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Utility of Death Certificate Data in
Predicting Cancer Incidence

Ronald L. Bedford, ms,' Spencer G. Lourens, Bs,” Charles F. Lynch, mp, php,3

Brian J. Smith, php,%2* and R. William Field, php, ms'*3

Background Studies often rely on death certificates to identify cancer occurrence. This
research assessed the death certificates ability to reflect cancer incidence and factors that
influence agreement with cancer registry data.

Methods This study compared death certificates to cancer incidence data for an
occupational cohort of 1,795 deceased workers who were registered by the lowa Cancer
Registry (ICR) between 1973 and 2005. Logistic regression models examined the effects of
factors such as survival time, age at diagnosis, and gender on the odds of agreement
between death certificate and incidence data.

Results Death certificates under-reported cancer incidence by 10—100%, depending on
site. A I-year increase in survival decreased the odds of agreement between death
certificate and ICR data by 18%. Younger and female workers had increased odds of
agreement.

Conclusions Death certificates can be useful predictors of cancer incidence, particularly
for diseases with shorter survival and among subjects diagnosed earlier in life. Am. J. Ind.
Med. 57:153-162, 2014. © 2013 Wiley Periodicals, Inc.

KEY WORDS: cancer; death certificate; cancer incidence; underlying cause of death;

all conditions coded

INTRODUCTION

Retrospective occupational epidemiology studies often
rely on death certificate information to identify cancer
occurrence. Use of cancer incidence data, however, provide
greater power and sensitivity to detect associations between
environmental/lifestyle exposures and cancer-related out-
comes than mortality data alone. In the United States, the
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National Cancer Institute’s (NCI) Surveillance, Epidemiolo-
gy, and End Results (SEER) Program has collected
information on cancer occurrence and mortality since as
early as 1973, covering 28% of the population currently
[NCI, 2008]. Established by Congress in 1992, the Centers
for Disease Control and Prevention’s (CDC) National
Program of Cancer Registries (NPCR) provides resources
and legislative support to central cancer registries represent-
ing 96% of the U.S. population. Today combined the two
programs collect comprehensive cancer data on the entire U.-
S. population. Unfortunately, many of these population-based
registries have only recently been established or fully
supported within the past two decades [NPCR, 2008].
Studies examining the agreement between death certifi-
cate and cancer registry data are limited in number. Of the few
studies that have been performed, three [Percy et al., 1981,
1990; Demers et al., 1992] relied solely on the underlying
cause of death (UCOD), neglecting the contribution of other
cause of death (COD) information on the death certificate to
assess the agreement between death certificate and cancer
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registry data. Two other research teams [Sigurdson et al.,
2003; Freedman et al., 2006] included cancers identified
exclusively on death certificates to examine the agreement
between death certificate and cancer registry data and were
limited to reporting only overall cancer under-reporting
figures based on death certificates.

The purpose of this report is to assess the ability of death
certificates to accurately reflect cancer incidence within a
population of decedents. Better understanding of how well
cancer incidence can be ascertained from death certificates
was a priority need in the parent study from which this report
arose, the Department of Defense-funded lowa Army
Ammunition Plant (IAAAP) Munitions Workers Study.
Production started at the IAAAP in 1941. Mortality analyses
were performed for workers employed between 1946 and
2007. Deaths among the cohort occurred as early as 1952,
over 20 years before the ICR, one of the original SEER
registries, began collecting data in 1973 and 40 years before
the NPCR was established in 1992. “Before NPCR was
established, 10 states had no registry, and most states with
registries lacked the resources and legislative support they
needed to gather complete data” [NPCR, 2008]. We expect
that researchers relying exclusively on death certificate data
to identify cancer occurrence among retrospective cohort
workers in areas only recently covered by population-based
cancer registries as well as those examining time frames that
predate the establishment of central cancer registries will gain
a greater appreciation for the total burden of cancer in their
cohorts.

Most studies examining cancer occurrence among
cohorts not covered by central cancer registries are limited
to death certificate data for cancer case ascertainment,
commonly the UCOD only. This report presents a novel
approach to quantify the extent of under-reporting of cancer
occurrence by death certificates among cohorts that predate
population-based cancer registries. Use of the UCOD will be
compared to all conditions coded on the death certificate
by evaluating the extent of agreement with ICR incidence
data.

