1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Cancer Epidemiol. Author manuscript; available in PMC 2018 February 01.

Published in final edited form as:
Cancer Epidemiol. 2017 February ; 46: 42—-49. doi:10.1016/j.canep.2016.12.002.

Risk of malignant childhood germ cell tumors in relation to
demographic, gestational, and perinatal characteristics

Clinton Halll, Beate Ritzl, Myles Cockburn?, Tom B. Davidson3, and Julia E. Heck?

1Department of Epidemiology, Fielding School of Public Health, University of California, Los
Angeles, Los Angeles, California, USA

2Department of Preventive Medicine, Keck School of Medicine, University of Southern California,
Los Angeles, California, USA

3Division of Pediatric Hematology/Oncology, Department of Pediatrics, David Geffen School of
Medicine, University of California, Los Angeles, California, USA

Abstract

Background—Childhood germ cell tumors (GCTSs) are a rare assortment of neoplasms, with
mostly unknown etiology, that are believed to originate very early in life. Few studies have
examined risk factors by histologic subtype, despite evidence of different risk profiles.

Materials and Methods—In this population-based case-control study, 451 childhood malignant
GCT cases ages 0-5 years were identified from the California Cancer Registry. Differentiating
between common histologic subtypes, we identified 181 yolk sac tumors, 216 teratomas, and 54
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rarer subtypes. Cases were linked to their birth certificates and 271,381 controls, frequency
matched by birth year, were randomly selected from California birthrolls to investigate the
contributions of demographic, gestational, and pregnancy factors using unconditional logistic
regression analysis.

Results—Compared to non-Hispanic whites, Asian/Pacific Islander children were at an increased
risk for developing GCTs (odds ratio [OR]=1.94; 95% confidence interval [CI]=1.47, 2.56).
Among pregnancy complications and procedures, yolk sac tumors were positively associated with
the presence of fetopelvic disproportion (OR=2.97; 95% CI=1.55, 5.68), while teratomas were
strongly associated with polyhydramnios or oligohydramnios (OR=14.76; 95% Cl=7.21, 30.19)
and the presence of an ear, face, or neck anomaly at birth (OR=93.70; 95% Cl=42.14, 208.82).

Conclusions—Malignant yolk sac tumors and malignant teratomas exhibited distinct
demographic and gestational characteristics; additionally, complications in pregnancy and labor
may be brought on by specific histologic subtypes.
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1. Introduction

Childhood germ cell tumors (GCTSs) are an assorted group of malignant and benign
neoplasms that vary with respect to their clinical presentation, histopathology, and biologic
characteristics, but are all believed to originate from primordial germ cells [1, 2]. In children
under 5 years of age, the two most common GCT subtypes are teratomas and yolk sac
tumors [3]. GCTs comprise 3.5% of all cancers in those younger than 15 years of age [4]; in
the United States, the GCT rate for children ages 0-14 is approximately 6.0 per million [5],
while in Europe the rate is estimated to be 4.8 per million [6]. GCTs are infrequently studied
and their etiology is largely unknown.

Although epidemiologic studies of GCTs in children are rare, positive associations have
been reported between cancer incidence and Asian/Pacific Islander race, abnormal fetal
growth, birth defects, and congenital malformations, suggesting that early life exposures are
important in their etiology [7-11]. Other studies have reported that exposures to traffic
pollution, certain solvents, and residence in agriculturally intense areas have been associated
with GCTs [12-14], while the role of breastfeeding, parental smoking, and exposure to
female hormones or pesticides has been suggested [13, 15-18]. Likely due to small sample
sizes, few studies of younger cases differentiated by histological subtype [19-21], despite
evidence for distinct etiologies and ages of diagnosis, as well as heterogeneous tumor DNA
methylation signatures, suggesting differences in exposure windows and, possibly, causal
mechanisms [3, 19-22].

In this large, population-based case-control study of California children, we aimed to
examine the association between demographic, gestational, and perinatal characteristics and
the occurrence of malignant childhood GCTs. Additionally, we separately assessed two
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common histological subtypes in our study population of young children, i.e. yolk sac
tumors and teratomas. Our analyses were limited to tumors that are malignant.

2. Population characteristics and methods

This report utilizes data from subjects enrolled in a large case-control study which
ascertained cases of childhood cancer—diagnosed between 1988 and 2013—from the
California Cancer Registry; all children were 5 years old or younger at the time of diagnosis
[23]. Eligible cases had to be born in California and linkable to birth certificates. Using first
and last names, date of birth, and social security number when available, we were able to
link 89% of all cases to a California birth certificate in the parent study. We selected
controls, for whom there was no record of a cancer diagnosis before age 6, randomly from
California birth records and frequency matched them to cases by birth year. Approval for
this study was received from the human subjects’ protection boards at the University of
California, Los Angeles and the California Health and Human Services Agency.

Cases of GCTs were identified via the International Classification of Childhood Cancer,
Version 3 (ICCC-3), using codes 101-105 (n=451). Histological subtypes of GCTs were
defined according to the International Classification of Diseases for Oncology, Version 3
(ICD-0-3): yolk sac tumors (ICD-0-3 code 9071; n=181) and malignant teratomas (ICD-
O-3 codes 9080-9084 with malignant behavior code; n=216) were most prominent in our
population. There were 54 GCT cases coded as neither a teratoma nor a yolk sac tumor
(mixed germ cell tumors, n=26; germinomas, n=16; other, n=12).

Cases and controls were excluded from analyses if they were likely nonviable births
(gestational age <20 weeks, n=117; birth weight <500 grams, n=276; indeterminate sex,
n=3), or had missing values for neighborhood-level socioeconomic status (SES) (n=388).
Controls were additionally excluded if they died of other causes before the age of 6 (n=577)
or did not reside in California (n=767). Our final analytic dataset consisted of 451 GCT
cases and 271,381 controls.

