Clin Transl Oncol (2015) 17:530-538
DOI 10.1007/s12094-015-1274-2

=
@ CrossMark

RESEARCH ARTICLE

Disease progression pattern in metastatic breast cancer patients

treated with anti-HER2 therapies

D. Serpico - L. Porcu - A. Tessari * A. Gevorgyan *
G. Bregni * G. Galli - F. de Braud -
V. Torri * S. Di Cosimo

Received: 26 August 2014/ Accepted: 2 January 2015/ Published online: 21 January 2015

© Federacion de Sociedades Espaiiolas de Oncologia (FESEO) 2015

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 I*-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
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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.

Keywords HER?2 positive metastatic breast cancer -
Trastuzumab - Lapatinib - Disease progression - Time to
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 HER24 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 HER24+ 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 24 (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 >2. 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 (HR prisk) 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
HRprisk 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 I* index (see detailed information on
“Appendix”, paragraph ‘“Meta-analysis model”); every
Fine and Gray regression model used to estimate the
HR_prisk 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 HR prisk
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-HER?2 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-
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line contained a HER2-targeted drug: trastuzumab in 68
cases (86 %), lapatinib in 11 cases (14 %). The remaining
33 patients received anti-HER?2 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-HER?2 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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Table 1 Patient demographics

and pathological characteristics ) )
Upfront metastatic presentation

Yes
No
Unknown
Histological type
IDC (£DCIS)
ILC (£LCIS)
IDC + ILC
Other
Unknown
ER and/or PgR
Positive
Negative
Unknown
Number of metastatic sites
1
2
3
4
Soft tissue metastasis
Yes
No
Unknown
Lung metastasis
Yes
No
Unknown
Liver metastasis
Yes
No
Unknown
Visceral metastasis®
Yes
No

IDC infiltrating ductal Unknown

carcinoma, DCIS ductal
carcinoma in situ, /ILC

infiltrating lobular carcinoma, Yes
LCIS lobular carcinoma in situ, No

ER estrogen receptor, PgR

progesterone receptor, CNS
central nervous system, DFI Yes
disease-free interval: time from No

diagnosis of non-metastatic
breast cancer to relapse

Bone metastasis

CNS metastasis

Unknown

ax . DFI (years)
Liver and/or lung metastasis

Age (years) at the start of first MBC line Median (range) 50.3 (26.0-74.3)
N (%) 16 (16.0)
N (%) 84 (84.0)
N (%) 12 (10.7)
N (%) 92 (86.0)
N (%) 8 (7.5)
N (%) 547
N (%) 2 (1.9
N (%) 54.5)
N (%) 77 (70.6)
N (%) 32 (294)
N (%) 327
N (%) 64 (57.1)
N (%) 32 (28.6)
N (%) 10 (8.9)
N (%) 6 (5.4)
N (%) 64 (57.7)
N (%) 47 (42.3)
N (%) 1(0.9)
N (%) 30 (27.0)
N (%) 81 (73.0)
N (%) 1(0.9)
N (%) 36 (32.4)
N (%) 75 (67.6)
N (%) 1 (0.9)
N (%) 55 (49.5)
N (%) 56 (50.5)
N (%) 1(0.9)
N (%) 47 (42.0)
N (%) 65 (58.0)
N (%) 54.5)
N (%) 105 (95.5)
N (%) 1(0.9)
Median (range) 2.9 (0.5-18.7)

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 P 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

@ Springer



534

Clin Transl Oncol (2015) 17:530-538

Fig. 1 Therapy administered
during the course of metastatic
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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

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
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Treatment line

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 (HR prigks
[10 years]: 0.73; 95 % CI10.53-1.0, p = 0.07) although the
risk estimate was poorly consistent between treatment-lines
(P = 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 (* = 0 %); the HR prisk
of CNS progression showed a 64 % reduction for every
10 years of DFI (HR prix, [10 years]: 0.36; 95 % CI
0.11-1.20, p = 0.10; P=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;
I = 0 %). The HR of bone progression showed a 34 % of
reduction with anti-HER?2 therapy (HRcprisk: 0.66; 95 % CI
0.45-0.98, p = 0.04; * = 0 %).

Discussion

This study aimed to analyze the clinical outcome of MBC
patients receiving approved anti-HER?2 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
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Table 2 Site of disease progression along treatment lines

Site Proportion (%) 95 % CI (%) 0 ) p value P
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, I° index percentage of

heterogeneity not explained by random error

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 HER24+ 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+4 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-HER?2 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.