MATERIALS AND METHODS
Research Design

The study utilized existing data from a retrospective
cohort epidemiology study that examined associations
between occupational exposures and adverse health effects,
including cancer incidence and mortality. The cohort
comprised 36,953 workers employed at the Iowa Army
Ammunition Plant (IAAAP) at Middletown, lowa between
January 1, 1941 and December 31, 2005. The research project
received human subject approval from the University of
Iowa’s Institutional Review Board. Cohort identification and

validation procedures have been detailed elsewhere [Bedford,
2009].

The Iowa Cancer Registry (ICR), a SEER registry since
inception of the NCI’s SEER Program in 1973, maintains
comprehensive information about cancer incidence among
Iowa residents. The ICR has consistently achieved 95% or
greater completeness of its surveillance efforts in the state and
reported almost 99% follow-up for 2012, the most recent
reporting year [West et al., 2012]. The ICR also has access to
death certificate information on all deaths certified in Iowa
dating back to 1973, in the form of computerized mortality
data provided by the Iowa Department of Public Health
(IDPH) that includes information on COD.

Subject Inclusion Criteria

Study subjects met the following inclusion criteria: (1)
employment at the IAAAP for at least one day between
January 1, 1941 and December 31, 2005; (2) registered by the
ICR with a first primary malignant neoplasm between
January 1, 1973 and December 31, 2005; and (3) confirma-
tion of death by the IDPH between January 1, 1973 and
December 31, 2005. Both male and female former workers of
any age were included. Cohort members were linked to ICR
cancer incidence records using the CDC’s Link Plus
probabilistic record linkage software [NPCR, 2009]. Varia-
bles used for matching included name, sex, race, birth date,
date of death, state of death, and zip code of last residence, if
available. Records that did not meet Link Plus’s default
matching criteria were manually reviewed to determine
linkages.

Subject Exclusion Criteria

Workers with non-invasive, including in situ, tumors
were excluded from the study as these neoplasms are not
expected to be fatal. Since cancer victims with multiple
primary tumors are generally considered to have different
mortality experiences than those with single primary
neoplasms, subjects with multiple primary cancers were
excluded. Workers with cancer types not included among the
18 sites readily discernible at the three-digit International
Classification of Diseases (ICD) level were also excluded.
Finally, workers whose cancers were identified by death
certificate only were excluded from analysis due to a lack of
verifiable diagnostic data from any source, including the ICR,
to confirm the cancer.

Determination of UCOD and All
Conditions Coded

The original purpose of determining and documenting a
single UCOD on death certificates was to enable statistical



analyses of COD data [Hetzel, 2008; World Health
Organization, 2008; Moriyama et al., 2011]. As statistical
analyses have become more sophisticated, analysis of
multiple causes of death have become possible. Despite
this capability, many studies still rely on the UCOD only for
cancer incidence investigation.

Death certificate-reported COD information included:
(1) the immediate COD, defined as the final disease or
condition resulting in death (e.g., an organ system failure,
neoplasm, injury, etc.) and if applicable, (2) a sequential list
of conditions leading to the immediate cause that culminates
with the UCOD, defined as the disease or injury that initiated
the chain of events resulting in death; and (3) a list of other
significant conditions contributing to death, but not resulting
in the UCOD [National Center for Health Statistics, 2003].
Along with the UCOD, these contributing causes and
significant other conditions are referred to as all conditions
coded by the IDPH and the National Center for Health
Statistics (NCHS). All medical conditions were coded by
nosologists at the IDPH to the ICD revision in use at the time
of death: ICD-8 for deaths before 1979, ICD-9 for deaths
occurring from 1979 to 1998, and ICD-10 for deaths since
1999.

Identification of Incident Cancer Cases

Tumors recorded by the ICR were coded to the ICD for
Oncology (ICD-0) revision in use at the time of diagnosis and
subsequently updated to ICD-0O-3, the most current revision
[World Health Organization, 2000]. These diagnoses were
compared to the UCOD and all conditions coded in the ICD
mortality code revision in use at the time of the worker’s
death. Corresponding COD codes and ICD-O-3 site codes are
presented in Appendix Table SI.

Statistical Analyses

To evaluate the extent of agreement between death
certificates and registry data, the UCOD and all conditions
coded were compared to the site of the first primary malignant
neoplasm identified by the ICR for the 18 eligible cancer
sites. ICR data served as the reference for these analyses,
under the assumption that the ICR, which has access to
medical records and pathology reports, had accurate
information. The UCOD and ICR cancer incidence data
were considered to agree if the UCOD was equivalent to the
ICD-0-3 site code recorded by the ICR. The one-to-one
correspondence between an UCOD and the site of a first
primary malignant neoplasm made a subject-specific ap-
proach possible throughout the UCOD analyses.

