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Introduction. ER, PR, and HER2 are routinely available in breast cancer specimens. The purpose of this study is to contrast breast
cancer-specific survival for the eight ER/PR/HER?2 subtypes with survival of an immunohistochemical surrogate for the molecular
subtype based on the ER/PR/HER2 subtypes and tumor grade. Methods. We identified 123,780 cases of stages 1-3 primary female
invasive breast cancer from California Cancer Registry. The surrogate classification was derived using ER/PR/HER2 and tumor
grade. Kaplan-Meier survival analysis and Cox proportional hazards modeling were used to assess differences in survival and risk
of mortality for the ER/PR/HER2 subtypes and surrogate classification within each stage. Results. The luminal B/HER2- surrogate
classification had a higher risk of mortality than the luminal B/HER2+ for all stages of disease. There was no difference in risk of
mortality between the ER+/PR+/HER2- and ER+/PR+/HER2+ in stage 3. With one exception in stage 3, the ER-negative subtypes
all had an increased risk of mortality when compared with the ER-positive subtypes. Conclusions. Assessment of survival using
ER/PR/HER? illustrates the heterogeneity of HER2+ subtypes. The surrogate classification provides clear separation in survival

and adjusted mortality but underestimates the wide variability within the subtypes that make up the classification.

1. Introduction

It is generally acknowledged that breast cancer is a heteroge-
neous disease with a wide spectrum of clinical, pathologic,
and molecular features [1-3]. The molecular classification is
becoming the gold standard for complete characterization
of breast cancer and the underlying technology has already
generated gene-profiling models to predict outcomes [4-7].
Despite these remarkable achievements, in general, clinicians
still rely on traditional clinicopathologic features and readily
available tumor markers such as estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2).

ER, PR, and HER2, routinely available in breast cancer
specimens, are reliable, inexpensive, and useful for therapeu-
tic decision making, and the results of these tests are recorded
in cancer registries allowing for population-based research
which make them a reasonable substitute for the more expen-
sive molecular subtyping [8, 9]. There are eight combinations
of ER, PR, and HER2 and significant differences in the

demographics, tumor characteristics, and survival associated
with these eight subtypes have been described for all stages
combined and when stratified by St. Gallen risk categories
(10, 11].

Gene expression profiling studies have identified at least
four categories of breast cancer: luminal A, luminal B, HER2
overexpressing, and basal-like or triple negative (TN) [1,
2]. These molecular categories have been correlated with
immunohistochemical (IHC) biomarkers [3, 9, 11-14]. How-
ever, the IHC correlate of luminal B remains imprecise. Some
investigators consider any HER2+ tumor that is ER+ and/or
PR+ to be luminal B [3, 15], but not everyone is in agreement
[16]. Others have used Ki67 and HER2 to define two types of
luminal B, one that is HER2— and with a high proliferation
index as determined by Ki67, and one that is HER2+ [17, 18].
Tumor grade, instead of Ki67, and HER2 positivity may define
similar luminal B phenotypes [19].

The purpose of this study is to contrast breast cancer-
specific survival for the eight ER/PR/HER2 subtypes with
survival of the IHC surrogates (surrogate classification)



within American Joint Commission on Cancer (AJCC) stages
1, 2, and 3.

2. Methods

Using the population-based California Cancer Registry
(CCR), we identified cases of primary first female invasive
breast cancer (International Classification of Diseases for
Oncology 3rd edition sites C50.0-C50.9) [20] diagnosed
between January 1, 2000 and December 31, 2010 and reported
to the CCR as of January, 2013. Cases are reported to the
Cancer Surveillance Section of the California Department
of Public Health from hospitals and any other facilities
providing care or therapy to cancer patients residing in
California [21]. Cases identified outside of California, only
at autopsy, or only from death certificates were excluded.
Breast cancer-specific mortality was defined as a death due
to breast cancer as documented by the codes ranging from
C50.01 to C50.91 of the International Statistical Classification
of Diseases and Related Health Problems, 10th Revision
[20]. Deaths due to causes other than breast cancer were
censored.

2.1. Socioeconomic Status. Quintile of socioeconomic status
(SES) was derived using data from the 2000 US census. SES
was assigned at the census block group level and based on
address at time of initial diagnosis, as reported in the medical
record. This area based SES measure has been used in many
studies utilizing cancer registry data [9, 13, 22-26]. A detailed
description of this methodology is available [27].

