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ABSTRACT

Objectives: The expected regional variability in percent
human epidermal growth factor receptor 2 (HER2 )—
positive breast cancers is not currently clear.

Methods: Data from the 2006 to 2011 California Cancer
Registry were examined by county and health service
area. The influence of demographic and pathologic
features was used in a multivariable logistic regression
model to compare expected with observed HER2-positive
percentages by region.

Results: There was significant geographic variation by
California counties (11.6%-26%). The reported HER2-
positive percentage was higher when the population had
higher stage, tumor size, grade, percent estrogen receptor
negative, younger age, or lower socioeconomic status. Ethnic
distribution of the population also influenced HER2-positive
percentages. Using a multivariable logistic regression model,
most regions had expected values based on their population
characteristics, however, “outlier” regions were identified.

Conclusions: These results deepen our understanding of
population characteristics’ influence on the distribution of
HER2-positive breast cancers. Taking these factors into
account can be useful when setting laboratory benchmarks
and assessing test quality.
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Testing the human epidermal growth factor receptor
2 (HER2) status of every newly diagnosed primary breast
cancer or newly metastatic breast cancer is recommended
by the College of American Pathologists/American
Society of Clinical Oncology (CAP/ASCO)."* HER2
testing is performed to determine whether a patient’s
breast cancer is likely to benefit from targeted anti-HER2
therapies, which have dramatically improved survival
when added to chemotherapy regimens in patients with
this aggressive form of breast cancer.”

Pathologic and demographic associations with HER2
positivity have been noted. HER2-positive breast cancers
are typically high grade (Nottingham grades 2-3) and are
more likely to be hormone receptor negative. In compar-
ison with the more common HER2-negative, estrogen
receptor (ER)-positive breast cancers, HER2-positive
breast cancers more frequently present at a higher stage
and in younger patients. In addition, variability in the
HER2 status of breast cancers in different ethnic groups
has also been noted.'""”

The reported prevalence of HER2 positivity in breast
cancer varies from as low as 10% to as high as 30% across
patient samples.”'® Given the unique demographic char-
acteristics and more aggressive pathologic features of
HER2-positive breast cancer, reported prevalence rates
are likely influenced by the characteristics of the pop-
ulation examined. In addition, it is possible that HER2
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positivity prevalence is influenced by the laboratory
methods used to test for HER2. Since laboratories and
regulatory organizations seek to reduce variation related
to differences in laboratory methods, it would be useful
for laboratories to be able to benchmark their HER2-
positive rates with other locoregional laboratories while
controlling for differences related to their testing popula-
tion’s characteristics.

In this study, using population-based California
Cancer Registry (CCR) data, we assessed the extent of
regional variability, by county and health service area
(HSA), in the percentage of breast cancers reported as
HER?2 positive. In addition, we examined the influence
of patient demographics and presenting pathologic fea-
tures on geographic variation. Last, we used multivariable
regression analysis to develop an algorithm to compare
expected HER2-positive percentages with observed per-
centages by health care service area.

Materials and Methods

The CCR is a population-based cancer registry
that, by state mandate, collects information on all can-
cers diagnosed in the state, abstracting data on patient
demographics, tumor characteristics, and treatment
from medical records. Using these data, we selected all
invasive female breast cancers diagnosed in California
from 2006 to 2011. We excluded any cases diagnosed
solely on autopsy or death certificate (n = 455), not
microscopically confirmed (n = 1,157), American Joint
Committee on Cancer (AJCC) stage 0 (n = 993), and
unknown or borderline HER2 status (N = 17,151).
We also excluded cases from the Alpine HSA, as case
counts from this region were too small for meaningful
analysis. The final study population included 121,408
cancers.

