
ties were 4.5% (SE=0.9), 27.8% (SE=2.3), and 35.5% (SE=
3.1), respectively. The 10-year attendance probabilities were

569    Non-attenders: chart abstraction 
  from Yale medical records 

125    Attenders: chart abstraction 
  from HEROS clinic records 

694   Connecticut tumor registry of all incident cases < 18 years at Yale New  
  Haven Hospital from March 1, 1998 – March 1, 2008  

205   Excluded 
--------------------------------------------------------------------- 
111   Deceased prior to 5 years from diagnosis 
45   Transferred care prior to 5 years from diagnosis  
28   Lived > 100 miles at 5 years from diagnosis  
20   Incomplete charts 
1   On active treatment as of 3/1/13  

364    Non-attenders in final sample 

Fig. 1 Consort diagram of study sample
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36.9 % (SE=4.4) after radiation, 40.8 % (SE=3.8) after
anthracycline therapy, and 39.1 % (SE=3.8) after alkylating
agent therapy. If a patient had insurance, the attendance prob-
ability was 38.2 % (SE=3.7) for private and 31.2 % (SE=5.7)
for public assistance at 10 years. The Kaplan-Meier curves for
clinic attendance increased gradually over time with a period
of leveling off. This general pattern remained true across di-
agnoses (Fig. 2a), as well as for significant predictors includ-
ing anthracycline therapy (Fig. 2b), radiation (Fig. 2c), and
insurance status (Fig. 2d). While clinic attendance increased
with longer follow-up, the incidence rate of clinic attendance
was not significantly different when compared across

treatment periods (analyzed by 3-year subintervals based on
date of diagnosis; log-rank=0.43, p=0.93), result not shown.

Predictors

Cancer factors

After adjusting for age at diagnosis, gender, and insurance,
childhood cancer survivors with a history of leukemia (HR=
3.36 compared to central nervous system tumor; p<0.01),
lymphoma (HR=3.99 compared to central nervous system
tumor; p<0.01), and sarcoma (HR=3.30 compared to central

Table 1 Patient Characteristics
Overall (n=489) Survivorship clinic

attenders (n=125)
Non-attenders (n=364)

Age at diagnosis (years) 9.13±5.75 8.00±5.34 9.52±5.85

Sex

Female 220 (45.0 %) 65 (52.0 %) 155 (42.6 %)

Male 269 (55.0 %) 60 (48.0 %) 209 (57.4 %)

Race/ethnicity

White, non-Hispanic 362 (74.0 %) 88 (70.4 %) 274 (75.3 %)

Black, non-Hispanic 56 (11.5 %) 14 (11.2 %) 42 (11.5 %)

Hispanic 49 (10.%) 17 (13.6 %) 32 (8.8 %)

Other 22 (4.5 %) 6 (4.8 %) 16 (4.4 %)

Diagnosis

Leukemia 146 (29.9 %) 54 (43.2 %) 92 (25.3 %)

Lymphoma 85 (17.4 %) 28 (22.4 %) 57 (15.7 %)

Central nervous system 80 (16.4 %) 9 (7.2 %) 71 (19.5 %)

Sarcoma 55 (11.3 %) 17 (13.6 %) 38 (10.4 %)

Thyroid cancer/melanoma 38 (7.8 %) 0 (0.0 %) 38 (10.4 %)

Other solid tumors 85 (17.4 %) 17 (13.6 %) 68 (18.7 %)

Surgery

Yes 259 (53.0 %) 46 (36.8 %) 213 (58.5 %)

No 230 (47.0 %) 79 (63.2 %) 151 (41.5 %)

Chemotherapy

Yes 356 (72.8 %) 124 (99.2 %) 232 (63.7 %)

No 133 (27.2 %) 1 (0.8 %) 132 (36.3 %)

Radiation therapy

Yes 146 (29.9 %) 53 (42.4 %) 93 (20.6 %)

No 343 (71.1 %) 72 (57.6 %) 271 (74.4 %)

Enrolled on clinical trial

Yes 71 (14.5 %) 44 (12.1 %) 27 (21.6 %)

No 418 (85.5 %) 320 (87.9 %) 98 (78.4 %)

Relapse

Yes 52 (10.6 %) 42 (11.5 %) 10 (8.0 %)

No 437 (89.4 %) 322 (88.5 %) 115 (92.0 %)

Insurance status

None/self-pay 141 (28.8 %) 20 (16.0 %) 121 (33.2 %)

Private 239 (48.9 %) 79 (63.2 %) 160 (44.0 %)

Public assistance 109 (22.3 %) 26 (20.8 %) 83 (22.8 %)
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nervous system tumor; p<0.01) were significantly more likely
to attend survivorship clinic. Relapse and secondary malig-
nancy were not significant predictors.