2.2. Race/Ethnicity. Race/ethnicity was classified into five
distinct categories: White, African American or black, His-
panic, Asian-Pacific Islander (API), and American Indian.
A complete description of derivation of these categories is
available in a previous publication [28].

2.3. ER/PR/HER2. The details of documentation of ER,
PR, and HER2 along with age and stage at diagnosis
and tumor grade have been extensively described in our
previous publications and by the CCR [9-11, 13, 21, 29].
The eight subtypes were defined as ER+/PR+/HER2-,
ER+/PR+/HER2+, ER+/PR-/HER2-, ER+/PR-/HER2+,
ER-/PR+/HER2—-, ER-/PR+/HER2+, ER-/PR-/HER2-,
and ER-/PR-/HER2+.

2.4. Surrogate Classification. For this study, we defined the
surrogate classification using the ER/PR/HER2 subtypes
and tumor grade (low = tumor grade of 1 or 2; high =
tumor grade of 3 or 4) [19]. Luminal A was classified
as ER+/PR+/HER2-, ER+/PR-/HER2-, ER-/PR+/HER2—-,
and low tumor grade. Luminal B/HER2— was classified as
ER+/PR+/HER2-, ER+/PR—-/HER2-, and ER-/PR+/HER2-
and has high tumor grade. Subtypes ER+/PR+/HER2+,
ER+/PR-/HER2+, and ER—/PR+/HER2+ were classified as
luminal B/HER2+. Triple negative was ER—/PR—/HER2-,
and HER?2 overexpressing was ER—/PR—/HER2+ (Table 1).
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2.5. Statistical Analysis. Contingency tables were used to
assess the distribution of demographic and tumor charac-
teristics among the ER/PR/HER2 subtypes. Because of our
interest in early breast cancer, only stages 1, 2, and 3 were
included in bivariate and multivariate analyses.

Kaplan-Meier 5-year survival analysis and 95% confi-
dence intervals (CI) and the Mantel-Cox Log Rank test were
used to compare survival among categories of ER/PR/HER2
and surrogate classification for all stages combined and
separately for stages 1, 2, and 3. A comparison was considered
statistically significant if P < 0.05.

Cox proportional hazards modeling was used to deter-
mine time from breast cancer diagnosis to time of breast can-
cer death for each of the eight subtypes when compared with
the ER+/PR+/HER2- subtype. Cox regression was also used
to compare risk of mortality of the luminal B/HER2—, luminal
B/HER2+, TN, and HER?2 overexpressing classification when
compared to luminal A. Analyses were conducted separately
for stages 1, 2, and 3 because of the marked differences in
prognosis of patients diagnosed in different stages. Analysis
of the ER/PR/HER2 subtypes was adjusted for age, tumor
grade, race/ethnicity, and SES. Analysis of the surrogate
classification was similarly adjusted except for tumor grade
since this was an intrinsic part of the luminal A and luminal
B/HER2- categories. Hazard ratios (HR) and 95% Cls were
computed.

This research study involved analysis of existing data from
the CCR without subject identifiers or intervention. There-
fore, the study was categorized as exempt from institutional
review board oversight.

3. Results

There were 143,333 stages 1-4 cases with available ER, PR,
and HER2 data (Table 2). Almost half of the cases were
between the ages of 50 and 70 (48.8%). As age increased, the
percent of women with the ER+/PR+/HER2- subtype also
increased. In comparison, for the ER+/PR+/HER2+ and TN
subtypes, as age increased, the percent of cases decreased. The
surrogate classification consisted of 71,778 cases of luminal
A, 19,011 cases of luminal B/ HER2—, 19,017 cases of luminal
B/HER2+, 18,724 cases of triple negative, and 9,792 cases of
HER2 overexpressing.

Over 80% of cases were AJCC stages 1 and 2. As
stage increased for ER+/PR+/HER2—, the percent of cases
decreased. The opposite trend was apparent for all of the
HER2+ subtypes except the ER+/PR—/HER2+.

ER+/PR+/HER2- was the majority subtype for all
race/ethnicities except for African Americans. Twenty-five
percent of blacks had the TN subtype while APIs were more
likely to have the ER—-/PR—/HER2+ and ER+/PR+/HER2+
subtypes. As SES increased, the percent of cases with
ER+/PR+/HER2- increased while the percent of cases de-
creased for the TN subtype.

