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Background: Continuation of trastuzumab plus capecitabine (XH) showed a significantly

improved overall response rate and time to progression compared with capecitabine (X)

alone in women with HER2-positive breast cancer progressing during trastuzumab treat-

ment. Here, we report the final analysis on overall survival.

Patients and methods: Patients with HER2-positive, advanced breast cancer who progressed

during treatment with trastuzumab with or without 1st-line metastatic chemotherapy

were prospectively randomised to X (2500 mg/m2 on days 1–14, q3w) or XH (6 (8) mg/kg,

q3w). Overall survival was a pre-specified secondary end-point.
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Results: Median follow-up at June 2010 was 20.7 months. Fifty nine of 74 and 60 of 77

patients died in the X and XH arm, respectively. Median overall survival was 20.6 and

24.9 months with X and XH, respectively (HR = 0.94 [0.65–1.35]; p = 0.73). Performance status

and metastatic site were independent prognosticators for overall survival. No difference

between treatment arms was observed for patients who achieved clinical response or clin-

ical benefit, respectively. Patients who continued/restarted anti-HER2 treatment (trast-

uzumab or lapatinib) after 2nd progression (N = 52) had a post-progression survival of

18.8 compared with 13.3 months for those who did not receive 3rd line treatment with

anti-HER2 agents (N = 88) (HR 0.63; p = 0.02).

Conclusions: Final overall survival analysis of the GBG-26 study did not demonstrate a sig-

nificant survival benefit for treatment beyond progression with trastuzumab. However, in

a post-hoc analysis, patients receiving anti-HER2 treatment as 3rd line therapy showed a

better post-progression survival than those not receiving this targeted treatment.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Trastuzumab (Herceptin, Roche), a humanised monoclonal

antibody against the extracellular domain of human epider-

mal growth factor receptor type 2 (HER2, also referred to as

HER2/neu or ErbB-2) has shown high clinical efficacy espe-

cially in combination with cytotoxic agents in patients with

breast cancer over-expressing HER2. Prognosis of HER2

-positive advanced disease when treated with trastuzumab

has now become more favourable than ER2-negative disease

today.1

There is increasing clinical evidence that continued block-

ade of HER2 beyond tumour progression can improve patient

outcomes. This has been shown not only by various retro-

spective analyses2–5 but was also the result of the GBG 26/

BIG 3-05 phase III study comparing 2nd line chemotherapy

treatment with or without continuation of trastuzumab in pa-

tients who had progressed during 1st line trastuzumab treat-

ment for metastatic HER2 positive breast cancer.6 Comparable

results were reported for the EGF100151 study comparing

capecitabine with or without lapatinib, a small molecule

inhibiting both tyrosine kinases, HER2 as well as epidermal

growth factor receptor type 1 (EGFR, HER1, ErbB-1) in trast-

uzumab pre-treated patients.7 Further evidence is derived

from a phase III trial in heavily chemotherapy and trast-

uzumab pretreated breast cancer patients who received either

lapatinib or lapatinib in combination with trastuzumab.8 The

combination of the two anti-HER2 agents (which can also be

considered as treatment with trastuzumab beyond progres-

sion) achieved a significant prolongation of progression-free

survival and a marginal prolongation of overall survival. A

comparable observation was made when pertuzumab, an

antibody that inhibits the dimerisation of HER2 with other

receptors of the HER family, was given in one cohort alone

and in a second cohort in combination with trastuzumab

and a clinical benefit rate of 50% was observed for the com-

bined treatment.9

Since GBG 26 is still the only randomised trial investigating

the efficacy of trastuzumab beyond progression in combina-

tion with chemotherapy, we prospectively collected further

data from the participants of the GBG 26 trial with regard to

subsequent treatments and overall survival.
2. Patients and methods

2.1. Study design

The German Breast Group (GBG) 26/Breast International

Group (BIG) 03-05 trial was an international, intergroup,

open-label, phase III randomised trial. Participants were as-

signed in a 1:1 ratio to continue trastuzumab with the start

of capecitabine or to receive capecitabine as single agent ther-

apy. Randomisation was stratified by pre-treatment (taxanes

and trastuzumab as adjuvant treatment (N = 3), taxanes and

trastuzumab as 1st-line treatment for metastatic disease

(N = 111), trastuzumab alone or in combination with cytotoxic

agents other than capecitabine or taxanes as 1st-line treat-

ment (N = 42) and participating center.

Overall survival was a predefined secondary end-point of

the trial and was defined as the time period between ran-

domisation and death of any cause. Patients who withdrew

consent or were lost to follow-up were censored at the date

of last contact.

