
Overexpression of the human epidermal growth factor re-
ceptor type 2 (HER2) occurs in approximately 15 to 25 per-
cent of breast cancer cases, and is associated with agressive
behavior of the tumour (Slamon et al., 1989). It has been
suggested that HER2 overexpression in breast cancer cells
can identify patients who will not respond to CMF chemo-
therapy (Gusterson et al., 1992), and who can benefit from
anthracycline-containing regimens (Paik et al., 1998; De
Laurentiis et al., 2001; Knoop et al., 2005; Pritchard et al.,
2006).

To test this hypothesis, we studied medical records of 192
breast cancer patients treated at the Latvian Oncology Cen-
tre from January 2002 to August 2005, to determine
whether expression of HER2 in primary breast cancer cells
predicts efficacy of particular adjuvant chemotherapy in
breast cancer patients.

Surgical tumour samples were evaluated at the State Pathol-
ogy Centre of Latvia. Immunohistochemical (IHC) analysis
was performed on paraffin-embedded tissue. ER and PR
was determined according to DAKO LSAB+ methodology.
Expression of the HER2 protein was measured by immuno-
histochemical analysis following the procedure for the Her-
cepTest (Dako Corporation, Glostrup, Denmark) according
to the manufacturers protocol. A negative HER2 test is de-
fined as an IHC result of 0 or 1+ for cellular membrane pro-

tein expression. A positive HER2 test is defined as an IHC
result of 3+ cell surface protein expression. An IHC result
2+ is equivocal, some but not all of 2+ samples may have
undergone HER2 gene amplification and thus they require
additional testing by FISH or CISH (Wolff et al., 2007).

HER2 was determined in all patients. The frequencies of
HER2 expression were as follows: 30.2% (58 patients) were
HER2 positive (3+ IHC), 54.7% (105 patients) HER2 nega-
tive (0/1+ IHC), 15.1% (29 patients) had an equivocal result
(2+ IHC). The latter were excluded from further analysis,
because it was not possible to determine HER2 gene ampli-
fication routinely in Latvia and thus HER2 status could not
be determined correctly in this group of patients.

The clinical, pathologic and biologic characteristics of the
breast cancer patients and the distribution of HER2 expres-
sion are listed in Table 1. There was no significant differ-
ence between women with HER2 overexpression and those
without overexpression, except for a shift toward higher
grade among those whose tumours exhibited HER2 overex-
pression.

Treatment. Radical mastectomy was performed in 74% of
cases (142 patients), and breast-conserving surgery plus ax-
illary dissection in 26% (50 patients). Patients received at
least four cycles of adjuvant chemotherapy with (FAC
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(5-fluorouracil 500 mg/m², doxorubicin 50 mg/m², cyclo-
phosphamide 500 mg/m² intravenously day 1, every three
weeks) or FEC (5-fluorouracil 500 mg/m², epirubicin 60
mg/m², cyclophosphamide 500 mg/m² intravenously on day
1 every three weeks) or without (CMF (cyclophosphamide
600 mg/m², methotrexate 40 mg/m², 5-fluorouracil 600
mg/m² intravenously days 1 and 8 every four weeks) anthra-
cyclines to meet the study inclusion criteria. Anthracycline-
based chemotherapy was received by 62.9% of patients in
the HER2 negative and 41.4% of patients in the HER2 posi-
tive group (P < 0.05), CMF was received by 37.1% and
58.6% of patients, respectively. Postoperative irradiation
was performed on 78.1% of patients: radiotherapy on 81%
of patients in the HER2 negative and 72.4% in the HER2
positive group. Irradiation was given to all patients treated
with breast-conserving surgery (50 Gy to residual breast
plus a 10 Gy boost). Postmastectomy irradiation was re-
ceived by patients if tumour was greater than 5 cm (46 Gy
to chest wall) or with four or more positive axillary nodes
(46 Gy to regional lymph nodes). Radiotherapy was deliv-
ered in two Gy fractions, five fractions per week. Adjuvant
endocrine therapy was received by 44.8% of patients (70.1%
of patients with ER and/or PR positive tumours): 44.8% in
the HER2 negative and 39.7% in the HER2 positive group.
Tamoxifen was the predominant endocrine therapy.

Recurrence-free survival (RFS) was the primary outcome to
access treatment efficacy and was defined as the interval
elapsed between the date of surgery and the date of docu-
mented disease relapse. Overall survival (OS) was the sec-
ondary outcome, defined as the interval elapsed between the
date of surgery and the date of death from breast cancer.
RFS and OS distributions were estimated by the Kaplan-
Meier method according to the HER2 status and the treat-
ment regimen, and were compared using the log-rank test.

