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General introduction and outline of the thesis

Introduction

Cancer is the most common cause of death in the Netherlands and the Integral Cancer center
of the Netherlands (IKNL) expects the incidence of cancer to increase in the upcoming years.
In 2014, 104 patients per 100.000 people were diagnosed with cancer, compared to 57 per
100.000 people in 1990 [1]. Breast cancer is the highest prevalent cancer in the Netherlands,
with 1 in 8 women developing breast cancer at some point during their life, and the second

cause of death in women with more than 3000 deaths per year [2]. (Figure 1)
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Figure 1. Numbers of cancer-related deaths in the Netherlands in 2014 [1].

Risk factors associated with breast cancer include obesity, smoking, alcohol use, null parity,
early menarche, older age at first birth, a positive family history and genetic predisposition [3,
4]. The treatment of breast cancer is increasingly personalized and depends on the disease
stage, the tumor type (i.e. hormone receptor status and the amplification level of the Her2
receptor), the age and the menopausal status of the patient. In general, surgery with or without
radiotherapy is conducted in patients with primary breast cancer. In patients with a high

relapse risk, perioperative systemic treatment is given consisting of chemotherapy, and/or
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12 | Chapter 1

endocrine therapy in case of estrogen/progesterone receptor positivity and/or Her2-targeted
therapy in case of Her2 receptor overexpression. Peri-operative systemic treatment is
dependent on relapse risk, tumor characteristics and the age of the patient [5]. Metastatic
breast cancer (MBC) is considered an incurable disease and systemic treatment with

cytotoxic, endocrine and/or Her2 targeted agents is the cornerstone of the therapy.

Her2 targeted therapy in breast cancer

In the literature, numerous subtype classifications for breast cancers exist. In the most
commonly used system, breast cancer is categorized into the following subtypes: “Luminal
A” (ER positive, Her2 negative, Ki-67 low, progesterone receptor high, low risk molecular
signature), “luminal B (ER positive and Her2 positive or ER positive and Her2 negative with
either Ki-67 high or progesterone receptor low or high risk molecular signature), “Her2
positive” (ER negative) and ‘“basal-like” (triple negative) [6]. These subtypes are partly
decisive for the prognosis and the treatment strategy. The luminal A subtype is considered
having the best prognosis and the triple negative subtype has the worst prognosis. In the pre-
trastuzumab era, Her2 positive tumors were associated with rapid progression and poor
prognosis, but since the introduction of Her2-targeted therapy, the survival of patients with
Her2 positive breast cancer is comparable with hormone positive tumors [7]. Generally, low
risk luminal A tumors are treated with endocrine therapy, luminal B tumors with endocrine
therapy and possibly chemotherapy, and for Her2 positive and triple negative tumors,
chemotherapy is indicated [8]. Treatment strategies differ, however, because of tumor- and
disease characteristics and the preference of the patient. In the treatment strategies for the
HER2-positive tumors, HER2 targeting agents such as trastuzumab, pertuzumab, T-DM1 and
lapatinib play an important role. Trastuzumab is a monoclonal antibody binding to the

extracellular segment of the Her2 receptor, resulting in inhibition of tumor proliferation [9].

Trastuzumab was approved for the treatment of Her2 positive MBC in 1998 after a substantial
improvement of survival in these patients [10-13]. In a phase Il trial involving 469 patients
with Her2 positive MBC, participants were randomly assigned to receive chemotherapy or
chemotherapy with trastuzumab. Patients receiving trastuzumab had a longer median time to
disease progression (7.4 months vs. 4.6 months, p < 0.001), a larger percentage of overall
response (50% vs. 32%, p < 0.001), and longer overall survival (25.1 vs. 20.3 months, p =
0.046) than patients receiving only chemotherapy [10].
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The approval of trastuzumab for adjuvant treatment followed in 2006 after good efficacy and
safety in clinical trials [14-18]. In the HERA trial (a phase 111 randomized open label trial)
[16], treatment with trastuzumab for 1 or 2 years was compared with observation in 5102
patients. The addition of trastuzumab to adjuvant chemotherapy resulted in a significantly
improved disease-free- and overall survival (HR 0.64, 95% CI 0.54 — 0.76 and HR 0.66, 95%
Cl 0.47 — 0.91 respectively) [19]. In the BCIRG-006 trial, trastuzumab with doxorubicin,
cyclophosphamide and docetaxel or trastuzumab with docetaxel and carboplatin was
compared with chemotherapeutic monotherapy (doxorubicin, cyclophosphamide and
docetaxel). Both disease-free and overall survival rates were superior in the trastuzumab arms
after a follow up of 5 years (84% and 81% vs. 75%, p < 0.001 and 92% and 91% vs. 87%, p =
0.04) [14].

The change of the initial poor prognosis of Her2 positive breast cancer caused by trastuzumab
led to an increase in the research of other Her2 targeting agents in both adjuvant and palliative
setting. Currently, dual blockade of the Her2 receptor with trastuzumab and pertuzumab in
combination with docetaxel is recommended as first line palliative systemic therapy in
patients with Her2 positive MBC [20] after showing survival benefit in the CLEOPATRA
trial [21]. In the EMILIA trial, trastuzumab-emtansine (T-DM1) or lapatinib was combined
with capecitabine. T-DM1 showed superior efficacy than lapatinib in patients with
progressive disease after treatment with trastuzumab and a taxane (HR for progression 0.65,
95% CI 0.55 - 0.77, p < 0.001, HR for overall survival 0.68, 95% CI 0.55 — 0.85, p < 0.001)
[22]. Consequently, T-DM1 combined with standard chemotherapy is currently recommended
as second line therapy in Her2 positive MBC [20]. Blockade of the Her2 receptor with more
than one anti-Her2 agent in the adjuvant setting currently does not belong to the standard care
yet, but recent trials suggest a possible benefit of the addition of pertuzumab to standard
adjuvant trastuzumab therapy [23, 24]. In contrast, the combination of adjuvant lapatinib and

trastuzumab has failed to provide further benefit so far [25].

The widespread application of trastuzumab in the adjuvant setting has substantially improved
the outcome for patients with HER2-positive primary breast cancer. For those who despite the
adjuvant treatment face a relapse, trastuzumab-based regimens are indicated. In this setting of
advanced disease, patients have been pretreated with trastuzumab. Whether the benefit of
trastuzumab is similar in this setting, as was seen in the initial publications of trastuzumab in

the metastatic setting, remains unknown. Furthermore, a few concerns have risen regarding
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the duration of systemic therapies in MBC and the selection of patients for these treatments.
Cytotoxic regimens with anthracyclins and taxanes often induce cardiotoxicity, neuropathy
and myalgia [26-28]. Her2 targeted therapy has extended the overall survival to more than 5
years in more than 10% of the patients with Her2 positive MBC [29] but is associated with
cardiotoxicity and high costs. As patients live longer, the question rises how long anti-Her2
maintenance therapy should be continued. In addition, resistance to trastuzumab after initial
response is an increasingly observed phenomenon and the mechanism of resistance is possible
partly dependent of the sequence of previous treatment lines, thus differs between patients
[30].