Treatment factors

In the same adjusted analysis, patients with a history of
chemotherapy (HR=49.31; p<0.01) and radiation (HR=
1.90; p<0.01) were significantly more likely to attend
survivorship clinic (Table 2). The elevated likelihood
was found for all radiation sites except full body and limb
radiation (cranial HR=1.88, p<0.01; chest HR=2.72;
p<0.01; abdomen and pelvis HR=1.78, p=0.05). They
were also significantly more likely to attend clinic if they
were treated with alkylating agents (HR=2.28; p<0.01),
anthracyclines (HR=3.05; p<0.01, and lung-toxic thera-
pies (HR=1.89; p<0.01). Patients who underwent surgery
without radiation or chemotherapy (HR=0.02 compared
to surgery combined with radiation and chemotherapy;
p<0.01) were significantly less likely to attend survivor-
ship clinic. Clinical trial enrollment was not a significant
predictor. Of the seven patients who received limb radia-
tion and the six patients who experienced subsequent

malignancies, none attended our survivorship clinic so
we are unable to estimate a hazards ratio for these factors.

Sociodemographic factors

In the adjusted analysis, patients with insurance (HR=2.90;
p<0.01 for private and HR=2.05; p=0.02 for public assis-
tance) were more likely to attend clinic. A stratified analysis
demonstrated that these findings remained significant in pa-
tients age<18 years at 5 years from diagnosis (HR=2.42;
p<0.01 for private and HR=2.32; p=0.02 for public assis-
tance). For survivors ≥18 years at 5 years from diagnosis,
patients with private insurance (HR=4.60; p<0.01) were
more likely to attend clinic. Income, travel time to clinic,
and race were not significant predictors.

Discussion

Despite the availability of a specialty survivorship clinic and
guidelines recommending risk-based surveillance care, the ma-
jority (72.2%) of childhood cancer survivors in our population-
based sample did not attend survivorship clinic even at 10 years
post-diagnosis. This includes high-risk patients who had
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Fig. 2 Kaplan-Meier curves estimating probability of attending survivorship clinic stratified diagnosis (a), anthracycline history (b), radiation history
(c), insurance status (d). Panel A also includes the overall curve for the probability of clinic attendance

J Cancer Surviv (2016) 10:505–513 509



received radiation, alkylating agents, anthracyclines, or lung-
toxic agents as part of therapy. These groups of patients are
known to be particularly susceptible to late effects including
gonadal dysfunction, secondary malignancies, pulmonary fi-
brosis, and cardiomyopathies [13]. Our data showed that these
rates have not significantly changed over time, in spite of pub-
lished standards for all pediatric cancer centers to offer long-
term follow-up survivorship care, as well as efforts by the
Institute of Medicine and various advocacy groups to increase
education and awareness of late-effects surveillance [3, 13,
17–19]. While past studies have looked at physician-
perceived barriers to care and patterns of follow-up care for
pediatric cancer patients in the period immediately after thera-
py, this is the first study to our knowledge that has examined
specific disease and health service factors associated with long-
term survivorship care [9, 20].

The existing literature is inconsistent in its analysis of
childhood cancer survivors’ attendance patterns for general
follow-up, with different studies linking increased attendance
to female sex, insurance status, older age at diagnosis, in-
creased treatment exposure, past history of relapse, shorter
time off treatment, and living a shorter distance from the hos-
pital [20–22]. The most recent of these analyses by Barakat
et al. raised interesting questions regarding standard oncologic
follow-up in the period immediately following treatment, but
the study was limited in its ability to comment on survivorship
care in the long-term as their study period only extended to the
first 5 years after diagnosis [9]. Many of these earlier visits are
focused on relapse monitoring rather than late effects screen-
ing and education. In contrast to the previous work, we did not
find any of the sociodemographic variables except for insur-
ance status as being predictive of survivorship clinic atten-
dance, and we found that survivorship clinic attendance
actually increased with longer time off treatment (27.8 %
at 10 years post diagnosis and 35.5 % at 15 years post
diagnosis).