California birth certificates provided information on parental demographics, gestational
factors, and maternal reproductive and medical history. Information regarding complications
in pregnancy and/or delivery, maternal comorbidities, clinical procedures conducted in the
perinatal period, and abnormal conditions of the child were also obtained from birth
certificates. Gestational age (<37, 38—-42, and =43 weeks) was estimated from the date of last
menses; if the length was improbably long (>45 weeks) it was defined as missing. Size for
gestational age was created using the method proposed by Alexander et al, as previously
described [24]; size was defined as “small” if birth weight was less than the 10™ percentile
and “large” if birth weight was greater than the 90t percentile within gestational week, sex,
and race [25]. Variables pertaining to education, prenatal care visits, and prenatal care
payment were only available for births after 1988. SES was examined through several
measures: maternal and paternal educational attainment (<8 years, 9-11, 12, 13-15, and =16
years); source of payment for prenatal care (private insurance [including Health
Maintenance Organizations and Blue Cross-Blue Shield] and other payment methods
[government aid programs, worker’s compensation, Title V, and self-pay]), which we
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previously observed to be a reasonable proxy for family income [26]; and a multifactorial
neighborhood SES index which utilized principal components analysis to develop a single,
five-level SES measure from seven census-tract level SES indicators, including mean
educational attainment, median household income, percent living 200% below poverty,
percent blue-collar workers, percent older than 16 years without employment, median rent,
and median house value [27].

Multivariable logistic regression was used to evaluate the relationship between GCTs,
demographic factors, gestational factors, and complications related to pregnancy or labor.
Pregnancy and labor complications or procedures are reported in our tables if there were at
least five exposed cases. We calculated odds ratios (ORs) and 95% confidence intervals
(Cls) in unadjusted analyses of demographic factors that only controlled for the matching
factor, birth year. In adjusted analyses of SES and gestational factors, we additionally
controlled for maternal age (<19, 20-29, 30-34, and =35 years old) and a combined
maternal race/ethnicity and birthplace variable (non-Hispanic White, Hispanic [US born],
Hispanic [foreign born], black, Asian/Pacific Islander, and other). Effect estimates for
paternal education were adjusted for paternal age (<19, 20-29, 30-34, and =35 years old)
and paternal race/ethnicity (non-Hispanic White, Hispanic of any race, black, Asian/Pacific
Islander, and other). For analyses related to pregnancy/labor complications and birth
anomalies, a two-level maternal race variable was created (white vs. non-white) for
adjustment purposes. Other demographic variables were left out of final regression models
because they did not change effect estimates by 10% or more, including paternal age,
paternal race/ethnicity, and maternal birthplace (US, Mexico, or other foreign). California
birth certificates do not collect data on paternal birthplace. Approximately 1.7% of birth
certificates did not have a father listed. For all analyses, we excluded any individuals with
missing data points for the variables of interest. We additionally conducted sensitivity
analyses of gestational factors and pregnancy or labor complications stratified by child’s sex,
as some previous studies have either controlled for sex or found differences between boys
and girls [17, 20, 21]. We also ran analyses stratifying SES measures by race. In order to
check whether preterm birth, gestational age, and Cesarean section were a consequence of
the teratoma being diagnosed /n7 utero, we conducted sensitivity analyses where we
examined associations after excluding cases diagnosed within 5 days of birth.

All statistical analyses were conducted using SAS, Version 9.4 (SAS Institute Inc., Cary,
NC, USA).

In our population, mean ages at diagnosis were 14.8 months for all GCTs, 19.7 months for
yolk sac tumors, and 8.2 months for teratomas.

GCT cases were more common among children born to parents from Asian/Pacific Islander
backgrounds and foreign-born Hispanic mothers (Table 1). Elevated effect estimates for
Asian/Pacific Islander race were observed across histologic subtypes, and yolk sac tumors
were more common among children born to Hispanic fathers. Mothers of young age at birth
(<19) were also at increased risk of having a child who developed a yolk sac tumor.
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Teratomas were most commonly diagnosed in families with mothers and fathers who had
completed high school, while yolk sac tumors were more common among children of
parents with less than 8 years of formal education (Table 2). Furthermore, our
neighborhood-level SES index showed a U-shaped relationship with yolk sac tumors.

In sensitivity analyses, results for SES differed by race among yolk sac tumors
(Supplementary Table 1). For Asian/Pacific Islanders, there was a generally negative
association between SES and yolk sac tumors; children born to mothers and fathers with less
than 8 years of formal education were at an increased risk, while those born to parents with
more than 16 years of formal education were at a decreased risk. Among non-Hispanic
whites, the relationship with the neighborhood-level SES index was U-shaped for yolk sac
tumors. Across races, individual-level SES measures exhibited no association with yolk sac
tumors. We also conducted sensitivity analyses by sex for gestational characteristics and
pregnancy or labor complications (Supplementary Table 2), which revealed some differences
in likelihood of fetopelvic disposition and Cesarean section between boys and girls.

In our study population, more girls presented with teratomas and more boys were diagnosed
with yolk sac tumors (Table 3). Low birth weight and preterm children were at an increased
risk of developing teratomas, but not yolk sac tumors; however, after removing teratomas
diagnosed within 5 days of birth, the associations with low birth weight and preterm birth
became null (OR=0.98, 95% CI=0.49, 2.01 and OR=1.02, 95% CI1=0.57, 1.81, respectively).
Among teratoma cases, an increased risk was observed in mothers who had 5 or fewer, 5-10,
and 16 or more prenatal care visits, compared to mothers who had between 11-15 prenatal
care visits. Mothers with two or more previous births were more common among yolk sac
tumor cases. Having a Cesarean section was associated with an increased risk for all GCTs,
but when stratifying by subtype, the observed association was due to an increased risk
among teratoma cases; this association disappeared after excluding teratoma cases diagnosed
within 5 days of birth (OR=0.89; 95% C1=0.59, 1.34).

