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Abstract

The goal of this study was to estimate prevalence of HER-2 positive tumors in a population-based
sample of 1026 women diagnosed in 2005 with early stage breast cancer. We modeled the
relationship between patient and tumor characteristics and HER-2. HER-2 positive estimates were
19% for women aged <49 years and 15% aged =50 years. HER-2 varied by tumor grade and size
in women aged <49 years but was not significant in multivariate analysis. Tumor grade and race
were associated with HER-2 for women aged =50 years after controlling for other variables.
HER-2 varies by age and by race and tumor in older women.
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INTRODUCTION

Recent reports showed that the use of the recombinant monoclonal antibody trastuzumab, in
addition to adjuvant chemotherapy, for breast cancer with overexpression of the HER-2
protein or amplification of the HER-2/neu gene reduced the risk of recurrence by 50% in
women irrespective of nodal status (1, 2). HER-2 positive tumors are associated with an
increased tumor aggressiveness, recurrence, and poorer survival (3). How the use of
trastuzumab will translate into a benefit for the overall population depends on the prevalence
of HER-2 positive tumors among breast cancer patients. This analysis uses population-based
data from the Surveillance, Epidemiology, and End-Results Program (SEER) cancer
registries to obtain an estimate of HER-2 positive tumors in early stage disease
representative of the US population. This study includes the largest sample of women with
HER-2 tumors reported to date and is the first to report national prevalence estimates.
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An initial analysis reported in the literature (4, 5) on 189 primary breast cancers (103 in one
sample and 86 in a second sample) estimated the prevalence of HER-2 positive tumors to be
in the range of 20-25%. Subsequent analyses estimated the prevalence of HER-2 positive
tumors to be in the range of 11-30%, depending on the characteristics of the population
studied and the definition of HER-2 positive (6-12). A study using population-based data
from the Carolina Breast Cancer Study found 22% of the sample to be HER-2 positive (12).
Prevalence estimates in these studies were related to tumor characteristics such as stage,
grade, and hormone receptor status. More recently, tissue microarrays of 354 breast cancer
patients diagnosed in 1995 prepared from discarded tissue blocks within the catchment area
of the Hawaii tumor registries were analyzed (13). This study found 12% of patients
examined were HER-2 positive [8% of which were ER (estrogen receptor) negative and 4%
ER positive].

In 2005 National Cancer Institute (NCI) conducted one of its annual Patterns of Care (POC)
studies in a population-based sample of early stage breast cancer patients registered in
SEER. Using these data we provide a population-based estimate of the prevalence of HER-2
positive tumors in the US and investigated correlation with other prognostic factors.

METHODS

NCI’s SEER program is a population-based cancer registry system that routinely collects
data from medical records within hospitals, outpatient surgical centers, pathology centers,
and free-standing radiology centers. The SEER registries collect data on all cancer patients
residing within their defined geographic region. The data collected include detailed
information on demographics, diagnosis, and tumor characteristics. Treatment information
also is collected. However, data on adjuvant therapy often are incomplete, because much of
this therapy is given in the outpatient setting. Therefore, NCI supplements routine SEER
data by conducting annually POC studies that reabstract data and ask each patient’s treating
physician to verify the therapy provided.

Women diagnosed in 2005 with early stage breast cancer, defined in this analysis as stages |
through 1A (American Joint Committee on Cancer), were stratified by age at diagnosis
(age 49 years or younger, age 50 years or older), stage, race/ethnicity, and registry, and a
random sample was selected. Women aged 50 years or younger, nonHispanic black women
and Hispanic women, were oversampled to obtain stable estimates for these groups. Women
with a previous diagnosis of cancer other than nonmelanoma skin cancers, a simultaneous
cancer diagnosis, or who were younger than 20 years were ineligible for the study.