So, the selection of the right patient for the right treatment is essential but remains a
challenge, especially in older cancer patients, who are more prone to develop treatment-
related toxicities and where assessment of treatment risks can be difficult due to subclinical
differences in physical reserve [31]. Increasing evidence suggests that treatment selection is
not solely dependent of tumor biology, but also of patient-related clinical parameters, for

example low muscle mass.

Body composition analysis as clinical prognostic factor for oncological outcomes.

Recently, low muscle mass has been independently associated with impaired overall survival
in multiple tumor types [32-34] and a higher incidence of chemotherapeutic toxicity [35].
The use of muscle parameters in treatment decision making in cancer patients is a fast
developing field of clinical research. Muscle mass deteriorates in all aging people due to age-
related metabolic changes and age-related changes in muscle turnover [36]. It is considered
the major component of age-related (primary) sarcopenia [37], a geriatric syndrome with
multifactorial etiology presenting with low muscle mass and low muscle strength or impaired
physical performance [38, 39]. Disease-related (secondary) sarcopenia, as occurs in cancer
patients, accelerates muscle wasting and is mostly due to cachexia-related processes [40].

The combination of muscle mass, water and bone forms the lean body mass. Total body
weight consists of the lean body mass (also called the fat-free mass) and the fat mass [41].
Recent studies have suggested that increased chemotherapeutic toxicity can occur in patients
with muscle wasting, as the decrease of the lean body mass causes a lower distribution of
chemotherapeutic drugs to this compartment and therefore higher systemic drug levels [35,

42]. However, standard measures of body weight, body mass index and body surface area are
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insufficient to detect individual alterations of the lean body mass and the fat mass [43-45]. In
body composition analyses, these compartments are measured separately, which is
increasingly recognized as a new strategy to investigate the influence of muscle wasting on

prognosis.

Muscle measurement using CT imaging.

Several imaging diagnostics can be used to obtain skeletal muscle measures, such as
ultrasound, dual energy x-ray absorptiometry (DEXA), bioelectrical impedance analysis
(BIA), computed tomography (CT) and magnetic resonance imaging (MRI) [46, 47]. In
oncological research, CT imaging is often preferred since this is considered the gold standard
for muscle measurement [48], because the different muscle and adipose tissue depots can
easily be quantified using only one slice at the L3 level [49] (figure 2) and because CT

images are widely available in oncological care.

Figure 2. Body composition analysis using CT imaging at the L3 level
Red = Skeletal muscle tissue. Green = Intramuscular adipose tissue

Blue = Subcutaneous adipose tissue. Yellow = Visceral adipose tissue.

15



16 | Chapter 1

Knowledge regarding muscle strength and physical performance is necessary to diagnose
sarcopenia [38]. The quality of muscle may be of prognostic value too, measured by the
density of muscle, which reflects the infiltration of muscle by adipose tissue [50, 51].

Aim and outline of the thesis

The aim of this thesis was to evaluate the impact of several patient- and treatment related
factors on the outcome of patients with metastatic breast cancer. The efficacy of anti-Her2
agents in the treatment of Her2 positive MBC is well established across clinical trials.
However, the field of Her2-targeted therapy in Her2 positive MBC is rapidly evolving and
sometimes previous cohorts of patients in clinical trials are therefore not representative
anymore for the current daily clinical practice. In general, most patients in clinical trials were
trastuzumab-naive before enrollment in the study according to current guidelines. As a result,
the efficacy of retreatment with anti-Her2 agents after progressive disease on previous Her2-
targeted therapy with the same agents remains unclear. In chapter 2, the efficacy of first line
Her2-targeted based chemotherapy between patients relapsing after adjuvant trastuzumab and
patients without adjuvant trastuzumab treatment is evaluated in a large multicenter
retrospective study in the South Western part of the Netherlands.

In addition to mechanisms at tumor site level leading to resistance, also body composition
parameters in metastatic breast cancer might impact outcome. At this moment, the use of
body composition parameters in oncological care is intensively studied, but the research field
is hampered by the lack of a standardized muscle mass measurement and no consensus on a
definition of sarcopenia. In chapter 3, a review of the literature is provided on the importance
of muscle mass and body composition in cancer patients and the methods of muscle
measurement. Most knowledge regarding the prognostic impact of body composition and
muscle quality in cancer patients is generated in patients with abdominal malignancies as
abdominal CT imaging is necessary for muscle measurement using the technique of analyzing
a single slice. Studies investigating this in breast cancer are scarce, but might have clinical
impact by improving clinical outcome, physical performance and quality of life in breast
cancer in case of interventions targeting low muscle mass [52]. Chapter 4 investigated the
impact of low muscle mass and low muscle quality on time to next treatment and overall
survival in patients with MBC undergoing first line palliative chemotherapy. In chapter 5,
changes in body composition during chemotherapeutic treatment for MBC are described. The

research field of body composition is especially clinically relevant in patients with higher risk
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of complications, i.e. in older patients. Muscle parameters might be an additional help during
risk assessment before the start of therapy. Therefore, in chapter 6, the association between
different levels of sarcopenia prior to therapy and a decline of physical independence after
chemotherapy in older cancer patients is studied. In addition, there is a need of alternative
ways of evaluating skeletal muscle and body composition in case CT images are not available
or when less invasive diagnostics are preferable, which is often the case in older people.
Therefore, the association between muscle parameters and functional measures in elderly
patients with a wide range of different cancers is reported in chapter 6 as well. The main

findings of this thesis and future directions for research are discussed in chapter 7.
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Abstract

Background: Survival of patients with Her2-positive metastatic breast cancer (MBC) has
improved dramatically since trastuzumab has become available, although the disease
eventually progresses in most patients. This study investigates the outcome (overall survival
(OS) and time to next treatment (TNT)) in MBC patients pre-treated with trastuzumab in the
adjuvant setting (TP-group) compared to trastuzumab-naive patients (TN-group) in order to
investigate the possibility of trastuzumab resistance.

Patients and methods: Patients treated with first-line Her2-targeted-containing
chemotherapy were eligible for the study. A power analysis was performed to estimate the
minimum size of the TP-group. OS and TNT were estimated using Kaplan-Meier curves and
multivariable Cox proportional hazards models.