Table 2 Hazard ratios for patient, disease, and treatment factors
adjusted for gender, age at diagnosis, type of insurance

Hazard
ratio

95 % confidence
interval

p value

Gendera

Female Ref Ref Ref

Male 0.82 0.57–1.16 0.26

Age at diagnosisb

0 to 14 Ref Ref Ref

15 to 18 0.69 0.41–1.16 0.16

Child Race

White (non-Hispanic) Ref Ref Ref

Black (non-Hispanic) 1.25 0.70–2.23 0.45

Hispanic 1.70 0.99–2.92 0.05

Other 1.40 0.61–3.21 0.43

Diagnosis

Central nervous system tumor Ref Ref Ref

Leukemia 3.36 1.65–6.83 <0.01*

Lymphoma 3.99 1.87–8.53 <0.01*

Sarcoma 3.30 1.47–7.42 <0.01*

Thyroid cancer/melanoma 0.00 0.00 0.99

Other solid tumors 1.68 0.75–3.77 0.21

Type of Treatment

Surgery, radiation, +
chemotherapy

Ref Ref Ref

Chemotherapy only 0.78 0.48–1.27 0.31

Radiation +/− chemotherapy 0.74 0.43–1.29 0.29

Surgery only 0.02 0.00–0.13 <0.01*

Surgery + chemotherapy 0.54 0.30–0.97 0.04*

Radiation exposure (yes/no)

Head and neck 1.88 1.28–2.77 <0.01*

Chest 2.72 1.71–4.34 <0.01*

Abdomen and pelvis 1.78 1.01–3.13 0.04*

Full body 0.89 0.33–2.42 0.82

Chemotherapy exposure (yes/no)

Alkylating agents 2.28 1.58–3.30 <0.01*

Anthracyclines 3.05 2.09–4.44 <0.01*

Lung toxic therapies 1.89 1.19–3.00 <0.01*

Clinical trial

Not enrolled Ref Ref Ref

Enrolled 1.26 0.82–1.94 0.29

Relapse

Yes Ref Ref Ref

No 1.48 0.77–2.83 0.24

Insurance statusc

None/self-pay Ref Ref Ref

Private 2.90 1.75–4.81 <0.01*

Public assistance 2.05 1.14–3.71 0.02*

Travel time from hospital (min)

0 to 15 Ref Ref Ref

15 to 30 0.91 0.54-1.53 0.71

Table 2 (continued)

Hazard
ratio

95 % confidence
interval

p value

30 to 45 0.58 0.33-1.03 0.06

More than 45 0.74 0.42-1.32 0.31

Household Income (by Quartile)

$1000–$68,999 Ref Ref Ref

$69,000–$93,999 0.97 0.58–1.61 0.90

$94,000–$116,999 0.95 0.57–1.58 0.84

$117,000–$252,000 1.20 0.74–1.94 1.20

a Adjusted for age at diagnosis and type of insurance
bAdjusted for gender and type of insurance
c Adjusted for age and gender

*P<0.05
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Our study corroborates self-reported cross-sectional data
from an older cohort in the Childhood Cancer Survivor
Study (CCSS). Of over 8000 childhood cancer survivors sur-
veyed, only 17.8 % reported receiving risk-based, survivor-
focused care in the preceding 2 years [8]. We similarly found
that an overwhelming majority of childhood cancer survivors
had not attended survivorship clinic and that insurance status
was a significant predictor. The differences in our results com-
pared to the CCSS papers, including our study not finding age
or race to be a significant predictor, may be due to fundamen-
tal differences between our two samples. The CCSS repre-
sents an older, more racially homogenous cohort (treated from
1970 to 1986, 13.5 % racial minority) compared to our study
sample (treated from 1998 to 2013, 26.0 % racial minority).

Another CCSS study found that in general, only 41.9 %
reported a cancer-related visit in the last 2 years with even
fewer (19.2 %) reporting a visit at a cancer center [23]. Cross-
sectional post-hoc analysis of our cohort at the end of the study
period revealed that 75 and 54 % of patients were still in
follow-up with the treating clinic at 5 and 10 years post diag-
nosis, respectively. These proportions were 85 and 67 %, re-
spectively, for anyYale encounter. These data suggest that there
is a contribution from general institutional loss of follow-up, as
well as from a specific failure to attend survivorship clinic. Our
findings are consistent with a body of literature highlighting the
deficiency of successful transition of young adult survivors of
pediatric cancer from their treating oncologist to more long-
term follow-up [24, 25]. We do not have the data to know
exactly what drives either general loss of follow-up or specific
failure to attend survivorship clinic. Further research might be
able to identify specific system-, physician-, or patient-driven
factors as potential targets for intervention.

