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Abstract

Background National cancer registries are valuable tools to analyze patterns of care and clinical outcomes; yet, missing
data may impact the accuracy and generalizability of these data. We sought to evaluate the association between missing data
and overall survival (OS).

Methods Using the NCDB (National Cancer Database) and SEER (Surveillance, Epidemiology, End Results Program), we
assessed data missingness among patients diagnosed with invasive breast cancer from 2010 to 2014. Key variables included
demographic (age, race, ethnicity, insurance, education, income), tumor (grade, ER, PR, HER2, TNM stages), and treat-
ment (surgery in both databases; chemotherapy and radiation in NCDB). OS was compared between those with and without
missing data using Cox proportional hazards models.

Results Overall, 775,996 patients in the NCDB and 263,016 in SEER were identified; missing at least 1 key variable occurred
for 29% and 13%, respectively. Of those, the overwhelming majority (NCDB 80%; SEER 88%) were missing tumor variables.
When compared to patients with complete data, missingness was associated with a greater risk of death: NCDB HR 1.23
(99% CI 1.21-1.25) and SEER HR 2.11 (99% CI 2.05-2.18). Patients with complete tumor data had higher unadjusted OS
estimates than that of the entire sample: NCDB 82.7% vs 81.8% and SEER 83.5% vs 81.7% for 5-year OS.

Conclusions Missingness of select variables is not uncommon within large national cancer registries and is associated with
a worse OS. Exclusion of patients with missing variables may introduce unintended bias into analyses and result in findings
that underestimate breast cancer mortality.
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Introduction

National cancer registries are increasingly utilized to analyze
patterns of cancer care and clinical outcomes, resulting in
numerous studies each year. However, within these regis-
Presented at the American Society of Clinical Oncology’s Annual tries, individuals with missing data may impact the accuracy
Meeting in June 2020. and generalizability of study findings to a real-world breast
cancer population. One of the largest registries of breast
cancer patients in the United States (US) is the National
Cancer Data Base (NCDB), which is managed by The
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80% of incident breast cancer diagnoses in the US [2], and
prior research suggests > 85% concordance with claims for
chemotherapy and radiation receipt in breast cancer patients,
although accuracy of endocrine therapy receipt was < 65%
[3]. In contrast to the nationwide hospital data in the NCDB,
the Surveillance, Epidemiology, and End Results (SEER)
program is a sample set, drawn from population-level regis-
tries for 19 geographic regions in the US. The National Can-
cer Institute (NCI) manages SEER, and it represents 35% of
the US population, including over 9 million cases of cancer
which are nationally representative [1].

Whether as hospital-based reporting or population-based
sample sets, the accuracy and generalizability of research
based on these cancer databases depend on the overall
patient cohort, which variables of interest are included, and
how often they are specified for each patient. Missing data
in large-scale databases can bias conclusions toward null
hypotheses, particularly in smaller sub-group analyses, rare
disease presentations, or non-participating centers [4]. In
general, missing data can result in lower statistical power
and biased estimates [5, 6]. Therefore, analyzing which
patients are missing data and how the missingness may
impact outcomes is of significant importance.

A recent study of breast cancer registries in Canada, the
United Kingdom (UK), and Nordic countries showed high
proportions of patients were missing staging data [7]. In the
UK specifically, 25% of all patients were missing data on
their clinical stage; furthermore, women with missing data
had a 3-year survival that was 8.6% to 16.1% lower than in
other countries studied [7]. Likewise, a study of colorectal
cancer in these high-income countries showed that up to
50% of patients had no staging data; this was true for rectal
cancers in the most populous Canadian province (Ontario)
and Victoria (the second-most populous state of Australia)
[8]. As with breast cancer data missingness, the authors
noted lower rates of colon and rectal cancer survival for
patients who were missing staging data [8]. Considering the
frequency with which patients are missing data, their exclu-
sion may significantly bias the results from clinical outcome
studies and the subsequent conclusions based on the study
findings.

