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Abstract

Purpose Over the last decade a dramatic improvement

in the treatment and prognosis of human epidermal growth

factor receptor-2 (HER2) positive metastatic breast cancer

(MBC) has been achieved. This study aimed to describe

pattern, timing of metastases, and time to progression

(TTP) of MBC patients (pts) treated with multiple lines of

therapy with trastuzumab and/or lapatinib.

Methods Clinical-pathologic features, treatment-lines and

metastatic sites were collected from the institutional data-

base; TTP was evaluated for each treatment-line. A meta-

analysis of treatment-line estimates was performed; Q test

and I2-index were used to detect and estimate heteroge-

neity. Cox’s proportional hazards model and Fine and

Gray’s proportional subhazards model in a competing risks

setting were used to detect differences in hazard rate and to

estimate relative risks.

Results 112 pts were analyzed. The median number of

treatment-lines administered was 6 (range 1–17) and 524

(86 %) disease progression events were observed (median

follow up 4.2 years). Distribution of metastases at baseline

remained consistent across all lines. Having a given site

affected by metastasis was a major risk factor of

progression in that site. Hormone-receptor-positive pts

resulted more likely to progress on bone (HR = 1.88).

Elderly pts were less likely to progress on CNS

(HR = 0.73). Median TTP resulted superior to 5 months

up to the 6th line of treatment, reaching a plateau at the 9th

treatment-line.

Conclusions These data suggest that risk factors for

progression in HER2 positive MBC do not significantly

differ between various distributions of metastases, and that

MBC pts benefit from anti-HER2 therapy even in late

treatment-lines.
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progression � Meta-analysis

Introduction

About 20 % of invasive breast cancers (BC) exhibit protein

overexpression and/or gene amplification of human epi-

dermal growth factor receptor-2 (HER2) [1]. This sub-

population (hereinafter HER2? BC) exhibits poor

prognosis and a more aggressive phenotype with early

relapses and increased rate of BC specific death [1].

Trastuzumab, a humanized monoclonal antibody directed

against the extracellular domain of HER2, received Food

and Drug Administration (FDA) approval in 1998, after

phase II–III studies revealing that combination with che-

motherapy increased overall response rate (ORR), time to

progression (TTP), and overall survival (OS), compared

with chemotherapy alone in patients with HER2? meta-

static BC (MBC) [2, 3]. More recently, trastuzumab, in

combination with or after adjuvant chemotherapy, has

improved disease-free and OS in patients with early stage
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BC [4, 5], and pathologic complete remission, disease-free

and OS in the neoadjuvant setting [6].

15 % Of patients treated with adjuvant trastuzumab

relapse. The majority of MBC patients present disease

progression at most within 12–18 months from initial

treatment [7]. Although phase II/III studies [8] and inter-

national guidelines [9] support the use of trastuzumab at

relapse, its optimal duration in patients with long-term

disease is unclear. A phase III trial of capecitabine with/

without trastuzumab in trastuzumab-pretreated patients

demonstrated the benefit of continuing it after progression

in terms of ORR, TTP, and OS [8]. More recently, the FDA

approved the HER2 tyrosine kinase inhibitor lapatinib in

combination with capecitabine and the trastuzumab-em-

tansine conjugate drug, also known as T-DM1 [10], for the

treatment of HER2? MBC patients on progression fol-

lowing trastuzumab- and taxane-based chemotherapy.

Despite the increasing number of anti-HER2 agents and

patients coping with MBC for long periods, few studies

have investigated the natural history of HER2? MBC,

including factors that determine metastases characteristics

[11–13].

Herein, we planned a mono-institutional cross-sectional

study to investigate the clinical outcome of MBC patients

receiving approved HER2-targeted therapies as a part of

routine clinical care and we specifically conducted a

detailed analysis of the metastatic timing, patterns, and

factors influencing metastases.

Materials and methods

All patients with HER2? MBC treated at the National

Cancer Institute of Milan with at least one line, not nec-

essarily the first one, of HER2-targeted therapy were con-

sidered eligible. Following the institutional review board

approval, baseline demographics, treatment history, clini-

cal and survival data were retrospectively collected from

medical records. The observation period was considered

from the first-line therapy up to the date of last contact. The

database was locked to June 2013.