We anticipated that the use of all conditions coded may
increase the likelihood of identifying incident cancers.
However, the potential to have multiple cancers listed on
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an individual death certificate required different analytic
methods than were used to evaluate agreement between the
UCOD and ICR incidence data. All conditions coded was
considered to agree with the ICR incidence data if a COD
code equivalent to the ICR site code was found anywhere
among all conditions coded.

Percent under-reported and predictive value-positive
(PV+) were chosen as measures of agreement between the
UCOD and the cancer incidence data reported by the ICR.
Since all conditions coded had the potential to identify the
first malignant primary correctly as well as incorrectly for the
same subject, calculation of the PV+ would have been
invalid. For this reason, only correct matches between all
conditions coded and the ICR incidence data were included to
evaluate agreement between the sources as well as for the
regression analysis. This subject-specific approach eliminat-
ed over-reporting by all conditions coded. Consequently,
percent under-reported alone was used to evaluate the extent
of agreement between all conditions coded and the cancer
incidence data reported by the ICR.

Percent under-reported was defined as the probability
that a particular neoplasm was not listed as the UCOD or
among all conditions coded on the subject’s death certificate
given that the cancer was recorded by the ICR as the subject’s
first primary malignancy. To calculate this proportion, for
each particular cancer, the number of death certificates that
failed to match the ICR diagnosis determined the numerator
with the count of study subjects identified by the ICR with
that neoplasm in the denominator.

PV+ was the probability of occurrence of a particular
cancer, given its identification as the UCOD. In this study,
PV+ was the count of workers with a specific neoplasm
reported as their UCOD, which agreed with ICR records, in
the numerator and the total number of workers with that
cancer listed as their UCOD in the denominator.

Percent under-reported or the false negative rate is also
the complement of sensitivity. We noted in a study employing
a similar cross-classification [Field et al., 2004], that
sensitivity and PV+ provide the clearest indication of
agreement in the comparison of cancer diagnoses because
they measure the probability of correctly reflecting the
occurrence of a site-specific neoplasm. Percent under-
reported quantifies the extent to which mortality data fail
to ascertain cancer incidence more directly than sensitivity.

Twelve cancers had totals of fewer than 20 workers in the
cells representing the discordant pairs in the 2 x 2 tables
constructed to evaluate the UCOD or all conditions coded
relative to the ICR incidence data. For this reason and since
computing software is available that can easily handle the
calculations, the exact binomial test was used to test for
differential misclassification for all neoplasms. Since all
conditions coded could include more than one COD, a
disease-specific approach was utilized to perform this testing.
All conditions coded were searched for site codes
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corresponding to any of the 18 diseases studied. Results were
compared to the ICR site code to evaluate under-reporting.

Multivariate logistic regression models were constructed
to examine the effects of survival time, age at diagnosis, ICD
revision in use at the time of death, diagnosis era, race, and
sex on the odds of agreement between cancer occurrences
identified as the UCOD and among all conditions coded on
death certificates versus cancer incidence recorded by the
ICR for the study population.

Survival time was calculated as a continuous variable by
subtracting the worker’s date of cancer diagnosis from the
date of death recorded by the ICR. ICR records included the
day, month, and year of death from the IDPH mortality
database for all subjects, but only the month and year of
diagnosis. All study subjects were assigned mid-range values
of 15 for day of diagnosis. A mid-range value of six was
assigned for workers with a missing value for month of
diagnosis.

In the regression models, age at diagnosis was a discrete
variable with a value equal to the worker’s age at the time of
cancer diagnosis. However, quartiles of the integral values
(22-60, 61-68, 69—74, 75 or more years) produced better-
fitting, more parsimonious models. Three different ICD
revisions had been used to code CODs during the 33-year
study time frame. To evaluate the possible effects of changes
in medical diagnosis and treatment over time, the workers
were divided into tertiles based on the worker’s year of
diagnosis.

Statistical analysis was performed using the SAS 9.1
statistical software (SAS Institute, Inc., Cary, NC). All
statistical tests were two-sided and assessed for significance
at the 5% level.