Given this prior research based on registries from other
countries, we sought to investigate the data missingness in
two widely used clinical oncology databases in the US, the
NCDB and SEER database. Although some studies have pre-
viously sought to describe these databases and the complete-
ness of data, we specifically aimed to analyze the potential
association of data missingness on overall survival (OS) in
the NCDB and SEER database.
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Methods

Patients diagnosed with invasive breast cancer in 2010-2014
were selected from the NCDB and SEER Database. Only
those with histology codes defined by the World Health
Organization (WHO) Classification of Tumors were included
[9]. Those with “in situ” behavior codes were excluded.

Key variables in both databases were selected and sorted
into three main categories: demographic (age, race, ethnic-
ity, insurance, education, income), tumor (clinical TNM
stages, ER, PR, HER2, grade), and treatment (NCDB:
surgery, radiation, chemotherapy; SEER: surgery). In the
SEER database, those who did not receive chemotherapy
are included with those whose receipt of chemotherapy is
unknown. The radiation summary variable is similarly coded
in SEER. Therefore, these variables were excluded from
our analysis of the SEER data. SEER high school education
percentages and median household incomes were matched
to the NCDB quartiles according to their cutoffs for the
2008-2012 version of the ACS. NCDB description of the
TNM staging variables indicated that pathologic versions
were not required to be recorded for diagnosis after 2008 and
analysts should expect to see a decline in the availability of
those variables as a result; as such, the clinical versions were
used for this analysis. According to the SEER dictionary,
the stage variables were derived from the CS coded fields.

Missing data indicators (complete vs missing data) were
created at three levels: individual key variables, the main
categories as described above, and overall. Patients with
complete data for all 16 key variables in NCDB or all 14
key variables in SEER were categorized as having “com-
plete” data. Total number of missing key variables are
reported, as are the prevalence of missing data by category
and over time.

Key variables and select characteristics were described
using frequencies and percentages for all patients and by
data missingness; p values were intentionally not reported
for these comparisons, as they were not the focus of this
study. Overall survival (OS) was defined as the time from
diagnosis to death or last follow-up. The Kaplan-Meier
method was used to estimate unadjusted OS curves. Single
variable Proportional Hazards models were used to esti-
mate the effect of data missingness on OS; hazard ratios
(HRs) and 99% CIs are reported. Of note, a multivari-
ate analysis was not possible, due to the requirement of
excluding patients with missing values in these types of
analyses; a multivariate analysis requires that all patients
have a reported value for each adjusted variable. To evalu-
ate the potential bias of complete data (listwise deletion)
estimates, 5-year survival rates and 99% confidence inter-
vals (CI) were calculated and are reported. Median follow-
up was calculated using the reverse KM method.
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Effective sample sizes are reported for each table/figure.
No adjustments were made for multiple comparisons, and
a p value <0.01 was considered statistically significant. All
statistical analyses were conducted using SAS, version 9.4
(SAS Institute, Cary NC) and R (R Core Team 2020). This
study was deemed exempt by our institutional review board.

Results

Overall, 775,996 patients in NCDB and 263,016 in SEER
were identified (Table 1). Rate of missingness for at least one
key variable was 29% and 13% in NCDB and SEER, respec-
tively, and the majority were missing only one variable
(NCDB 17%; SEER 8%; Fig. 1A). Tumor-related variables
were missing most frequently (NCDB 23%; SEER 12%),
while demographic and treatment variables were missing
less often (Fig. 1B). Among patients missing at least one
key variable, this translated to 80% vs 88% missing a tumor
variable in the NCDB and SEER, respectively. The propor-
tion of patients with missing data decreased between 2010
and 2014 in both databases (NCDB 32% to 23%; SEER 15%
to 12%; Fig. 2). Because tumor information is often based
on the findings from surgery, it is important to note that
13% of patients in NCDB with missing data were classified
as having “no surgery of the primary site or autopsy only,”
compared to 5.6% of those with no missing key variables.
Similarly, 28.7% of patients in SEER with missing data
were classified as having “no surgery of the primary site
or autopsy only,” compared to 5.7% of those with complete
data.