A higher percent of cases were tumor grades 1 and
2 as compared to grades 3 and 4. As grade increased,
the percent of cases of ER+/PR+/HER2— decreased while
ER+/PR+/HER2+, ER-/PR—-/HER2+, and TN increased.



Journal of Cancer Epidemiology

TTE8eEl (%8'T) 6TFC (%9°T) €5T°C (%S°€€) 8S€°9F (%E€TF) S61LS (%8°17) L80°0€ [eI0L,
76L°6 (%€°9) £19 (%8°€) FL£ (%8£9) 0¥99 (%¥°02) 00T (%9°1) 651 +ddH/4d/ 4 Surssaadxarano 2YHH
yTL81 (%¥'F) 1€8 (%L°€) £69 (%6°TL) €F9€T (%€'91) S¥0°C (%L7) 80S —049H/-4d/-94d aapegau arduy,

€96 (%€°9) 0¢ (%T'S) 6T (%€'19) S¥¢ (%¥'ST) €71 (%87) 91 +04qdH/+4d/—9d

SELY (9%079) ¥8T (%¢£°7) 801 (%6'9%) €7TC (%8L€) 68LT (%072) €€ +0ddH/-4d/+9d aantsod 2ydH ‘g euruny
61L€1 (%6'%) £99 (%6°'T) 95T (%S'8¢) S8T‘S (%€'TH) £08°S (%¥°21) 80LT +QIHH/HId/ A

£99 (%T¥) 0¢ (%S°S6) L£9 —CddH/+4d/—dd

698°¢ (%S¥) SLI (%5°S6) 769°¢ —049dH/-¥d/+9d aAneSau oy H ‘g [eurwny
SLY V1 (%0'%) ¥8S (%0°96) 168°C1 —C4dH/+4d/+dd

STy (%S'7L) 80€ (%S2LT) L11 —04dH/+4d/—94d

601‘6 (%¢€°€9) S9L°S (%L°9¢€) ¥¥E'C —CddH/-4d/+dd V [eurwun
¥HC09 (%9°19) 0¥E'8E (%¥'8€) ¥06°€T —04dH/H4d/+dd

—.muo.H @oawuw «OZ 1% oﬁwumu ¢ o@.m.ﬁmu e o@.m.ﬁmu T oﬁwumu

"0102-000C £11s139y 100UERY) BIUIOJI[E)) Y} WOIJ JOOULD ISIq F—] S258IS PAUIQUUOD JO UOTJEIYISSL]d Je[NO[OW 2}eS01Ins a3 9)n1suod Jey) aperd pue 2YIH/ Jd/J JO uonnquusi(y ;[ F14v],



]Ournal of
CanCer E .
Pldemiolo
gy

(%LT) £5T¢
A .
(ooD e (%60E)
0
: L
(61'E) 8569 (%€ 69 (%€1) 67
%E ﬁs 0¥99 Ao ) Aﬁum.s 0
061'67) EFOCT  (%L°0) (%8°%) 801 (%
(%T°Th) S6T 0L°0) STE 681L) SLI
oITH) S61S (%S A (%FT) ££9 (%¥11) 95
€) 200 (%8 ¢ (%6
(%€°S) ShO° 68F) €70T  (%0° o6 pge (B AID
(%1'22) £80°0¢ € (%e0)en 608) pe9'E (%D mmsﬁaeéwwo
AQAUMOV 6ST AnvaOv 80¢ G8T‘S AQ o A£M~ v tPun
(%L°T) 805 (%1°€) 68L° 60°0€) 168°€T 1) I 9PeD
(%612) 197'6¢ (%1°0) 91 T (%ron e9Ls PRI
(%6°€7) 68L° (%6°S) 60€* (%¥°0) £ (%T1°01) €08° 4100
682cE €T (%6 11 (%1 08 (%0, (M d
(%S°0T) S00° (%¥°9) 0S1°C 66°01) 88TF %1'T) T€€ . %01L9) 0FE‘8E (MoT) TT 3perd
(o0 cces (%69) 16T (%5°21) 80C°F (%€70) ozt (%8 (U ¥ree (%L PoIEHUDIALIP
(%FT1) o%.wm (%6) 9181 MQ&\QV /88°C vam.ov L1T A%M%W L1€ (%1'€) 61 %L'S) 80LT (%5°62) 70 A 388%2.2
(%8'8) 0 %6'F1) LTH* 6¥°0) O€T 68'0) ¥SC (4 (% 6°€T MO[) T2
T (9 e (057" (%8 (%Z°€) 860° 06L°6) ST8" pore peIO
9°9T) 9/9° %¥°0) 66 68°0) 0£T 607 (%I € (T NULIIPIP
4 (% (%8 (%¥°€) 961°01) F0b* 61'6) S8S°€ . IP [IPM
. 6570 68°0) 6L1 86 . € 05" (%€ . ape
(%0'TD) oL9) e : %¢°€) 66) T6I'T 656) €9L°C L) coe6l M SIS
0L (%9 s . . (%6 ‘
e rel (%L6) 06T 69°F1) VL %00) 0 (%0°6) TSHT Mww.e 6sTT QW&MMW 00T°91 ¥ Sas

