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Figure 1. Chemical structures and multiple reaction monitoring (MRM) chromatograms of hair samples spiked at
the concentration of the lower limit of quantitation (A) and a human scalp hair sample of a patient collected after
20 mg daily tamoxifen administration containing 9.44 pmol/mg tamoxifen, 0.694 pmol/mg endoxifen, 0.231 pmol/
mg 4-hydroxy-tamoxifen and 14.2 pmol/mg N-desmethyl-tamoxifen (B).

Early experience with measurement of drugs in (scalp) hair was build up in toxicology and forensic
medicine [22]. A validation of a method for screening and quantification of 96 drugs from different
pharmacologic groups in hair by UPLC-MS/MS was performed by Montesano et al. [23]. Few clinical
studies have been performed using measurement of drug concentrations in hair. In HIV infected
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patients on antiretroviral therapy, it has been shown that concentration of the antiretroviral drug
atazanavir in hair is one of the best predictors of suppression of viral load, even when adjusting
for the other known important predictors [24]. Furthermore, there is increasing experience with
measurement of the steroid hormone cortisol in scalp hair. Concentrations of cortisol in hair segments
correspond with clinical course in patients with (cyclic) Cushing syndrome and can be used for
monitoring of therapy [25,26]. So far, no studies have been performed with measuring of anticancer
drugs or its metabolites in hair. Obviously, when measurement of concentrations of (metabolites of)
anticancer drugs in hair is feasible this could open an important new way to study a wide variety of
clinical relevant questions in patients suffering from cancer. We have here developed and validated an
UPLC-MS/MS assay for measurement of tamoxifen and its metabolites in scalp hair. Furthermore, we
investigated whether or not segmental analysis of hair can be used to determine the historic pattern

of drug concentrations.

MATERIALS AND METHODS

Chemicals

Pure Z (cis)-isomers of tamoxifen, N-desmethyl-tamoxifen and 4-hydroxy-tamoxifen, the stable labeled
deuterated internal standards tamoxifen-d5, N-desmethyl-tamoxifen-d5, 4-hydroxy-tamoxifen-d5
and a racemic mixture of the Z- and E-isomers (1:1) of 4-hydroxy-N-desmethyl-tamoxifen-d5 and
4"-hydroxy-tamoxifen, the stable labeled deuterated internal standard 4'-hydroxy-tamoxifen-dé and
N-desmethyl-4-hydroxy-tamoxifenwere obtained from Toronto Research Chemicals (North York,
ON, Canada). The pure Z (cis)-isomer of 4-hydroxy-N-desmethyl-tamoxifen (endoxifen) was kindly
provided by Jina Pharmaceuticals Inc. (Libertyville, IL). All chemicals were of analytical grade or
higher. Acetonitrile, methanol and water were from Bio-solve BV (Valkenswaard, The Netherlands).
Dimethylsulphoxide (DMSO), ammonium carbonate and 2-propanol were purchased from Merck
(Darmstadt, Germany), n-hexane was purchased from Sigma-Aldrich (Zwijndrecht, The Netherlands),
and formic acid from J.T. Baker (Deventer, The Netherlands). Blank human scalp hair was obtained from
healthy volunteers.

Preparation of stock solutions, calibration standards and quality control samples

Stock solutions containing 1.00 mM free base of tamoxifen, N-desmethyl-tamoxifen, 4-hydroxy-
tamoxifen, 4’-hydroxy-tamoxifen, N-desmethyl-4'-hydroxy-tamoxifen and endoxifen in DMSO
were prepared individually and stored at T <-70°C. Individual stock solutions of tamoxifen and its
metabolites were used for the preparation of a working stock solution, containing 200 uM tamoxifen,
200 pM N-desmethyl-tamoxifen, 20 uM4-hydroxy-tamoxifen, 20 uM 4'-hydroxy-tamoxifen, 20 uM
N-desmethyl-4'-hydroxy-tamoxifen and 20 uM endoxifen in DMSO. The working stock solution was
divided into 150 uL aliquots, which were used for the construction of calibration curve standards
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during the validation. Separate stock solutions of tamoxifen and its metabolites were used for the
preparation of the pools of quality control (QC) samples. The variation between the stock solutions of
tamoxifen and its metabolites used for the construction of the calibration standards and QC samples
was in all cases <5%.

Deuterated internal standards were dissolved in DMSO separately, to obtain internal standard stock
solutions at a concentration of 1T mg/mlL free base, which subsequently were aliquotted and stored at
T <-70°C. Aliquots of 10 pL of the individual stock solutions were concurrently 10,000-fold diluted in
acetonitrile, resulting in an internal standard working solution containing 100 ng/mL tamoxifen-d5,
N-desmethyl-tamoxifen-d5,4-hydroxy-tamoxifen-d5, 4-hydroxy-N-desmethyl-tamoxifen-d5 and 4'-
hydroxy-tamoxifen, which was stored at T <8°C for a maximum of three months.