Median follow-up (IQR) was 51.2 months (35.4 — 68.2)
in NCDB and 50 months (36 — 66) in SEER. For each data-
base, 15% of the entire sample died by the time data were
reported. Among those who were alive at that time, the max-
imum follow-up was 98.4 and 83 months, respectively. Five-
year OS (99% CI) was estimated to be 81.8% (81.7-82.0)
in the entire NCDB sample, but 82.7% (82.5-82.8) in
patients with complete tumor data; the corresponding
estimates for the SEER sample were 81.7% (81.5-82.0)
and 83.5% (83.3-83.8). When compared to patients with
complete data, missingness was associated with a greater
risk of death in both databases: NCDB 17% vs. 14% (HR
1.23,99% CI 1.21-1.25) and SEER 27% vs 14% (HR 2.11,
99% CI 2.05-2.18; Fig. 3A-B). Of note, death rate was not
directly correlated with the extent of missingness and was
similar whether the patient was missing 1 or >2 variables
(Fig. 3C-D). Regardless, the risk of death associated with
missingness was greater for those in SEER than those in
NCDB, even though more patients in NCDB were missing
data; HRs (99% CI) for>2 vs 1 missing variable: NCDB
1.06 (1.03-1.09) and SEER 1.38 (1.31-1.46).

When stratified by the category of missing variable, dif-
ferences in OS between those with and without missing data
in the NCDB were small but consistently worse with HR
estimates in the range of 1.04-1.27 (Fig. 4A-D; Table 2).
In SEER, reductions in OS were largest for those missing
tumor variables (HR 2.26, 99% CI 2.19-2.33) or surgery
data (HR 3.84, 99% CI 3.32-4.45; Fig. 4E-H; Table 2).
Among the tumor variables specifically (ER, PR, HER2,
TNM), few clinically meaningful differences in OS were
noted in the NCDB, and the largest differences were noted
for those missing ER and PR status (ER missing: HR 1.60,
99% CI 1.52-1.68; PR missing: HR 1.55,99% CI 1.48-1.63;
Supplemental Figure S1; Table S2). In contrast, there were
notable differences for most of the tumor variables in SEER,
and the most significant differences were among those with
missing T and N stage (Supplemental Figure S2; Table S2).
Although information on the type of surgery was rarely
missing (NCDB 0.2%, SEER 0.28%), missing this specific
key variable was associated with a worse OS in both data-
bases (NCDB: HR 2.11, 99% 1.83-2.44; SEER: HR 3.84,
99% CI 3.32-4.45). Of note, surgery was treated as a binary
variable (missing or not missing), and as such, comparisons
between the different types of breast surgery (lumpectomy
vs mastectomy vs no surgery) were not evaluated. Regard-
less, our findings highlight the importance of complete data
entry, such that exclusion of patients with missing data does
not skew study results.

Discussion

Our analysis of the NCDB and SEER breast cancer data
corroborates findings from others [10], demonstrating that
missingness of key variables is a frequent occurrence within
large national cancer registries. Our study found that the
degree of missingness decreased over time, and that notably,
missing data were associated with worse OS. We hypoth-
esized that missingness may not be random and may intro-
duce unintended bias into analyses of these data sets; fur-
thermore, exclusion of patients with incomplete data may
underestimate breast cancer mortality. Our results confirm
this as 5-year OS was higher in patients with complete data.

Although the NCDB is nationwide in scope and con-
tains a larger number of patients [2], it is a hospital-based
registry that draws only from clinical sites certified by
the ACS CoC. Though the NCDB contains approximately
80% of all breast cancer diagnoses, CoC-accredited hos-
pitals make up only ~30% of all hospitals in the US [11].
When compared to non-accredited hospitals, CoC-accred-
ited hospitals were found to be larger, have more cancer-
related services available, perform more operations, and
more frequently be located in urban settings, while also
being less likely to be critical access hospitals or located
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Table 1 Demographic, tumor, and treatment data for breast cancer patients (diagnosed 2010-2014) in the NCDB and SEER

