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Abstract

Background—While birthplace data are routinely collected in the participating Surveillance,
Epidemiology, and End Results (SEER) registries, such data are missing in a non-random manner
for a large proportion of cases. This hinders analysis of nativity-related cancer disparities. We
evaluate multiple imputation of nativity status among Hispanic patients diagnosed with cervix,
prostate, and colorectal cancer and demonstrate the effect of multiple imputation on apparent
nativity disparities in survival.

Methods—We used multiple imputation by logistic regression to generate nativity values (U.S.-
versus foreign-born) using a priori-defined variables. The accuracy of the method was evaluated
among a subset of cases. We used Kaplan-Meier curves to illustrate the effect of imputation by
comparing survival among U.S.- and foreign-born Hispanics, with and without imputation of
nativity.

Results—Birthplace was missing for 31%, 49%, and 39% of cervical, prostate, and colorectal
cancer cases, respectively. The sensitivity of the imputation strategy for detecting foreign-born
status was = 90% and the specificity = 86%. The agreement between the true and imputed values
was = 0.80 and the misclassification error was < 10%. Kaplan-Meier survival curves indicated
different associations between nativity and survival when nativity was imputed versus when cases
with missing birthplace were omitted from the analysis.

Conclusions—Multiple imputation using variables available in the SEER data file can be used
to accurately detect foreign-born status. This simple strategy may aid researchers to disaggregate
analyses by nativity and uncover important nativity disparities in regard to cancer diagnosis,
treatment, and survival.

Keywords

Emigration and immigration; SEER Program; Multiple Imputation; Hispanic Americans; Health
Status Disparities

Corresponding author: Michael E. Scheurer, One Baylor Plaza, MS: BCM 305, Houston, Texas 77030, Tel: 713-798-5547; Fax:
{13-798-8711, scheurer@bcm.edu.
Co-first authors

Financial Disclosures: The authors do not have any financial disclosures.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Montealegre et al. Page 2

INTRODUCTION

The study of the effects of immigration on cancer patterns has become increasingly
important for health disparities research. Immigrants currently comprise 13% (nearly 40
million persons) of the U.S. population.? While immigrants generally have lower overall
cancer mortality than their U.S.-born counterparts,? they have higher mortality from
infection-associated cancers (e.g., gastric, liver, and cervical cancer) and screenable cancers
(e.g., cervical and colorectal cancer). For screenable cancers, disparities in access and
utilization of early detection services may lead to disparities in incidence, stage at diagnosis,
and cancer-specific survival.3-%

The Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer
Institute provides population-based data on cancer incidence and survival in the U.S.” and
has been used extensively to evaluate cancer health disparities.® However, analyses by
immigrant status are lacking due to inadequate denominator data and to incomplete
reporting of immigrant status. Although data on birthplace are routinely collected in
participating SEER registries, such data are missing for a large proportion of cases.
Furthermore, the distribution of missing data is non-random and is related to variables
including nativity, vital status, age, gender, ethnicity, and certain hospital characteristics.913
Of particular concern for nativity disparities research is the observation that missing
birthplace data are more common among U.S.- versus foreign-born cases!? and among
cancer survivors versus the deceased, given that birthplace is often ascertained from the
death certificate when it is not available from other sources.® 10 Due to the non-random
distribution of missing birthplace data, strategies such as listwise deletion and allocation
proportional to the distribution of birthplace in the population may cause significant bias in
estimates. Nonetheless, these strategies have been commonly used in nativity disparities
research,14-26

Multiple imputation is a strategy whereby missing values are replaced with two or more
values representing a distribution of probabilities.?”- 28 It has been used extensively to deal
with missing data in complex health datasets.2® However, to our knowledge, there have not
been any studies to evaluate the accuracy of multiple imputation of nativity in the SEER
data file. While Choe et al. used multiple imputation of nativity, ethnicity, and stage of
diagnosis,® the purpose of their analysis was to compare cancer-specific survival among
U.S.- and foreign-born Asian and Pacific Islander colorectal cancer cases. In this study, we
specifically evaluate the accuracy of multiple imputation for detecting foreign-born status
and demonstrate how multiple imputation of nativity may overcome significant biases that
occur in cancer survival analyses when cases with missing birthplace information are simply
omitted from the database and ignored during analysis. We conducted our analysis among
Hispanic patients diagnosed with invasive cervix, prostate, and colorectal cancer, the
primary screenable cancers for females, males, and both sexes, respectively. We focused on
Hispanics because they are the largest and fastest growing minority group in the U.S. with a
large proportion of foreign-born individuals (over 40%).30