Results: Between January 1, 2000 and June 1, 2014, 469 patients were included of whom 82
in the TP-group and 387 in the TN-group. Median OS and TNT were significantly worse in
the TP-group compared to the TN-group (17 vs. 30 months, adjusted HR 1.84 (1.15 — 2.96), p
= 0.01 and 7 vs. 13 months, adjusted HR 1.65 (1.06 — 2.58), p = 0.03)) after adjustment for
age, year of diagnosis, disease-free interval, hormone receptor status, metastatic site and
cytotoxic regimens.

Conclusion: First-line trastuzumab-containing treatment regimens are less effective in
patients with failure of adjuvant trastuzumab compared to trastuzumab-naive patients and
might be due to trastuzumab resistance. The impact of trastuzumab resistance on the response
on dual Her2-blockade with trastuzumab and pertuzumab and how resistance mechanisms can

be used in the optimization of Her2-targeted treatment lines needs further investigation.
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Introduction

Survival of patients with Her2-positive breast cancer has dramatically improved since
trastuzumab has become available in both the (neo) adjuvant and palliative setting [1-3]. In
the advanced setting, trastuzumab-based therapy is the cornerstone of antitumor treatment.
Although significant improvement of survival has been reached with this strategy, most
metastatic breast cancer (MBC) patients will eventually develop progressive disease. This
might be due to resistance against chemotherapy, but might also be partly explained by
resistance against trastuzumab, for example due to previous exposure to trastuzumab in the
adjuvant setting. Recognizing patients with trastuzumab (acquired) resistance could be of
value to prevent unnecessary trastuzumab administrations, thus reducing costs, and

furthermore stress the need for developing new anti-Her2 treatment strategies.

In case acquired resistance to trastuzumab after previous exposure plays a role, it could be
hypothesized that patients with prior exposure to adjuvant trastuzumab will have less clinical
benefit from first line palliative trastuzumab-treatment compared with trastuzumab-naive
patients. A possible way to study this might be comparing long-term outcome between
patients pretreated with trastuzumab and patients without previous trastuzumab. However,
studies investigating this issue have shown conflicting results [4-7], possibly due to small
numbers of patients [4,5], low numbers of events [6,7], or short duration of follow-up [7]. We
have therefore performed a retrospective study to compare the efficacy of first-line Her2-
targeted-containing chemotherapy between patients who did or did not undergo adjuvant
trastuzumab-based treatment in a large number of patients, determined by a power analysis
calculated prior to the start of the study, thereby guaranteeing a sufficient number of events
(deaths). Detailed information on previous systemic treatment was collected and the influence
of clinical prognostic parameters on the efficacy of retreatment with Her2-targeted-containing

treatment schedules/therapy in palliative setting was determined.
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Materials and methods

Study design

Consecutive patients who had received at least one dose of first-line Her2-targeted-containing
chemotherapy because of Her2-positive MBC from January 1, 2000 to June 1, 2014 at seven
hospitals in the Netherlands were eligible for the present study and retrospectively identified.
Any first-line Her2-targeted-containing chemotherapy was allowed, irrespective of the anti-
Her2 agent. Patients were excluded in case of pathologically proven Her2 negative MBC,
incomplete clinical data in the patient record, or a second active malignancy in the five years
prior to the initial breast cancer diagnosis. Only patients with combined chemotherapy and
Her2-targeted therapy as first-line regimen were included because of two reasons. First, the
beneficial effect of trastuzumab addition to first-line chemotherapy has been more
pronounced than the beneficial effect of trastuzumab addition to palliative endocrine therapy.
Second, the combination of an anti-Her2 agent with chemotherapy is independent of the

hormone receptor status, and thus allows a larger population to be investigated.

Patients were divided into two groups: the trastuzumab pretreated (TP)-group, consisting of
patients who were treated with adjuvant trastuzumab in the past and the trastuzumab-naive
(TN)-group, consisting of patients who were not treated with trastuzumab before the diagnosis
of MBC. Patients in the TN-group had either relapsed after stage I-111 primary breast cancer
or presented with de novo stage IV disease. Because previous studies reported that the
presentation with primary metastatic disease does not affect long-term outcomes, these
patients were pooled [4,6]. The retrospective review of electronic patients records for the
purpose of this study was approved by the central ethical review board (METC 15-046) in

addition to the permission of omitting written informed consent.
Data collection

Trained investigators searched electronic medical records for patient and tumor
characteristics, treatment patterns, and location of metastases. The end of follow up was
January 1, 2015. Her2 receptor status was locally determined using immunohistochemistry

(IHC) on the primary tumor or on a metastatic lesion if available. Tumors were classified as
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Her2 positive if there was 3+ staining on IHC or 2+ staining confirmed with gene
amplification by CISH/FISH in at least 10% of the tumor cells. Hormone receptors were
locally tested and ER/PR positive MBC was defined as >10% of the primary breast tumor
cells showing positive nuclear staining of estrogen and/or progesterone receptor. In case a
biopsy had been performed from a metastatic lesion, the hormone receptor status was based
on this material obtained by the biopsy. Tumor grade was determined on the primary breast
tumor using the Bloom-Richardson grading system [8]. Tumor stage at initial presentation
was scored using the 7™ edition of the TNM classification for breast cancer [9]. At start of
first-line Her2-targeted-containing chemotherapy, all radiological detectable sites of distant
metastases per patient were described, that is bone, visceral (liver, lung and other intestinal

sites), central nervous system, skin or lymph nodes.
Statistical analyses

A power analysis was performed to determine the required number of patients to detect a
clinically relevant difference in survival between the TP-group and the TN-group, assuming
that this difference is present. A hazard ratio (HR) of 1.47 for OS was assumed based on a
study that reported impaired OS for patients in the TP-group compared with the TN-group [4].
This study was chosen for the power analysis because other studies investigating this subject
were not available at the start of this study. With a power of 80%, a two-sided significance
level of 5%, a survival rate of 40% at the end of follow up in the TP group (based on the
median duration of follow up in our study), approximately 100 patients in the TP-group were
needed to detect a HR of 1.47 for OS in the TP-group compared with the TN group. Based on
the incidence of metastatic breast cancer, the patients of seven regional hospitals were

included in this study.