We observed some positive associations between GCTs and pregnancy complications, labor
complications, and birth anomalies (Table 4). Conditions associated with an increased risk in
GCTs were the presence of fetopelvic disproportion and polyhydramnios or
oligohydramnios, with the former driven by yolk sac tumors and the latter by teratomas. We
checked the site of yolk sac tumor cases with fetopelvic disproportion, and none of those
cases had a tumor in the brain. We also observed an association between teratomas and
premature rupture of membranes. Procedures associated with an increased risk of teratomas
were admission to the neonatal intensive care unit (NICU), transfer to another facility within
24 hours of delivery, and receiving assisted ventilation for less than 30 minutes after birth.
The strongest risk factor for GCTs in this population was the presence of an ear, face, or
neck anomaly at birth, though the presence of any congenital anomaly was also predictive of
GCT diagnosis overall. All congenital anomalies appeared mainly in teratoma cases.

4. Discussion

Our findings illustrate that children diagnosed with malignant teratomas and yolk sac tumors
are distinct with respect to some demographic factors; we also observed some associations
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with poorer birth outcomes and pregnancy complications. The distribution of cases by sex in
this age group is similar to what is reported nationally [28]. Both teratomas and yolk sac
tumors were more common among children of Asian/Pacific Islander descent, and yolk sac
tumors were also seen more often among the children of foreign-born Hispanic mothers, as
previously reported [29]. As a consequence, they were associated with risk factors more
common in these demographic groups in California, including greater parity and less than 8
years of formal education, characteristics more common among foreign-born Hispanic
parents, as well as fetopelvic disproportion, more commonly found in Asian mothers in
California. Yet, associations between these factors and cancer risk still remained after
adjusting for maternal race/ethnicity and age, perhaps due to residual confounding.
Fetopelvic disproportion is also related to high maternal body mass index [30], which we
were not able to examine because California birth certificates did not record this during most
of the study period; and high birthweight, but there were few cases in our population with
birthweights >4000g.

There was a distinct pattern of gestational characteristics for teratomas, including lower or
higher number of prenatal care visits and greater risk of low birthweight, preterm birth, and
Cesarean delivery. Previous studies have associated GCTs (all types grouped together and
ages <16) with preterm birth, low as well as high birthweight, and with both low and high
parity [11, 13, 31]. However, the observed associations between teratoma risk, low birth
weight, preterm birth, and Cesarean delivery are likely explained by reverse causation. After
removing teratoma cases diagnosed within 5 days of birth, associations with all three factors
became null; it is likely that the teratoma was the reason for early or Cesarean delivery in
our population, as cases are increasingly diagnosed /n utero [32]. The U-shaped relationship
between the number of prenatal visits and teratomas can perhaps be explained by two
competing factors related to higher risk pregnancies; first, the larger numbers of foreign-
born and lower-income parents likely explains the relationship with fewer prenatal care
visits; also /n uteroteratoma diagnosis could result in higher numbers of prenatal visits
among those cases. When tumors are diagnosed via obstetric ultrasound, Cesarean delivery
may be recommended to prevent tumor rupture [33]. However, we did not have a variable
indicating the reason for Cesarean delivery in our population. Several pregnancy and labor
complications and procedures at birth were associated with both major tumor types, but
effect estimates were higher for teratomas. Both polyhydramnios and oligohydramnios,
previously reported to be more common in sacrococcygeal teratomas [34], are related to
preterm labor, other birth defects, and the need for assisted ventilation at birth [33].

A small number of previous epidemiologic studies of GCTs in young children that
distinguished between subtypes reported differences in risk factors: prenatal vitamin
supplementation was protective against teratomas (OR=0.60; 95% CI1=0.20, 0.90), but not
yolk sac tumors (OR=1.10; 95% CI1=0.50, 2.30) [20]; our group previously reported
teratoma risk (OR=1.26; 95% Cl=1.12, 1.41), but not yolk sac tumor risk (OR=0.92; 95%
Cl=0.68, 1.24), to increase with traffic pollution exposure in the perinatal period [19].
Another group reported a similar, but weaker, pattern when examining associations between
pesticide exposure in fathers, teratoma risk (OR=1.10; 95% CI1=0.60, 2.10), and yolk sac
tumor risk (OR=0.90; 95% CI1=0.50, 1.40) [21]. The distinct risk factor patterns suggest
different etiologies for these subtypes.
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The pattern we observed with regards to race/ethnicity is similar to that seen in the United
States as a whole, as GCT rates nationally are higher among Asian (8.6 per million) than
White (6.6 per million), Hispanic (6.5 per million) or Black children (4.7 per million) [35].
In our study, the majority of case mothers who identified themselves as Asian/Pacific
Islander were born abroad (85.9%). Of these mathers, 15 were born in the Philippines
(20.3%), 12 in Vietnam (16.2%), and 10 in China (13.5%), and an additional 24 Asian/
Pacific Islander cases (32.4%) had an unspecified maternal birth place. GCT rates in
children ages <5 are elevated in several East Asian countries, including China (Tianjin
cancer registry; 9.6 per million); Japan (9.6 per million), Korea (Seoul; 11.4 per million) but
not in South or Southeast Asian nations including the Philippines (Manila/Rizal; 5.7 per
million), Thailand (3.0 per million), or Vietnam (Hanoi; 5.6 per million) [36]. However, a
number of cancer registries in Asia cover small areas and cancer rates may fluctuate greatly
due to small numbers.