METHODS

Data Source

Data were obtained from the SEER Program (June 2012 release). SEER registries cover 18
geographic areas (Alaska, Arizona, Connecticut, Hawaii, lowa, Louisiana, Kentucky, New
Jersey, New Mexico, Utah, San Jose-Monterey, Los Angeles, San Francisco-Oakland,
Greater California, Rural Georgia, Atlanta, Detroit, and Seattle-Puget Sound), which
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together represent approximately 28% of the U.S. population and 41% of the U.S. Hispanic
population.”

Cases were Hispanic women and men living in a SEER catchment area who were diagnosed
with microscopically-confirmed, primary invasive cervical (International Classification of
Diseases for Oncology, 3 edition [ICD-O-3] codes C53.0 -53.9), prostate (ICD-O-3 code
C619), or colorectal cancer (ICD-O-3 codes C180, C182-C189, C199, C209, C260)31
between January 1, 1988 and December 31, 2009. The year 1988 was chosen as the lower
time limit because it was the first year in which Hispanic ethnicity was collected for all
SEER cases.32 We included cases with known Hispanic ethnicity as well as those with
evidence of Hispanic ethnicity based on surname.32 The number of Hispanic origin patients
with a confirmed diagnosis of cervical, prostate, or colorectal cancer was 10,399; 52,346;
and 32,880, respectively. Of these, we excluded the 2% or less of cases with unknown age at
diagnosis (2; 447; and 4 in the cervical, prostate, and colorectal cancer databases,
respectively), cancer-directed surgery (cervical: 18, prostate: 145, colorectal: 48), and
radiation therapy (cervical: 164, prostate: 785, colorectal: 348).

Imputation of nativity

After exclusion of cases based on the criteria described above, nativity was the only variable
with missing values (monotone missing pattern). As discussed in the Introduction, missing
nativity follows a non-random pattern. We used the SAS Multiple Imputation procedure to
generate nativity values by the logistic regression imputation method [PROC MI with
LOGISTIC in the MONOTONE statement, SAS version 9.2 (SAS Institute, Cary,

NC)].34 35 Specifically, among those not missing nativity data, a logistic regression model
was fitted for nativity (the dependent variable) by the maximum likelihood method using a
group of independent variables selected a priori for each cancer separately. Candidate
independent variables were those known to be associated with missing nativity status,11-13
those significantly associated with nativity in our dataset, and others of clinical relevance.
They included age at diagnosis, stage at diagnosis, receipt of cancer-directed surgery, receipt
of radiation therapy, SEER site, Hispanic origin, reporting source, sex (colorectal cancer
only), and anatomical subsite (colorectal cancer only). Independent variables were omitted
from the model if they did not increase the model’s accuracy according to the global F-test.
Area under the receiver operator curves (ROC) and R-squared values were used to describe
how well the models fit the data.

Age at diagnosis was treated as a continuous variable in the model. Tumor stage at diagnosis
was defined using the SEER historic staging scheme, which classifies cervical and colorectal
tumors as local, regional, or distant, and prostate tumors as local/regional or distant.3¢ Cases
missing stage of diagnosis (4.52%, 15.45%, and 4.43% of cervical, prostate, and colorectal
cancer cases, respectively) were kept in the dataset and categorized as unknown. The receipt
of cancer-directed surgery and radiation therapy variables were categorized dichotomously
(yes/no). Hispanic origin was based on the SEER recoded variable and categorized as
specified Spanish/Hispanic origin, not otherwise specified Spanish/Hispanic origin, and
surname match only. Specified Spanish/Hispanic origin included those of Mexican, Puerto
Rican, Cuban, Dominican Republic, South or Central American (excluding Brazilian) origin
and those of other specified Spanish/Hispanic origins (including European). Reporting
source was categorized as hospital inpatient, physician’s office, or other. Anatomical subsite
was used for colorectal cancer only and was categorized as proximal, distal, rectum, or
other.