Continuous variables were described using medians and interquartile ranges (IQR).
Categorical variables were described using percentages. Patient characteristics were compared
between the TP-group and the TN-group using Mann-Whitney tests for continuous variables
Fisher’s exact tests for categorical variables with 2 categories and chi-square tests for
categorical variables with more than 2 categories. The primary study endpoint was OS after
start of first-line chemotherapy. OS was defined as the time between start of first-line Her2-
targeted-containing chemotherapy and death of any cause. Patients were censored on January

1, 2015. The secondary study endpoint was time to next treatment (TNT), which was defined
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as the time between the start of first-line Her2-targeted-containing chemotherapy and the start
of a second treatment line because of disease progression. A switch to another regimen
because of toxicity or patient demand was not considered a switch to second-line treatment. In
case no second treatment line was started, TNT was until the date of documented disease
progression or death, whichever came first. In all other cases, patients were censored at
January 1, 2015. In this study, TNT was chosen as marker of progression-free survival to
indicate the duration of clinical benefit, that is, the time until another treatment was deemed
necessary by the treating physician to get disease control. The difference between TNT and
the more commonly used time until documented disease progression (i.e. progression-free
survival) was minimal, with less than 1 month in 82.5% of the entire study population and
less than 2 months in 92.5%. OS and TNT were assessed using Kaplan-Meier curves and
further explored by univariable and multivariable Cox proportional hazard models. To assess
the effects of selection bias, the survival analyses were repeated with the following
subgroups: 1. Exclusion of patients treated with lapatinib. 2. Exclusion of the patients
presenting with brain metastases. 3. Exclusion of the patients treated before 2006. 4.
Exclusion of the patients without adjuvant treatment with taxanes. The independent variables
in the Cox proportional hazard models were included based on their prognostic relevance and
were: age, year of diagnosis, the disease free interval (time between the initial breast cancer
diagnosis and the occurrence of distant metastases), estrogen/progesterone receptor positivity,
treatment with lapatinib, previous treatment with taxanes, the presence of brain metastases
and the presence of visceral metastases. The proportional hazards assumption was assessed by
including interaction effects of covariates and follow-up time in a Cox proportional hazard
model with time-dependent covariates. Variance inflation factors were calculated to assess the
degree of multicollinearity among the independent variables in the Cox proportional hazard
models. A two-sided p-value of p <0.05 was considered to be statistically significant. All

analyses were conducted using SPSS version 24 (SPSS Inc.,Chicago, Illinois).

Results

Patient characteristics

Between January 1, 2000 and June 1, 2014, 753 patients with Her2 positive MBC were

identified. After excluding patients who did not receive first-line Her2-targeted-based
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chemotherapy (n = 259; see also below) and patients with incomplete clinical data (n = 25),
469 were included in the final analyses (Figure 1), of which 82 in the TP-group and 387 in
the TN-group. The median duration of follow-up was 30 months (range 0 — 165 months),
starting at the diagnosis of distant metastases. The death rate in the entire cohort was 74%. No

patients were lost to follow up.

Patients in the TP-group were slightly younger than patients in the TN-group (48.3 vs. 51.5
years, p = 0.02). All patients in the TP-group had received adjuvant chemotherapy (as this
was combined with trastuzumab) compared with 41.1% of the patients in the TN-group.
Patients in the TP-group more often had brain metastases at presentation of metastatic disease
(11.0% vs. 0.5%) and were more often treated with other first-line anti-Her2 agents (i.e.
lapatinib and pertuzumab) than with trastuzumab monotherapy (19.5% vs. 5.4%, p < 0.001).
Hormone receptor status, nuclear grade of the primary tumor, and localization of metastatic

sites were equally distributed over the two groups (table 1).

Selection of patients treated with anti Her2-agents

The omission of first-line anti-Her2-based chemotherapy of the 259 excluded patients was
mostly due to preferred anthracyclines without trastuzumab as first-line therapy (32.8%), poor
clinical condition (19.7%), or no indication of chemotherapy yet (9.7%) (Supplemental table
1). To investigate potential selection bias of the excluded patients, these were also divided
into (a) patients having received adjuvant trastuzumab or having an indication for adjuvant
trastuzumab without receiving it and (b) patients without an indication for adjuvant
trastuzumab. Patient characteristics for both groups were compared with the TP and TN-group
of the included patients, respectively, showing no selection of patients with prognostic
negative characteristics in the TP-group and no selection of patients with prognostic positive

characteristics in the TN-group (Supplemental table 2).
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Patients with Her2 positive
metastatic breast cancer

N =753

Excluded patients

Lost to follow-up 8
Insufficient medical information 10

Second malignancy 7

Never treated with T 128 |
Adjuvant T-treatment only 25

No first-line palliative treatment with T 91

Palliative T-treatment without chemotherapy 15

Included patients
N =469

TN-group* TP-group™
N = 387 N =82

*TN-group: Patients treated with first-line palliative trastuzumab only.
**TP-group: Patients treated with adjuvant and first-line palliative trastuzumab.

Figure 1. Flow chart patient inclusion

Overall survival and time to next treatment

Median OS was 17 months in the TP-group and 30 months in the TN-group (HR 2.00, 95%
Cl 1.51 - 2.63, p <0.001). Median TNT was 7 months in the TP-group and 13 months in the
TN-group (HR 2.02, 95% CI 1.56 — 2.62, p < 0.001) (Figure 2A and B). Dividing the TN-
group into patients relapsing after stage I-I1l breast cancer and patients presenting with de
novo stage 1V disease did not affect the results (Supplemental figure 1). Lapatinib instead of
trastuzumab as first-line anti-Her2 therapy was administered in 19 patients (TP-group: n = 9,
TN-group: n = 10); exclusion of these patients from the analyses showed similar results
(Supplemental figure 2), as well as the removal of the patients with brain metastases as first
metastatic site (11 in the TP-group and 2 in the TN-group) to avoid negative selection bias of
patients with brain metastases (OS 18 vs. 30 months, log-rank p < 0.001, TNT 7 vs. 13
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Table 1. Patient characteristics

TN-group (n = 387) TP-group (n=82) P

Age (range) (y) 51.5 (25 - 84) 48.3 (24 -172) 0.02
Diagnosis before 2006 241 (62.3) 21 (25.6) <0.001
Hormone receptor status 0.72

e  Positive 223 (57.6) 45 (54.9)

e Negative 163 (42.1) 37 (44.6)

e Unknown 1(0.3) 0
Tumor stage <0.001

o | 53 (13.7) 3337

o |l 120 (31.0) 40 (48.8)

o 1l 80 (20.7) 39 (47.6)

o IV 119 (30.7) 0

e Unknown 15(3.9) 0
Nuclear grade 0.31

e lorll 95 (24.5) 19 (23.2)

o 1l 160 (41.3) 44 (53.7)
Adjuvant chemotherapy <0.001

e None 228 (58.9) 0

e Anthracyclines only 125 (32.3) 10 (12.2)

e Taxanes only 1(0.3) 3(37)

o Anthracyclines + taxanes 14 (3.6) 69 (84.1)

e Other 19 (4.9) 0
Previous palliative endocrine therapy 82 (21.2) 17 (20.7) 1.00
First metastatic site <0.001%

e Bone 67 (17.3) 17 (20.7)

e Visceral® 79 (20.4) 11 (13.4)

e CNS° 2(0.5) 9 (11.0)

e Other 41 (10.6) 10 (12.2)