2.2. Selection of patients

Women with pathologically confirmed, HER2-positive, locally

advanced or metastatic breast cancer were enrolled.

HER2-status was considered positive if over-expression was

detected in either the primary or metastatic tumour tissue

by local immunohistochemistry (score 3+ staining intensity)

or by fluorescence in situ hybridisation (FISH). Duration of

previous trastuzumab treatment had to be P12 weeks and

the time since the end of the last trastuzumab cycle <6 weeks.

Patients could have received up to one chemotherapy for met-

astatic disease.

2.3. Treatment

Patients received either capecitabine 2500 mg/m2 (1250

mg/m2 semi-daily) on days 1 through 14 followed by 1 week

of rest or the same capecitabine regimen plus trastuzumab

6 (8) mg per kilogram body weight as a 30 min infusion every

3 weeks until disease progression, unacceptable toxicity, or

disease progression. Trastuzumab treatment could be
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continued at the investigator’s discretion while capecitabine

was being withheld.

Participants were assessed clinically for signs of progres-

sion every 3 weeks during treatment and every 3 months

thereafter. Treatment after progression was not defined by

the protocol but treatment was recorded.

Further information on the study design has been pub-

lished previously.6

2.4. Statistical methods

The time to event outcome parameters were estimated using

the Kaplan–Meier product-limit method and the log-rank test

was used to compare between treatment groups. The study

was powered to detect an absolute difference in time to pro-

gression of 1.1 months between the treatment arms with a

target sample size of 482 patients. However, recruitment to

the trial was slow and was stopped with 156 participants

when lapatinib was registered in the EU for this indication.

The primary end-point analysis showed that the absolute dif-

ference in median progression-free survival was 2.6 months

in favour of continuing trastuzumab which was significant

with a p-value of 0.034. Apart from the protocol-defined anal-

ysis for overall survival, four further analyses were planned at

the time of preparation of the statistical analysis plan with

the knowledge of previously reported results6 (referred to as

post-hoc analyses):

• To compare overall survival between the two arms in the

group of patients with a clinical (complete or partial)

response to study treatment,

• To compare overall survival between the two arms in the

group of patients with clinical benefit (clinical response or

stable disease for at least 24 weeks),

• To compare overall survival between only those patients

who continued 3rd line treatment without cross-over of

treatment arms,

• To compare post-progression survival (time between pro-

gression after study treatment and any death) according

to the anti-HER2 treatment after progression on study

treatment.

All analyses were performed as an intent-to-treat analyses

on all patients who started study treatment (N = 151) (Fig. 1).

All statistical tests used in these analyses are by default

two-sided. The p-values are reported explicitly without any

adjustment for multiple comparisons. Cox’s proportional haz-

ards models for overall survival and for time from disease

progression to death were fitted using the same prognostic

factors as used in the analysis for time to progression.6

The protocol was approved by all responsible local ethics

committees. All subjects gave informed consent for participa-

tion. The conduct of the trial was supervised by an IDMC.
3. Results

The GBG 26 trial started in September 2003 and included a to-

tal of 156 patients during the following 45 months. Baseline

characteristics have been published in the initial report.6
After a median follow-up of 20.7 months, of the 151 pa-

tients who started study treatment, 119 (78.8%) patients had

died and 32 were still alive. The median overall survival in

the intent-to-treat analysis was not statistically different be-

tween the two arms (hazard ratio (HR): 0.94 (95% CI: 0.65–

1.3); log-rank P = 0.734) (Fig. 2). No significant difference in

overall survival between the treatment arms was observed

in the subgroup of patients achieving a clinical response (X:

20 patients, 34.7 [95% CI: 18.2–63.3] months; XH: 37 patients,

32.0 [95% CI: 24.9–46.6]; HR:1.08, P = 0.83) or a clinical benefit

(X: 40 patients, 33.9 [95% CI: 20.7–50.6] months; XH: 58 pa-

tients, 28.0 [95% CI: 22.3–36.5]; HR:1.25, P = 0.35).

At the time of analysis, 11 patients had not received 3rd

line metastatic treatment; five in the capecitabine arm and

six in the trastuzumab plus capecitabine arm. The median

time of post-progression survival was similar between pa-

tients from the capecitabine alone arm and patients from

the capecitabine/trastuzumab arm (HR: 1.20, P = 0.33) (Fig. 3).

Patients continuing treatment with or without anti-HER2

treatment in the 3rd-line setting according to their initial ran-

domisation showed no statistically different OS (HR 0.70,

P = 0.20) (Fig. 4).