To impute the missing values for nativity, we randomly divided cases with known nativity
into a test group (80% of cases) and a validation group (20%). In the test group, a new
regression model was simulated over 20 iterations for each cancer using the posterior

Cancer. Author manuscript; available in PMC 2015 April 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Montealegre et al.

RESULTS

Page 4

predictive distribution?” of parameters based on the fitted regression coefficients. For each
iteration, missing nativity was imputed as either 1 (foreign-born) or 0 (U.S.-born). The
imputed values were then averaged across all iterations. Missing nativity values in the final
dataset for each cancer were recoded as 1 (foreign-born) if the mean imputed value across
the 20 datasets was > 0.5 or 0 (U.S. born) if the mean imputed value was < 0.5. The
imputation strategy was then used in the validation group to calculate the sensitivity and
specificity for detecting foreign-born cases, the proportion of misclassified cases, and kappa
statistics to measure the agreement between true and imputed values. Kappa values greater
than 0.8 indicate excellent agreement, while values 0.61 to 0.8 and 0.41 to 0.60 indicate
substantial and moderate agreement, respectively.3’ Finally, we used the full dataset with
known nativity (test and validation groups) to impute nativity for those with missing
birthplace.

To elucidate the effect of multiple imputation on nativity differences in cause-specific
survival, we constructed Kaplan-Meier curves comparing survival among U.S.- and foreign-
born Hispanics, with and without imputation of nativity. For the analyses without
imputation, cases with missing birthplace data were omitted from the dataset (listwise
deletion). Survival was defined as the number of months from the date of diagnosis to the
date of death or last follow-up (December 31, 2009). Deaths were defined as cervical,
prostate, or colorectal cancer-specific mortality; individuals who died of other causes and
those alive at the date of last follow-up were censored. We used the log-rank test to assess
the statistical significance of the observed differences between the cancer-specific survival
curves by nativity.

Between 1988 and 2009, there were 10,215 cervical; 51,400 prostate; and 32,480 colorectal
cancer cases among Hispanics reported in SEER that met our inclusion criteria. Of these,
birthplace data were missing for 3,191 (31.24%) cervical; 24,998 (48.63%) prostate; and
12,575 (38.72%) colorectal cancer cases. There were significant differences between those
with and without birthplace data (Table 1). Notably, cases with unknown birthplace were
significantly more like to be diagnosed at a localized or regional stage, to be reported by a
physician’s office, and to have non-specified Hispanic origin or to be classified as Hispanic
based on surname match only. For example, 68.44% of cervical cancer cases with missing
birthplace data were of non-specified Hispanic origin, compared to 17.77% of cases with
known birthplace. There were also significant differences in receipt of cancer-directed
surgery and radiation between those with and without birthplace information.

Cervix cancer

Covariates used to impute nativity status for cervix cancer were: age at diagnosis, stage at
diagnosis, surgery, radiation, reporting source, Hispanic origin, and SEER site. The area
under the ROC was 0.942, indicating excellent agreement between the model and the data,
while the R-squared value was 0.7534 (See Supplemental Table 1a). After imputation, 2,816
(88.25%) cases with unknown birthplace were classified as U.S.-born and 375 (11.75%)
were classified as foreign-born (Table 2). In the validation group, the correlation between
the true and imputed nativity values was 0.82, and 6.83% of cases were misclassified (Table
3a). Misclassification of nativity was 12.43% and 4.83% among U.S.- and foreign-born
cases, respectively. The sensitivity for detecting foreign-born status was 95.17%, and the
specificity was 87.57%.
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Prostate cancer

Covariates used to impute nativity status for prostate cancer were: age at diagnosis, stage at
diagnosis, surgery, radiation, reporting source, Hispanic origin, and SEER site. There was
excellent agreement between the model and the data (area under the ROC = 0.947) and the
R-squared value was 0.7697 (See Supplemental Table 1b). Cases with unknown birthplace
were predominantly classified as U.S.-born (86.28%, Table 2). In the validation group, the
correlation between the true and imputed nativity values was 0.84, and 7.90% of cases were
misclassified (Table 3b). Misclassification of nativity was 10.36% and 6.06% among U.S.-
and foreign-born cases, respectively. The sensitivity for detecting foreign-born status was
93.94%, and the specificity was 89.64%.