Patients were required to have HER2? primary tumor

defined by immunohistochemical (IHC) staining of 3?

(strong complete membrane staining in [10 % of tumor

cells) or 2? (weak to moderate complete membrane

staining in[10 % of tumor cells) with fluorescence in situ

hybridization (FISH) or chromogenic in situ hybridization

(CISH) positivity defined as a HER2 gene signals to

chromosome 17 signals (HER2:CEP17) ratio C2. This

definition was applied to 82 patients included in the data-

set. The remaining 30 patients were defined HER2? with

either a 3? uniform and intense membrane staining of

[30 % of invasive tumor cells and/or a FISH result of

more than six HER2:CEP17 ratio of more than 2.2, as per

ASCO CAP guidelines 2007 [14]. Two endpoints were

collected for each treatment-line: specific site of disease

progression and TTP; site of disease progression was

classified as visceral, soft tissue (ST, including cutaneous

and subcutaneous localizations, nodes, pleura and perito-

neum), bone, and central nervous system (CNS); TTP was

defined as the time from the first drug administration to

tumor progression; patients who were alive and progres-

sion-free were right-censored at the time of the last contact;

patients who were dead and progression-free were right-

censored at the date of death; patients follow-up consisted

of physical examination, laboratory analysis, and imaging

exams every 8–12 weeks. In symptomatic patients and/or

in case of laboratory abnormalities suspect for progression,

imaging exams were anticipated, according to good clinical

practice.

Statistical analysis

Treatment-lines were considered as a finite sequence of

heterogeneous and dependent trials in which study end-

points were repeatedly collected (see detailed information

on ‘‘Appendix’’, paragraph ‘‘Meta-analysis model’’) [15];

for each treatment-line, TTP distribution was estimated by

the product-limit method of Kaplan and Meier [16]; to

detect the plateau reached by the TTP distribution along

treatment-lines, a Cox regression model was used (see

detailed information on ‘‘Appendix’’, paragraph ‘‘TTP

plateau’’). To test the influence of disease progression in a

specific site as a risk factor for the same site progression in

successive treatment lines (‘‘carryover’’ effect) a logistic

regression model was used (see detailed information on

‘‘Appendix’’, paragraph ‘‘Carryover effect’’). To estimate

the statistical association between covariates and the sites

of disease progression, a survival analysis in presence of

competing risks (e.g. other sites that could be affected by

disease progression) was performed; the semiparametric

regression model proposed by Fine and Gray [17] was

applied [e.g. proportionality of the hazards of the cumu-

lative incidence function (CIF)]; the cause-specific Hazard

Ratio (HRcpRisk) was estimated for the following comple-

mentary causes: the specific site (e.g. visceral, ST, bone,

CNS) and the competing site (for instance visceral or ST or

bone is the competing site of the specific site CNS); each

HRcpRisk was estimated across treatment-lines using a

random-effects meta-analysis model; heterogeneity

between treatment-lines estimates was evaluated using the

Q statistic and the I2 index (see detailed information on

‘‘Appendix’’, paragraph ‘‘Meta-analysis model’’); every

Fine and Gray regression model used to estimate the

HRcpRisk was a multivariable regression model with five

predictor variables: the evaluated characteristics (e.g. age,
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DFI, ER/PgR, anti-HER2 therapy as reported in Table 3)