NCDB SEER
n="775,996 n=263,016
Complete Missing data Complete Missing data
N % N % N % N %
Sex
Female 549,860 99.1 218,877 989 226,598 993 34,437  99.2
Male 4836 0.9 2423 1.1 1696 0.7 285 0.8
Age (years)
<40 27,376 4.9 9876 45 11,091 4.9 1569 4.5
40-70 367911 663 143,679 649 150,847  66.1 21,370 615
>70 140,941 254 60,471 273 58,783 25.7 10,709  30.8
Missing 18,468 33 7274 33 7573 33 1074 3.1
Race
White 466,936  84.2 176,560 79.8 181,692  79.6 26,169 754
Black 64,022 11.5 26,806 12.1 25,256 11.1 4327 12.5
Other 23,738 43 10,813 49 21,346 9.4 3091 8.9
Unknown 0 0 7121 32 0 0 1135 3.3
Spanish/Hispanic Origin
Hispanic 27,857 5.0 14,176 6.4 24285 10.6 4141 11.9
Not Hispanic 526,839 950 178,351 80.6 204,009 89.4 30,581  88.1
Unknown 0 0 28,773 130 O 0 0 0
Insurance
Private Insurance/Managed Care 285,577 51.5 102,232 46.2
Insured 167,666  73.4 18,898 544
Insured/No specifics 30,229 13.2 4754 13.7
Any Medicaid 26,551 11.6 4000 11.5
Medicare 213912  38.6 82,617 37.3
Medicaid 37,553 6.8 14,788 6.7
Not Insured 11,867 2.1 5376 24 3848 1.7 814 2.3
Other Government 5787 1.0 2150 1.0
Insurance Status Unknown 0 0 14,137 64 0 0 6256 18.0
Percent of area of residence with less than high school diploma
>21.0% 78,887 142 37317 16.9 46,284 20.3 7218 20.8
13.0-20.9% 131,697 237 53,373 24.1 70,507 30.9 11,792 34.0
7.0-12.9% 185,307 334 70,137 31.7 94912 41.6 13,337 384
<7.0% 158,805 28.6 58,647 26.5 16,591 7.3 2310 6.7
Missing 0 0 1826 08 0 0 65 0.2
Median household income
> $63,000 205,624  37.1 80,075 36.2 89,059 39.0 12,375  35.6
$48,000-$62,999 149,812 27.0 57,065 25.8 95,490 41.8 15,628  45.0
$38,000-$47,999 118,043 213 46,573 21.0 31434 13.8 4640 13.4
<$38,000 81,217 146 35470 16.0 12,311 54 2014 5.8
missing 0 0 2117 1.0 0 0 65 0.2
Grade
Well differentiated, differentiated, NOS 124,217 224 37,609 17.0 51,061 224 4631 133

Moderately differentiated, moderately well differentiated, inter- 242,518  43.7 72,278 32.7 99,126 434 8858 25.5
mediate differentiation

Poorly differentiated 186,653 33.6 52,008 235 77,417 33.9 6729 19.4
Undifferentiated, anaplastic 1308 0.2 460 0.2 690 0.3 217 0.6
Cell type not determined, not stated or not applicable, unknown 0 0 58,945 266 0 0 14,287 41.1

primaries, high-grade dysplasia
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Table 1 (continued)