6 o E6TET (%9 (%T'TL) LOLT (%80) ¥ 0D 9LLT (%S <81l €5as

09 es  O6 8) 8507 (%V (%¥°0) £9 (%5P) €2 6567) 066 LR
(%€°99) €27 (%1'8) 069 67°9T) 0€8°€ o (%8°0) $2I (%L6) 65 MOT—T SIS

6 (%8 evp (%¥°52) Sor° %9°0) THT (%8°€) L6 (%8
(%0D) &r's (%P Smom (%9°0) 8% (%0°1) Tee A ¢ (%€°8) FOE°T 68°01) S (%625) 89 snyeys eaoqouo%mwv
60°'T) 0€¥FT i (%€ (%0°1) %S°€) €T (%LT1) 7£8¢ 4 - 120§

(%0°8) 87<* (%L 6€°0) 90€ 0']) 88 peE)Ees (%8°8) 970° pesT (%I fpuy UedHIW
Agwéw memm Ago.iv ww (9%5°C1) 6.1 © ooy <o Amxm.m%mmom AW%%MMM (v 0D 687'C e swcﬁm
(%8°22) ¥79° (%6'7) 0PI (9%8°6) TET'T %570) 9 (%9 6T (%I01) 9¥S (%S°6) 118 (%T05) €69TT SR /URISY
(%097) € € (%19) L66T (%1°01) 69€°T (%6z°0) 1e o 0)6 (1" §6  (%6'8) S¥* (%LT7) L8S°€ oruedstr
(%7°3D) wom\m (%2°8) 990° (%H°TD) 622 (%T°0) <€ Ao\om.ov 09 @ow. ) 8¥ (%5-€T) 8 (%S'6S) SFT9S xu&m
) 36501 (472) 0361 (%6°€T) 881G (%€°0) <8 e 0) ot (o 67)6ee  (%81) o (%r2) 20 MMM

L0 (%¥ ! (%S71) €8¢ (%¥°0) 0ST (%9°0) 761 66'C) 189 (%0° Levl (%6 ! (%L°9S Lo
7 OD FOIT (%L €e8'e 00" (%8 (%£°€) #80° 9%0°T1) 918° 669) 008 L'95) 18 S !
Py © (%2'T7) SO (%9°0) L¥1 68°0) 06T 78071 (%1 [4 (%9 (%8°79) 657"

(%T'%) F1LS %) U 0€°C (%6 (% (%8°€) €6F %T°TI) €€9°C 69) T6L'T o 6€TL +06
e (9%) u %60) 66 pepete (e A oA o aid (%L19) L8%'71 68-08
(%9°8¢€) €091 (%€ Z86° (%€°ST) 9£8 (%) 4 %€E'T) 0F1 @ws 65L (%8°) %m.m (%5°6) ommnm (%6°8) 90T'61 6L-0L
hrcH) wﬁu (%) :m.m (%0721) 9PLC (%5°0) 62 y (%) u c? €) T6€ (%-9) Mm I (%2 wmm.mm (%8°€5) 190°0C 69-09

S0 (%€ (968°<1) 27" (%90) S (%6°0) 0 %) U 99 (%L (%7°SS) Z65° _
6€'F) 65LT ) €78 6 (%8 (%0 (%) u 6L71) 195 681 65-0<
(%5°6) £70° Mﬁm.e ze7 A %w 0) I€T @M.ww e (%8T1) SL (%) u (%1'T) 695 eror
%€0) TL 66'0) 85¥ ocy) 589 s (%0 (%) 4