Colorectal cancer

Covariates used to impute nativity status for colorectal cancer were: age at diagnosis, stage
at diagnosis, surgery, radiation, reporting source, Hispanic origin, SEER site, sex, and
anatomical subsite. There was excellent agreement between the model and the data (area
under the ROC = 0.939) and the R-squared value was 0.7383 (see Supplemental Table 1c).
After imputation, 89.61% of cases with unknown birthplace were classified as U.S.-born
(Table 2). In the validation group, the correlation between the true and imputed nativity
values was 0.81, and 9.67% of cases were misclassified (Table 3c). Misclassification of
nativity was 10.07% and 9.28% among U.S.- and foreign-born cases, respectively. The
sensitivity for detecting foreign-born status was 90.72%, and the specificity was 89.93%.

Effect of imputation on nativity differences in cancer-specific survival

For cervical cancer (Fig. 1a), the pre-imputation Kaplan-Meier curves (using listwise
deletion of cases with missing nativity) indicated that cervical cancer-specific survival was
significantly poorer among U.S.-born versus foreign-born cases (log-rank p-value < 0.0001).
After imputation, however, the mean length of survival among U.S.-born cases increased
while remaining largely unchanged for foreign-born cases. The new Kaplan-Meier curves
indicated an opposite association between nativity and survival, with improved (but not
statistically significant) cancer-specific survival among U.S.-born cases (log-rank p-value =
0.0771). For prostate cancer (Fig 1b), the pre-imputation Kaplan-Meier curves also indicated
significantly poorer cancer-specific survival among U.S.-born versus foreign-born cases
(log-rank p-value <0.0001), while after imputation, there was a significant survival
advantage among U.S.-born cases (log-rank p-value <0.0001). Finally, for colorectal cancer
(Fig 1c), the apparent survival advantage among foreign-born cases (log-rank p-
value<0.0001) became null after imputation of nativity (log-rank p-value = 0.4183).

DISCUSSION

Multiple imputation by logistic regression performed well for imputing nativity status for
cervical, prostate, and colorectal cancer cases, with a sensitivity = 90% and a specificity >
86% for detecting foreign-born status, with slightly higher sensitivity among cervical and
prostate cancer cases (= 93%). Using the subset of cases with known nativity status, the
agreement between the true and imputed values was excellent (kappa = 0.8) and the
misclassification error was 10% or less for all three cancers.

Using California Cancer Registry data, Gomez et al. developed an algorithm to impute
nativity based on age at receipt of a social security number® that is highly sensitive and
specific for detecting foreign-born status (sensitivity = 84% and specificity = 80% among
Asian breast cancer cases®; sensitivity = 81% and specificity = 80% among Hispanic gastric
cancer cases®). While we did not evaluate the same populations, our data suggest that
multiple imputation by logistic regression may more accurately impute nativity status than
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the imputation algorithm based on date of receipt of a social security number. Perhaps more
importantly, multiple imputation uses variables available in the SEER data file, making it
less labor intensive and more accessible to researchers who do not have administrative rights
over the data. Additionally, multiple imputation allows for analyses across larger geographic
areas spanning multiple cancer registries. Even for analyses limited to individual registries
for which the researcher may obtain social security number data, multiple imputation may
be more feasible for imputing nativity in ethnic groups and geographic areas in which a
large proportion of the foreign-born population is undocumented and thus lacking a social
security number. In 2005, over half of the Hispanic immigrant population in the U.S.
(primarily Mexicans) was undocumented38 and in new settlement states, such as those in the
Southeast U.S., the rapid growth in the foreign-born population is primarily driven by
undocumented immigration.3?

Our data indicate that the majority of Hispanic cancer cases lacking birthplace information
are U.S.-born, and more commonly diagnosed at an early stage. This non-random
distribution of missing data makes common analytic strategies, such as listwise deletion and
allocation proportional to the distribution of nativity in the population, extremely prone to
bias. Survival analyses are particularly biased given that missing birthplace is significantly
more prevalent among cancer survivors.®: 10 For example, among cervical cancer cases,
birthplace data were missing for 36.77% of living cases versus 17.04% of the deceased. For
this reason, our Kaplan-Meier survival curves indicate drastically different associations
between nativity and survival when nativity is imputed by logistic regression versus when
cases with missing nativity data are dropped from the dataset. For colorectal cancer, listwise
deletion of cases with missing birthplace data resulted in Kaplan-Meier curves suggesting a
survival advantage for foreign-born versus U.S.-born Hispanics. However, these survival
differences became null after imputing nativity status for those with missing data. For
prostate and cervical cancer, the apparent survival advantage of foreign-born men and
women was reversed or made null when cases with missing birthplace data were included in
the analysis and assigned nativity through multiple imputation.