NCDB SEER
n="775,996 n=263,016
Complete Missing data Complete Missing data
N % N % N % N %
ER status
Positive/elevated 451,488 814 171,621 77.6 188,273 825 22,334 643
Negative/normal 102,961 18.6 38,462 174 39914 17.5 5252 15.1
Borderline, undetermined whether positive or negative 247 0.0 113 0.1 107 0.0 30 0.1
Missing/Unknown 0 0 11,104 50 0 0 7106 20.5
PR status
Positive/elevated 396,889 71.6 148,844 673 163,842 718 18,246 525
Negative/normal 157,167 283 59,785 27.0 64,160 28.1 8448 24.3
Borderline, undetermined whether positive or negative 640 0.1 326 0.1 292 0.1 64 0.2
Missing/Unknown 0 0 12,345 56 0 0 7964 229
HER?2 status
Positive/elevated 80,224 145 28,205 127 33,729 14.8 4056 11.7
Negative/normal 459,108  82.8 153,574 694 189,584  83.0 17,341 499
Borderline, undetermined whether positive or negative 11,913 2.1 5132 23 4981 22 757 22
Not applicable and not collected 3451 0.6 1038 05 - - - -
Missing/Unknown 0 0 33,351 151 0 0 12,568  36.2
T stage
0 12,461 22 6896 31 83 <01 254 0.7
1 342,490 617 86,833 392 136474 59.8 15,275 440
2 149,295 269 38,060 17.2 69,447 30.4 6658 19.2
3 28,631 52 8612 39 13,468 59 1778 5.1
4 21,819 39 8743 40 8822 39 2252 6.5
Missing 0 0 72,156 326 0 0 8505 24.5
N stage
0 452,476  81.6 127,369 57.6 156,198 684 20,365  58.7
1 78,820 142 23,031 104 52,389 229 6806 19.6
2 14,316 2.6 4519 20 12,193 5.3 1272 3.7
3 9084 1.6 3280 1.5 7514 33 980 2.8
Missing 0 0 63,101 285 0 0 5299 15.3
M stage
0 533397 962 161,905 732 219,386  96.1 30,399 875
1 21,299 3.8 13,529 6.1 8908 39 4306 124
Missing 0 0 45,866 207 0 0 17 0.0
Surgical Treatment
Lumpectomy 295,114 532 101,053 457 119913 525 12,483  36.0
Mastectomy 228,460 412 89,480 404 95258 41.7 11,359 327
No surgery 30,843 5.6 28,757 13.0 12,945 5.7 9972 28.7
Unknown type of surgery 279 0.1 429 02 131 0.1 153 0.4
Missing 0 0 1581 0.7 47 0.0 755 22
Chemotherapy
Yes 247,427 446 81,006 366 - - - -
No 307,269 554 120,512 545 - - - -
Unknown/Missing 0 0 19,782 89 - - - -
Radiation
Yes 326,567 589 107,341 485 - - - -
No 228,129  41.1 108,392 490 - - - -
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Table 1 (continued)

NCDB SEER
n="775,996 n=263,016
Complete Missing data Complete Missing data
N % N % N % N %
Unknown/Missing 0 0 5567 25 - - - -
Charlson-Deyo Score
0 456,545 823 186,820 844 - - - -
1 78,034 141 27,231 123 - - - -
2 15,387 2.8 5466 25 - - - -
>=3 4730 0.9 1783 08 - - - -

NCDB National Cancer Database, SEER Surveillance, Epidemiology, End Results Program, NOS not otherwise specified, ER estrogen receptor,
PR progesterone receptor, HER2 human-epidermal-growth-factor-receptor-2

A Percent of Patients Missing No. of Studied Variables
100% NCDB SEER
b
87%
80%
71%
60%
40%
20% 17%
8%
&% 4%
3
1%, 4% 2% 1% 0% 2% 2% 6% 4% 3% A% 0%
0% T T T = T T T T T T T T T T T T

0 1 2 3 4 5 6 7 8+ 0 1 2 3 4 5 6 7 8+
Total Missing of Studied Variables

Fig. 1 Percent of breast cancer patients (diagnosed 2010-2014) miss-
ing A 0 to 8+of the 14 (SEER) or 16 (NCDB) key variables; or B
data by variable category. Key variables included demographic (age,
race, ethnicity, insurance, education, income), tumor (grade, ER, PR,

Percent of Patients With Missing Data by Diagnosis Year
NCDB SEER

50%

40%

30%

20%

13%
12% 12%

10%

0% T T T T T T T T T T
2010 2011 2012 2013 2014 2010 2011 2012 2013 2014

Year of Diagnosis

Fig.2 Percent of breast cancer patients with missing data by diagno-
sis year (2010-2014). NCDB National Cancer Database. SEER Sur-
veillance, Epidemiology, End Results Program
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B Percent of Patients Missing Data by Category
NCDB SEER
50%
40% -
30% 29%
23%
20%
13%
12%
10%
6%
3% 3%
0% 3%
o T T T T T T T T
Any Patient  Treatment ~ Tumor Any Patient  Treatment ~ Tumor
Variable Variable