RESULTS

A subgroup of 2,684 former IAAAP workers had both a
cancer identified by the ICR and a death certified by the IDPH
between January 1, 1973 and December 31, 2005. A total of
889 subjects were excluded for at least one exclusion criterion
with 145 workers meeting multiple criteria. Eighty-nine
workers had non-invasive (including in situ) tumors and 411
eligible workers were registered with multiple primary
cancers. An additional 482 workers had tumors which
were not distinguishable at the three-digit ICD level. Finally,
52 workers had cancers identified only by death certificate
that could not be verified by the ICR. A total of 1,795 former
workers were included in the study.

Subjects were predominantly male (70%) and over-
whelmingly white (98%) (Table I). Among this cohort, mean
and median age at cancer diagnosis was 67 and 68 years,
respectively, with a range from 22 to 95 years. The mean and
median ages at death were 69 and 70 years, respectively, with
a minimum of 32 and maximum of 100 years. Sixteen

TABLE 1. Demographic and Descriptive Information for the IAAAP Cohort
Identified by the ICR With a First Primary Incident Malignant Neoplasm
Between1973 and 2005 and Matched to Mortality Information Provided
by IDPH for the SameTime Period

Characteristic n %
Sex

Male 1,260 70.2

Female 535 29.8
Race

White 1,753 97.7

Black 40 2.2

American Indian, Aleutian, Eskimo 1 0.1
Invalid code 1 0.1
ICD revision

ICD-8 (1973—1978) 268 149

ICD-9 (1979-1998) 1,222 68.1

ICD-10 (1999-2005) 305 17.0
Diagnosis era

1973-1983 518 28.9

1984-1994 731 40.7

1995-2005 546 304

Mean
Characteristic n  (SD) Minimum Q1

Age at diagnosis 1,795 66.8 22 60 68 74 95
(11.2)

Median Q3 Maximum

Age at death 1,795 69.5 32 62 70 77 100
(11.3)

Survival (years) 1,795 26 —0.3* 0.3 1.0 3.0 29.8
(4.2)

IAAAP,lowa Army Ammunition Plant; ICR,lowa Cancer Registry; IDPH,lowa Depart-
ment of Public Health.

2Sixteenworkershadmissingmonthofdiagnosis; mid-rangevalueofyear (6 months)
was assigned.

workers had missing values for month of diagnosis. These
workers were assigned mid-range values of month 6. This,
along with the assigned value for day of diagnosis, resulted in
negative survival time values for approximately 1% of the
cohort. Median survival time was slightly less than 1 year and
the maximum was nearly 30 years.

Lung cancer was the most frequently recorded neoplasm
with 739 incident cases which comprised 41% of the ICR
registrations among the study cohort. Lung cancer was listed
as the UCOD on 635 death certificates, with 628 (35%)
matching ICR records (Table II). Cancer of the lung and
bronchus was identified among all conditions coded on 665
(37.1%) death certificates (Table III). The rarest neoplasm
among IAAAP workers was testicular cancer, which was
recorded five times by the ICR, but was never listed as a
UCOD or among all conditions coded. Overall, the UCOD
failed to detect 566 (31.5%) incident cancers recorded by the



157

Death Certificates Reflect Cancer Incidence

"Wa)sAS SNOAJBU JaY10 ‘SN ‘PaljIoads asimIay}o Jou ‘SON ‘wsejdoau Jueubiew NIy ‘s1onp ajiq onedayeliul (ag) -Ansibay Jaoue) emo ‘4o ‘yyeap Jo asned BulAispun‘qoon

(44
(000H) 5621 (50)6
(G1e)99s (Y02

(€62)Ges  (#0) 2
(NI o)z
@2

@hie

(rore
(60) 91
('€ 0L

(80 vt
(¥'se) 589
(o)L
(€v 1L
(80 Gt
(6'8) 6S1
(K

61 ve

1'88
€2y
(€0¢

619
(ee) L8
(€1 ve

(e ee

L'y
(€€) 09
61 5¢

(@1ee

00
(€0§
(€06

(€0)s

6'8¢
(8'1H) He
(e 62k

(02) 921

808 60%
(GHoe (eHee
(€0 s (Loer

(€0)s (Loer

eHie

(%) AuAnisuag
[ejoL
pajJodaliapun [ejol
aoon se pajsi|
10U 8p0J 84S HI|
proiAy
SNQ pue uieig
sinjpd
[eUd1 pue A3upIy
1appe|q Ateunn
shsel
91e}s0.d
BXaUpE auLaIn
13430 pue A1eng
SON
‘sniayn pue sndio)
1191 XIAI)
1sealg
NIN J8y0 pue
BLWIOUBIAW UNS
snyauoliq pue fun
xuhseq
SBaloueq
agl pue 13
WwiN}oa1 pue uojo)
YoBWOIS