and the number of previous disease progressions affecting

the specific site and the other three sites until the treatment-

line involved; the last four predictor variables were intro-

duced in each Fine and Gray regression model to adjust it

for the ‘carryover effect’. Baseline covariate distributions

were summarized using descriptive statistics (median and

range for continuous variables, and absolute and percent-

age frequencies for categorical variables). Because of the

descriptive nature of this study, hypothesis testing was

applied qualitatively and not formally (e.g. no threshold for

statistical significance level was defined). Statistical ana-

lysis was performed using SAS version 9.2 (SAS Institute,

Cary, NC, USA); the statistical software R version 2.15.1

[18] was used to perform the survival analysis in presence

of competing risks; the R function ‘‘crr’’ available in the

‘‘cmprsk’’ package [19] was used to estimate the HRcpRisk

parameter; survival curves and bar charts were plotted

using Stata version 12.1 (StataCorp, College Station, Texas

77845 USA).

Results

Patient characteristics

A total of 112 MBC patients with HER2? disease treated

with at least one line of therapy with anti-HER2 agents

were identified. These patients were diagnosed with MBC

between January 1995 and December 2012 and treated

with anti-HER2 therapies between November 2000 and

December 2012. The median age was 50 years (range

26–74 years). Approximately 15 % of patients had

metastases at initial diagnosis. Among the 84 patients with

early or locally advanced BC at diagnosis, 52 (62 %)

received adjuvant therapy, 14 (17 %) neoadjuvant therapy

and 10 (12 %) received both; 23 (27 %) patients were

pretreated with trastuzumab. Hormone receptors (estrogen

receptor-ER and/or progesterone receptor-PgR) were

positive in about 70 % of cases. Sites of disease at diag-

nosis were ST (58 %), bone (42 %), liver (32 %), lung

(27 %), and CNS (4 %). Of note, about half of the patients

presented oligometastatic disease. Patient demographics

and pathological characteristics are summarized in

Table 1.

Treatment characteristics

Each treatment-line stopped for tumor progression and/or

death for any cause. No patients included in the dataset

discontinued treatment due to toxicity and/or consent

withdrawal. Patients received a median of 6 (range 1–17)

lines of therapy for MBC. In 79 patients (70.5 %) the first-

line contained a HER2-targeted drug: trastuzumab in 68

cases (86 %), lapatinib in 11 cases (14 %). The remaining

33 patients received anti-HER2 therapy as a part of second

(13 patients), third (7 patients) and[3rd (13 patients) line

of treatment. Pertuzumab was prescribed to two patients in

2nd and 3rd line. The proportion of patients receiving

HER2-targeted therapy was on average 70 % (range

67–75 %) across all treatments up to line 9 and 69 %

(range 0–100 %) up to line 17, suggesting that anti-HER2

agents were prescribed upfront and maintained during

treatments even in heavily pre-treated patients.

Patients received anti-HER2 treatments despite pro-

gression up to line 16. First-line contained chemotherapy in

95 cases (85 %) and endocrine therapy in 17 cases (15 %).

The most common first-line regimen was taxane-based (51

patients, 45 %), followed by vinorelbine with/without

capecitabine (26 patients, 23 %); capecitabine (plus lapat-

inib) was preferentially used in later lines (range

8.1–24.4 % from line 1 to line 9). During the course of

metastatic disease, chemotherapy was progressively

replaced by endocrine therapy (Fig. 1); the proportion of

patients treated with endocrine therapy increased by 10 %

for each subsequent line [Odds Ratio (OR): 1.10; 95 % CI

1.04–1.17; p = 0.001]. Among patients treated with

endocrine treatment, first to third-line most common ther-

apies included aromatase inhibitors (letrozole, anastrozole

and exemestane in 82, 79, 71 % of cases, respectively).

The use of aromatase inhibitors declined to 50 % in late

lines, with a parallel increase in the use of fulvestrant from

line 6 up to line 10.

Pattern of progression

After a median follow-up of 4.2 years (range

0.2–18.1 years), 25 out of 112 (22.3 %) patients were dead;

the progression rate at the first treatment was 77.7 %. The

hazard rate of progression disease increased at each sub-

sequent treatment-line of 28.9 % (95 % CI 17.3–41.6 %,

p\ 0.0001); this increment progressively reduced along

the treatment-lines (HR quadratic term: 0.986, 95 % CI

0.978–0.993, p = 0.0002) until reaching a plateau at the

9th treatment line (95 % CI 6th–20th treatment line); the

median TTP was 9.9 months (95 % CI 8.0–12.6 months) in

the first-line treatment and 3.9 months (95 % CI

2.0–6.0 months) in the 9th line. Figure 2 reported the

median TTP (which represents also the duration of treat-

ment) until the 12th treatment-line (Fig. 2a) and the

parameters’ estimates of the Cox model with treatment-line

as linear and quadratic term (Fig. 2b). As reported in

Table 2, visceral disease was the most frequent site of

disease progression; on average along the treatment-lines

the proportion of patients interested by disease progression

in visceral site was 48.6 % (95 % CI 44.2–52.9 %)
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followed by ST (40.7 %; 95 % CI 36.6–44.9 %), bone