8LET Ty ! (%L°0) 99% (%9°€) 616°T (%9°6) 6VST (9 00TD 589 (%L ) stsouge s
65  €CEITTHO (%9°7) PEOT (%0°6) Z¥8'Y e\cm West (o N.cs SZ€T isouerp e 2By

S TOFIF089S (%1°01) €TH9 %2 01) €67°S ?\o ') STIL p o8e1s

CEECPI [EIOL (%8°9) 78 €T FShES (%T'8) TST'S oow TS) 86£°8C ¢ 93e3g

7646 +TdIH . ,@&.mc G 9/ €T FS6HS o (%€¥79) ¥00'T 7 9%e1s

et Ty aa o %7°0) o FELT668S  BEELT 19883

/—dd/—4d S +04dH . 680) €1 +76C9 . stsouse
/[+dd/-¥4 8YI'T—0ddH (%€7€) 98'€T ¥ 7995 Je a5e) P
Rdd/—d ce/F +THAH (%L°6) YSET T 8/°09 a5 SOOIV
/=4d/+H4d £88°CT —ddH TYQO.QV w+vm_wOCmmﬂu
J—dd/+ad 6IL°CT +7dAH . ,@cm.mmv 1e 98e ueSN

/+Had/+Had L°08 —CddH
/Hdd/+Had

".010C-
1.0102-000T £ns13y 120Ue) BIU
TUWIOJI[e)) oY) W

01y 130Ued
Hw.mwhn— JAISBA
ISEAUT [}IM UWIO.
. M ut sad4
1qns TIHH/Ad /44 943 Jo son
1SLI9)JRIRYD 1O
wmnj pue ot
.QQNMMOEQ
( iz 414V,

L



d[qeLieA Jowm) 1o dydeISowap € UM Sased [210) JO 2IE $aFeIUDI]
"2Jep SUISSIW 0} NP $3SBI I9MIJ ARY SI[RLIBA JWOS TYTH/ /T YIM S3sed [e10],

(%06) 6££°TT (%S'TT) €TF'T (%T6T) 89¢T (%S°0) 65 (%6°0) 901 (%¥¥) 6£5 (%T°01) 89CT (%S°01) €0€°T (%6°Th) €I€°S ¢L
(%L°0€) 06Ty (%T'8) S6¥°C (%LL1) ¥8¥L (%S°0) ¥0T (%6°0) T6€ (%8°€) 09T (%T°6) 106°C (%9°01) TISY  (%0°6%) T8L0T L
(%T£€) FITTIS (%8%) TL¥T (%0°TI) ST9°S (%¢€°0) €91 (%L0) SLE (%6°7) L9¥'T (%T'6) S69°F (%¥'6) 108F (%L'19) 9TSTE oIL
(%9°91) 068°CT (%S°€) L6L (%¥L) TOLT (%T0) 9% (%9°0) 9%1 (%€7) 916 (%S°01) 2T0¥T (%TL) €591 (%€°89) 879°S1 qLL
s1dossororu
(%9'9) 260°6 (%6°8) 908 (%92) 169 (%S°0) ¢F (%L°0) 89 (%L€) Lg€ (%E°T1) STO°T (%L'8) £8L (%2°8S) 9€€°S i pue el 1
£108aye0 T0WIN],
(%89) (%T1°€T) (%%°0) (%8°0) (%€€) (%L°6) (%9°6) (%€LS)
€EEEI [®I0], T6L6 +TIIH  PTL8l —TddH €96 +049H SPIT —2ddH SELT +TIAH [8SCT—CdAH  6ILSI+TddH  S9.°08 —TddH
[—4d/—4d [—4d/—dd [H4d/—dd [H4d/—dd /=4d/+Had /=4d/+Had /Had/Had [Had/HId

Journal of Cancer Epidemiology

‘panunuoy) iz I9V],



1.00
0.95
% 0.90 g
H ¢
k1 3
E} E
g 0.85 g
O O
0.80
0.75
T T T T T T T
0 10 20 30 40 50 60
Months
(a)
1.00 -
0.95 -
E
2 0.90 1
a
£
=
El o
g 0.85
=3
®)
0.80
0.75 -
T T T T T T T
0 10 20 30 40 50 60
Months
ER/PR/HER2
I +/+/- —/+/-
I +[+H]+ S =[]+
- ~/~I-
1 +/-/+ 1 =/=/+