Socioeconomic and Facility Characteristics

The CCR does not collect individual-level socioeco-
nomic data. We used a previously developed measure
to assign cases to a neighborhood socioeconomic status
(nSES) quintile based on the census block group of the
patient’s residence at the time of diagnosis.'""*

The CCR has data on the first facility to report each
cancer case. To characterize these reporting facilities,
we calculated the nSES distribution of all cancer cases
reported by that facility during the years of our study
and also identified those facilities that were affiliated
with National Cancer Institute (NCI)-designated cancer
centers.
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HSAs

The state of California contains 58 counties that are
grouped into HSAs by the National Center for Health
Statistics (NCHS). These are defined as being areas that
are “relatively self-contained with respect to hospital
care.”"” For our analysis, we used the NCI’s modification
of the NCHS HSAs, which allocates all counties in an
HSA that cross state or Surveillance, Epidemiology, and
End Results (SEER) registry boundaries into one state
or SEER registry, resulting in 30 NCI-modified HSAs in
California.”

Statistical Analysis

We compared the proportion of HER2-positive
tumors by California county and examined the distribu-
tion of patient and tumor characteristics by HER2 status.

We then constructed a model of HER2-positive sta-
tus using multivariable logistic regression. The follow-
ing variables were considered for inclusion in the model:
NCI-modified HSA, age at diagnosis, race/ethnicity,
AJCC stage at diagnosis, tumor size, nodal involvement,
histology, grade, hormone (combined estrogen and pro-
gesterone) receptor status, patient nSES quintile, marital
status at diagnosis, primary payer at diagnosis, hospital
nSES distribution of patients, cancer center, and year of
diagnosis. Variables with a Wald type 3 P value of more
than .2 (marital status and patient nSES quintile) were
excluded from the final model. The variance inflation fac-
tor was used to check for multicollinearity among vari-
ables. The model was adjusted for clustering by patient
and reporting hospital and weighted using inverse proba-
bility of known HER2 status (see below, propensity score
weighting).

For each HSA, the expected percentage of HER2-
positive tumors was predicted based on the model
described above. This predicted percentage was then com-
pared with the observed percentage, and a y test was per-
formed to test for statistical significance.

Propensity Score Weighting

The distribution of sociodemographic and tumor
characteristics differed between cases with known and
unknown HER?2 status. We therefore used propensity
scores to balance these characteristics between groups,
making our study population of known HER2 status
cases more representative of all breast cancer cases in the
state. A propensity score was calculated based on a multi-
variable logistic regression model predicting known HER2
status. Variables in this model included year of diagnosis,
CCR reporting region, age, race/ethnicity, AJCC stage,
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tumor size, nodal involvement, histology, grade, estrogen/
progesterone receptor status, nSES quintile, marital sta-
tus, primary payer at diagnosis, nSES distribution of can-
cer cases at the reporting hospital, and NCI-designated
cancer center status of the reporting hospital. The inverse
probability of treatment weights (IPTW), in this case rep-
resenting the inverse probability of having known HER2
status, was derived from the propensity score and normal-
ized by the mean IPTW. Use of these weights minimized
differences in the distribution of the sociodemographic
and tumor characteristics between the population with
unknown and known HER?2 status.

Results

In total, 121,408 cases diagnosed between 2006 and
2011 were available in the CCR database and met inclusion
criteria. The overall average percentage of HER2-positive
breast cancers was 16.6%. The percentage of breast can-
cers that was HER2 positive varied between California
counties with a range of 11.6% in Marin County to 26%
in Shasta County (counties with <200 cases were excluded
due to their small numbers) and a median percentage of
15.9% ITable 10 and BFigure 11. In addition, there was vari-
ability in the percentage of HER2-positive breast cancers
among different HSAs across the state. The lowest per-
centage of HER?2 positivity was observed in the Santa
Barbara—San Luis Obispo HSA (11.7%), while the high-
est percentage was in the Shasta (Redding)-Trinity HSA
(23.0%) ETable 2.

Available demographic and pathologic variables
that might contribute to differences in the percentage
of HER2-positive breast cancers in different geographic
regions were examined, including age, race/ethnicity, mar-
ital status, nSES, insurance status, AJCC stage, tumor
size, grade, histologic subtype, hormone receptor status,
whether or not the reporting facility was a NCI-designated
cancer center, patient nSES distribution of the reporting
hospital, and treatment (results shown in Table 2).