o Multiple sites 198 (51.2) 35 (42.7)
Number of metastatic sites 0.47

o 1 189 (48.8) 47 (57.3)

o« 2 122 (31.5) 20 (24.4)

e 3 52 (13.4) 9 (11.0)

o >3 24 (6.2) 6 (7.3)
Disease-free interval® (IQR®) (months) 42 (20 -78) 33.5 (21 - 46) 0.03
First line chemotherapy used in <0.001
combination with Her2 targeted agent

e Anthracyclines 7(1.8) 0

e Taxanes 317 (81.9) 51 (62.2)

e Capecitabine 14 (3.6) 17 (20.7)

e Vinorelbine 29 (7.5) 11 (13.4)

e Other 9(2.3) 2(2.4)

e Unknown 11 (2.8) 1(1.2)
Overall duration of palliative trastuzumab 16 (8 -32) 9.4 (4-19) <0.001
(IQR) (months)

e Unknown 16 4

®When removing the patients with CNS-located metastases from this analysis, the first metastatic site did not

differ between the groups (p = 0.43).

®Visceral: Liver, lung, pleural, peritoneal, pericardial, intestinal

°CNS: Central nervous system

“Disease free interval: Time from initial breast cancer diagnosis until the diagnosis of distant metastases.

°IQR: Interquartile range

Time to palliative treatment: Time from the diagnosis of distant metastases until the start of first-line palliative

chemotherapy.
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months, p < 0.001). In the multivariable Cox regression, OS and TNT in the TP-group were
still shorter compared with the TN group (HR 1.84 for OS, 95% CI 1.15 — 2.96, p = 0.01 and
HR 1.65 for TNT, 95% CI 1.06 — 2.58, p = 0.03, respectively) (table 2-3). After assessing the
proportional hazards assumption, a significant interaction was found between the
development of brain metastases and the duration of follow-up. Therefore, brain metastases
were modeled as a time-dependent covariate in the multivariate Cox regression. No other
significant violations of the proportional hazards assumption were detected.

Median OS of ER+ vs. ER- patients in the TP-group was 18 vs. 15 months and in the TN-
group 31 vs. 27 months (p = 0.91 and p = 0.20, respectively). Median TNT of ER+ vs. ER-
patients in the TP-group was 7 vs. 6 months and in the TN-group 14 vs. 11 months,
respectively (p = 0.79 and p = 0.42, respectively). However, when calculating OS from the
first presentation of metastatic disease, median OS of ER- patients was significantly shorter
than of ER+ patients (30 vs. 38 months, p = 0.01), suggesting that the prognostic advantage of
ER positivity disappeared once first-line chemotherapy was indicated for disease control.

Since mid-2005, trastuzumab has been available for adjuvant treatment. Therefore, most
patients in the TP-group were diagnosed with breast cancer after 2006, whereas the TN-group
was largely exposed to older treatment regimens. Repeating the survival analyses with only
the patients diagnosed after 2006 (TP-group: n = 61, TN-group: n = 146), in order to assess
bias by difference in treatment regimens, still showed impaired OS and TNT in the TP-group.
(16 vs. 29 months and 6 vs. 14 months, respectively (both log-rank p <0.001) (Supplemental
figure 3).
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Figure 2. Fig. 2 Overall survival (a) and time to next treatment (b) in patients treated

with first-line palliative anti-Her2 therapy
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Effect of taxanes

Previous adjuvant chemotherapy was administered in 159 patients (41.1%) in the TN-group
and in all patients in the TP-group. In these patients, previous adjuvant chemotherapy
consisting of taxanes was administered in 87.8% of the patients (n = 72) in the TP-group
compared with 3.9% (n=15) in the TN-group. Due to the strong association between previous
adjuvant taxanes and TP/TN-group, we found relatively high variation inflation factors for
these two variables (3.1 and 3.2 respectively). To assess the effects of this multicollinearity,
and to minimize the effect of possible taxane-resistance between both groups, we repeated the
univariable survival analyses with only the patients relapsing after taxane therapy. We found
that OS in the TP-group was still significantly shorter compared to the TN-group (17 vs. 29
months, log rank p = 0.048). The difference in TNT between both groups did not reach
statistical significance (6 vs. 11 months, log rank p = 0.07) (figure 3). In the univariable Cox
regression, previous taxane-exposure, which suggests resistance to taxanes, had a large

association with OS and TNT (HR 1.75, 95%CI 1.34 —2.28, p < 0.001 and HR 1.93, 95% ClI
1.50 — 2.48, p < 0.001, respectively), but this was no longer statistically significant after

adjustment for previous trastuzumab exposure in the multivariable Cox regression.
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Figure 3. Overall survival (a) and time to next treatment (b) among patients with

previous adjuvant treatment with taxanes
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Table 2. Univariable and multivariable Cox proportional hazard models for overall

survival.

Univariable Multivariable

HR 95% ClI p HR 95% CI P
Age? (range) (y) 1.01 1.00-1.02 0.33 1.01 1.00 -1.02 0.15
Diagnosis after 01.01.2006 vs. 1.21  0.97-151 0.09 0.99 0.75-1.30 0.94
before 01.01.2006
DFIP 1.00 1.00-1.00 0.20 1.00 1.00-1.00 0.48
Hormone receptor status: 0.86 0.69-1.06 0.15 0.88 0.70-1.10 0.88
positive vs. negative
Brain metastases vs. no brain 1.02 1.01-1.54 0.04 0.88 0.61-1.25 0.88
metastases
Interaction between brain -- -- -- 1.02 1.00-1.03 0.01
metastases and follow-up time
(months)
Visceral metastases vs. no 1.25 1.01-1.56 0.04 1.36 1.08-1.90 0.01
visceral metastases
First line lapatinib vs. 162  0.99-2.64 0.05 1.36 0.82-2.28 0.24

trastzumab

Adjuvant taxane treatmentvs.no 1.75  1.34-2.28 <0.001 1.16 0.74-1.83 0.52
previous taxane treatment

Adjuvant trastuzumab vs. no 2.00 1.51-2.63 <0.001 1.84 1.15-2.96 0.01
adjuvant trastuzumab®

®Age at initial breast cancer diagnosis
*Time from initial breast cancer diagnosis until the first diagnosis of distant metastases.
“TP-group vs. TN-group

Abbreviations: HR: Hazard ratio; Cl: Confidence interval; DFI: Disease-free interval; CNS: Central nervous
system.



Efficacy of first-line palliative therapy with trastuzumab in Her2 positive MBC | 37

Table 3. Univariable and multivariable Cox proportional hazard models for time to next
treatment.