The relation between yolk sac tumors and SES differed by race and most associations were
null or inconsistent. Few studies have reported on the relationship between GCTs and SES
with adjustment for important confounding factors such as parental age and race/ethnicity.
Consistent with our results, an increased risk with lower levels of maternal education was
previously reported in a population-based study of four Scandinavian countries [31]. In
contrast, a pooled population-based analysis of five US states, which included California
births from 1988-1997, did not find an association with maternal education [37]. A
nationwide US study also suggested a lower risk of GCTs in higher-poverty areas, but
poverty metrics were on the county-level, making results difficult to compare to our
individual or census-tract level measures [38]. The small number of studies, and the varying
measures of socioeconomic status used, suggest a need for more research in this area.

Although small numbers limited our ability to estimate odds ratios for yolk sac tumors and
several complications listed on birth certificates, there were few conditions or procedures
with a higher prevalence in yolk sac tumor cases compared with controls. A number of
population-based studies have established that children with GCTs are more likely to have
birth defects [39, 40]. Children with teratomas had a strongly increased risk of having any
congenital anomaly, particularly anomalies of the ear, face, or neck. Cleft palate, branchial
cyst, and facial hemangiomata have been previously reported in teratoma cases [41, 42].
After the exclusion of ear, face, or neck anomalies, teratoma cases still had a strongly
elevated risk of anomalies at other sites (OR=10.72; 95% CI=5.65, 20.35), which is
consistent with the literature, as cardiac, musculoskeletal, gastrointestinal, genitourinary, and
central nervous system anomalies have also been reported [41, 42]. Common etiologic
factors may play a role in predisposing children to teratomas and other congenital
anomalies.

Our study was not likely to be affected by recall bias or selective participation. However,
because birth certificates must be registered with the state of California within 10 days of
birth, congenital anomalies diagnosed after that time could not be included. A population-
based study in the UK estimated that 6.4% of GCT cases had a co-occurring congenital
anomaly [40], a percentage that is very close to the 6.1% observed in our study—suggesting
that, for most cases, the birth certificate did capture the presence of an anomaly.
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Nonetheless, it is difficult to assess the true prevalence of anomalies and their relationship to
cancer risk because the presence of an anomaly increases the likelihood of miscarriage, fetal
death or stillbirth, and planned pregnancy termination.

While birth certificate data collection is prospective in nature, our data may be subject to
differential misclassification if medical personnel disproportionately reported pregnancy,
labor, or other complications by case status. In our population, 107 GCT cases (23.7%) were
diagnosed within 10 days of birth, of which 97 were teratomas; consequently, this may have
influenced medical personnel reporting. Information on birth certificates is known to have
differing levels of reliability and validity [43-46], and factors related to pregnancy
complications tend to have high specificity (>95%) but low sensitivity [44, 46]. Gestational
factors and demographic characteristics generally have better validity; in California,
sensitivity for most racial-ethnic classifications is estimated to be 94%-99% [43, 47].

The present report provides additional evidence on the influence of birthweight and
gestational age on GCTSs, but our data suggests that these associations are likely products of
reverse causation, as any associations dissipated after removing cases diagnosed within 5
days of birth. However, histologically-driven differences in risk factors may still exist; our
data shows that certain pregnancy complications are more common among yolk sac tumor
cases, like fetopelvic disproportion, while others, such as the presence of an ear, face, or
neck anomaly at birth, are more common among malignant teratoma cases. Our study also
confirms that Asian/Pacific Islander race and congenital malformations are risk factors for
GCTs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Pediatric germ cell tumors have unique risk profiles based on histological
subtype
. Yolk sac tumors are more common among children of foreign-born Hispanic
mothers
. Congenital malformations are most likely to co-occur with malignant
teratomas

Cancer Epidemiol. Author manuscript; available in PMC 2018 February 01.



Page 13

Hall et al.

Auoluya/aoel s Jayre

Gt €1 o 6.8'LT buissiy

(Lz1's90)160  (6'G2)es (0LT'T80)8TT  (982) 8y (9€1's80)80T (0'82) 8TT  (0°92)  T1/6'G9 Ge<

(tTz1'1900980  (6€2) 8y (95T'€L0)90T  (9G2) ey (v2T°',20)860 (6'¥2)SOT (9'G2)  v.6'v9 ve-0¢

wasgey  (8'LY) 96 wasgey  (L'TY) 0L wasey  (6ev) 68T (T¥y)  9ST'CIT 6202

(8€'T'€2°0) 950 (s2)s (Se2'050)80°T (L¥v) 2 (eeT'er0)9L0 (te)er  (rv)  TOVOT 61>
(s1eak) abe s Jayreq