Our study is subject to a few potential limitations. First, while the sensitivity and specificity
of classification are higher than prior methods, our data suggest that imputation by logistic
regression misclassifies between seven to 10% of cases with missing data. The
misclassification appears to be differential, affecting U.S.-born cases more frequently than
foreign-born cases, and may slightly bias the results of the survival analyses. However, as
our results indicate, the biases introduced by multiple imputation are substantially smaller
than those introduced when cases with missing birthplace information are omitted from the
database. Second, certain variables used to impute nativity status, specifically Hispanic
origin, which is determined based on medical record review and surname, are also subject to
misclassification that varies by subgroup.® The Hispanic origin variable weighs heavily in
the multiple imputation procedure and significantly influences its sensitivity, specificity, and
percent misclassification. Third, the Hispanic immigrant population is heterogeneous, with
evidence of disparities in cancer incidence and survival among subgroups.*! 42 However,
further disaggregation by country/region of origin is not possible given that multiple
imputation by logistic regression can only be used to impute a binary variable and thus
allocate missing birthplace cases to either U.S.- or foreign-born status.

In conclusion, multiple imputation by logistic regression can be used to impute missing
nativity data for the large number of cases that are missing birthplace information using
variables readily available in the SEER data file. While we do not prescribe a set group of
candidate variables to be used for imputation, the proposed procedure allows for
customizable variable selection depending on factors that may be clinically relevant to any
particular cancer (e.g., anatomical subsite for colorectal cancer). We propose this multiple
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imputation strategy as a tool that will allow researchers to disaggregate analyses by nativity
and uncover important nativity disparities in regard to cancer diagnosis, treatment, and
survival. As the foreign-born population continues to grow, such disaggregation is
imperative to cancer disparities research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A1. Cervical cancer KM curves with listwise deletion
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A2. Cervical cancer KM curves after imputation
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B1. Prostate cancer KM curves with listwise deletion
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B2. Prostate cancer KM curves after imputation
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C2. Colorectal cancer KM curves after imputation
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FIGURE 1.

Comparison of log-rank test and Kaplan-Meier (KM) curves of cancer-specific mortality
using listwise deletion versus multiple imputation of missing nativity for a) cervical, b)
prostate, and c) colorectal cancer patients.
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Cross-validation of imputation method for a) cervix, b) prostate, and c) colorectal cancer

TABLE 3

a. Cervix Cancer

Imputed value

Real value Foreign-born U.S.-born Total
Foreign-born |  986(70.13%) 50(3.56%) | 1,026(73.02%)
U.S.-born 46(3.27%) |  324(23.04%) 370(26.32%)
Total | 1,032(73.40%) | 374(26.60%) | 1,406 (100.0%)
% misclassified 6.83%
Kappa 0.8245
Sensitivity 95.17%
Specificity 86.81%
b. Prostate Cance
Imputed value
Real value Foreign-born U.S.-born Total
Foreign-born | 2,839(53.79%) 183(3.47%) | 3,022(57.22%)
U.S-born | 234(4.473%) | 2,025(38.35%) | 2,259(42.78%)
Total | 3,073(58.19%) | 2,208(41.81%) | 5,281 (100.0%)
% misclassified 7.90%
Kappa 0.8382
Sensitivity 93.94%
Specificity 89.64%
c. Colorectal Cancer
Imputed value
Real value Foreign-born U.S.-born Total
Foreign-born | 1,818(45.67%) 186(4.67%) | 2,004(50.34%)
U.S.-born 199(5.00%) | 1,778(44.66%) | 1,977(49.66%)
Total | 2,017(50.67%) | 1,964(49.33%) | 4382 (100.0%)
% misclassified 9.67%
Kappa 0.8066
Sensitivity 90.72%
Specificity 89.93%

Cancer. Author manuscript; available in PMC 2015 April 15.

Page 19