The 12 participating SEER registries (San Francisco, Connecticut, Detroit, Hawaii, lowa,
New Mexico, Utah, Seattle, Atlanta, San Jose/Monterey, Los Angeles, and Alaska)
reabstracted the hospital record of the selected patients to verify tumor characteristics,
treatment provision, and demographic information. SEER did not routinely collect
information on HER-2 status in 2005, but HER-2 status was ascertained for the selected
patients.
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Abstractors noted from the medical record whether HER-2 status was determined and
whether fluorescence in situ hybridization (FISH) and/or immunohistochemical (IHC) test
were performed and the results of those tests. FISH results were classified as negative if less
then 1.8, equivocal if between 1.8 and 2.2, and positive if greater than 2.2. IHC was
classified as positive if 3+, equivocal if 2+, and negative if 1+ or 0. For patients where both
IHC and FISH were performed, results for FISH were used to determine HER-2 status. In
some cases the test values were not included in the record, but a note indicated that the
results were positive, equivocal, or negative and which test was perform or that the type of
test was not known. These patients were included in the analysis.

Descriptive information was based on observed patients in the POC study. Owing to the
oversampling of younger women and by race/ethnicity, descriptive results do not directly
represent the population of SEER patients. To obtain population estimates of the HER-2
positive patients by covariates, we weighted the sample of patients to the total SEER
population of early stage breast cancer and incorporated the sampling design with Proc
Surveymeans and Proc Surveyfreq in SAS (14). HER-2 prevalence was estimated for
unknown covariate values (such as unknown ER status or unknown grade), but unknown
values were excluded when performing univariate chi-square test for association. We used
multiple logistic regression to further define the relationship between prognostic variables
and HER-2 status with Proc Surveylogistic in SAS (14). Cases with unknown covariate
values were excluded from the logistic regression analysis.

RESULTS

Table 1 describes the number of cases in the analysis, the number with known HER-2 status,
and the testing method used for all cases that were considered HER-2 positive. The sample
consisted of 1026 women diagnosed with stage I, I, and I11A breast cancer in the year 2005.
Of those 872 (85%) had a known HER-2 status. A total of 154 (15%) had unknown HER-2
status, either because both tests were not done (75 women) or the status was listed as
unknown (79 women). Table 2 shows the percentage of women with known HER-2 status by
several covariates. Women with missing HER-2 status were more likely to also have missing
ER and PR (progesterone receptor) status and unknown grade than women with known
HER-2 status. Although there was evidence suggesting that HER-2 status may not be
missing at random, we did not adjust for this possibility because of the tendency for those
patients to also have other missing covariates.

Of the 883 known HER-2 status, 171 or 16% (95% ClI, 12%, 21%) were HER-2 positive.
Tables 3a and 3b provide HER-2 status stratified by age (age 49 years or younger, age 50
years or older), race/ethnicity, and prognostic factors. The univariate analysis showed HER-2
status is significantly correlated with tumor size and grade for women aged 49 years or
younger and correlated with race/ethnicity, ER status, tumor size, and grade for women aged
50 years and older.

Table 4 gives results from the logistic regression models using excluding women with
unknown tumor size, nodal status, grade, or ER status (excluding 41 women aged 49 years
or younger and 58 women aged 50 years or older). Equivocal patients were reclassified as
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negative for the regression analysis. Regressions excluding patients with equivocal tests gave
similar results (results not shown). Although larger tumor size and higher grade appeared to
be associated with higher rates of HER-2 positivity for women aged 49 years or younger, it
did not reach the level of statistically significance. Race/ethnicity and tumor grade were
associated with HER-2 status in women aged 50 years and older.

In our data set we estimate that 15% of white women and 31% of African-American women
aged 50 years and younger and 12% of white women and 28% of African-American women
over age 50 had triple negative tumors.

DISCUSSION

This analysis estimated the prevalence of HER-2 positive breast cancers in 12 population-
based SEER registries at 19% (13%, 25%) of women aged 49 years or younger and 15%
(9%, 21%) of women aged 50 years or older with early stage breast cancer. The overall
prevalence estimate for the SEER population was 16% (12%, 21%) for stage I, 11, and Illa
breast cancer. These results were consistent with previously reported estimates for early
stage disease and provide the first national prevalence estimates for HER-2 positive breast
cancer for the US.

