
BACKGROUND

HER2-positive breast cancer patients 
are currently treated with 
trastuzumab in the adjuvant setting, 
but prior to 2005 these patients were 
not routinely offered trastuzumab.  It 
is known that HER2 over-expression 
(by IHC) or HER2 gene amplification 
(by FISH) is associated with poor 
prognosis.  Recent data generated in 
a cohort of trastuzumab-treated 
HER2-positive metastatic breast 
cancer patients demonstrated that a 
quantitative measure of HER2 
expression (H2T) or HER2 
homodimers (H2D) was more 
predictive of TTP and OS than either 
IHC or FISH in multivariate analyses.
1,2  Using the same cohort, we were 
interested in whether quantitative 
measurements of HER2 expression 
(H2T) or HER2 homodimers (H2D) 
correlated with time to failure in 
HER2-positive patients who did not 
receive trastuzumab in the adjuvant 
setting (Figure 2).
  

METHODS

HERmark is a proximity-based assay 
system that permits quantitative 
measurements of total HER2 protein 
expression (H2T) as well as HER2 
homodimers (H2D) in formalin-fixed 
paraffin-embedded (FFPE) tissues. 
Patients (N=103) were selected for 
study because they were treated with 
a trastuzumab-containing regimen for 
HER2-positive metastatic breast 
cancer.  HER2-positivity was defined 
as IHC (Herceptest) 3+ or 2+/FISH+ 
(Vysis). 96 HER2+ patients who had 
been treated (but not with 
trastuzumab) in the adjuvant setting 
were identified. The HERmark assay 
was used to quantitate H2T and H2D. 
Kaplan-Meier and Cox proportional 
hazards analyses were employed. 

   RESULTS SUMMARY

• In this population of women with MBC, 96/103 were treated 
in the adjuvant setting, but not with trastuzumab.  This 
created the opportunity to examine the prognostic ability of 
quantitative measures of HER2 expression and 
homodimerization in the adjuvant setting.

• The HERmark assay measures a continuum of HER2 
expression and homodimers over approximately a 2.5-log 
dynamic range, and generally correlates with IHC and FISH, 
but there are significant discordances.

• Cox proportional hazards regression analyses suggested 
that the best prognosticator of disease-free survival was the 
ratio H2D/H2T rather than H2D or H2T.

• Kaplan-Meier analyses also suggested that the variable 
H2D/H2T correlated with DFS in the adjuvant setting better 
than H2T.

• Measurement of H2T, H2D, and H2D/H2T and HER2-
phospho in carefully prepared FFPE breast tumor control 
specimens demonstrated a significant correlation between 
H2D/H2T and the phosphorylated form of HER2.

CONCLUSIONS

• These data suggest that measures of the activated form of 
HER2 may be superior to precise quantitation of HER2 
expression as a prognosticator of disease progression in the 
adjuvant setting in the absence of trastuzumab.  H2D/H2T 
may be a good measure of HER2 activation.

• Larger datasets and well-controlled studies are needed to 
confirm these findings, and to determine whether functional 
measures of HER2 activation are better predictors of clinical 
outcome following trastuzumab treatment than HER2 
expression alone.
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Figure 4: Kaplan Meier analyses examining disease-free survival in adjuvant setting by tertiles of H2T, 
H2D, or H2D/H2T.
HER2 expression did not correlate with DFS, but variables incorporating a measurement of HER2 homodimers demonstrated an association 
between low H2D/H2T or H2D and longer DFS. 

Table 1.
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Figure 3: H2T, H2D and H2D/H2T distributions by IHC and FISH
The HERmark measurements span a dynamic range of 2-2.5 logs in patient samples assessed as 3+ by IHC.  There 
is a correlation between central FISH and H2T or H2D, but there is overlap between the distributions suggesting 
discordant calls for some patients.  There is a significant correlation between H2T and FISH/CEP17 copy number, but 
for any given FISH/CEP17 value, there is approximately a 10-50 fold range of H2T values.

Quantitative HER2 homodimer levels correlate with time to 
Þrst recurrence in HER2-positive breast cancer patients who 
did not receive trastuzumab in the adjuvant setting. 
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Figure 5: Correlation of H2T, H2D, and H2D/H2T with HER2-phospho measurements by VeraTag in FFPE 
breast tumor control specimens.
18 breast tumors were obtained in the fresh frozen state and carefully prepared as formalin-fixed, paraffin-embedded specimens.  Using the VeraTag 
assay, H2T, H2D, and the phosphorylated form of HER2 were measured and correlated.  All correlations were significant.

Figure 2: Study schema
Of the 103 HER2-positive patients with MBC, 96 had been diagnosed with primary disease and treated in the 
adjuvant setting with chemotherapy but not trastuzumab.  We correlated H2T, H2D, and H2D/H2T taken from 
the primary tumor with the time to development of MBC.

 Total HER-2 expression (H2T) Assay HER-2 homodimer (H2D) Assay
Cohort characteristics

Characteristic Number (range, %)

Total patients 103

Mean follow-up (months) 34.3 (11.8-77.9)

Mean age 55.3 (27.6-85.4)

H2T (> cutoff) 70 (69)

H2D (> cutoff) 68 (67)

Number of metastatic sites

< 3 61 (59)

! 3 42 (41)

Hormonal status

ER+ PR+ 35 (34)

ER+ PR- 2 (2)

ER- PR+ 3 (3)

ER- PR- 61 (59)

unknown 2 (2)

HER2 status

2+ 5

FISH+ 5

3+ 96

FISH+ 70

FISH- 22

FISH unknown 4

Unknown 2

FISH+ 2

Treatment

trastuzumab + chemotherapy 91 (88)

trastuzumab only 12 (12)

Line of chemotherapy

First line 76 (74)

Second line 17 (17)

Third line 8 (7)

Unknown 2 (2)
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HerceptinNo Herceptin
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Figure 1: The HERmark assay: a novel proximity based technology
A monoclonal antibody specific for a unique epitope of HER-2 is conjugated to a fluorescein 
VeraTag reporter (Pro11) or a molecular scissors (S) by means of a cleavable tether.  The molecular 
scissors liberates singlet O2 upon irradiation with red light.  The free radicals cleave all thioether 
bonds in close proximity (within approximately 30-100 nM), releasing the “VeraTag reporter.”  The 
signal (Pro11) can then be collected and analyzed on a capillary electrophoresis (CE) array.  Each 
VeraTag reporter is designed with a unique charge-mass ratio and can thus be identified and 
quantitated by comparison to assay standards.  The standard unit of VeraTag measurement from 
tumor samples is relative peak area (RPA) x collection volume (uL)/ tumor area (mm2).
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Low vs. High comparison HR = 0.7, p = 0.16
Log rank test for trend p = 0.2

Low vs. High comparison HR = 0.56, p = 0.01
Log rank test for trend p = 0.026

Low vs. High comparison HR = 0.59, p = 0.03
Log rank test for trend p = 0.048

Cox Proportional Hazards Analysis for DFS

variable hazard ratio p-value

H2T 1.44 0.09

H2D 1.39 0.02

H2D/H2T 2 0.03

Table 2: Cox Proportional Hazards Regression Analysis
H2D/H2T demonstrated the strongest correlation with DFS such that higher 
levels of the ratio were associated with a doubling of the risk for progression.  
Hazard ratios were calculated as the change in hazard with a 1-log change in 
H2T, H2D or H2D/H2T, respectively.