0 0 0 €12 Burssipy

(rL1'680)v2T  (ze)sy (evez'sTT) 89T  (zedder (89T'somect  (0ce)es (T81)  GeT'6y ubraioy 18O

wasgey  (9°59) 0eT wasgey  (9ev) 6L wasgey  (r'18) g€z (999)  ZvS'eST sn

(szT'v90)680 (zzadsy (rz'ezmelT  (T€8)09 (w160 9TT  (992) 0zt  (2'Ge)  T1€€'89 021X\

a2e[d yuIq S JayloN

4 T € 8L7'T Burssin
(¥5'Z '¥€'0) 26'0 (6T v (68€'vr0) 2T (v (¥6'T'05°0) 660 (Lt (o) 116'S Yo
(9gz'zenoeT  (B9T)9e (wre'vwT)eze  (e81)ee (95¢'yT)v6T  (€21)8L  (86)  20S'9C Japue|s| aiy10ed/UBISY
(9z'z'8L0) €€T (62) 21 (€6°0'60°0) 62°0 (L1) e (S€'T'.5°0)88°0 (e9)ve (r9) zrT'sT %oelg
(6e'1'89°0)26'0  (z92)9s (toz's60)0rT  (0Ge)€9  (L€T'G80)80T (0ev) ¥6T (6'62)  0V9'08 uloq uBtaioy ‘aruedsiH
(ro1'120080T  (BSTIVE (S5T'850)S6'0  (Ber)er (9zT'690) €60  (LET)e9  (291)  96L'Ev uiog SN ‘otuedsiH
wasgey  (2'1€) L9 wasgey  (0°0€) ¥S wasgey  (LTE) EVT  (2'SE)  9.8'%6 SluedsIH-uou aNYM
aoe|d yuig pue A1o1uyia/adel s JayioN
0 0 0 0§ Burssiyy
(cs1'69°0)20T  (8vT)ee (28T1'080)€2T  (5ST)8c (0ST',80)vT'T  (§ST)0L (EWT)  969'8E Gez
(tet'990)e60 (8T v (29T'220)2TT  (ceddey (9€T'G80)80T  (L'€2) 20T (€€2)  99T'€9 v€-0¢
Wy (6'TS) 2TT warpRy  (v'9v) v8 warpRy  (06v) Tez  (61S)  Lvl'Ovl 62-0¢
(69T'TL000TT  (9TT)S2 (evz'eoT)8ST  (6%T)lc (6ST',80)8TT  (8TT)eS (90T)  22L'8C 6TS
(s1eak) abe s Jay1oN
e(1D %56) (%) sesed e(1D %56) (%) seseD e(10 %56) (%) saseD (%) sio1u09
O 9pnID O 9pnID O 8pnID :wm_ w%wcov
(9Tz=u) sewolels] (T8T=U) SJ0wny 2es X|OA (TSP=u) sase ||v onsiIglRIRYD

"adA1 [ea1bojoisiy Aqg paiyiens ‘siowny 199 wiab 0 uonejal ul s1019ey alydesbowsqg

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2018 February 01.

Cancer Epidemiol. Author manuscript



Page 14

Hall et al.

Jeak yuig ‘ajqerrea Buiydrew ayy Joy paisnipe sonel m%Om

91 1 ve G08'8T burssiy
(LT2'090) ¥T'T (g9) 1T (€97 ‘0v'T) 85T (88)sT (Bez'som)esT  (0vm)e9 (09  ve9er Byo
(toe'ozT)seT  (0st)oe (shv's9m)vie  (6ST)Lc (26z'6sT)GTZ (@¥D)v9  (18)  €Sv'0C Japuels] a11oed/uelsy
(¥8'T '85°0) €0'T (02 vt (80T '0T0) ¥€0 (1) (9TT'WP0)2L0 (ev)etr (T e12'8T Yoe|g
(6z1'990)260  (GTY) €8 (Tzz'eomT1ST  (ven)v8 (SET'S80) 0T (80K ¥8T (8'9Y)  LST'BTT aoel Aue Jo ouedsiH
wasgey  (0'1€) 29 wasgey  (zve) v wasgey  (8'92) TeT  (628)  €2T'e8 SluedsIH-uou aNYM

e(1D %56) (%) sesed e(1D %G6) (%) sesed 210 %56) (%) seseD (9%) siou0g

0 9pnID 0 9pnID 40 8pnID :wm_ Nwm_ww

(9Tz=u) sewolels]

(T8T=U) S10wWN] 2BS X|OA

(TGP=U) sasea ||v

ansiIeIoRIRYD

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2018 February 01.



Page 15

Hall et al.

aoe|d yuig/AI01uyia/adel eularew pue ‘abe jeussrew ‘Jeak yuiqg oy paisnipe sonel mcu0m