The data reported were generally consistent with other findings on the relationship between
HER-2 positive tumors and other prognostic factors. Konecny et al. found HER-2 inversely
related to ER and PR levels (11). In a single cohort of women with primary breast cancer
analyzed by Huang ER, PR, and tumor grade were independent predictors of HER-2 status,
with ER and PR being negatively and grade being positively related to HER-2
overexpression (8). Further analysis of the cohort by age found that the relationship between
HER-2 and ER/PR varied by age, and hormone receptors were not independent predictors of
HER-2 overexpression in women 45 years of age or younger (9). We found ER status to be
significantly inversely related to HER-2 overexpression in the univariate analysis of women
aged 50 years and older. However, this relationship between hormone status and HER-2
positivity did not remain after controlling for other variables. No relationship between
hormonal status and HER-2 status was seen in younger women.

Stark et al. and Carey et al. found no significant difference in the prevalence of HER-2
tumors between African-American and white women (7, 12). However, Stark found grade
and stage were associated with HER-2 status in whites but not in African-Americans (7). We
did find a significant relationship between race/ethnicity in older women with black women
at a lower risk than white nonHispanic women, and Hispanic women and Asian women at a
higher risk. Note that the lower risk of HER-2 positive disease in black women was after
controlling for ER and PR status and does not imply lower rates of HER-2 disease in black
women, because they also have higher rates of ER and PR negative disease. Table 3b showed
12.5% of nonHispanic white women and 17% of black women had HER-2 positive disease.

There were several limitations to this study. Nearly 15% of the patients did not have their
HER-2 status recorded, either because it was not done or was missing from the record. Table
2 shows that missing HER-2 status often occurred along with other unknown variables such
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as unknown ER and PR status and unknown grade. This tendency for a patient to have
multiple missing variables makes it difficult to model or impute missing HER-2 values.

The tests reported here were not performed at a central laboratory and 113 out of 171
positive results were based on IHC. Paik ef al. reported that a central laboratory found 18%
of IHC assays reported as positive from community laboratories were not confirmed as
either strongly positive by the HercepTest™ or positive for gene amplification by central
review (15). Similarly Perez et al. found a high degree of discordance between local and
central test for IHC and FISH (16). Although we required that IHC be 3+ to be positive, this
would still tend to increase the percentage of patients with HER-2 positive tumors in our
sample. In addition, 43 out of 171 positive results were recorded as positive without the
specific test values available. Of those 43, 15 also did not specify the type of test performed.

The strength of the study is that it used a geographically diverse population-based sample of
women and reflects diagnosis, testing, and treatment in the community. In addition, it is the
largest study to date and provides the first national prevalence estimates for the US.
However, despite this strength, it is clear from the wide confidence intervals for estimates in
some subgroups that larger studies are needed to determine if the prevalence of HER-2
varies by patient or tumor characteristics. Starting in 2010 SEER will begin routine
collection of HER-2 status for breast cancer patients. In addition, larger samples and
directed studies would be needed to determine if the benefit of treatment by trastuzumab
varies as detailed data on chemotherapy is not yet routinely available in cancer registries.
The American Cancer Society estimates that 184,450 cases of female breast cancer were
diagnosed in 2008 (17). Based on previous stage distributions observed in SEER, we would
expect that approximately 90% of patients overall would be stage I, 11, and Illa. Assuming
16% prevalence of HER-2 positive cases among these patients, this would suggest just over
29,000 women might benefit from trastuzumab a year. If the reduction in recurrence
reported from the clinical trial extends to the US population, use of trastuzumab may have
the potential to have a major impact on the number of recurrences in the next several years.
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Table 1

Description of Cases and Tests Used for HER-2 Positive

Number of
Cases

Cases In study 1026
HER-2 status known 872
Total number with positive HER-Z results 171
Test used to determine positive HER-2 status
Fluorescence /n situ hybridization (FISH)

Known FISH value 33

Positive FISH value unknown 10
Immunohistochemical (IHC)

Known IHC value 95

Positive IHC value unknown 18

Positive result type of test unknown 15
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Table 2

POC 2005 — Distribution of Patients With Known vs. Unknown HER-2 Status by Non-clinical and Clinical
Factors

HER-2 Status Known HER-2 Status Unknown or Not Tested

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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% Count % Count

Overall 85.0 872 15.0 154
Age

<50 86.5 385 135 60

=50 83.8 487 16.2 94
Race/Ethnicity

White nonHispanic 83.5 223 16.5 44

Black nonHispanic 86.2 218 13.8 35

Hispanic 83.4 206 16.6 41

Asian/PI 87.7 178 12.3 25

Al/AN 83.9 47 16.1 9
Nodes?