(©)

Journal of Cancer Epidemiology

1.00
0.98
0.96
0.94
0.92 -
0.90
T T T T T T T
0 10 20 30 40 50 60
Months
(b)
1.0
0.9
S 0.8
>
=
a
£ 07 +
=
=
g
3 0.6 -
0.5
0.4
T T T T T T T
0 10 20 30 40 50 60
Months
ER/PR/HER2
I +/+/- —/+/-
S /4 [+ S =+ [+
/- /-1~
o[+ 1 =/=/+

(d)

FIGURE 1: Kaplan Meier 5-year survival for the ER/PR/HER2 subtypes for all stages combined (a), stage 1 (b), stage 2 (c), and stage 3 (d).

The survival analysis and Cox proportional hazards
models included AJCC stages 1-3. For this group of patients,
16,340 (8.9%) were missing ER, 21,448 (11.6%) were miss-
ing PR, and 45,885 (24.9%) were missing HER2. Approxi-
mately 10,700 (6%) of cases were missing grade. SES (3,117),
race/ethnicity (1,109), and cause of death (2,726) were missing
in less than 2% of cases. Cases were most often missing for
patients who were 70 years of age and older, black or Hispanic,
and in the lower SES categories. Complete data for all of these

variables was available for a total of 123,780 cases: 59,182 in
stage 1, 49,982 in stage 2, and 14,616 cases in stage 3.

Results of the survival analysis for the ER/PR/HER2
subtypes and the surrogate classifications are displayed in
Figures 1 and 2, respectively. (a) Both figures provide the
results for all stages combined, whereas (b) through (d) show
the results for stages 1, 2, and 3.

When compared with all stages combined, stratification
by stage highlights the clear separation of the ER+ and
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FIGURE 2: Kaplan Meier 5-year survival for the IHC surrogate classification subtypes for all stages combined (a), stage 1 (b), stage 2 (c), and

stage 3 (d).

ER- subtypes. All of the ER+ subtypes had better survival
than the ER— subtypes. This difference, while still present
in stage 3, was not as dramatic. For stage 1 (b), the worst
survival among the ER+ subtypes (ER+/PR—/HER2+) was
97.3% (95%CI = 96.3%, 98.3%), while the ER+/PR+/HER2-
had the best survival at 98.6% (95%CI = 98.6%, 98.8%).
The TN subtype had the worst survival in all three stages
ranging from 92.9% (95%CI = 92.1%, 93.7%) in stage 1 to
48.9% (95%CI = 46.6%, 51.2%) in stage 3 (c). For stages
1 and 2 ((b) and (c)), the ER+/PR+/HER2— subtype had

statistically significantly better survival (P < 0.001) than
all other subtypes. However, the difference between the
ER+/PR+/HER2- and ER+/PR+/HER2+ was less than 1%
for stage 1 and 2.2% for stage 2. There was no statistically
significant difference between the ER+/PR+/HER2- and
ER+/PR+/HER2+ subtypes in stage 3.

Additionally, the presence or absence of PR on
survival is evident (Figurel). For example, the survival
of the ER+/PR+/HER2- subtype was superior to that
of the ER+/PR-/HER2- in all stages. Similarly, the



ER+/PR+/HER2+ subtype survival was superior to the
ER+/PR—/HER2+ subtype in all stages.

Figure 2 provides the results of the same analysis when
the subtypes were defined by the surrogate classification. For
all stages (a) and when stratified by stage, luminal A had the
best survival when compared with all other subtypes (P <
0.001): stage 1 (b), 98.8% (95%CI = 98.7%, 99.0%); stage 2 (c),
96.1% (95%CI = 95.8%, 96.5%); stage 3 (d), 85.0% (95%CI =
83.6%, 86.4%) while the TN subtype had the worst survival
in all stages. In stage 1, although statistically significant, there
was only a 1% difference in survival between the luminal
A (98.8%; 95%CI = 98.7%, 99.0%) and luminal B/HER2+
subtype (97.8%).