(6v'T'25°0) 26'0
(2’1 '6%°0) "L0
Jusliajay
(TL'1'18°0) LT'T
(0£°T 25°0) 98°0

(LT'1'€9°0) 80

Jusliajay

(¢5'1'79°0) 660
(8€'1'85°0) 68°0

Jusliajay
(90T '2€°0) €90
(88'0'92°0) 8¥'0

(9T'T '6¥°0) G20
(¥2'1'25°0) ¥8°0

Jusliajay
(STT'87°0) ¥L°0
(86'0 '0€°0) S50

(g21) L2
(re1) 62
(222) 6
(9'62) ¥9
(812) Lt

9
(8'9v) 56
(z'€9) 80T

62
(rve) vv
(002) 9¢
(T9¢) 59
(z11) 12

(81 v1

(1)
(T67) 8¢
(T'12) 2
(zge) 0L
(991) €€

(0'8) 9T

(18'2'00'T) 29T
(Ssoz'eLro) ezt

Juslajay
(67'2'68'0) 6E'T
(€6T'52°0) 02T

(6€T'29°0) L6'0

lusliajay

(€1 '2r'0) SL0
(ov'T 'v'0) 8L°0

Jusliajay
(¢8'1'29°0) 90T
(z2'2'86'0) S9'T

(Tz'1'8€°0) £9°0
(#8'1'89°0) ¢T'T

Jusliajay
(£8'7'99°0) TT'T
(LLe'1eT) 22

(991) 0
(ss1) 82
(TLm) 1€
(5'92) 8
(ev2) v

11
(6'19) 18
(T'8v) 5L

9z
(6'67) 82
(Ten) LT
(T62) 7
(e91) €T
(L22) ee

o1
(6€1) T2
(c61) 62
(8'€2) 9¢
(587) 82
(sv2) L

(T9'T'¥8°0) 9T'T
(¥€T'1L°0) 86°0

lualiajay
(95'T'16'0) 6T'T
(se'T'9L0) 20T

(ST'T'€L°0) T6°0

lusliajay

(S€'T°0L°0) 260
(82'1'0L°0) €6'0

luslisjay
(LT'7'850) 280
(6€'T '69'0) 86'0

(60'7'85°0) 620
(zz'1'89°0) 16'0

lusliajay
(€€'T'12°0) L60
(29'1'28°0) LT'T

(r'¥T) 59
(Ts1) 89
(°02) 26
(8'92) T2T
(ce2) sot

14
(r'8v) 16T
(9°19) 012

19
(L€2) 18
(¥'L1) ¥9

(9'1€) 911
(ret) 67
(6'€T) TG

1€
(981) L
('6T) 2L
(z'62) 911
(Ten) 2L
(9'v1) 85

(221)
(8'sT)
(T'22)
(e'v2)
(Ts2)

(T°09)
(6'6%)

(ez2)
(T'81)
(e0e)
(¥'s1)
(8€T)

(c02)
(€02)
(¥'82)
(581)
(921)

€05'7E
¥88'cY
€€6'65
6€0'99
220'89

/8S'CT
68G°LTT
6TC'LTT

196'6¢C
825'8y
20v'6€
196'G9
925'ce
LT0'0€

8TEYT
LyT'Ly
L8E'LY
G/0'99
810'tY
0Sv'62

ubIH
ubiy-wnipai
wnipayy
MO|-WNIPaN
Mo
®X3PUl SIS [3M3]-poouioqubIaN
Burssiyy
AKed-419s1n09/[eDIPAIN
S904d/OINH/31eAld
qedIed Jereuasd Joy JuswiAed Jo 32in0S
buissiyy
sIeak alow 10 9T
SIedA GT 01 €T
sIeak ZT
SIeaA TT 01 6
sIeak ssa| 1o 8
u.Q@mw\o uoleanpa s,Jayle4
buissipy
sIeak alow 9T
SIeaA GT 01 €T
sreak ZT
SIeaA TT 01 6
sieak ssa| 10 8

Q.maam\o uo1eINPa S J3YI0N

(10 %56)
HO 8pniD

(9%) sased

(10 %%6)
HO 8pniD

(%) sased

(10 %%6)
HO 8pniD

(%) sased

(9Tz=u) sewoles]

(T8T=U) sJown] 9es Y|OA

(TSP=u) ssseo ||

(96) sjo1u00
(615'€L2=U)

s|jonuod

ansiIsIoRIRYD

Author Manuscript

*adA1 [ea1bojoisiy Aq paijiiens ‘siown |29 wJaab 01 uollejal ul $101e3IPUI SNJLIS J1WOU0IA0II0S

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2018 February 01.

Cancer Epidemiol. Author manuscript



Page 16

Hall et al.

A1o1uy1s/aoel [eusared pue abe [eusaed ‘reak yuig Joy paisnipe sonel muco.Q

886T J81Je SYMIQ J0J a|qe|IeAe AJUuo SI 8]qBLIEA SIY) 10} Smoq

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2018 February 01.



Page 17

Hall et al.

(66'0 '2€°0) 250 (e9)er (127'990)90T  (60T)6T (60T'SG0)2L0  (#OT)9E  (#0T) Tve'Le llews
abe Jeuoneisab Joy azIS

9 8 91 88L'CT Buisstn

(692 'S¥'0) OT'T (ov)s (L£2'250) TT'T (Tv)L (€87T'090) 50T (8€) et (8'€) Ge8'6 (w1aL-1s0d) M g 2

wasgey  (9G8) L0T wasgey  (8'€8) GYT wasey  (9¥8) 162 (8'S8) 0€6'TCT (wial) sm zy—8e

(18T'26020T  (Wom)er (v6T°220)2zT (T2 Te (29T'e80)9TT  (9TT) O  (+°0T) 82892 (wisieid) m L€ 5
7YMIg Jeye sAep G< pasoubelp
sased Buowre (syaam) abe jeuonelssn

€T 8 € 88L'CT Guiss

(¥0'€ '8L°0) ¥S'T wv)6 (L£2'250) TT'T (tv)L (00C'sro)zet (ov) LT (8'¢) Ge8'6 (wiaL-1s0d) M gy =

waspey  (0°29) 9€T Wy (8'€8) GvT warpey  (6'5L) Sze  (8'G8) 0€6'Tee (wiay) sim zy—ge

(oe'v'e9c)6Ge  (982)8S (v6'T'220)2zT  (T2n)Te (egz'orT)ece  (1T02)98  (¥°0T) 828'9C (wis1a1d) m L€ 5
(sxeam) abe [euonelses)

0 0 0 eve Buissipy

(T9'T '9v°0) 280 (r8)TT  (98T'v20)8TT  (9TT)T (06T'9L0)20T  (901)8E  (€0T) ¥T6'L2 Booor =

wasgey  (§'G8) 2TT wasgey  (1'G8) ¥ST wasgey  (0'G8) 90z (9°€8) O¥9'92 666660052

(102 '81°0) 86°0 (T9)s  (92°T'52°0) 950 (€e)9 (TZT'¥r0)€L0 (rv) 9t (z9) v85'9T Be6re >
[7YMIg Jeye sAep G< pasoubelp sesed
Buoe (6) JyBram yuig s,p1yd