(29.0 %; 95 % CI 24.4–33.5 %) and CNS (15.6 %; 95 %

CI 12.6–18.7 %); for each site, heterogeneity along the

treatment-lines was almost all explained by random error

(range I2 index: 0.0–20.3 %).

Determinants of pattern of progression

Progression sites showed a dragging effect: the risk of

progression for each specific organ was higher if that organ

was previously affected by metastases with an overall OR

Table 1 Patient demographics

and pathological characteristics

IDC infiltrating ductal

carcinoma, DCIS ductal

carcinoma in situ, ILC

infiltrating lobular carcinoma,

LCIS lobular carcinoma in situ,

ER estrogen receptor, PgR

progesterone receptor, CNS

central nervous system, DFI

disease-free interval: time from

diagnosis of non-metastatic

breast cancer to relapse
a Liver and/or lung metastasis

Age (years) at the start of first MBC line Median (range) 50.3 (26.0–74.3)

Upfront metastatic presentation

Yes N (%) 16 (16.0)

No N (%) 84 (84.0)

Unknown N (%) 12 (10.7)

Histological type

IDC (±DCIS) N (%) 92 (86.0)

ILC (±LCIS) N (%) 8 (7.5)

IDC ? ILC N (%) 5 (4.7)

Other N (%) 2 (1.9)

Unknown N (%) 5 (4.5)

ER and/or PgR

Positive N (%) 77 (70.6)

Negative N (%) 32 (29.4)

Unknown N (%) 3 (2.7)

Number of metastatic sites

1 N (%) 64 (57.1)

2 N (%) 32 (28.6)

3 N (%) 10 (8.9)

4 N (%) 6 (5.4)

Soft tissue metastasis

Yes N (%) 64 (57.7)

No N (%) 47 (42.3)

Unknown N (%) 1 (0.9)

Lung metastasis

Yes N (%) 30 (27.0)

No N (%) 81 (73.0)

Unknown N (%) 1 (0.9)

Liver metastasis

Yes N (%) 36 (32.4)

No N (%) 75 (67.6)

Unknown N (%) 1 (0.9)

Visceral metastasisa

Yes N (%) 55 (49.5)

No N (%) 56 (50.5)

Unknown N (%) 1 (0.9)

Bone metastasis

Yes N (%) 47 (42.0)

No N (%) 65 (58.0)

CNS metastasis

Yes N (%) 5 (4.5)

No N (%) 105 (95.5)

Unknown N (%) 1 (0.9)

DFI (years) Median (range) 2.9 (0.5–18.7)
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of 1.9 (95 % CI 1.7–2.1), 1.5 (95 % CI 1.4–1.6), 1.8 (95 %

CI 1.6–2.0), and 4.2 (95 % CI 3.1–5.6) for visceral, ST,

bone, and CNS disease, respectively (p\ 0.0001)

(Table 3). Considering all lines of treatment, age was not a

risk factor for disease progression in visceral, ST, or bone

involvement; an inverse correlation between the risk of

CNS metastasis and patients’ age was observed (HRcpRisk,

[10 years]: 0.73; 95 % CI 0.53–1.0, p = 0.07) although the

risk estimate was poorly consistent between treatment-lines

(I2 = 51 %). The hazard ratio (HR) of disease progression

showed a 24 % reduction (HR [10 years]: 0.76; 95 % CI

0.54–1.06, p = 0.10) for every 10 years of disease-free

interval (DFI) with all heterogeneity along the treatment-

lines explained by random error (I2 = 0 %); the HRcpRisk

of CNS progression showed a 64 % reduction for every

10 years of DFI (HRcpRisk, [10 years]: 0.36; 95 % CI

0.11–1.20, p = 0.10; I2 = 0 %). An increased progression

risk in bone lesions was found in ER and/or PR positive

disease (HRcpRisk: 1.88; 95 % CI 0.97–3.64, p = 0.06;