Median follow-up time was 32.1 ± 10.1 months (6.3–77.2).
Sixty patients (31.3%) experienced recurrence of the dis-

ease. No differences in RFS were observed between patient
groups with or without HER2 overexpression (43 vs 37.8
months, P > 0.05). Kaplan-Meier survival curves were con-
structed for three-year RFS. Figure 1 summarises the results
of the RFS comparison between CMF and anthracycline
based chemotherapy in the two cohorts of HER2 overex-
pressed patients and patients without HER2 overexpression.
It can be observed that in HER2 negative patients CMF is
more effective than anthracycline-based chemotherapy
(33.2 months (SD 1.308; 95%CI 30.6–35.8) vs 26.9 months
(SD 1.465; 95%CI 23.9–29.4), P < 0.05). In the HER2
overexpressed cohort it is suggested that anthracycline-
based chemotherapy can be more effective than CMF, al-
though the number of patients was very small, and the dif-
ference was not significant (30 months (SD 2.170; 95%CI
25.7–34.4) vs 29,2 months (SD 1.965; 95%CI 25.4–33.1),
P < 0,05).

T a b l e 1

PATIENT AND TUMOUR CHARACTERISTICS ACCORDING TO
HER2 STATUS

Variable HER2 0/1+
n = 105, %

HER2 2+
n = 29, %

HER2 3+
n = 58, %

P-value

Median age 51.9 51.4 54 0.82

Tumour size
cm
2-5cm
5cm

36 (34.2)
47 (44.8)
22 (21)

15 (51.7)
13 (44.8)
1 (3.5)

14 (24.1)
36 (62.1)
8 (13.8)

0.198

Nodes
negative
positive

42 (40)
63 (60)

13 (44.8)
16 (55.2)

29 (50)
29 (50)

0.21

Hormone receptors
(ER, PR)

negative
positive

40 (38.1)
65 (61.9)

7 (24.1)
22 (75.9)

25 (43.1)
33 (56.9)

0.53

Grade
1
2
3
Unknown

0
37 (35.2)
41 (39)

27 (25.8)

0
13 (44.8)

9 (31)
7 (24.2)

3 (5.2)
18 (31)

26 (44.8)
11 (19)

0.062
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Fig.1. Three-year recurrence-free survival (RFS) according to HER2 status
and chemotherapy type.
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A separate analysis was performed for patient groups with
and without axillary lymph node metastases. In patients
without HER2 overexpression, CMF significantly improves
RFS in node positive (31.3 (95%CI 26.9–35.8) vs 24.6
(95%CI 20.8–28.5) months, P < 0,05), as well as in node
negative (35.4 (95%CI 34.1–36.6) vs 31.0 (95%CI
27.4–34.6), P > 0.05) patients, while in HER2 overex-
pressed patients no significant difference in RFS was ob-
served in node negative (32.6 (95%CI 28.9–36.4) vs 33.2
(95%CI 28.0–38.4) months, P > 0.05), as well as in the
node positive group of patients (24.4 (95%CI 17.5–31.4) vs
28.1 (95%CI 22.2–33.9) months, P > 0.05).

Mean survival time was 58.8 months (SD 2.611; 95%CI
53.7–63.9), median survival time was not reached yet.
Twenty-eight (14.6%) patients died of breast cancer. No
differences in OS were observed between groups with or
without HER2 overexpression (57.6 (95%CI 50.4–64.8) vs
57.2 (95%CI 50.9–63.6) months, P > 0.05). Kaplan-Meier
curves were constructed for three-year OS. Twenty-four
deaths from breast cancer were observed. No differences
were observed in HER2 negative (P > 0,05), nor in the
HER2 overexpressed (P > 0.05) cohort of patients. Median
survival time can not be estimated due to a small sample
size.

Regarding axillary lymph node metastases, in patients with-
out HER2 overexpression, there was no survival difference
between CMF and anthracycline based chemotherapy in
node negative (35.4 (95%CI 34.2–36.5) vs 34.3 (95%CI
31.8–36.7) months, P > 0.05) and in node positive (33,3
(95%CI 30.4–36.1) vs 31.1 (95%CI 28.2–34.0) months, P >
0.05) group of patients. For patients with HER2 overexpres-
sion the mean survival cannot be calculated due to low mor-
tality. There was a trend that HER2 positive, node positive
breast cancer patients benefit from anthracycline based che-
motherapy compared with CMF (P > 0.05), but the differ-
ence was not significant, probably due to low sample size.

Oxford meta-analysis (Anonymous, 2005) 15 years follow-
up results have demonstrated that anthracycline-based ther-
apy is more effective than CMF regimen in the adjuvant
therapy of breast cancer patients, although the absolute
disease-free survival and overall survival benefits related to
the use of anthracyclines are 3% in five years and 4% in ten
years. Anthracycline-based chemotherapy is associated with
increased both short-term and long-term toxicities (Levine
et al., 1998; Pinder et al., 2007). Treatment with anthracy-
clines is also more expensive than CMF therapy.