snbeydos3

lejop poafyy

SNO

pue uteig

siajad
leuas
pue

Kaupry

ioppejq  susel

Kreupq

ajeisoid

exaupe SON
aupan ‘snian

13yjo pue pue sndiog

Kieng

xukie1 seaioued yoewoys snbeydos3

((%) Aouanbaiy) A1}sifiay 139ueq emoj Aq paynuapi ayis sown) Arewnd yueubijew )sig

a0an se
payuap) 109ues

491 8y1 Aq parioday wsejdoa JueuBife Aewiid Juspiou| 1Sii4 J 9YIS PUE aJeINILIAY U1eaQ Woid 40O JO UONEINISS.IQ-SS0I) Il I18VL



Bedford et al.

158

"WAISAS SNOAISU JaYI0 ‘SNO ‘PalIoads asIMIaY10 Jou ‘SON ‘wsejdoau yueubifew ‘NI :S1onp a(iq anedaye.iul ‘qg| <A11siBay J1aouen emol ‘Yo yreap jo asned buiApapun ‘qoon

44 1'88  6¥9 0GY 00 /1§ 9%8 607 G'l19 §0L 616 006  9¥¢ /8 006 219 59 08 (%) Axiaisuag

(0oob) g6t (05006 (e2)zy (2€) 25 (€€)09 (€0)S (1) Lie (S92  (@Hez  (SH9g (@9ell (s1zz @Iwess (G192 (%) 28 (BOISL (8Y1)G9z2 (G192 (220 [ejoL
(paylodai-1apupn) papoa

(ese)esy (w02 (e0)s (oz (@Hee (€0)s (Z9)eor @0+ (L0t (90)or (Ve (Lo)et  (Uww2 (DL Q0L (Co)e (6728 (5006  (€0)9  suowpuod |je Buowe jou 8pod o4s Y|

(ro)z (ro)e ploJAY)
(K2 e (1'2) L€ SNO pue urelg
(12) L8 (Fe) L sinjod [eual pue Aaupry
(Hos'1) 22 (5122 18ppe|q Areuun
0 (0o sisal
(r9) 601 (F9) 601 aJe)S01d
(e ez (e ez eX3UPE 3ULIaIN 1ay10 pue AleAQ
(506 (506 SON ‘snian pue sndion
(60) 91 (6°0) 91 119IN XIAJB)
(¥'¥) 62 (¥'y) 6L isealg
(80 ¥l (8°0) v1 NIA 1830 pUB BWOUB|BW UINS
(K2€) 599 (128) 599 SNYoUoIq pue bun
(506 (506 XuAseq
() 9L () 9L SealoUeq
oz ozl Qg pUe JoArT
(6'6) 8.1 (6'6) 8.1 WiN}al pue uojoy
on 2L o1 21 yoRWOIS
(61 e (61 ve snbeydos3
lejol  pofyl  SNO  Simjad Jappejq spsal ajeisoid  exaupe SON Mo XIAI39 isealg NI Joyjo snyouoq xukieq seaioued gl wnjoas  yoewojs snbeydosy sajeayi}Ian yeap
pueuielg [euas Areunp aupan  ‘sman pue pue puesan]  pue U0 papoa suolIpua |[e
pue 13yjo pue pue sndiog ewouejow  Buny uojog Guowe paynuapi sisgueq

Kaupry Kieag unjs

((%) Aauanbaiy) A}sifiay 1a9ueq emoj Aq paynuapi ayis Jown) Arewsd yueubiijew ysig

Y4919} Aq parioday wsejdoa Jueubijejy Alewlid Juapou] 1sil4 JO 9HS PUE 81eD1I1ISY Yieaq Uo Papog SUOLIPUOY (I JO UONBDISSEI)-SS0I) "Il 318V



ICR. Use of all conditions coded, which included up to 14
causes and contributing factors, decreased under-reporting to
452 (25.2%) of the 1,795 ICR-identified neoplasms.