I2 = 0 %). The HR of bone progression showed a 34 % of

reduction with anti-HER2 therapy (HRcpRisk: 0.66; 95 % CI

0.45–0.98, p = 0.04; I2 = 0 %).

Discussion

This study aimed to analyze the clinical outcome of MBC

patients receiving approved anti-HER2 therapies and the

determinants of metastatic timing and patterns of

spreading.

The natural history of HER2? tumors radically changed

with the introduction of trastuzumab as part of 1st line

regimens. For about 10 years, it was the only HER2-tar-

geted therapy available in clinical practice, and then la-

patinib was introduced. More recently, new anti-HER2

agents have been developed.

Although our data should be interpreted with caution, as

the retrospective design may have selected patients with

better prognosis, this results support the administration of

HER2-targeted therapies during subsequent treatment-

lines, regardless the combination with chemo- or endo-

crine-therapy. The study by Blackwell et al. [20, 21] has

Fig. 1 Therapy administered

during the course of metastatic

disease

a

Model term HR 95%CI p value
Linear 1.289 1.173-1.416 <.0001
Quadratic 0.986 0.978-0.993 0.0002

b

Fig. 2 TTP behaviour along treatment lines. a Median TTP by

treatment line. b Parameters estimates of the Cox regression model in

which treatment line and treatment line squared have been introduced

as predictors
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already highlighted a benefit in continuing trastuzumab

beyond progression, comparing lapatinib with/without

trastuzumab. Herein we support the concept that mainte-

nance should be carried over the third line of treatment, and

that development of new drugs should not be limited to

first-lines, but also to later treatments.

About half of patients presented an oligometastatic

disease. 58 and 42 % of patients had ST and bone

metastases respectively, presenting an indolent disease.

This reflects the heterogeneity of HER2? MBC as a

group of tumors with different patterns of presentation

and prognosis. The unfavorable prognosis associated

with sites of disease such as CNS and viscera is well

recognized and may be due to more aggressive disease

and less activity of anticancer treatments at these sites.

In this scenario, the impact of different sites of metas-

tasis on the outcome of HER2? BC patients treated with

targeted therapies is still unclear. We investigated whe-

ther the disease site could be considered as a predictor of

response to treatment. With the limits of the cross-sec-

tional study and the small number of patients, our data

suggest that there is no interaction between anti-HER2

treatment efficacy and the sites of metastases, and that

treatment does not affect the progression of metastatic

sites. The risk of progression for each specific organ was

higher if that organ was previously affected by disease,

indicating that progression sites showed a ‘‘carry-over

effect’’. An increased progression risk in bone lesions

was found in hormone-receptor-positive disease. Young

patients had an increased risk of developing CNS

metastasis, but it did not reach statistical significance.

These data are consistent with previous adjuvant studies

that analyzed the pattern of disease recurrence [4, 5]

and, together with the ‘‘carry-over effect’’, may suggest

different and personalized follow-up schedules [11–13].

Approximately one-third of women with HER2? MBC

will develop brain metastases [22–25]; in our clinical

records, only 4.5 % of patients present CNS disease.

This difference is not easy to explain and may simply

reflect the nature of our study, i.e. database derived, in

contrast to published literature, in which there may be

reporting bias; in fact we may hypothesize that brain

metastases may not have been diagnosed in all affected

patients.