0 0 0 eve Burssipy

(69'T'99°0) 90'T (e6)oz (98T'v20)8TT  (9TD)Tc (LGT'98'0)9TT  (60T) 6y  (€0T) ¥T6'L2 Boooy =

wospey  (6'SL) v9T Wy (1°58) ST warppy  (008) T9E  (9°€8) 0¥9'9Ce B666£-005C

(t6'¢'28T1)89C  (8¥T)2e (92T 'S2'0) 950 (ee)9 (8T2'¥vT'T)8ST (T'6) 7 (z'9) ¥85'9T Be6re S
(6) ubBram yuiig s,p1yd

waspey  (0°99) T2T warpRy  (T°22) 6Y wasey  (cev) G6T  (6'8v) 808'ZET afewad

(86'0'26005L0  (ovv)s6 (sse'v8T)95C  (6cl) el  (IST'YOT)GCT  (8'99)9G¢  (T'1G) €G'8€ET 3leiN
Xas s,p|Iyd

(10 %56) (%) sesed (10 %56) (%) seseDd (10 %56) (%) sesed
d0 pasnlpy d0 pasnlpy d0 pasnlpy (96) S10U0D)

(9Tz=u) sewolels] (T8T=U) sJown] 9es X|0A (TGP=u) sase ||V me_m._wmcuo% onsiIglRIRYD

"adA1 [ea1bojoisiy Aq paijieas ‘siowny 199 wiab 0] uone|al ul $1019e) [euoleisab pue piyd

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2018 February 01.

Cancer Epidemiol. Author manuscript



Page 18

Hall et al.

(ee'T'850)680  (TTT)¥Z (€5T°19°0)260  (9TT)Tc (92T'1L0)v60  (8TT)ES  (9°2T) T6C'VE 1
wasgey  (€48) 28T wasgey  (5¥8) €ST wasgey  (0%8) 626 (L28) €ee'vee 3UON
sabelireasiw Jo A101sIH
0 0 0 11T BuIssiyy
(re'1'65°00680  (622)0oc (8cT'69°0)86'0  (8€2)ey (GTT'0L0)060  (T€2)e8  (£'62) L0S89 ueasesa)
wasgey  (T°22) TOT wapey  (2'9l) 8eT wasgey  (692) L2z (L'vL) 169202 [eutben
[7YM1g Jaye sAep G< pasoubelp
sased Buowre AIaAljap JO poyleN
0 0 0 11T Burssipy
(oze'sgT)8re  (rvv)96 (8€'1'69°0)86'0  (8€)er (€6T'0eT)8ST (TvE) ¥ST  (£'62) L0S89 ueasesa)
waspey  (9°55) 02T waepey  (2'9l) 8eT warpey  (6'59) 262 (L'vL) 169202 [eutBen
>‘_m>__m_o JO poyeIN
0 0 0 68T BuIssipy
(r0T'050)2,0  (T€Q)0s (¥€Z'90T) ST  (T€€)09 (7' T'98°0)TTT (r'82) 82T  (v'62) C19'6L alow o g
(Lz1'890)¥v6'0  (rze)o. (66'T'v60) 28T  (T€€)09 (GST'66°0) 2T  (8'v€) 26T  (€7T€) GL8'%8 1
wasey  (v'vy) 96 uasgey  (L'e€) 19 uasgey  (8'9€) 99T  (£'6€) G02'90T 0
Kred
(T6'1'92°0) TL'0 (6T)v (85T '€00) 220 (s0)T (20T'8T°0) 20 (T1s (9'2) 2012 a|dninN
wasgey  (1'86) 212 wasgey  (7'66) 08T wasgey  (686) 9y (v'26) v.2'v9C albuis
yuig ajdnniy
T A 62 6G7'ST bursstn
(89z'80T)0LT  (92T) Sz (8L°0'ST0) ¥E0 (6€)9 (9€'T'29°0) 560 (06)9e  (vom) L€2'v2 +9T
warpey  (62€) SL warpey  (9'09) v6 wasegey  (6'8v) 66T (6'2S) ¥8L'2CT GT-TT
(eez'zzT) 89T (626)s. (9TT°.50)180  (€08) Ly (6Y'T'G6'0)8TT (T'vE)9€T  (L'0€) 02E'TL 01-9
wry'trtIsLe (91n)ez (vr'T'€€0) 690 (zg)8 (912'T0T)8Y'T (08) ze (6'G) G6S'ET Gs
gSHSIA 81ed Jereuasd Jo JaquinN
8 L 9T 6668 Burssiy
(re1's50)980  (90T)cc (e5T'850)¥6'0  (60T) 6T (T2T'G9°0)680  (80T) .y  (9°TT) 2L¥'0€E abre
WelRged  (ze8) €LT Weleged  (2'8L) 98T elgey  (6'08) 25 (0°8L) 699702 [EWION
e(1D %56) (%) sesed e(1D %G6) (%) sesed e(1D %G6) (%) sesed

dO paisnipy

dO paisnipy

d0 paisnipy

(9Tz=u) sewolels]

(T8T=U) S10wWN] 2BS X|OA

(TGP=U) sasea ||v

(9%) sjo1u00
(T8¢'TL2=U)
sjoJjuod

a1Is1I8I0RIRYD

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

available in PMC 2018 February 01.

Cancer Epidemiol. Author manuscript



Page 19

Hall et al.