@ Springer



Clin Transl Oncol (2015) 17:530-538

536

10119 wopuel £q paure[dxa jou Ajrousgors)ay jo a3ejueorad xapur ] ‘10113 wopuer Aq paure[dxe Ajroue3o103ay [[e jo sisayiodAy ay) Sunsey angpa d (] SS9 SQUI[ JUAUNBAI) PIAJBN[BAD
JO 1oquInu 3y} 01 [enba ore Aay) ‘wopadiy Jo $3213ap) sousnels Q) ()0 AeusS0IIol [OpOU SISA[RUB-RIOUI 109)Jo-WIOPURI B JIM P3JR[NO[RD YSH SANR[AI 93eIoAr PPy qjewmnso ysry

uwn[od oyroads ay) ur pajtodar se ‘sayis Sunedwos J0J sejewnsd YSII ul saSueyd ou £q paruedwioodr AIoM SIJBWIIISS YSII 98Iy} [[ ‘9JoU JO) "9SLasIp
aanisod 1oydesar-ouowioy yim syuanied ur g, g8 Aq pasealour sem pue ZYFH-NUE M Jusunean Aq 95 ¢ £q paonpal sem duoq uo uorssardod Jo st oy (L) [BAIIUI 921) ISBISIP JO SIBAA (]
KIOAQ 10J 9 9 AQ paonpal sem SND Uo uorssardord Jo s oy, "SND U0 ssa13o1d 0} A[oyI] 10w a1om uawom Funok y3noyy ‘o)s oyroads Aue ur uorssar3ord 10J 10j0eJ JSII & Jou Sem 93y

0 Ls0 (01 8S'8 90  vI'I=SLO 60 SC STo (9999 6€0  CLTLY0 Se'l SNO
0 SL'O (8) S0°S LT°0 1$°1-€6°0 811 0 090 (oS¢ Y00  86°0—S¥'0 99°0 suog Adeoy) zYgHBUE OU "SA SIA
0 9.0 (0D 199 LSO Tr'1-T80 80°1 LE o (®¥9Tl ev'0 6T 1SS0 ¥8'0  onssh jyog 0} JUaIoyUI SYSLI SANB[AI [JON
€l (430 (8) ST6 Ps0  €TI7L90 160 0 Sro (8 €8L 090  9¥'1-08°0 801 [BI93SIA Aderoyy gyHHDUE
6¢ 81°0 (6) L9°TI 00  PS1-L80 o'l 0 60 (9) 081 §T0  6TI-8¢0 0L°0 SNOD
Y4 o (8) 6901 68°0  0€I-¥L0 860 0 080 (L) s8¢ 900  ¥9°¢-L6'0 881 auog —MSd/¥d sA +93d/9A
8 LEO W Ls'L 9¢'0  TT1-690 w60 0 €90 (®TI9 8¢'0  09'1-¥80 SI'L onss1) JJos 01 JURIoYUI SYSLI SATB[SI (JON
o 90°0 (8) 1671 I¥0  $6'1-9L°0 w1 ¥4 €co (L 8€6 0L0  TE€T17990 €60 [BI93SIA ¥3d/¥4
(4 w0 (8718 §9°0  6CT'1799°0 €60 0 €60 (L IST 01o  0CI-I10 9¢0 SND
0 §9°0 (6) $89 0L°0 ¥ 1-09°0 w0 0 00°1 L) 180 L6'0  €8'17¢S0 660 auog SIBaK ()] JO JUSWAIOUL UB
0 £9°0 (8) L19 L9°0  Ov'1-65°0 160 ¢S €00 (8 6991 60  60C0S0 w1 onss1) Jog 0} Jualoyur SYSLI 9ANB[AI [JON
i4! (430 (6) sv'01 <o orr—€vo 690  0S Y00 (8) 9091 6v'0  ¥9'1-9¢0 9L'0 [BI93SIA 4a
LS 100 (0D zI'ee 00'1 81'1-68°0 00°1 5% 00 (9 seTI L00  TO'I-€S0 €L’0 SND s1eaK (] JO JUSWAIOU Ue
€ 10 (8) '8 660 111060 00°1 w 800  (6) ¥¥'S1 Ly'0  LT'ITILO 160 suog 01 JUSISYUI SYSLI JATIR[AI 910N
(44 €20 (0D €8°CI €r'o  €0'I-6L0 060 9 6£0  (6) 956 €90  8I'I-060 €01 anssn Jog qur Juswean
0 890  (OD ¥¥L 160 [1°1-68°0 660  OI 600  (6) 881 01’0 €0'1-¢L0 980 [BI9OSTA Jo 1rers oy Je (s1eak) 98y
A onead Up) O  onead D%s6 TWPgy g onmad Up) 0  onead D%s6 TRPYQ Ajroadg
Kyouadordroy QIeWIIS ST Ky1oua3orooy reWIISY ST ANS
s Sunedwo) ANS

1S oy1oads je uorssardord aseasig

SonsLIaloRIRYD)

uoissai3o1d aseasip Jo A1s oy1oads 10) pue uoissaiSoid aseasip 10J sI010e] JSIY € I[qBL

pringer

A's



Clin Transl Oncol (2015) 17:530-538

537

Conflict of interest The authors disclose no potential conflicts of

interest.

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 P
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 O-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:

Z(S,'/TOt,') X TOti/ZTOt,‘

where §; is the number of interested events of first disease
progression for patient n°; Tot; 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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