Category of Variable **
** Some patients miss variables in multiple categories

HER2, TNM stages), and treatment (surgery in both databases; chem-
otherapy and radiation in NCDB). NCDB National Cancer Database,
SEER Surveillance, Epidemiology, End Results Program

in rural areas [12]. While accreditation is often thought to
be associated with better outcomes, studies examining this
have yielded mixed results [13—16]. In contrast, SEER is
population based; though it draws from fewer geographic
regions, yielding a smaller number of patients, its data
come from strategically selected cancer registries in an
effort to be more representative of the US, and it includes
all patients in that geographic area with a given diagnosis
regardless of where they received care [17]. By providing
data that are population based, incidence can be ascer-
tained, and therefore, SEER may be more representative
of the US population as a whole, though demographic dif-
ferences do exist and should be taken into account when
using these data [18]. Even with these differences, studies
examining both SEER and NCDB data have found gener-
ally similar findings in certain disease types, such as breast
and head and neck cancer [1, 19].
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Fig.3 Unadjusted overall survival for breast cancer patients (diag-
nosed 2010-2014) compared by missingness of any key variable (3A:
NCDB, 3B: SEER), or compared by number of missing key variables

Regardless of data provenance, we identified signifi-
cant missingness in both databases with 29% of all NCDB
patients and 13% of all SEER patients missing at least one
key variable. Furthermore, we demonstrate that missingness
of select variables is often associated with a worse survival.

SEER
o
«®
o
=
3
8
©
So
©
2
g
<
2s
[
)
>
(o]
g Total Deaths
— Complele 31,535 (14%)
= = Missing Data 9,219 (27%)
2 HR (99% CI): 2.11 (2.05-2.18), p <0.0001
0 12 24 3 48 60 72 84 9
Time Since Diagnosis (Months)
No. at risk
228204 217831 205451 154660 108300 67209 30756 Complete
346094 30195 27510 20052 15022 9618 4530 Missing Data
SEER
o
-
«®
o
=
3
©
2©
Soc
.
©
2
I
>
0
=oc
©
o
>
o Key Variables Missing Total Deaths
~ -=- None 31,535 (14%)
S — 1 5,159 (24%)
-2+ 4,060 (31%)
HR (99% Cl)
o 1 vs None: 1.85 (1.78-1.93), p <0.0001
= 2+vs 1: 1.38 (1.31-1.46), p <0.0001
0 12 24 36 48 60 72 8 9
Time Since Diagnosis (Months)
No. at risk
21414 19207 17609 13410 9620 6168 2891 1
13280 10088 9901 7542 5402 3450 1639 2+
228204 217831 205451 154660 108300 67209 30756 None

(3C: NCDB; 3D: SEER). NCDB National Cancer Database, SEER
Surveillance, Epidemiology, End Results Program

While the NCDB and SEER derive their data from different
sources and vary in the manner in which they archive clini-
cal outcomes, we observed similar trends in both databases.
Although data presence does not directly contribute to cau-
sality for survival, the lack of data completeness may suggest
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Table 2 Single variable

. NCDB SEER

Proportional Hazard models

estimates of missingness effect Variable/Category % missing HR (99% C1I) for % missing HR (99% CI)

on overall survival for breast missing vs not

cancer patients (diagnosed

2010-2014) in the NCDB and Demographic 6.1 1.04 (1.01-1.07) 2.6 1.53 (1.42-1.64)

SEER Age 0 - <0.01 -
Race 0.92 0.76 (0.70-0.84) 0.43 0.12 (0.07-0.23)
Hispanic Ethnicity 3.7 1.04 (1.01-1.08) 0 -
Insurance 1.8 1.10 (1.04-1.16) 2.4 1.69 (1.58-1.82)
Education 0.24 1.06 (0.90-1.25) 0.02 1.34 (0.60-3.04)*
Income 0.27 1.11 (0.95-1.28) 0.02 1.34 (0.60-3.04)*
Tumor 23 1.27 (1.24-1.29) 12 2.26 (2.19-2.33)
Grade 7.6 1.45 (1.42-1.49) 5.4 2.00 (1.91-2.09)
ER status 1.4 1.60 (1.52-1.68) 2.7 1.97 (1.85-2.09)
PR status 1.6 1.55(1.48-1.63) 3.0 1.84 (1.74-1.95)
HER2 status 43 1.24 (1.20-1.29) 4.8 1.56 (1.48-1.64)
T stage 9.3 1.12 (1.09-1.14) 32 3.42 (3.27-3.59)
N stage 8.1 1.29 (1.26-1.32) 2.0 4.94 (4.69-5.20)
M stage 59 0.99 (0.96-1.02) 0.01 NE (1 event among