Figure 3 superimposes the survival of the stage
2 luminal B/HER2+ surrogate classification and its
component ER/PR/HER2 subtypes (ER+/PR+/HER2+,
ER+/PR-/HER2+, and ER—/PR+/HER2+). The luminal
B/HER2+ surrogate classification had 91.3% (95%CI =
90.6%, 92.1%) survival which is an approximation of the
three component subtypes. Separation of this IHC surrogate
demonstrates that there were considerable differences
between the three subtypes that comprise this classification.
The ER- subtype that makes up this classification had survival
that was 8.1% lower than the ER+/PR+/HER2+.

Cox regression analysis for the eight ER/PR/HER2 sub-
types demonstrated that with two exceptions, when com-
pared with the ER+/PR+/HER2- subtype, all other subtypes
at all stages had an increased risk of mortality (Table 3). The
exceptions were in stage 1 where the ER+/PR-HER2- had a
similar risk of mortality as the ER+/PR+/HER2—, and in stage
3 where the ER+/PR+HER2+ subtype was not significantly
different from the ER+/PR+/HER2-.

Results of the surrogate classification showed that for all
stages, all categories had a higher risk of mortality when
compared with luminal A, the reference category. In all
three stages, the luminal B/HER2—- had higher HRs than the
luminal B/HER2+. The TN subtype had the highest HRs in
all stages.

4. Discussion

This study expands on prior research by assessing breast
cancer-specific mortality among the ER/PR/HER2 subtypes
by stage and contrasts the results with a surrogate classifi-
cation that incorporates the ER/PR/HER2 subtypes as well
as tumor grade. Previous studies indicate that survival of
the eight ER/PR/HER2 subtypes is quite variable [10, 30].
The present study demonstrates that this variability is even
more striking with stratification by stage. The surrogate clas-
sification provides clear separation in survival and adjusted
mortality but underestimates the wide variability within the
subtypes that make up this classification.

The present study further demonstrates that there is
variability in survival among the HER2+ subtypes within
each stage of disease [9-11, 13]. While survival was best in
all stages for the ER+/PR+HER2- subtype, the difference
in survival was less than 1% between ER+/PR+/HER- and
ER+/PR+/HER2+ subtypes in stage 1. Differences in tumor
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FIGURE 3: Survival of the luminal B/HER2+ IHC surrogate classifi-
cation and its ER/PR/HER2 component subtypes for stage 2.

biology and clinical outcomes by ER status in HER2+ breast
cancer have been shown to exist, and HER2+ breast cancer is
acknowledged to be heterogenous adding credence to prior
epidemiological findings [10, 31, 32].

The results of this study also demonstrate that when
assessing survival using the ER/PR/HER?2 subtypes, all of the
ER+ subtypes have better survival and adjusted mortality
than all of the ER— subtypes with one exception. In stage 3,
the ER+/PR—/HER2- subtype has nearly identical survival
and adjusted mortality as the ER—/PR+/HER2+ subtype. This
suggests that ER may be a more important factor in survival
than HER2 and becomes more apparent in stage 3, where the
adjusted HR for the ER+/PR+/HER2+ subtype is not different
from that of the ER+/PR+/HER2- subtype.

Nuances between the subtypes are not seen when strat-
ifying the subtypes using the surrogate classification. For
example, in all stages, the luminal B/HER2- had poorer
survival and a higher risk of mortality than the luminal
B/HER2+ subtypes. The luminal B/HER2- category consists
solely of tumor grades 3 and 4 whereas the luminal B/HER2+
category contains cases of all tumor grades, suggesting that
tumor grade, in this instance, may be a more important
predictor of mortality than HER2-positivity.

Similarly, the prognostic importance of PR expression
can easily be overlooked in the surrogate classification
[33]. For example, when one compares the survival of the
ER/PR/HER?2 subtypes that differ only by the presence or
absence of PR, survival of the PR-positive subtype is better in
all stages. These important differences are not readily evident
when utilizing the surrogate classification.

We recognize that the IHC molecular surrogate classi-
fication, currently in vogue, is useful and provides a neat
package for reference but does it provide us with more
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TABLE 3: Hazard ratios and 95% confidence intervals derived from Cox regression for ER/PR/HER2 subtype and surrogate classification.