Positive 88.0 409 12.0 56

Negative 82.9 437 17.1 90

Unknown/None examined 76.5 26 235 8
ER expression?

Positive 85.7 608 14.3 101

Negative 88.5 230 115 30

Unknown 59.6 34 40.4 23
PR expression?

Positive 85.0 516 15.0 91

Negative 89.4 319 10.6 38

Unknown/None examined 59.7 37 40.3 25
Tumor size

<2cm 83.3 424 16.7 85

2-4cm 86.3 340 13.7 54

>4cm 87.7 107 12.3 15

Unknown 100.0 1
Grade

Well/Moderate (1, I1) 84.7 461 15.3 83

Poorly/Undifferentiated (111, 1V) 86.7 364 13.3 56

Unknown 75.8 47 24.2 15
Stage

Stage | 82.0 324 18.0 71

Stage Il 86.5 402 13.6 63

Stage Illa 87.9 146 12.1 20

a . L
p-value <.05 for chi-square test for association.
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Asian/P| - Asian/Pacific Islander, AI/AN - American Indian/Alaska Native.

Cancer Invest. Author manuscript; available in PMC 2016 November 03.

Page 9



Page 10

Cronin et al.

Author Manuscript

8T
117
0¢

6¢
A7

6T
LS

Le
6%

0¢
0¢
91
6T

6L

uno)

(T'6T '99)8°2T

(T'L9°LSAv oy
(Lve'Teneee
(€21 'S%)6°0T

(0'¥€ '99)g°02
(z'8e ‘v vT)¥9C
(ezz 'g8)7'ST

(L2y 'vo1)9'92
(T°0€ '8'8)5°6T
(L'sz 'S T1)9'8T

(€17 '0°0)9'9T
(z2z'9L)61T
(eve ‘zT9IT)vse

(8'se 's'v)T°0C
(852 '08)6°9T
(0'1€ '0'8)5'6T
(z'6T 'vo)eet
(962 ‘z21)60C

(672 ‘SET)T6T
e(10) %

9AIISOd ¢-d3H

1T (ev'zokee

T (ro‘00)T0
L (€6'00rY
0T (€9'v0)ee

€ (9°6€ '0°0)9°LT
07‘00)LT
(6's‘T0)0E

o ©

€ (e'6v'00)T'ET
9 (0s‘00)ze
6 (Zs'TolLle

8 (g5'00)L2
0T (68 '7'2)9 Y

(56 '00)5¥
(09T '00)E"L
(Le'oo)Lt
(zs'0owe

M O © O

8T s'onve
unod mﬁ_ov %

[e20AINb3 Z-43H

1

1€
it
[44%

€T
88
181

11
172
€0¢

¢ST
0ET

91
LS
59
9L
IZA

88¢

1uno)

(58¢€ = u) 418BUNOA 10 SaeaA 617 8By

(7’16 '€'8L)6'78

00T
(TvL‘L2e)ves
(0'€8 '€'09)L'TL
(L'26'8'8L)L'G8

(€28'TL8)T29
(6'€8‘0°09)6°'TL
(688 '€71)9'18

(T°9L ‘9v2)r 08
(2'68'9'29)7'8L
(298 'TTL)L'8L

(00T ‘2'89)2°€8
(006 ‘LvL)v28
(6'62 '5'09)0°0L

(596 '2'79)8'6L
(188 '0'69)5°8L
(6'98 '9'65)2°€L
(1°€6 '0'62)0'98
(2'98°2°29)9°9L

(re8 ' vIvLL
e(10) %

annebsN z-43H

‘1) 8YeJ3POIN/I19M
g®Peio

umouxun
wo <
wo #—¢
wo z>
g2Is Jown .
umouyun
annebaN
3ANIsOd
uolssaldxs vd
umouxun
anirebaN
8ANIsod
uoissaidxe ¥3
PaUIWEXd SUON/UMOUNUN
anirebaN
aANIsod
S9pPON
NV/IV
Id/Uelsy
J|uedsiH
aluedsiHuou oe|g
o1uedsiHuou slyM
Awouyyg/eoey