A higher prevalence of HER2-positive cancers
was observed in patients younger than 50 years (27.6%
<50 years vs 17.9% 250 years). The percentage of HER2-
positive cancers varied by race/ethnicity, with the high-
est prevalence in Filipinas (24.8%), followed by Asians/
Pacific Islanders (22.3%), Chinese (21.9%), and Hispanics
(20.2%). Non-Hispanic whites (14.5%) and Japanese
(14.1%) had the lowest percentage of HER2-positive
breast cancers. In addition, when grouped by insurance
types, the highest percentage of HER2 positivity was
observed in noninsured/self-pay patients (21.2%) and
lowest in patients with private insurance (16.6%). Overall,
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ITable 10
Percentage of Breast Cancers Reported as HER2 Positive in
California by County”

Total No. of

County Breast Cancers HER?2 Positive, %
Marin 1,148 11.6
San Luis Obispo 958 12.1
Santa Barbara 1,304 12.2
Butte 818 12.7
Napa 434 13.8
Contra Costa 3,529 13.9
Tuolumne 214 14.0
Ventura 2,370 14.3
Riverside 4,770 14.4
San Diego 8,329 14.5
Kings 241 14.5
Monterey 1,027 14.7
El Dorado 583 14.8
Fresno 2,118 14.8
Humboldt 411 14.8
San Mateo 2,593 14.8
Alameda 4,471 15.2
Sutter 268 15.7
Madera 348 15.8
Kern 1,508 16.0
Placer 1,194 16.1
Solano 1,214 16.1
Orange 8,463 16.5
Santa Clara 4,750 16.5
Tolo 517 16.8
Sonoma 1,722 16.8
Sacramento 3,684 172
Nevada 469 173
Santa Cruz 584 173
Stanislaus 1,135 18.4
San Joaquin 1,331 18.6
San Francisco 2,411 18.7
Los Angeles 24,279 18.9
Merced 463 19.0
San Bernardino 4,321 21.2
Tulare 726 21.6
Imperial 294 22.1
Shasta 565 26.0
Overall 95,564 Median 15.9

HER2, human epidermal growth factor receptor 2.
“Counties with less than 200 cases excluded.

the percentage of HER2-positive cases decreased with
increasing socioeconomic status (SES). Reporting hospi-
tals with more than half of patients in the highest SES
category had a lower percentage of HER2-positive can-
cers (15.0%) compared with hospitals with the majority
of patients in the lowest SES (20.2%)).

Cancers with higher stage at diagnosis had higher
HER2-positive percentages (14.7% for stages I-II vs
24.8% for stage >III). Similarly, higher grade cancers
had increasingly higher percentages of HER2 positivity
(4.7% for grade 1, rising to 13.7% for grade 2 and 28.0%
for grade 3). Last, 31.2% of hormone receptor-negative
cancers were HER2-positive compared with only 13.3%
of hormone receptor—positive cancers (P < .0001).
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IFigure 10 Map of the percentage of breast cancer cases in California counties reported as human epidermal growth factor
receptor 2 (HER2) positive (counties included reported >200 cases between 2006 and 2011). The median percentage was
15.9% HER2 positive. Counties reporting percentages above this median are colorcoded in red tones and counties reporting
below are color-coded in blue tones to visually reflect the degree to which they deviate from the median. NA, not available.

A model to predict the percentage of HER2-
positive cancers was constructed using multivariable
logistic regression. When the predicted percentage
was compared with the observed percentage by HSA,
several HSAs, including Alameda, Fresno, San Diego,
and Santa Barbara, had lower than expected HER2-
positive percentages, while Los Angeles, Orange, and
Shasta had higher than expected percentages ETable 31
and EFigure 21,
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Discussion

We found that in California, there is substan-
tial regional variation in the percentage of reported
HER2-positive breast cancers. The regional variabil-
ity was explained in some part by regional differ-
ences in sociodemographic factors (age, race/ethnicity,
HSA, socioeconomic status, insurance status) and dis-
ease-specific factors (stage at diagnosis, hormone recep-
tor status, tumor size, grade). Using a multivariable
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ITable 28