Univariable Multivariable

HR 95% ClI p HR 95% CI p
Age? (range) (y) 1.00 0.99-1.01 0.79 1.01 1.00 -1.02 0.28
Diagnosis after 01.01.2006 vs. 1.08 0.89-1.32 0.43 0.86 0.67-1.11 0.25
before 01.01.2006
DFIP 1.00 1.00-1.00 0.13 1.00 1.00-1.00 0.12
Hormone receptor status: 091 0.74-1.11 0.33 0.91 0.73-1.12 0.35
positive vs. negative
Brain metastases vs. no brain 1.33 1.09-1.63 0.01 0.78 0.58 -1.05 0.10
metastases
Interaction between brain -- -- -- 1.04 1.03-1.06 <0.001
metastases and follow-up time
(months)
Visceral metastases vs. no 1.10 0.90-1.35 0.36 1.23 1.00-1.52 0.048
visceral metastases
First line lapatinib vs. 159  0.97-2.58 0.06 1.36 0.82-2.26 0.23

trastzumab

Adjuvant taxane treatmentvs.no 1.93  1.50-2.48 <0.001 1.41 0.92-2.15 0.11
previous taxane treatment

Adjuvant trastuzumab vs. no 2.02  1.56-2.62 <0.001 1.65 1.06 — 2.58 0.03
adjuvant trastuzumab®

®Age at initial breast cancer diagnosis
*Time from initial breast cancer diagnosis until the first diagnosis of distant metastases.
“TP-group vs. TN-group

Abbreviations: HR: Hazard ratio; Cl: Confidence interval; DFI: Disease-free interval; CNS: Central nervous
system.

Discussion

This study shows that patients receiving first line Her2-targeted-containing chemotherapy for
Her2 positive MBC who were previously exposed to adjuvant trastuzumab had a shorter
median OS and TNT compared to patients who were never exposed to trastuzumab at the time
of diagnosing distant metastases. The unfavorable effect of prior trastuzumab exposure was
independent of clinical and tumor characteristics and seems, at least partly, independent of

pretreatment with taxanes.
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Four retrospective studies have previously reported on this issue and showed conflicting
results [4-7]. In two of these studies, some degree of shorter OS was reported in patients
previously treated with adjuvant trastuzumab (univariable HRs 1.47 and 1.16) [4,6], although
these associations were not retained after adjustment for other clinical risk factors. However,
these could be false-negative observations, as the 95% confidence intervals of the hazard ratio
of previous adjuvant trastuzumab treatment in these studies showed overlap with our 95%
confidence interval (0.87 — 1.75 and 0.80 — 1.74 respectively, vs. 1.00 — 2.91 in our study).
This implicates that no survival difference was detected, despite patients with relatively high
hazard ratios of death. In the third study with 96 patients in the TP-group, 2-year overall
survival was the only study endpoint and was not affected (HR 0.79, 95% CI 0.50 - 1.26) by
previous adjuvant trastuzumab treatment [7]. A fourth study reported that patients with
trastuzumab-retreatment also less often obtained long-term clinical benefit from re-
introduction of Her2-targeted-based chemotherapy [5]. Although in line with our study
results, this study had a short time of follow up after the registration of trastuzumab in
adjuvant setting, which might have led to a negative selection of patients with relatively rapid
development of distant metastases in the TP-group. Thus, small numbers of patients, short
duration of follow-up, small number of events and possible selection bias could have

influenced these previous study results.

The survival of the patients in our study seemed to be somewhat shorter when compared to
prospective studies recently done in patients with Her2-positive MBC, including the
CLEOPATRA- and RHEA-trials [10,11]. The median OS of our entire cohort was 28 months,
compared with 37.6 months in the control-arm of the CLEOPATRA-trial [11]. The median
OS of our trastuzumab-pretreated patients (TP-group) was 17 months, compared with 25
months in the RHEA-trial (which included only trastuzumab-pretreated patients). The median
TNT in our study (TP-group: 7 months, entire cohort: 11 months) was comparable with the
PFS of both the RHEA-trial (8 months) and the control-arm of the CLEOPATRA trial (12.4
months) [12].

Possible explanations for the shorter median OS in our study could be the differences in
inclusion- and exclusion criteria, favoring the patients in both the CLEOPATRA- and RHEA-
trials. In these studies, patients needed to have an ECOG performance status of 0 or 1, a

relapse-free interval after adjuvant treatment of >6 months and a life expectancy of >3
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months. These (prognostic positive) restrictions were not applied to our study cohort, which
might have influenced OS.

We aimed to strengthen the interpretation of the analyses by investigating whether possible
selection could have biased the current findings. Excluded patients could have caused a
selection bias of preferentially poor prognosis patients in the TP-group or a selection bias of
preferentially good prognosis patients in the TN-group, however, this was not observed when
comparing the included and excluded patients (supplemental table 2). Furthermore, patients
in the TP-group more frequently had brain metastases as first presentation of metastatic
disease than patients in the TN-group, possibly predisposing the TP-group to unfavorable
outcomes. However, exclusion of these patients from the analyses still showed worse OS and
TNT in the TP-group. Also possible selection by difference in treatment period was unlikely.
A larger percentage of the TP-group compared to the TN-group was treated in recent time
periods, so patients in the TP-group had a shorter disease-free interval (time between the
initial breast cancer diagnosis and the development of distant metastases), but also could have
benefited from newer recently developed anti-Her2 agents than the TN-group. Analyzing only
the patients included after January 1, 2006, in order to compare patients with comparable
disease-free interval and treated according to the same guidelines, did not alter the results.
Finally, the TP-group more often received adjuvant taxanes (87.8% vs. 3.9%), possibly
causing impaired sensitivity to taxanes in advanced setting, which might have contributed to
the worse outcome in the TP-group. However, selecting only the patients who were treated
with adjuvant taxanes still showed shorter OS and TNT in the TP-group. Altogether, after
showing the comparable results in different subgroup analyses, we believe that the lower
efficacy of first-line palliative trastuzumab in the TP-group is possibly due to less sensitivity

to trastuzumab or resistance among a subset of MBC patients pretreated with trastuzumab.

This study was not designed to unravel exact mechanisms of resistance among treated
patients, but nevertheless showed signs of possible clinically relevant unresponsiveness to
trastuzumab (primary or acquired during previous adjuvant therapy), which could have
implications for treatment decision making after short progression-free intervals in the

palliative setting.