17 pts missing M
stage)

Treatment 3.0 1.17 (1.12-1.23) 0.28 3.84 (3.32-4.45)
Surgery Type 0.2 2.11 (1.83-2.44) - -
Chemotherapy 2.6 1.09 (1.04-1.14) - -
Radiation 0.2 1.71 (1.59-1.84) - -

NCDB National Cancer Database, SEER Surveillance, Epidemiology, End Results Program. HR hazards
ratio, CI confidence interval, ER estrogen receptor, PR progesterone receptor, HER2 human-epidermal-

growth-factor-receptor-2

#the same patients are missing education and income in SEER
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a cohort of breast cancer patients worth additional attention.
Missingness not only has implications for the accuracy and/
or generalizability of study findings, but, more importantly,
may also reflect a vulnerable population of breast cancer
patients that lacks resources or access to complex multidisci-
plinary care at participating centers. Exclusion of these indi-
viduals from observational studies risks further exacerbation
of existing cancer disparities, by neglecting the treatment
experiences and cancer outcomes of our most vulnerable
patients. While our study sheds light on an important limi-
tation of these data sets, it also raises more questions about
who is missing data. Unfortunately, demographic data are
limited in NCDB and SEER, and some of the data provided
are not patient-specific, such as the income and education
data. Based on the available data, demographic data were
only missing in 6.1% of NCDB cases and 2.6% of SEER
cases, with markedly low rates of missingness for age and
race specifically (< 1% for both, in both databases).

Although missing tumor variables can be intrinsic to
large datasets, the reasons behind missingness may be mul-
tifactorial. In general, missingness may be related to data
collection/input problems, incomplete documentation by
providers, non-standard care, or patient factors. For exam-
ple, missingness may represent non-operative patients whose
tumors were never biopsied or removed. For patients with
advanced or metastatic malignancies diagnosed by imaging
alone, biopsies may not alter clinical decision-making[20]
and tissue-diagnosis may only be available at autopsy, if at
all. In addition to advanced and metastatic cancers, other
populations may also be less likely to undergo tissue-based
diagnostic staging due to non-standard care or patient
refusal. In a recent study of SEER patients with stage I
and II lung, prostate, breast, and colon cancer (diagnosed
2007-2014), not undergoing surgery was associated with
increasing age, non-Hispanic Black race/ethnicity, unin-
sured status, marital status, and stage [21]. Furthermore,
not undergoing surgery in this study was associated with
an increased risk of death, suggesting that more vulnerable
populations may be at an increased risk of not receiving the
recommended surgical care, potentially resulting in worse
outcomes [21]. Similarly, a study of Australian patients with
prostate cancer noted that nearly 33% of patients had no clin-
ical staging data [22]. Exclusion of these patients estimated
higher mortality rates for patients from lower socioeconomic
status (SES) or rural areas when compared to nationwide
averages [22].

In our study, 13% of NCDB patients and 29% of SEER
patients with missing variables were due to non-operative
status. For patients with missing surgery data specifically,
survival outcomes were notably worse for both NCDB and
SEER patients. This may suggest that despite their cancer
diagnoses, such patients may have been lost to follow-
up, declined standard treatment (such as surgery), did not

receive appropriate medical advice, or were appropriately
managed in the context of overall poor health or patient
choice. Older studies suggest a low rate of overall treatment
refusal, < 1% in some populations [23], while other studies
in the US suggest potentially higher rates of refusal, up to
7.2% in a study of women > 50y with late-stage breast can-
cer[24]. Although the NCDB and SEER databases used for
this study do not consistently provide details on why certain
treatments were or were not performed/received, it is pos-
sible that additional patient and provider education aimed at
improving communication may help minimize the number
of the patients receiving non-standard care.