However, when survival was analysed according to the 3rd

line treatment given, post-progression survival was better for

those patients receiving trastuzumab compared to those not

receiving anti-HER2-treatment as part of their 3rd line treat-

ment (HR 0.63, P = 0.02) months (Fig. 5).

Factors independently associated with a more favourable

overall survival were a Karnofsky index of P80%, positive hor-

mone-receptor-status and non-visceral metastasis (Table 1).

Factors independently associated with a longer post-progres-

sion survival were Karnofsky index of P80%, small pT stage,

positive hormone-receptor-status, and anti-HER2 treatment

after progression (Supplemental Table).

4. Discussion

Despite a significant improvement of time to progression ob-

served in the analysis of the primary end-point of the GBG 26

study, we were not able to show an overall survival benefit for

those patients continuing trastuzumab beyond progression.

Post-progression survival was similar for both treatment

groups. Almost half of all patients had cross-over of anti-

HER2 treatment subsequent to treatment in GBG-26, as ex-

pected. Therefore, two further analyses considering 3rd line

treatment were performed. The first analysis only included

those patients who continued or did not receive anti-HER2

treatment as randomised at 3rd line (no cross-over). The sta-

tistical power of this analysis was limited due to the small

overall number of patients and specifically the low number

of patients (N = 31) continuing anti-HER2 treatment; which

led to a non-significant difference in overall survival between

the two groups. The second analysis compared post

-progression survival in patients with anti-HER2 treatment

as 3rd line treatment with that of patients receiving chemo-

therapy alone. With the larger number of patients but also

the shorter remaining survival time, the difference was sig-

nificant in favour of a continued anti-HER2 treatment: pa-

tients receiving anti-HER2 treatment at 2nd and at 3rd line

showed the longest median overall survival (26.7 months).



Fig. 1 – Disposition of patients (CONSORT diagram) in the GBG 26/BIG 03-05 study.
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There is an intensive debate ongoing about appropriate

end-points for patients with advanced breast cancer.10 Pro-

gression-free survival and time to progression are attractive

end-points for clinical trials because they are available earlier

than overall survival, they are less influenced by competing

causes of death than overall survival, and are not influenced

by subsequent treatments. The chance to detect a gain in

overall survival is strongly correlated with the size of the

study. The GBG 26 study is substantially smaller than the re-

ported median 407 patients in trials that showed a gain in

overall survival.9 The chance for a positive result also de-

pends on the duration of overall survival. In 1st line trials,
which reported a median of 20.7 (for chemotherapy trials) to

31.1 (for endocrine trials) months, overall survival differences

were significantly less frequent compared to 2nd line trials

with median overall survival duration of 15.2–23.2 months,

respectively. Overall survival in the GBG 26 study with 20.6–

24.9 months was considerably long taking into account that

patients already received a 2nd line treatment. However, such

long overall survival durations increase the risk of bias by

subsequent treatments. This potential bias becomes even

more relevant if effective salvage treatment options are avail-

able for later line treatments. Our analysis on post-progres-

sion survival showed a median duration of 13.3–18.8 months



Fig. 2 – Kaplan–Meier curves for median overall survival (OS) of the two randomised treatment groups in the ITT population.

Median OS was 20.6 (95% CI: 18.6–27.4) months in the capecitabine group and 24.9 (95% CI: 20.3–30.7) months in the

capecitabine plus trastuzumab group (hazard ratio (HR): 0.94 (95% CI: 0.65–1.3); log-rank P = 0.734).

Fig. 3 – Kaplan–Meier curves for post-progression survival of the two randomised treatment groups in the ITT population. The

median time of post-progression survival for the 69 patients from the capecitabine alone arm was 14.3 (95% CI: 11.5–21.3)

months and for the 71 patients from the capecitabine/trastuzumab arm was 13.9 (95% CI: 10.8–18.6) months in the group (HR:

1.20, P = 0.33).

E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 2 2 7 3 – 2 2 8 1 2277
(which appears similar to the reported average for 2nd line

chemotherapy trials) and was, therefore, much more likely

to show overall survival differences.
Our analysis has the strengths that the dataset can be con-

sidered mature enough for survival analysis. Whereas the ini-

tial report included only 71 (47.0%) deaths, we now report on



Fig. 4 – Kaplan–Meier curves for OS considering only patients without crossover at 3rd line treatment. Eighty four (55.6%)

patients continued with or without anti-HER2 treatment in the 3rd-line setting according to their initial randomisation, 53 in

the X arm and 31 in the XH arm. No statistically significant difference in overall survival was observed (X: 20.4 [95% CI: 18.2–

24.8); XH: 26.7 [95% CI: 22.8–48.5]; HR 0.70, P = 0.20).