Reported HER2 Status by Demographic and Pathologic

Features in California Cancer Registry Database

HER2 Positive,
Characteristic Total No. No. (%)
Overall 121,408 20,142 (16.6)
NCI-modified health service area
(California)
Santa Barbara (Santa Barbara)-San 2,779 325 (11.7)
Luis Obispo
Marin 1,383 166 (12.0)
Inyo-Mono 108 15 (13.9)
Butte (Chico)-Tehama 1,364 196 (14.4)
Ventura 2,924 426 (14.6)
San Diego (San Diego)-Imperial 11,104 1,621 (14.6)
Fresno (Fresno)-Kings 3,339 489 (14.7)
Alameda (Oakland)-Contra Costa 9,796 1,448 (14.8)
Humboldt 482 75 (15.6)
Stanislaus (Modesto)-Merced 2,622 410 (15.6)
Sutter (Yuba City)-Yuba 586 93 (15.9)
Solano (Vallejo)-Napa 2,339 373 (16.0)
Santa Cruz 769 124 (16.1)
Del Norte 105 17 (16.2)
Santa Clara (San Jose)-Monterey 7280 1,187 (16.3)
Sacramento (Sacramento)-Placer 7650 1,254 (16.4)
Orange 10,522 1,738 (16.5)
San Francisco (San Francisco)-San 6,088 1,010 (16.6)
Mateo
San Joaquin (Stockton)-Calaveras 2,202 367 (16.7)
Nevada-Sierra 575 98 (17.0)
Kern 1,919 330 (17.2)
San Bernardino-Riverside 11,280 1,950 (17.3)
(Riverside)
Sonoma (Santa Rosa) 2,065 360 (17.4)
Siskiyou 178 32 (18.0)
Lassen-Plumas 133 24 (18.0)
Los Angeles (Los Angeles) 30,076 5,600 (18.6)
Mendocino 189 38(20.1)
Tulare 955 193 (20.2)
Shasta (Redding)-Trinity 796 183 (23.0)
Age, y
<40 6,077 1,632 (26.9)
40-49 21,038 4,230 (20.1)
50-64 46,013 8,292 (18.0)
65+ 48,280 5,988 (12.4)
Race/ethnicity
NH white 78,014 11,297 (14.5)
NH black 7,683 1,396 (18.2)
Hispanic 20,584 4,148 (20.2)
Chinese 3,037 666 (21.9)
Japanese 1,337 188 (14.1)
Filipina 4,026 998 (24.8)
Other Asian/Pacific Islander 5,435 1,214 (22.3)
NH American Indian/other/ 1,392 235 (16.9)
unknown
Marital status
Not currently married 50,801 8,160 (16.1)
Married 66,475 11,311 (17.0)
Unknown 4,132 671 (16.2)
Neighborhood quintile of SES
1 14,643 2,932 (20.0)
2 20,697 3,719 (18.0)
3 24,687 4,102 (16.6)
4 28,691 4,588 (16.0)
5 32,690 4,801 (14.7)
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HER2 Positive,

Characteristic Total No. No. (%)
Insurance status

Not insured/self-pay 934 198 (21.2)

Private 72,216 12,016 (16.6)

Public/Medicaid 25,185 4,909 (19.5)

Medicare 18,950 2,222 (11.7)

Military 761 164 (21.6)

Unknown 3,362 633 (18.8)
AJCC stage

| 57007 7067 (12.4)

Il 40,496 7221 (17.8)

111 14,523 3,518 (24.2)

\Y 5,495 1,449 (26.4)

Unknown 3,887 887 (22.8)
Tumor size, cm

<1 23,159 3,120 (13.5)

1-1.9 42,187 5,622 (13.1)

2-2.9 24,152 4,304 (17.8)

3-3.9 11,309 2,357 (20.8)

4-5 7,658 1,708 (22.3)

>5 9,441 2,233 (23.7)

Unknown/not recorded 3,502 898 (25.6)
Grade

1 27244 1,283 (4.7)

2 50,169 6,878 (13.7)

3/high 38,471 10,772 (28.0)

Unknown 5,524 1,209 (21.9)
Histology

Ductal 101,952 18,091 (17.7)

Lobular or with lobular component 11,419 777 (6.8)

Other 8,037 1,274 (15.9)
Hormone receptor status

Negative 21,5645 6,712 (31.2)

Positive 98,853 13,180 (13.3)