Different retrospective studies have suggested that an
anthracycline-based adjuvant chemotherapy has the highest
efficacy in the subgroup of breast cancer patients with
HER2 overexpression (Dressler et al., 2005). Other investi-
gators have examined the effect of HER2 amplification or
overexpression on outcome in trials comparing regimens
that contained an anthracycline with those that did not con-
tain an anthracycline (Paik et al., 1998; De Laurentiis et al.,
2001; Knoop et al., 2005; Pritchard et al., 2006). Although
most, but not all, of these trials suggested a trend toward

greater benefit with the anthracycline-containing regimen in
women whose tumors overexpress HER2, tests for interac-
tion were significant in only two studies—one for RFS
(Paik et al., 1998), another for RFS and OS (Pritchard et al.,
2006).

Pegram et al. (1997) investigated whether HER2 overex-
pression or amplification conferred a sensitivity to doxoru-
bin in four breast cancer cell lines that were transfected with
the HER2 gene and then exposed to doxorubicin. No altera-
tion in chemosensitivity was observed in any of the lines. In
addition, no association between HER2 amplification or
overexpression and resistance to CMF or FEC, and no pref-
erential benefit of an anthracycline-containing regimen in
tumours positive for HER2 was found in an in vitro study
(Konecny et al., 2001) of breast cancer cells obtained from
140 patients who had never received chemotherapy. These
findings argue against a direct role of HER2 amplification
or overexpression in the sensitivity of breast cancer to an-
thracyclines.

Anthracyclines are topoisomerase inhibitors. The associa-
tion between HER2 overexpression or amplification and
sensitivity to anthracycline may be related to topoisomerase
II� (TOP2A) (Jarvinen and Liu, 2003), the TOP2A gene is
located close to the HER2 gene on chromosome 17, and pa-
tients with simultaneous HER2 and TOP2A gene amplifica-
tion derive the greatest benefit from anthracycline-based
chemotherapy (Jarvinen et al., 2000; Harris et al., 2001).

The results of our study, which investigated the predictive
value of HER2 expression by IHC in a population of early
breast cancer patients treated with either an anthracycline-
based therapy or CMF, seem to support the concept of an
interaction between HER2 overexpression and anthracy-
cline efficacy. In the whole study population there was a
trend favouring CMF over anthracycline-based therapy,
even in node positive patients. In the cohort of HER2 over-
expressed patients, the results suggest that this group of pa-
tients derive the greatest benefit from anthracycline-based
therapy, but the number of patients was limited, and the dif-
ference did not reach statistical significance. Our suggestion
is that breast cancer patients without HER2 overexpression
could be treated with less toxic CMF chemotherapy without
compromising RFS or OS.

Because of the limited number of patients analysed in the
present study, no firm conclusions can be drawn regarding
the predictive value of HER2 status in the adjuvant therapy
of breast cancer.
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HER2 EKSPRESIJAS LOMA KRÛTS VÇÞA ADJUVANTÂS ÍÎMIJTERAPIJAS IZVÇLÇ

Cilvçka epidermâlâ augðanas faktora receptora 2 (HER2) ekspresijai var bût nozîme, lai izvçlçtos adjuvantu íîmijterapiju ar vai bez
antraciklîniem pacientçm ar krûts vçzi. Pçtîjumâ tika iekïautas 192 pacientes, kurâm Latvijas Onkoloìijas centrâ laika posmâ no 2002. gada
janvâra lîdz 2005. gada augustam tika diagnosticçts krûts vçzis. Galvenie iekïauðanas kritçriji bija morfoloìiski verificçta krûts vçþa
diagnoze un imûnhistoíîmiski noteikts HER2. Pacientçm bija izdarîta radikâla operâcija un vismaz èetri adjuvantas íîmijterapijas kursi.
Vidçjais novçroðanas laiks bija 32,1 mçnesis. Pacientçm, kurâm nebija novçrota HER2 receptora pârmçrîga ekspresija un kuras saòçma
íîmijterapiju ar antraciklîniem, vidçjais laiks lîdz recidîvam bija 26,9 mçneði (SD 1.465; 95%CI 23,9–29,4), CMF grupâ 33,2 mçneði (SD
1,308; 95%CI 30,6–35,8), atðíirîba ir bûtiska (P < 0,05), ðîm pacientçm var rekomendçt mazâk toksisku CMF íîmijterapiju. Pacientçm ar
HER2 receptora pârmçrîgu ekspresiju, kuras saòçma íîmijterapiju ar antraciklîniem, vidçjais laiks lîdz recidîvam bija 30 mçneði (SD 2.170;
95%CI 25,7–34,4) salîdzinâjumâ ar 29,2 mçneðiem (SD 1.965; 95%CI 25,4–33,1) CMF íîmijterapijas grupâ, atðíirîba nav bûtiska (P >

0,05).

Received 27 May 2008

132 Proc. Latvian Acad. Sci., Section B, Vol. 62 (2008), No. 3.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