Stage 1 (n = 59,182)

Stage 2 (n = 49,982)

Stage 3 (14,616)

ER/PR/HER2*
ER+/PR+/HER2—-
ER+/PR+/HER2+
ER+/PR-/HER2-
ER+/PR-/HER2+
ER-/PR+/HER2-
ER-/PR+/HER2+
ER-/PR-/HER2-
ER-/PR-/HER2+

Immunohistochemical surrogates for molecular classification™”
Luminal A
Luminal B, HER2—
Luminal B, HER2+
Triple negative
HER?2 overexpressing

1.00
1.26 (1.04, 1.52)
117 (0.96, 1.43)*
1.39 (1.03, 1.88)
1.96 (1.28, 3.02)
2.21 (1.24, 3.93)
2.26 (193, 2.64)
1.89 (1.53, 2.31)

1.00
3.02 (2.58, 3.54)
2.02 (171, 2.38)
4.68 (4.06,5.38)
3.98 (3.29, 4.83)

1.00
1.24 (L12, 1.37)
1.50 (1.35, 1.67)
1.44 (1.25, 1.67)
1.92 (151, 2.43)
1.75 (1.28, 2.40)
2.08 (192, 2.25)
1.78 (161, 1.97)

1.00
2.54 (2.33,2.76)
2.06 (1.88, 2.26)
3.93 (3.63, 4.26)
3.31(2.99, 3.66)

1.00
1.08 (0.94,1.22)"
1.66 (1.47,1.89)
1.25 (1.04, 1.50)
1.83 (1.35, 2.48)
1.65 (1.09, 2.50)
2.84 (2.58,3.12)
1.92 (1.72, 2.34)

1.00
2.22 (1.99, 2.47)
1.66 (1.47, 1.87)
4.45 (4.02,4.93)
3.02 (2.70, 3.39)

* Adjusted for age, race/ethnicity, tumor grade, and socioeconomic status.
** Adjusted for age, race/ethnicity, and socioeconomic status.

Confidence intervals that include 1.00 indicate that the risk of mortality within a stage for a subtype was no worse than the reference category.

information? For example, luminal B is heterogeneous and
relies on either Ki67 or tumor grade. Use of Ki67 has been
debated [34-36] and tumor grade is not without its problems,
although the genomic grade index may prove to be a valuable
alternative [37]. ER/PR/HER2 is universally available and
provides excellent breakdown of the subtypes with or without
the addition of Ki67 or tumor grade.

We acknowledge the shortcomings/limitations of this
population-based cancer registry study [10, 13, 38, 39].
Our research is a retrospective study. The existence of the
ER—-/PR+/HER2+ and ER—/PR+/HER2- subtypes is contro-
versial [40-45]. However our data, which reflect real-world
experience in California, contain 1,711 cases of these two
subtypes reported to the CCR. The percent of cases classified
as ER—/PR+ has remained constant since 1999 and cannot
be ignored [10]. Additionally, these two subtypes had similar
survival as the other ER— subtypes. Lastly, we recognize the
limitation that Ki67 was unavailable and, although not con-
clusive, may provide a more precise surrogate classification.

Missing data, especially of HER2, remains a problem.
Incomplete or inaccurate race/ethnicity identification, lack of
central pathology review, and lack of treatment information
are other major limitations. Nonetheless, these types of
investigations, especially if conducted with large numbers
of patients, may show trends or highlight areas worthy of
further research not readily apparent in studies with far fewer
patients. We believe our study is of value because of the large
number of cases reported to the statewide registry from an
ethnically diverse population.

5. Conclusions

Gene expression profiling and the latest generation of
genomic tests to further explore, decipher, and define the

intricacies of tumor biology and categorize the various
subtypes of breast cancer are important. However, for the
practicing clinician, especially those residing in countries
with limited or stressed health care budgets, use of ER, PR,
and HER?2 is a valuable and acceptable way to subtype breast
cancer. Ultimately, it is our hope that classic demographic and
clinicopathologic factors be fully integrated with the results of
genomic testing. Additionally, linkage of electronic medical
records from hospitals/clinics with the CCR would provide
medical information sadly lacking at this time [46].

In summary, we have compared the usefulness of the
ER/PR/HER?2 subtyping of breast cancer with an THC sur-
rogate classification and, while both are valuable at cate-
gorizing breast cancer patients for survival purposes, the
ER/PR/HER2 subtype is simple, inexpensive, easy to inter-
pret, reliable, reproducible, and readily available for clinicians
without additional tests. Further, the heterogeneity of the
HER2+ subtypes and the prognostic importance of ER and
PR expression are more readily apparent when using only ER,
PR, and HER2.
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