Unknown/borderline 1,010 250 (24.8)
Care at NCI cancer center

No 114,384 18,874 (16.5)

Yes 7024 1,268 (18.1)
Patient SES distribution of reporting

hospital

Over half of patients are high SES 60,765 9,088 (15.0)

Over half of patients are low SES 21,965 4,439 (20.2)

Mixed distribution 38,678 6,615 (17.1)
Radiation therapy

No 66,254 11,933 (18.0)

Yes 55,154 8,209 (14.9)
Chemotherapy

No 72,554 7285 (10.0)

Yes 48,854 12,857 (26.3)
Vital status

Dead 14,990 2,864 (19.1)

Alive 106,418 17278 (16.2)

AJCC, American Joint Committee on Cancer; HER2, human epidermal growth
factor receptor 2; NCI, National Cancer Institute; NH, non-Hispanic; SES,

socioeconomic status.

logistic regression model to account for these factors,
most health service regions had a reported percentage
of HER2-positive breast cancers that fell within the
expected range. However, we also identified some regions
with unexpectedly low or high HER2-positive rates that
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ITable 30

Observed vs Expected HER2-Positive Rates in California by NCI-Modified Health Service Area Using Multivariate Logistic

Regression Model”

NCI-Modified Health Service Area (California) Observed % HER?2 Positive Expected % HER2 Positive ¥* P Value
Santa Barbara (Santa Barbara)-San Luis Obispo 11.69 14.35 .0033
Marin 12.00 13.29 .3104
Inyo—Mono 13.89 15.96 .6690
Butte (Chico)-Tehama 14.37 14.33 .9764
Ventura 14.57 15.88 1624
San Diego (San Diego)-Imperial 14.60 15.83 .0104
Fresno (Fresno)-Kings 14.65 18.91 <.0001
Alameda (Oakland)-Contra Costa 14.78 15.88 .0323
Humboldt 15.56 14.82 7479
Sutter (Yuba City)-Yuba 15.87 16.50 .7694
Solano (Vallejo)-Napa 15.95 15.83 9116
Santa Cruz 16.12 15.42 .7055
Del Norte 16.19 1740 .8152
Santa Clara (San Jose)-Monterey 16.30 15.41 1375
Sacramento (Sacramento)-Placer 16.39 16.11 .6392
Orange 16.52 15.37 .0230
San Francisco (San Francisco)-San Mateo 16.59 15.35 .0618
San Joaquin (Stockton)-Calaveras 16.67 18.12 .2027
Stanislaus (Modesto)-Merced 16.93 1773 .4607
Nevada-Sierra 17.04 13.85 1341
Kern 17.20 18.03 4997
San Bernardino-Riverside (Riverside) 1729 18.23 .0634
Sonoma (Santa Rosa) 1743 15.85 1721
Siskiyou 17.98 14.15 3254
Lassen—Plumas 18.05 14.23 .3972
Los Angeles (Los Angeles) 18.62 17.72 .0040
Mendocino 20.11 19.23 .8299
Tulare 20.21 19.52 7042
Shasta (Redding)-Trinity 22.99 16.66 .0015

HER2, human epidermal growth factor receptor 2; NCI, National Cancer Institute.

“Ttalicized rows are results with significantly lower HER2 percentages than expected. Bold rows are results with significantly higher HER2 percentages than expected.

may be due to other contributing factors. Similar analy-
ses of other population-based data sets can help labora-
tories set better benchmarks for expected positivity rates
of cancer biomarker test results such as HER2. These
population-adjusted benchmarks may allow laboratories
to identify when laboratory-related factors or other fac-
tors might be contributing to unexpectedly high or low
results.