(TET=U ‘seworesa) ‘TT=U ‘slown} Jes 3|0A ‘09E=U ‘siown} |32 wiab |[e) yuiq Jo sAep G ulylm pasoubelp siaoued sapnjoxa m_m>_m:<D

886T Jo1Je SYUIQ 10 3]ge|IeAe A|UO SI 9|qeLIeA SIY} 10} SwDQ

aoe|d yug/AN01UYIa/a0R] [eUIBTeW pue ‘Bfe [eussiew ‘Jeak yuiqg 1oy paisnipe sonel SPPO,,

0 0 0 G/2 Burssiyy
(26'1'€50) T0°T (o) 0T  (L6'T'eV0) T6°0 (98°€) . (87T '85°0) €6°0 (zv) 6T (9'%) 265°2T alow log
e(10 %56) (%) seseDd e(10 %56) (%) seseDd e(10 %56) (%) saseD
a1snl| a1snl| a1snl|
dO pasnlpy dO paisnipy d0 paisnipy (96) Sjo11U0D
(188'TL2=U)
(9Tz=u) sewolels] (T8T=U) S10wWN] 2BS X|OA (TSP=u) sases || $]043U0D ansLIglRIRYD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2018 February 01.



Page 20

Hall et al.

(811ym-uoU ‘A 8)IYM) 80BJ [eUISIBW PUE Jeak UyuIg 1oy paisnipe sonel SPPO,,

- (e6) v - (CPARS (592 '95°0) ¢2'1 (c8) 8 (€9) zse'e sn220203dans g dnolo Yum uonddu|
(see'se0)8LT (S09)9z (S8T'15°0) 260 (0'GY) 8T (egT'080) 12T (0TS) 6  (2'GV) 286'ET Joge| Burnp esayyssue [eulds 1o [eanpid3
(997 '86'0) ¥TZ  (6'02) 6 - (CPANS (ovz'tr0)0eT (Sem)er  (201) 0TY'S Joge| Burinp JaLpow 8y Ag pantadal sonoIgIUY
+9002 Sy11q 104 3|qe|1ene ereq
(ze'80z ‘yT'2v) 0L°€6 (8€) L - (00)0  (¥0'SOT '98'T2) 26'LY (022 (e0'0) 22 UHIq e AJeLuoue >93u/a0e}/1ea 4O 8Udsald
(8152 ‘ov'6) €v'ST  (T°0T) 6T - wne (sovt'eeg)ere  (T9)€e (20) 228'T Arewoue fenusbuod Auy
+I66T SYyLIq 10f 3|qe|1ene ereq
(re'r 'S0T) ¥T'C (6¢) 8 - (61) € (66'2'660)2LT  (ze)eT (6'7) TvS'y (sinoy zT<) ssuelquiatu Jo aimidni aanjewald
(1977 '2€°0) 2L0 (0€)9 (98T'1€0) 920 (ce)s (reT'vr0) L0 (ze)eT (T'7) 689'6 PN onoluwe Jo Busure)s wniuodaw AnesH/e)eIapoN
(sLze'ey) et (FL) QT - (61) € (90'€T 'v0Q) TT'8 (L% 6T (90) ¥8E'T  AIaAII3P JO S1Y 1 UIYNM A1) JaUIOUE 0} Jajsuel ]
(esot‘zee) rL  (L6T)oOv - (ene (9os'zratre (€T 9y (re) 6LT'8 uolssiwpe (NDIN) Hun 31ed dAISUB)UI [eYeUOaN
- (sne - (GE (58°€'99°0) 65T (s19 (8°0) 9.8'T (sanoy 0g<) Jogej pabuojoid
wTT'ov0) 290 (WAST (6T'LL00€2T  (FET) T (sz1'5900060 (00T) Ty  (0°TT) €0T'9C Jogej Jo uone|nwns
(szt'evo)veo (291 (09T'e50)260  (6'8) ¥T (szT'e0)880  (16) 28 (Z0T)€ee've Jogey jo uonanpul
+686T SYLIq 10J 3]qefiene eleq
(€9zz'sz9) 68 TT  (€9) 0T - Lne (eset'evmviL (@@v)eET (9°0) 0v0'T sojuwespAyoBi|o o soluwelpAyAjod
(61°0€ ‘T2’ 9L¥T (09) 8 - (60) T (0e'9T ‘62'%) 98 (62) 6 (¥0) 599 SaINUIL 0> 40} PaliNbal UOIE|NUBA PaISISSY
(057 °20T) 02T (09)8 - (L7me (¥8'7'¥80)s5T  (S€)TT (e2) ese'y SIS8)UB00IUWY
50026867 SYii1q 104 sjqefiene eleq
(eL€'280) ¥L'T (ov) 2 (896'ssT) L6 (T2)0T (roe'evT)gze (96T (r'2) 2ee's uornodoudsip d1njadoled
(822 '8€°0) ¥6°0 (6205 (2Lz'or0) 1Tt (se)s (t181'v50)660  (T€)TT (Te) T28'9 SsauSIp [e19d
(€2'€'8L'0) 8S'T (o) 8 - w1z (zoz'vo0)¥vTT (e et (0°€) 6259 uorejussaid [ewouge 10 Yasalg
5002-€86T SYi1q 104 sjqefieny eleq
e(12 %56) (%) e(10 %56) (%) e(1D %56) (%)
yosepnuy  SFED dyospnu  SED yoepnid  S€ED

(9Tz=U) sewoieia]l

(T8T=U) Saown] 9es 4|OA

(TSP=U) seseo ||

(%) sjoau0d
(616'€L2=U)
$]011U0D

ansiIeIvRIRYD

*adA1 [ea1bojoisiy Aq paijiiens ‘siowny |29 wJiab 01 uollejal ul Sanijewlouge Yuiq pue ‘suonedljdwoad Joge| ‘suoiealjdwod Aoueubaid

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2018 February 01.



	Abstract
	1. Introduction
	2. Population characteristics and methods
	3. Results
	4. Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