MIENe)

sNYe1S 2-43H pue dnouo aby Aq $1030e- [BOIUIID PUE [EDIUIOUON 40 UORNQLISIA — G002 DOd 8

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Invest. Author manuscript; available in PMC 2016 November 03.



Page 11

Cronin et al.

€ (Le'oort
0§ (Sev 's'9T)0°0E
6€ (78T '9V)STT

T (8720069
9 (Tez ‘vz st
Sy (872 ‘8'8)e'ST

(rse ‘eenvye
ve  (ve'eeneee
154 (s'sv ‘z'sT)E0E
44 (052 '6'8)6°9T
1T (16T 'T9)SCT

©

26 (802 ‘€'6)T'ST
unod m:Ov %

SAINSOd ¢-d3H

0 0

45 (9'sT'0°0)0°2
74 (7'6'T2LS
14 (zsT'00)T2L
4 (62'6°0)7Y
0z (LT 'T€)06
T (e5'00)LT
L (92'c0)6e
6 (€'6T '2T)E0T
1T (seT'10)8°2L
8 (68'9T)ES
9 (18'82)8'S

unod e(10) %

[e20AINbT Z-Y3H

vT (00T ‘€'96)9°86
69 (L'8L'T'LY)6'29
9/¢ (€06 '2'51)L 28

4 (00T ‘7°59)0°'98
26T (688 '8°'T2)7°08
GsT (0'€8 ‘5'89)2°G.

0z (6'v8 '8'29)8°€L
9 (6'€8 '8'T9)8°2L
] ('SL 'v'Er)v'6S
88 (5'v8 '1'99)€'GL

20T (1706 ‘v'v2)EeC8

6SE (r's8‘6'2L)26L

junod e(10) %

anirebaN z-43aH

(981 = U) 48p|O 40 SIedA 0G by

uolissaidxs ¥d

umouMun
aniebaN
aA1ISOd

Qco_mmmaxm NE|

paulexa SUON/UMOUNUN
anirebaN
aAIISOd
SAPON
NV/IV
Id/ueisy
oluedsiH
ojuedsiHuoU xoe|g
oluedsiHuou 8}y
gRonuia/aoey

TEIENYe)

sn1e1s Z-43H pue dnoao aby Aq s1010e4 [eaIUID pUe [edl

QUON 40 uonngLIsia — 500¢ 00d ‘9

[°74 (Lev ‘T01)6'92
€ (ree‘Len)oee
IT (9°6T '1°9)8°2T
€ (7'2€ '0°0)0°9T
8y (L9g'gImT L2
unod e(10) %
9AINSOd Z-H3H

T (e0'00)T0
1T (€6'50)8Y
9 (99°‘00)ze

T (T'5€ '00)z°2T

9 (92'00)9¢
unod e(10) %

[e20AINb3 Z-43H

8y (8'68 ‘2'99)0°€L
€T (128 'T19)9°TL
60T ('16 ‘'592)6°€8

€T (00T ‘LTV)L'TL

121 (6L ‘1'65)8°69

junod e(10) %

annebeN z-43H

(G8¢ = u) 48BUNOA 10 SIesA 6 8By

e||| abeis

11 9be)S

| abeis
abeig

umouxun

(Al

‘1) parenuaiayipun/Ajiood

SNyelS g-43H pue dnou9 a6y Ag 10064 [eIIUIID PU [BIIUIJOUON JO UOINQLIISIA — G002 DOd B

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Invest. Author manuscript; available in PMC 2016 November 03.



Page 12

Cronin et al.