It must be noted that the current standard of care of first-line Her2-targeted therapy is dual

Her2-blockade with trastuzumab and pertuzumab, instead of single trastuzumab, after the
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results of the CLEOPATRA trial [12]. In this trial, trastuzumab pretreated patients seemed to
have shorter PFS than trastuzumab-naive patients, in both the pertuzumab-arm (16.9 vs. 21.6
months) and the control-arm (10.4 vs. 12.6 months). Although trastuzumab pretreated patients
seemed to derive similar benefit from the addition of pertuzumab, as compared to
trastuzumab-naive patients, the benefit of dual Her2-blockade above trastuzumab
monotherapy was not statistically significant in trastuzumab pretreated patients, as shown by
the 95% confidence interval (HR 0.65, 95% CI1 0.35 — 1.07). However, the number of patients
with previous adjuvant trastuzumab was only 11% of the entire cohort, which could explain
the loss of statistical significance. A future study is needed to determine the impact of
trastuzumab resistance on first-line dual Her2-blockade in trastuzumab pretreated patients.

Several limitations of this study have to be mentioned. First, fewer patients than the needed
number of patients determined by the power calculation were included. The main cause for
this was the well known low incidence (about 10%) of developing distant metastases among
patients in the TP-group, thus among those who were treated with adjuvant trastuzumab [13].
However, more events (deaths) occurred, so the power in our study was not substantially
limited. Second, patients with lapatinib were included in this study, so the analysis was not
restricted to only patients with trastuzumab retreatment. However, we chose to include all
patients with any type of palliative first-line Her2-targeted therapy, in order to include a study
population as close to the “real world” as possible. Furthermore, we provided a subgroup
analysis without the patients treated with lapatinib, which showed similar results. Third, the
loss of Her2 overexpression in distant metastases, which might result in trastuzumab
unresponsiveness, could not be estimated due to the lack of metastatic biopsies. This has
however been reported to be only 3-6% of the cases [14-16]. Fourth, first-line Her2-targeted
therapy nowadays consists of the combination trastuzumab and pertuzumab [11], so cohorts
treated with first line single Her2 blockade with trastuzumab will dissappear in the near
future. However, the results of this study might still be useful, as single blockade of the Her2
receptor is still the standard of care in second line regimens and beyond. Finally, information
about subsequent treatment lines and decisions was lacking, which also could affect survival.
Nevertheless, this is not the case for TNT, which was clearly different between TN-and TP-

group and was not affected by subsequent treatment lines.
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Conclusion

First-line trastuzumab containing chemotherapy is less effective in patients treated with
adjuvant trastuzumab compared to those not treated with adjuvant trastuzumab for primary
breast cancer. Although resistance against taxane treatment could not be fully excluded, our
study provides evidence that at least a subset of the patients derives less clinical benefit from
Her2-targeted therapy, possibly due to trastuzumab resistance. Whether this resistance might
also influence the response on dual Her2-blockade in first line treatment is currently unknown

and needs further investigation.
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Supplemental table 1. Omission of Her2-targeted therapy in the excluded patients (n =

259).

Patients never treated with anti-Her2 agents (n = 128)

Reasons for omitting adjuvant Her2-targeted Reasons for

therapy

Stage IV de novo
Not available yet®
Endocrine therapy because of age

No indication
chemotherapy

Poor clinical condition
Patient refusal

Low ejection fraction

Unknown

Primary tumor Her2 negative
Early development

metastases

49 (38.3%)
48 (37.5%)
10 (7.8%)

9 (7.0%)

3 (2.3%)
3 (2.3%)
2 (1.6%)
2 (1.6%)
1 (0.8%)
1 (0.8%)

therapy

Poor clinical condition

Anthracyclins preferred®

No indication of chemotherapy yet
because of limited metastatic burden

Patient refusal

No chemotherapy because of age
Metastasis Her2 negative
Low ejection fraction

No insurance
Unknown

omitting first-line

Her2-targeted

39 (30.5%)
22 (17.2%)
16 (12.5%)

10 (7.8%)

8 (6.3%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
30 (23.4%)

Patients without first-line anti Her2-based chemotherapy, adjuvant Her2-targeted therapy: yes

(n=25)

Reasons for omitting adjuvant Her2-targeted Reasons for

therapy

NA

NA

therapy

Poor clinical condition
Solitary brain metastases
Limited metastatic burden
Rapid progression after

trastuzumab

Metastatic lesion Her2 negative

Patient refusal
Unknown

Anthracyclins preferred
Low ejection fraction

omitting first-line Her2-targeted

7 (28.0%)
5 (20.0%)
4 (16.0%)
2 (8.0%)

2 (8.0%)
2 (8.0%)
1 (4.0%)
1 (4.0%)
1 (4.0%)

Patients without first-line anti-Her2-based chemotherapy, adjuvant Her2-targeted therapy:

no (n = 91)°

Reasons for omitting adjuvant Her2-targeted Reasons for

therapy

Not available yet
Stage IV de novo
Low ejection fraction

Primary tumor Her2 negative
No indication adjuvant systemic

therapy

61 (67.0%)
26 (28.6%)
1 (1.1%)

1 (1.1%)
1 (1.1%)

therapy

Anthracyclins preferred

Unknown

Anti-Her2  agents

practice

Metastatic lesion Her2 negative
Low ejection fraction

Tumor origin at first unclear
First chemotherapy,
started at disease progression®

omitting first-line

trastuzumab

Her2-targeted

62 (68.1%)
18 (19.8%)
5 (5.5%)

2 (2.2%)
1 (1.1%)

1 (1.1%)
1 (1.1%)

Patients with first-line Her2-targeted monotherapy (no chemotherapy) (n = 15)"

Reasons for omitting adjuvant Her2-targeted Reasons for

therapy

Not available yet
Stage 1V de novo

8 (53.3%)
3 (20.0%)

therapy

Poor clinical condition
Limited metastatic burden

omitting first-line

Her2-targeted

5 (33.3%)
5 (33.3%)




Efficacy of first-line palliative therapy with trastuzumab in Her2 positive MBC

No indication adjuvant systemic 1 (6.7%) Unknown 4 (26.7%)
therapy
Patient refusal 1 (6.7%) Endocrine therapy because of age 1 (6.7%)

4Until July 2005

®Anthracyclins preferred as first line chemotherapy (between 2000 and 2005)
°Adjuvant treatment with trastuzumab was omitted in 90 of the 91 patients.
dUntil July 2002

®Clinical trial

'Adjuvant treatment with trastuzumab was omitted in 13 of the 15 patients.