In oncology, missing variables are of particular impor-
tance, as they may represent prognostic factors that serve
as the basis for inclusion/exclusion in research studies and
clinical trials. For many studies, complete case analyses are
performed, which exclude patients with missing data and
analyze only those with complete datasets. Although this
can be an adequate statistical technique for some situations,
it is known to result in lower statistical power and biased
estimates in others. For example, when analyzing the health
impact via OS in our analysis, patients with any missing
data were observed to have a greater risk of death. There-
fore, complete case analysis resulted in an overestimation
of 5-year OS in both databases confirming that excluding
patients with missing data from analyses, which is common
practice, creates biased estimates of survival. Moreover, the
impact of that bias is likely unpredictable (whether it equally
affects all study groups, potentially some more than others,
or some in a different direction than others). Lastly, cancer
treatment centers participating in national registry collection
may inherently be biased in their commitment to guideline-
concordant oncology care. Differences in cancer outcomes
between registry patients comprehensively captured in the
NCDB and SEER, without missing data, and individuals
receiving cancer treatment in many non-participating cent-
ers are unknown.

While the problem of missingness is pervasive in studies
based on NCDB and SEER populations, statistical strate-
gies have been developed to address this significant problem.
As bioinformatics has evolved, democratized programming
software has enabled researchers to analyze large datasets
despite missingness, using tools such as imputation or
complete case analysis. Imputation is the replacement of
a missing variable with a new value that is mathematically
carried forward as though it were a true observation. Mul-
tiple imputation by chained equations (MICE) is a method
whereby missing variables are imputed by regression with
other observed values [25, 26]. MICE has been used for
imputation of missing data in breast, kidney, and hepato-
pancreaticobiliary cancer registries, to varying effects [4,
27, 28]. One study of breast cancer patients in the NCDB
analyzed a three-year period in which 56% of patients were
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missing data on clinical stage, due to a change in reporting
procedures (that has since been revised) [27]. Using MICE,
researchers analyzed the data despite missingness to demon-
strate that neoadjuvant chemotherapy was being increasingly
used for stage II and III breast cancers. Such a study dem-
onstrates the value of MICE, to fill in missing holes in an
otherwise robust database. Imputation of missingness for OS
analyses can be more challenging to parse, as seen in a study
of cytoreductive nephrectomy for patients missing histologi-
cal tumor grade [28, 29]. In a SEER-based analysis with
imputation, Egleston et al. showed surgery was protective,
but the degree to which it was therapeutic depended on the
nature of a priori statistical assumptions about missingness.
Using a sensitivity analysis, they demonstrated that whether
grade was missing at random or non-randomly was a sig-
nificant modifier; perceived surgical benefit may be due to
confounding by grade rather than a true surgical effect. Such
confounding and effect modification can significantly impact
the quality of OS estimates, particularly in clinical databases
with high missingness. As such, it is critically important
for researchers to carefully consider the most appropriate
inclusion/exclusion criteria (i.e., based on missing data) and
variables to analyze for studies that are conducted with data
from large national cancer registries, and to consider statisti-
cal methods that may limit the impact of data missingness
on outcomes.

While some missingness is unavoidable, minimizing
avoidable missingness would improve the quality of the
datasets and decrease the need for such statistical meth-
ods (though it is not clear how much missingness is from
such sources). Both SEER and NCDB dedicate substantial
resources to data collection, optimization, and quality. In
regard to SEER, NCI staff work with the North American
Association of Central Cancer Registries (NAACCR) and
other collaborating organizations to set standards to guide
state registries in the data collection process [30]. In con-
trast, NCDB is jointly sponsored by ACS and the Ameri-
can Cancer Society; data are submitted by CoC-accredited
hospitals yearly with set standards and conditions as part of
maintaining accreditation status. [31] Though literature is
limited, described strategies to minimize missing data center
on multimodal preventative strategies, including clear docu-
mentation, adequate study personnel, adequate training of
study personnel, and timely data entry, among others [32,
33]. Continuing to emphasize preventative strategies and
adhere to rigorous reporting standards is critical to minimize
avoidable missingness.

In conclusion, our analysis shows that a significant num-
ber of patients with breast cancer in the NCDB and SEER
are missing data, and, importantly, that missingness of select
variables was associated with worse OS. When interpret-
ing OS studies with frequently missing data, researchers
and clinicians must remain judicious in selecting inclusion/

@ Springer

exclusion criteria as well as potential explanatory variables
for outcomes studies to avoid bias and improve accuracy
and/or generalizability. Future research is needed to eluci-
date which patients are most often missing data and why
survival differences may be observed.
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