Fig. 5 – Kaplan–Meier curves for post-progression survival (PPS) according to anti-HER2 treatment or not as part of 3rd line

treatment. PPS in the 88 patients who received 3rd line chemotherapy without anti-HER2 treatment was 13.3 [95% CI: 10.2–

14.7] months and in the 52 patients given 3rd line chemotherapy with anti-HER2 treatment, 18.8 [95% CI: 12.9–24.8] months

(HR 0.63, P = 0.02) months.
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119 (78.8%) deaths. However, due to the small overall number

of patients, the study will always lack sufficient power to
observe smaller but relevant survival differences. However,

it is planned to conduct a meta-analysis with other trials,



Table 1 – Univariate and multivariate (full model) Cox regression analysis for overall survival.

Factor value Deaths
N (%)

HR,
univariate

95% CI,
univariate

p,
univariate

HR,
multivariate

95% CI,
multivariate

p,
multivariate

Age, years
PMedian 62 (80.5)
>Median 57 (77.0) .918 (.640, 1.32) .640 .875 (.594, 1.29) .499

Karnofsky index (%) .003 .001
P80 112 (77.8)
<80 4 (100) 5.24 (1.86, 14.7) .002 4.24 (1.32, 13.6) .015
Not known 3 (100) 2.52 (.795, 7.98) .116 6.29 (1.63, 24.4) .008

pT stage at primary diagnosis .145 .133
pT1-2 84 (80.8)
pT3-4 26 (76.5) 1.23 (.788, 1.90) .366 1.59 (.901, 2.81) .109
Not known 9 (69.2) .571 (.286, 1.14) .112 .700 (.293, 1.67) .423

Tumour grade .914 .900
III 65 (77.4)
I or II 46 (82.1) 1.05 (.719, 1.53) .802 1.05 (.691, 1.60) .811
not known 8 (72.7) .898 (.427, 1.89) .776 1.21 (.512, 2.86) .664

Nodal status at primary diagnosis .664 .571
Negative 20 (80.0)
Positive 91 (79.1) 1.00 (.617, 1.63) .988 .847 (.480, 1.50) .568
Not known 8 (72.7) .720 (.316, 1.64) .432 .556 (.186, 1.66) .292

M stage at primary diagnosis .869 .318
M0 90 (81.1)
M1 19 (67.9) .874 (.530, 1.44) .597 .707 (.401, 1.25) .230
Not known 10 (83.3) .962 (.500, 1.85) .907 1.37 (.623, 3.00) .434

ER/PgR status at primary
diagnosis

.006 .001

ER and PgR negative 51 (82.3)
ER and/or PgR positive 64 (75.3) .896 (.619, 1.30) .561 .712 (.467, 1.08) .113
Not known 4 (100) 4.97 (1.74, 14.2) .003 5.60 (1.89, 16.6) .002

Pretreatment .663 .421
Trastuzumab plus taxane 86 (79.6)
Trastuzumab with

or without other therapy
31 (77.5) 1.01 (.667, 1.52) .968 .899 (.559, 1.45) .660

Adjuvant trastuzumab
plus taxane

2 (66.7) .525 (.129, 2.14) .368 .378 (.086, 1.66) .198

Metastatic site
Low risk (non-visceral) 36 (72.0)
High risk (visceral) 83 (82.2) 1.52 (1.02, 2.25) .039 1.70 (1.11, 2.62) .015

Anti-Her2 treatment after
progression

No 82 (82.8)
Yes 37 (71.2) .763 (.517, 1.13) .174 .744 (.489, 1.13) .168

Assigned treatment
X 59 (79.7)
XH 60 (77.9) .939 (.654, 1.35) .734 .985 (.640, 1.51) .945

ER = oestrogen receptor; PgR = progesterone receptor; HR = hazards ratio; CI = confidence interval; X = capecitabine;

XH = capecitabine + trastuzumab.
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including especially the study comparing capecita-

bine + lapatinib versus capecitabine alone11, which would

considerably raise the statistical power. Due to the post-hoc

character and the potential bias of selecting patients with bet-

ter prognosis, this post-progression survival analysis is only

hypothesis generating and it will be a major aim to confirm

this result using such a meta-database.

In conclusion, this final overall survival analysis of the

GBG-26 study did not demonstrate a survival benefit for treat-

ment beyond progression with trastuzumab. However, the

post-hoc analysis on patients receiving or not receiving anti-

HER2 treatment as 3rd line therapy still supports current

recommendations to continue blockage of HER2 throughout

multiple lines.12,13
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Supplementary data associated with this article can be found,
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