Our analysis benefits from the ability to examine ten con-
secutive years of patient records both from the Connecticut
Tumor Registry, as well as survivorship clinic data. Because
the CT Tumor Registry documents all incident cancers diag-
nosed in the state including those at our institution during the
10-year study period, we are able to track all eligible patients
in a population-based sample [10]. Strict inclusion criteria
allowed us to accurately identify a sample that should have
had access to our survivorship clinic—namely patients that
were alive, lived in close proximity to the clinic (<100 miles),
and were being followed in the same health care system for
their oncologic care. Verification of vital status within our
study sample with the gold standard measure of the National
Death Index further increases the validity of the findings [15].
Our study is additionally strengthened by the fact that we were
able to identify particular individuals at elevated risk for late
effects based on high-risk treatments of radiation and specific
chemotherapeutic agents.

Certain potential limitations must be taken into account
when interpreting our findings. Principal among them is that
we looked at associations in this study but we do not have

descriptive information on why patients did or did not come to
clinic. For example, attendance patterns could be strongly
linked to referral rates from different oncologists or parent/
patient perception of the need for survivorship care. Past work
has found that even attenders of a survivorship clinic have a
low perceived likelihood of developing a late effect from can-
cer treatment and that uninsured survivors in particular mini-
mize their need for care [26, 27]. We additionally cannot say
with certainty whether any of our non-attenders attended a
different survivorship clinic not at Yale, but preliminary un-
published data from a randomized clinical trial at our center
suggest that fewer than 2 % do. Lastly, we are unable to com-
ment on any causal relationship between our significant pre-
dictors, such as insurance status and clinic attendance.
However, these findings suggest critical future areas of
inquiry.

Our work builds on past literature demonstrating that lack
of insurance was associated with survivors not reporting a
general physical examination, a cancer-related visit, or a can-
cer center visit in the last 2 years [23, 28]. Previous work has
also shown that compared with siblings, adult survivors of
childhood cancer had both significantly lower rates of health
insurance coverage as well as more difficulty obtaining cov-
erage [29]. Nearly a third of our sample did not have insur-
ance, proportions that are consistent with past US census data
from 2008 to 2011 for young adults ages 19 to 25 [30].
However, our study largely took place before the Affordable
Care Act (ACA) went into a full effect, a period in which it
was standard for young adults to be excluded from their par-
ents’ policies when they graduated from high school or col-
lege and for those insured through Medicaid or the Children’s
Health Insurance Program to be excluded at age 19 [31]. One
report identified five specific provisions of the ACAwith im-
plications for adult survivors of pediatric cancer. These provi-
sions include prohibition of discrimination on the basis of
health status, extended coverage on parents’ insurance,
change in minimum income eligibility for Medicaid, no annu-
al or lifetime coverage limits, and state-based exchanges [32].
It is difficult to make specific conclusions about the impact of
the ACA on our data since these different provisions came
into effect gradually during the last 3 years of our study peri-
od. Early follow-up demonstrates there is a higher proportion
of young adults age 19 to 25 receiving coverage since the
implementation of the first provisions of the ACA from 68.1
to 73.6% [33]. However, further research is needed to know if
and how health care access remains a potential barrier to sur-
vivorship care.

In summary, this study demonstrates that the majority of
childhood cancer survivors, including patients who have re-
ceived radiation and high-risk chemotherapy, do not attend
survivorship clinic. It is particularly concerning that these
rates have not changed significantly even as the clinic has
become a well-established and integrated part of our regional
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system. Even with providers’ increasing knowledge and ex-
perience on the importance of assessing patients for cancer
treatment-related late effects, there continues to be a major
deficit of care. Patients without insurance were significantly
less likely to attend survivorship clinic, underscoring the im-
pact of health care disparity in this patient population. Further
work is needed to determine the link between these predictors
and may help inform future interventions to increase the pro-
portion of this population that receives appropriate late effects
surveillance.
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