As expected, site-specific under-reporting also improved
with the use of all conditions coded, compared to the UCOD
only, for 12 of the 18 cancer sites (Table IV). Since all
conditions coded included the UCOD, increased under-
reporting was not possible. Under-reporting by all conditions
coded on the death certificate ranged from 10% (74/739) for
cancer of the lung and bronchus to 100% (5/5) for testicular
cancer. PV+ values of the UCOD were 80% or greater for all
cancer sites, except cancer of the corpus and uterus NOS
(69%) and an indeterminable result for testicular cancer. P-
values less than 0.05 indicated that when using all conditions
coded, differential misclassification occurred for 10 cancer
sites. Using the UCOD only, under-reporting was significant
for three additional neoplasms.

Multivariate logistic regression modeling indicated
that survival time and age at diagnosis were the only
statistically significant predictors, at the o =0.05 level, of
matching COD and ICR site code in both final models
(Tables V and VI). The adjusted odds of matching UCOD
to ICR cancer site decreased by an estimated 19% for every
l-year increase in survival time (P-value <0.001)
(Table V). Younger age at diagnosis had significantly
greater odds of agreement compared to the 75+ age group
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(P-value <0.001). Male workers had lower odds of
agreement (P-value =0.008) compared to females. Odds
ratios for workers diagnosed during 1973—1983 and 1984
1994 compared to workers diagnosed during 1995-2005
were lower, but the differences were not statistically
significant.

For all conditions coded a 1-year increase in survival
time decreased odds of agreement with the ICR cancer
incidence data by an estimated 18% (P-value <0.001)
(Table VI). Similar to UCOD, younger ages at diagnosis had
significantly greater odds of agreement compared to the 75+
age group (P-value <0.001). Male workers had lower odds of
agreement compared to females, but the difference was not
statistically significant.

DISCUSSION

This study compared the use of all conditions coded on
the death certificate to the more traditional approach, using
the UCOD only, to reflect the site of the first primary cancer
identified by the ICR among a population of former DOD
contract workers. As hypothesized, death certificates under-
reported cancer incidence, but for 12 of the 18 cancer sites
studied, use of all conditions coded improved ascertainment
compared to the UCOD only.

TABLE IV. Percent Under-Reported by All Conditions Coded and UCOD and Predictive Value Positive of UCOD Relative to the Site of the First Incident

Primary Cancer Reported by the ICR

% Under-reported

% Under-reported

Site n by all conditions coded P-value® by UCOD PV of UCOD P-value®
Lung and bronchus 739 10.0 <0.001 15.0 98.9 <0.001
Brain and ONS 42 1.9 1.000 1.9 90.2 1.000
Pancreas 87 12.6 0.057 149 96.1 0.021
Esophagus 40 15.0 0.754 25.0 88.2 0.180
Ovary and other uterine adnexa 26 154 0.125 19.2 100 0.063
Liverand IBD 15 20.0 1.000 20.0 80.0 1.000
Breast 112 29.5 <0.001 375 100 <0.001
Colon and rectum 265 32.8 <0.001 419 96.9 <0.001
Stomach 26 34.6 0.065 38.5 88.9 0.039
Kidney and renal pelvis 57 35.1 0.004 421 89.2 <0.001
Cervix uteri 26 385 0.002 38.5 100 0.002
Skin melanoma and other MN 27 481 0.002 51.8 929 <0.001
Prostate 21 483 <0.001 61.1 100 <0.001
Urinary bladder 60 55.0 <0.001 58.3 86.2 <0.001
Corpus and uterus NOS 22 59.1 0.167 59.1 69.2 0.049
Larynx 26 654 <0.001 73.1 100 <0.001
Thyroid 9 778 0.016 778 100 0.016
Testis 5 100.0 0.063 100.0 Und® 0.063

UCOD, underlying cause of death; ICR,lowa Cancer Registry; ONS, other nervous system; IBD, intrahepatic bile ducts; MN, malignant neoplasm; NOS, not otherwise specified.

2p_values calculated using two-sided exact binomial test.
®Undefinedno cases identified as UCOD.
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TABLE V. Odds Ratio of Agreement Between UCOD and ICR Incidence

Data
Variable OR?(95% CI) P-value
Survival time (1-year increase) 0.81(0.79-0.84) <0.001
Age at diagnosis (years) <0.001
22-60 3.12(2.26-4.32)
61-68 2.58(1.89-3.53)
69-74 1.25(0.93-1.66)
75+ 1.00 (referent)
Sex 0.008
Male 0.72(0.56-0.92)
Female 1.00 (referent)
Diagnosis era 0.372
1973-1983 0.82(0.60—1.11)
1984-1994 0.86 (0.66—1.12)
1995-2005 1.00 (referent)

UCOD, underlying cause of death; ICR, lowa Cancer Registry.
20dds ratio adjusted for all other variables in the table using logistic regression.