Abbreviations: NA: Not applicable

Supplemental table 2. Patient characteristics of the included vs. excluded patients in the
TP-group (a) and the TN-group (b).

a. TP-group
Included (n = 82) Excluded (n = 28) P
Mean age (range) (y) 48.3 (24 -172) 51.2 (26 —78) 0.58
Diagnosis before 2006 21 (25.6) 6 (21.4%) 0.80
Hormone receptor status 0.51
e Positive 45 (54.9) 13 (46.4%)
e Negative 37 (44.6) 15 (53.6%)
e Unknown 0 0
Tumor stage 0.002
o | 3337 2 (7.1%)
o 1l 40 (48.8) 3 (10.7%)
o 1l 39 (47.6) 23 (82.1%)
o IV 0 0
e Unknown 0 0
Nuclear grade 0.41
e lorll 19 (23.2) 4 (14.3%)
o I 44 (53.7) 17 (60.7%)
e Unknown 19 (23.2) 7
Adjuvant chemotherapy 0.07
e None 0 2 (7.1%)
e Anthracyclins only 10 (12.2) 3 (10.7%)
e Taxanes only 3(3.7) 0
e Anthracyclin + taxane 69 (84.1) 23 (82,1)
e Other 0 0
Previous palliative endocrine therapy 17 (20.7) 5 (17.9%) 1.00
First metastatic site 0.02
e Bone 17 (20.7) 3 (10.7%)
e Visceral® 11 (13.4) 3(10.7%)
e CNSP 9 (11.0) 11 (39.3%)
e Other 10 (12.2) 3 (10.7%)
e Multiple sites 35 (42.7) 8 (28.6%)
Number of metastatic sites 0.55
o 1 47 (57.3) 20 (71.4%)
o« 2 20 (24.4) 4 (14.3%)
e 3 9 (11.0) 3 (10.7%)
o >3 6 (7.3) 1 (3.6%)

Brain metastases 31 (37.8) 16 (57.1%) 0.08
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Disease-free interval® (IQR%) (months) 33.5(21-46) 24 (17-35) 0.04
Time to palliative treatment® (IQR) 1 (0-6.25) 1.5(1.0-7,25) 0.40
(months)
e Not applicable 0 24
First palliative chemotherapy <0.001
e None 0 23 (82.1%)
e Anthracycline 0 3 (10.7%)
° Taxane 51 (622) 2 (71%)
e Capecitabine 17(20.7) 0
e Vinorelbine 11(13.4) 0
e Other 2(2.4) 0
e Unknown 11.2) 0
B. TN-group
Included (n = 387) Excluded (n = 231) P
Mean age (range) (y) 51.5 (25-84) 56.1 (24 -92) 0.002
Diagnosis before 2006 241 (62.3) 165 (71.4%) 0.02
Hormone receptor status 0.03
e Positive 223 (57.6) 150 (64.9%)
e Negative 163 (42.1) 74 (32.0%)
e Unknown 1(0.3) 7
Tumor stage 0.20
o | 53 (13.7) 20 (8.7%)
o 1l 120 (31.0) 69 (29.9%)
o 1l 80 (20.7) 57 (24.7%)
o IV 119 (30.7) 78 (33.8%)
e Unknown 15(3.9) 7
Nuclear grade 0.73
e lorll 95 (24.5) 44 (19.0%)
o Il 160 (41.3) 82 (35.5%)
° Unknown 132 (341) 105
Adjuvant chemotherapy 0.08
e None 228 (58.9) 150 (64.9%)
e Anthracyclins only 125 (32.3) 57 (24.7%)
e Taxanes only 1(0.3) 0
e Anthracyclin + taxane 14.(3.6) 2(0.9%)
e Other 19 (4.9) 12 (5.2%)
Previous palliative endocrine therapy 82 (21.2) 83 (35.9%) <0.001
First metastatic site 0.01
e Bone 67 (17.3) 53 (22.9%)
e Visceral? 79 (20.4) 38 (16.5%)
e CNS° 2(0.5) 8 (3.5%)
e Other 41 (10.6) 18 (7.8%)
o Multiple sites 198 (51.2) 101 (43.7%)
e Unknown 13
Number of metastatic sites 0.44
o 1 189 (48.8) 117 (50.6%)
o« 2 122 (31.5) 69 (29.9%)
e 3 52 (13.4) 23 (10.0%)
e >3 24 (6.2) 9 (3.9%)
e Unknown 13
Brain metastases 144 (37.2) 54 (23.4%) <0.001
e Unknown 1(0.3) 3
Disease-free interval® (IQR®) (months) 42 (20-78) 28.5(16.8 —52.3) 0.01
Time to palliative treatment® (IQR) 1(0-3) 1(0-5) 0.63

(months)
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Not applicable

First palliative chemotherapy

None
Anthracycline
Taxane
Capecitabine
Vinorelbine
Other
Unknown

7(18)
317 (81.9)
14 (3.6)
29 (7.5)

9 (2.3)

11 (2.8)

100
<0.001
99 (42.9%)
80 (34.6%)
23 (10.0%)
14 (6.1%)
1 (0.4%)
9 (3.9%)
5
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Supplemental figure 1. Survival of patients treated with first-line palliative anti-Her2
therapy.

A. Overall survival
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Supplemental figure 2. Survival without the patients treated with first-line lapatinib.
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Supplemental figure 3. Survival of patients diagnosed after 1% January 2006
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Abstract

In several diseases, a low muscle mass has been revealed as an unfavorable prognostic factor
for outcome. Whether or not this holds true in patients with solid malignancies as well has
increasingly been explored in the last years. This research field is however severely hampered
by a lack of consensus on how to determine muscle mass in cancer patients and on the
definition of low muscle mass. Consequently, the prevalence of a low muscle mass widely
varies across the several studies. Nevertheless, most studies show that also in patients with
solid malignancies a low muscle mass is associated with a poor outcome. In the next years,
more effort is needed to get a better insight into the best method to determine the muscle
mass, on the exact prognostic value of a low muscle mass in the diverse tumor types and
stages, on pathophysiology of a low muscle mass in patients with cancer and on ways to
intervene and to improve muscle mass in patients. The review addresses the current literature
of the importance of muscle mass in cancer patients and the methods of muscle

measurement.



The prevalence and prognostic value of low muscle mass in cancer patients

Introduction

Muscle mass starts to decline around the age of 40 years, resulting in a mean loss of 8% per
decade until the age of 70 [1]. Above 70 years of age, this decline accelerates to 25-40%

muscle mass loss per decade [2,3].

Loss of muscle mass is associated with unfavourable outcomes in chronic diseases such as
liver-cirrhosis [4] and cardiovascular disease [5], and is frequently present in patients with
rheumatoid arthritis [6], diabetes [7] and HIV/AIDS [8]. In surgical patients, low muscle mass
is associated with postoperative complications and can be used to identify risk patients before
surgery [9]. Recently, the role of low muscle mass has become of interest in patients with
cancer. In different tumor types and treatment settings, patients with a low muscle mass
appear to have worse survival compared to patients without a low muscle mass [10-13].
Additionally, patients with low muscle mass are more likely to experience more severe
toxicities from systemic anti-tumor agents [14]. Many chemotherapeutic drugs are distributed
to the fat-free compartment of the body [15]. Since low muscle mass is associated with a
decline of the fat-free compartment, low muscle mass is thought to result in relatively higher
dr