"159] pasenbs-1yo Bulwioiad usaym papnjoxa ale saliobaed uMousUN ‘UOITRIDOSSE 10) 1S9} atenbs-1yd Joj GO™> m:_?QQ

“aAIIEN BXSE|\//UBIPU| UBDLIBWY - N//I/ ‘19PUEIS| DLIDEd/UBISY - |d/UBISY

‘pajdwes uoneindod ¥33S ay3 wwasaidal 0] Jybiam are mmmﬁcwu\_wn_m

L1 (8's€°'52)9'TC
4% (00z ‘zL9€T
1€ (052 ‘1°9)0°ST
L (0vS‘L2)E8e
9 (TLe‘TinzLe
12 (r'ST '20)8°L

GT (Sev '2'8)8'Se
GE (00z ‘T9TET
A% (0v2 ‘T9TST
14 (r9'T0)Ze

19 (€'5€ '9'ST)S'SC
12 (T'81'€0)Z0T

unod mA_Ov %
8AIISOd Z-H3H

6T
1T

17
114

vT
ST

0
LT
6T

wuno)

(v ‘00w TT
(9%1'92)9°8
(z9°'00)92

(L¥T1'00)59

(e2T'T0)T9
(S56'7'T)SS

(£'05'9T)T9C
(8'6'cT)S'S
(TL'T0)9¢

0

(T2t 'v0)E9

(Tot‘21)6'S
e(12) %

[e20AINb3 Z-43H

6v
091
0ST

6T

4
9¢¢

13
6¢1
S6T

T
811
Lee

1UNo)

(828 '0'75)6'99
(098 '2'69)8°2L
(626 '8°'12)€°28

(076 '€'6€)T'59

(L'2L '¥°'58)9'99
(256 ‘281198

(269 '7'92)0'81
(168 '9°€L)r'18
(806 ‘6'TLV'1I8

(6'66 '9°€6).'96

(€762 '1°25)2'89

(L'26 'T'5L)6°€8
e(10) %

annebsN z-43H

(981 = U) 18pJO 40 SJesA 0G by

el|| 3beis

11 9be)S

| abers
abeig

umouxun

(Al
‘l11) perenuaiagipun/Aliood
(11°°1) ave3poIN/I19M

goPeID

wo p<
wo -z
wo z>
gd2Is lown
umouxun
anirebaN

aANISOd

snyels z-d43H pue dnou aby Aq s1030e4 [e21UI[D PUE [BJIUIJIUON JO UolNGIISIA — G002 D0d ‘d

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Invest. Author manuscript; available in PMC 2016 November 03.



Cronin et al. Page 13

Table 4

Odds of HER-2 Positive Tumor in Women Diagnosed in 2005 With Early Stage Breast Cancer Stratified by
Age at Diagnosis and p-value for Covariate Effect

Age 49 Years or Younger  Age 50 Years or Older

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Black non-Hispanic
Hispanic

Asian/PI

Al/AN

ER/PR

ER or PR positive
Both Negative

Nodal status

No nodes positive

Positive nodes

Tumor size

<2cm
2-4cm

>4 cm

Grade

lorll
I or IV

0.46 (0.18, 1.18)
0.49 (0.14, 1.67)
0.74 (0.29, 1.88)
0.98 (0.30, 3.26)
p-value = .55
1
0.71 (0.24, 2.16)
p-value =.71
1
1.20 (0.44, 3.35)
p-value = .21
1
1.66 (0.50, 5.59)
3.85(0.84, 17.72)
p-value = .07
1
2.59 (0.92, 7.34)

N =344 N =428
Race/Ethnicity? p-value = .49 p-value = .05
White non-Hispanic 1 1

0.72 (0.28, 1.89)
2.52 (0.93, 6.81)
2.52 (0.86, 7.39)
1.56 (0.64, 3.85)
p-value = .41
1
1.67 (0.49,5.74)
p-value = .82
1
0.91 (0.40, 2.06)
p-value =.70
1
0.67 (0.24, 1.86)
1.02 (0.30, 3.58)
p-value = .03
1
3.82 (1.15, 12.66)
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Asian/Pl - Asian/Pacific Islander, AI/AN - American Indian/Alaska Native.
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