For the six cancer sites that showed the best agreement
between death certificate and ICR data (cancers of the lung
and bronchus, brain and ONS, pancreas, esophagus, ovary
and other uterine adnexa, and liver and IBD), all conditions
coded under-reported 10-20% of incidence, whereas the
UCOD failed to detect 11.9-25% of cases identified by the
ICR. In 2012, four cancer sites, neoplasms of the prostate,
breast, lung and bronchus, and colon and rectum, were
predicted to represent over 51% of all incident cancers that
were registry-identified in the United States [Howlader
et al., 2012]. The same four sites accounted for 74% of the
incident cancers identified by the ICR for this cohort. Under-
reporting by all conditions coded for these four common
neoplasms ranged from 10% for cancer of the lung and
bronchus to 48.3% for prostate cancer. The UCOD failed to
detect 15—61.1% of the same cancers. Differential misclassi-

TABLE VI. Odds Ratios of Agreement Between All Conditions Coded
andICRIncidence Data

Variable OR? (95% Cl) P-value
Survival time (1-year increase) 0.82(0.80-0.84) <0.001
Age at diagnosis (years) <0.001
22-60 2.40(1.73-3.34)
61-68 2.16 (1.55-3.01)
69-74 1.12 (0.82—1.52)
75+ 1.00 (referent)
Sex 0.094
Male 0.81(0.62—1.05)
Female 1.00 (referent)

ICR, lowa Cancer Registry.
20dds ratio adjusted for all other variables in the table using logistic regression.

fication was statistically significant for all four cancer sites.
PV—+ values indicated that most cancers listed as the UCOD
were also identified by the ICR.

The exact binomial test indicated that when using all
conditions coded, under-reporting was statistically significant
for ten cancer sites. When using the UCOD only, differential
misclassification occurred for three additional cancers.

The misclassification was likely due to a complex
interplay of numerous factors. These include the survival time
after development of cancer, the tendency of certain primary
cancer types to develop metastases in specific organs
[Chambers et al., 2002; Fokas et al., 2007] that have
increased likelihood of being reported on the death certificate
(e.g., colorectal cancers often metastasize to the lung or liver),
cancer-related illnesses (e.g., lung cancer and pneumonia),
and the severity of comorbid conditions (e.g., heart disease,
pulmonary disease, etc.).

Additionally, the small sample sizes for some cancer
types in this study made it difficult to accurately estimate
measures of agreement for death certificate data relative to
ICR-reported cancer incidence. For example, with only five
incident cases of testicular cancer recorded by the ICR, there
was insufficient power to reject the null hypothesis, despite
the fact that death certificates under-reported every case of
testicular cancer among the IAAAP worker cohort. But for
frequently occurring incident cancers, this measure likely
provided a reliable estimate of how well the death certificate
reflects cancer incidence. The use of all conditions coded, as
compared to the more typical UCOD only, may improve
estimates of under-reporting for similar cohorts not covered
by central cancer registries.

Multivariate logistic regression modeling was performed
to examine the effect of survival time, age at diagnosis, sex,
diagnosis era, ICD revision in use at time of death, and race on
the odds of agreement between UCOD or all conditions
coded and ICR site code. As hypothesized, the odds of
agreement lessened significantly with increasing survival
time after cancer diagnosis for both UCOD and all conditions
coded compared to the ICR incidence data. Both models also
indicated that age at diagnosis was a significant predictor of
agreement between death certificates and the ICR data. Odds
ratios were increased for workers whose age at diagnosis was
less than or equal to the median for the cohort compared to
workers in the oldest group. Males and workers diagnosed in
earlier time frames were found to have decreased odds of
agreement as compared to females and those in the most
recent diagnosis era, respectively.

Demers et al. [1992] calculated similar estimates of
relative risk for rapidly fatal cancers from both tumor registry
and mortality data, but for cancers with better survival, more
cases were identified using incidence data as compared to
death certificates. The authors noted that additional cancers
were identified on death certificates, but only cancers listed as
the UCOD were included in their analyses. Similarly, our



findings indicated that death certificates underestimated
cancer incidence. Rather than focus on specific cancers
with varying mortality rates, we evaluated survival time for
all workers. We found survival time to be a main effect in the
logistic regression models to estimate the odds of agreement
between death certificates and the ICR incidence data.