Another possible explanation could be that most of the

MBC patients (77 %) included in our study had not

received adjuvant trastuzumab and it is well recognized

that the incidence of CNS disease as the first site of

recurrence was relatively uncommon before the extensive

use of adjuvant trastuzumab [26]. Several studies suggest a

potential organotropism of lapatinib for the CNS [27]. A

retrospective exploratory analysis of EMILIA trial showed

a similar efficacy of TDM1 versus lapatinib plus capecit-

abine in terms of CNS disease progression [28]; a benefit of

TDM1 in terms of OS was reported for patients with brain

metastases at baseline. On the other hand, retrospective

experimental data support the possibility that the protection

exerted by trastuzumab is lower in bone metastases [29].

Conversely, it has been shown that women who never

received trastuzumab were more likely to develop bone

metastasis than brain metastasis [30]. Although these

studies suggesting that specific sites can differentially

benefit from anti-HER2 therapies, the potential predictive

role of metastatic sites for these treatments is still debated.

Therefore, choosing therapy on the basis of the disease

presentation and pattern of progression still remains a

challenge.

It should be noted that, in the present study, the patient

population came from daily clinical practice and the tumor

response assessment was performed in a less rigorous

fashion than in clinical trials. This may provide a justifi-

cation for the longer median duration of treatment reported.

This study is proof of the concept that treatment exerts its

effect in a cytostatic rather that cytotoxic manner and our

data support the use of HER2 inhibitors at relapse, as well

as (mono-) chemotherapy or endocrinotherapy beyond 2nd

line in highly motivated, fit patients, responders to first-

lines, with an oligometastatic, indolent disease, without

comorbidity/complications to achieve a better quality of

life.

Table 2 Site of disease progression along treatment lines

Site Proportion (%) 95 % CI (%) Q (df) p value I2

Visceral 48.6 44.2–52.9 13.69 (13) 0.396 5.0

Soft tissue 40.7 36.6–44.9 8.18 (12) 0.771 0

Bone 29.0 24.4–33.5 16.30 (13) 0.233 20.3

CNS 15.6 12.6–18.7 7.94 (12) 0.790 0

The sum of proportion is over 100 % because of multiple sites of progression

Proportion average proportion calculated with a random-effect meta-analysis model, Q(df) Q statistics (degrees of freedom; they are equal to the

number of evaluated treatment lines less 1), p value testing the hypothesis of all heterogeneity explained by random error, I2 index percentage of

heterogeneity not explained by random error
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Appendix

Meta-analysis model

Treatment lines were considered as a finite sequence of

heterogeneous, dependent, and random trials, i.e. experi-

ments, in which study endpoints were repeatedly collected;

to summarize these repeated experiments and to evaluate

the heterogeneity of the repeated estimates, a random-

effects meta-analysis model was applied and the following

statistics were considered: the point and 95 % confidence

interval of the combined estimate, the Q statistic and the I2

index; the between-studies variance was estimated using

the DerSimonian and Laird method [11].

TTP plateau

To demonstrate that a plateau was reached by the TTP

distribution after a certain number of treatment lines and to

estimate the treatment line interested by the plateau, a Cox

regression model was used; the number of treatment lines

was introduced both as a linear and a quadratic predictor.

Carryover effect

To test the influence of disease progression in a specific site

as a risk factor for the same site-progression in successive

treatment lines (‘‘carryover’’ effect), the following statistics

was computed: for each site of disease progression and for

each k = 0, 1, 2, … , n we defined the k-sample group as

follows: this group was arranged by patients experiencing

the first disease progression event in the evaluated site for

the k-time (note: the 0-sample group was arranged by

patients starting the first advanced treatment line without

the evaluated site as metastatic site); the ratio between the

subsequent disease progression events concerning the

specific site and the total number of subsequent disease

progression events whichever site occurred was calculated;

this ratio could be mathematically expressed as a weighted

average of the proportion of disease progression events

affecting the evaluated site for each patient weighted by the

number of subsequent treatment lines associated with a

disease progression event:

R Si=Totið Þ � Toti=RToti

where Si is the number of interested events of first disease

progression for patient n�i; Toti: number of subsequent

treatment lines involved by first disease progression for

patient n�i.

The logistic regression model was used to estimate the

Odds Ratio (OR) between the k ? 1-sample and the k-

sample odds statistics and to statistically test the presence

of a ‘‘carryover’’ effect.
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