While some groups have suggested that simply mon-
itoring HER?2 positivity rates by institution can be an
effective way to monitor test quality, our data suggest
that multiple demographic and pathologic factors will
affect these rates.” Others have reported an increased fre-
quency of HER2-positive cancers in patients diagnosed
at a younger age and having Hispanic and Asian race/
ethnicity, higher SES, hormone receptor—negative breast
cancer, and higher grade/stage tumors at presentation.””’
Earlier studies of CCR data from 1999 to 2004 reported
similar correlations between HER2-positive rates and
these sociodemographic and clinical factors.” A recent
multicenter German study also showed that pathologic
factors influenced HER?2 positivity rates between centers

204 AmJ Clin Pathol 2017;148:199-207
DOI: 10.1093/AJCP/AQX063

(including grade, hormone receptor status, histologic sub-
type, and nodal status).” However, no publications to
our knowledge have reported on geographic variation in
HER?2 test results linked to demographic and pathologic
factors. The current results allow comparison of different
geographic regions and estimation of the contribution of
population-related factors to the percentage of test results
expected to be positive.

Our discovery of outlier regions in HER2 positiv-
ity raises the question of underlying reasons for the dif-
ferences. In addition to further investigation of other
demographic and population-specific factors (eg, poten-
tial genetic causes of HER2-positive breast cancer that
may vary between racial/ethnic groups), an informative
analysis should include examination of variables known
to contribute to false-negative or false-positive HER2
results. These include preanalytic variables such as pro-
longed ischemic times, poor fixation, alternative fixation
protocols, and other specimen-handling issues. Analytic
variables such as test method (immunohistochemi-
cal [IHC] staining vs fluorescence in situ hybridization
[FISH] vs other in situ hybridization testing techniques)

© American Society for Clinical Pathology
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IFigure 20 Observed vs expected human epidermal growth factor receptor 2—positive percentages in California by National
Cancer Institute—-modified health service area (HSA). Regions highlighted had higher or lower results than expected based on
the multivariate logistic model (as indicated by a plus or minus sign). Alpine HSAs were excluded due to small numbers.

and specific testing algorithm used (IHC first with reflex
FISH on IHC-equivocal cases, FISH only, dual testing,
etc) can also affect results.”” Last, postanalytic variables
such as scoring method and adequacy of test validation
procedures can influence test results. Some of these fac-
tors may not have been standardized in the earlier years
of our study time frame (2006-2011), before publication
of the first HER2 testing guidelines in 2007.’

Previous studies using the CCR reported an overall
HER2 positivity rate of 22% during 1993 to 1996 and 22.7%
during 1999 to 2004; however, the proportions of cases

© American Society for Clinical Pathology

with unknown HER?2 status were considerably higher in
these earlier case series, and thus the HER2 positivity rates
were likely artifactually inflated."** In the current study
using data from 2006 to 2011, this overall HER2-positive
percentage was 16.6%. An analogous study in Utah
reported a similar 17% overall HER2-postive percentage.”
The 2007 publication of the first ASCO/CAP HER2
testing and reporting guideline is a major factor that likely
influenced this change. Prior to these guidelines, as many
as 18% of HER2-positive test results were estimated to be
false-positive results: this estimate is based on N9831 trial
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and National Surgical Adjuvant Breast and Bowel Project
B-31 trial data reporting local laboratory positive results
that could not be confirmed when retested by central
reference laboratories.”” One of the issues identified as a
major cause of “false-positive” cases is overinterpretation
of equivocal (2+) THC results as positive (3+) results.”
More recent studies looking at the impact of the recent
2013 guidelines update, which modified interpretation
criteria for both IHC and ISH testing, suggest that the
percentage of breast cancers reported as HER2 positive
and HER?2 equivocal will increase.'****

Our study was limited by the data available from the
CCR database during the time period studied. Detailed
information about HER?2 testing methods was not avail-
able. Future studies using this database will have the bene-
fit of more detail about which type of test was performed
(IHC vs ISH), which may help to elucidate its influence
on HER2-positive rates. While additional validation is
required to determine whether the predictive model pre-
sented here can be applied beyond California, these results
support the conclusion that laboratories and regulatory
agencies should consider the influence of demographic
factors when comparing the distribution of HER2 test
results.

In conclusion, we have found significant regional vari-
ation in the percentage of breast cancers reported as HER2
positive and demonstrated the influence of various popu-
lation characteristics on these percentages. By developing
models that estimate the expected HER2-positive rates
given the population demographics and pathology charac-
teristics, more relevant benchmarks can be developed for
regional laboratories to identify systematic issues as well
as outliers.
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