In two separate analyses of data, including all conditions
coded on the death certificate, from the U.S. Radiological
Technologists Study researchers reported an overall 35%
under-ascertainment of cancers identified by death certifi-
cates compared to registry data and that 29.4% of all cancers
included in the study were identified by death records
[Sigurdson et al., 2003; Freedman et al., 2006]. Limitations of
these studies may include lack of both site-specific under-
reporting figures and verification of cancers reported on death
certificates only. The authors also point out that this cohort
may not be comparable to non-healthcare workers due to their
access to health care, medical knowledge, and heightened
awareness of their potential exposure and risk of adverse
health outcomes. Our study also found that death certificates
under-reported cancer incidence compared to the ICR data.

Two occupational studies, Cottrell et al. [1992] and
Davis etal. [1992], reported better disease surveillance results
using manual review of death certificates to ascertain any
mention of the disease of interest. Our study employed a
similar methodology by using all conditions coded on the
death certificate and found more complete ascertainment of
cancer occurrence for 12 of the 18 diseases studied.

The findings of our research support the views of previous
authors [Feinstein and Esdaile, 1987; Boyle, 1989], who
discussed the limitations of using death certificates for
ascertainment of cancer incidence data. The findings also
agree with other researchers [Demers et al., 1992; Pickle
etal., 2007] who found that longer survival time was a negative
predictor of agreement between death certificate data and
SEER registry incidence data. However, use of all conditions
coded on the death certificate should improve ascertainment of
cancer occurrences compared to the UCOD alone.

Results of this study should be generalizable to other
occupational cohorts in similar workplaces and time frames.
Measures of agreement between death certificate data and
cancer incidence data indicate that, particularly in areas not
covered by population-based tumor registries, death certif-
icates can serve as reasonable detectors of cancer-specific
incidence for certain neoplasms, especially rapidly fatal
cancers. In addition, age at diagnosis was found to be a
significant predictor of agreement between death certificate
and cancer incidence data. Differential misclassification by
both all conditions coded and the UCOD alone was noted for
most cancers. Findings for diseases with small sample sizes
should be interpreted carefully as measures of agreement for
such diseases are difficult to estimate accurately.

Primary among the strengths of this study was the overall
high quality of the data from the ICR. This study also evaluated
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anovel approach for identifying cancer occurrence from death
certificates by comparing the ability of all conditions coded
versus the UCOD to reflect cancer incidence.

Study limitations included cancer sites being identified at
the three-digit ICD site code level, which eliminated from our
evaluation non-Hodgkin lymphoma, one of the 10 most
common cancers, as well as other important neoplasms. The
sample size also limited our ability to adequately evaluate less
frequently occurring cancers. It is uncertain whether these
results are generalizable to other populations. About one in
six U.S. cancer patients are afflicted with multiple primary
neoplasms [Grouse, 2006]. Workers with multiple primaries,
approximately 15.3% of the potential cohort, were excluded
from this study. Future work includes developing methods to
include subjects with multiple primary malignancies.
Additional future investigation may include development
of methods to predict which of multiple cancers listed on the
death certificate is most likely to correctly identify the first

primary.

SUMMARY

For over 50 years, the American Cancer Society (ACS)
has used death certificate data as part of its formula for
estimating cancer incidence, and periodic reviews have
deemed the results useful and reliable [Silverberg and
Lubera, 1983]. When tumor registry data are not available,
our findings indicate that death certificates can be useful
indicators of cancer incidence. This research also quantified
the extent to which death certificates under-reported cancer
incidence for the 18 eligible cancer sites. Additionally, use of
all conditions coded on the death certificate was shown to
decrease the extent of under-reporting, compared to the more
commonly utilized UCOD, for many of the cancer sites.

Survival time after cancer diagnosis and age at diagnosis
were found to be significant predictors of the odds that death
certificate and cancer incidence data would agree. Workers
with shorter survival, younger age at diagnosis, and female
sex all were found to have increased odds of agreement
compared to their counterparts.

Assuming that the findings of this article are generaliz-
able to other worker cohorts, the results may be useful for
estimating the degree of under-reporting in other studies that
rely on death certificates to reconstruct cancer incidence.
However, these findings are most generalizable to worker
cohorts in the upper Midwest. Similar studies are called for in
other areas of the United States to further assess the
representativeness of these findings.
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