Calibration curve standards were freshly prepared for each run, by addition of 10 pL aliquots of
appropriate dilutions of the working stock solution in acetonitrile/DMSO (1:1, v/v) to 190 uL aliquots
of 10 mg overnight extracted scalp hair in methanol at the following amounts: 1.00, 2.00, 10.0, 20.0,
50.0, 100, 180, and 200 pmol for tamoxifen and N-desmethyl-tamoxifen and 0.100, 0.200, 1.00, 2.00,
500, 100, 180, and 20.0 pmol for 4-hydroxy-tamoxifen, 4'-hydroxy-tamoxifen, N-desmethyl-4'-
hydroxy-tamoxifen and endoxifen.

A total of four pools of quality control (QC) samples were prepared by spiking appropriate dilutions
of stock solutions of tamoxifen and its metabolites to blank extracted scalp hair at amounts of 1.00
pmol (lower limit of quantification, LLQ), 3.00 pmol (QC-Low), 80.0 pmol (QC-Middle) and160 pmol
(QC-High) for tamoxifen and N-desmethyl-tamoxifen and at 0.100 pmol (LLQ), 0.300 pmol (QC-Low),
8.00 pmol (QC-Middle) and 16.0 pmol (QC-High) for 4-hydroxy-tamoxifen, 4'-hydroxy-tamoxifen,
N-desmethyl-4"-hydroxy-tamoxifen and endoxifen. Pools of QC samples were aliquotted and stored
at T <-70°C until analysis.

Aliquots of 50 plL of internal standard working solution and 750 pL methanol was added to 200 pL
of calibration curve standards and QC samples in 2-mL micro centrifuge tubes and shaken for 24h at
ambient temperature. Hereafter, the organic phase was transferred to a clean 2-mL micro centrifuge
tube and evaporated to dryness under nitrogen at T = 60°C. The residues were reconstituted in 200
L aliquots of sodium carbonate buffer (pH 8.8) and 1 mL aliquots of hexane/2-propanol (95:5, v/v).
The samples were vortexed and centrifuged at 18,000 X g at ambient temperature for ten minutes.
Aliquots of 800 pL of the organic phase were transferred into 4.5 mL glass tubes and evaporated
to dryness under nitrogen at T = 60°C. Hereafter the residues were reconstituted in 100 L aliquots
of acetonitrile/water/formic acid (40:60:0.1, v/v/v) and centrifuged for five minutes at 4,000 x g. The
supernatants were transferred into 350 pL 96-well plates, which were placed into a chilled (T = 10°C)
autosampler, from which aliquots of 5 pL were injected onto the UPLC column.

Hair sample preparation
Root ends of hair samples (150-300 hair strands) were divided into sections of 1 cm and subsequently
cut into pieces of approximately 1 mm in length. Aliquots of 50 pL of internal standard working
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solution and 950 L of methanol were added to 10-30 mg of hair samples in 2 mL micro centrifuge
tubes and shaken for 24h at ambient temperature, protected from light. Subsequently, the organic
phase was transferred to a clean 2 mL micro centrifuge tube and evaporated to dryness under nitrogen
atT=60°C. The residues were reconstituted in 200 pL aliquots of sodium carbonate buffer (pH 8.8) and
1 mL aliquots of hexane/2-propanol (95:5, v/v). Hereafter, the samples were vortexed and centrifuged
at 18,000 X g at ambient temperature for ten minutes. Aliquots of 800 L of the organic phase were
transferred into 4.5 mL glass tubes and evaporated to dryness under nitrogen at T = 60°C. Hereafter,
the residues were reconstituted in 100 pL aliquots of acetonitrile/water/formic acid(40:60:0.1, v/v/v)
and centrifuged for five minutes at 4,000 X g. The supernatants were transferred into 350 L 96-well
plates, which were placed into a chilled (T = 10°C) autosampler, from which aliquots of 5 uL were
injected onto the UPLC column.

Equipment

The UPLC-MS/MS system was composed of a Waters Aquity UPLC Sample Manager coupled to a
Waters TQ Detector (Waters, Etten-Leur, The Netherlands). The MassLynx V4.1 SCN627 software
package was used for the acquisition and processing of data. Quantification was performed using
Quanlynx as implemented in the MassLynx software.

Chromatographic conditions

Analytes including 4'-hydroxy-tamoxifen and N-desmethyl-4'-hydroxy-tamoxifen were separated on
an Aquity UPLC®BEHC 18 column 1.7 pm, 100 mm x 2.1 mm, (Waters, Etten-Leur, The Netherlands)
and thermostatted at T = 50°C. Aqueous ammonium formate (0.2 mM) and acetonitrile, both acidified
with 0.1% formic acid, were used as mobile phase A and mobile phase B, respectively. A linear gradient
at a flow-rate of 0.300 mL/min was achieved with 30-80% of mobile phase B from 0 to 6 min, then
80-30% of mobile phase B over 2 minutes, which was held for 2 minutes for re-equilibration of the
system. An autosampler (at 10°C) injected volumes of 5 plL onto the UPLC column. The overall run
time was ten minutes. The needle of the autosampler was washed using a strong needle wash
solvent (acetonitrile/methanol/2-propanol/water/formic acid, 25:25:25:25:0.1 v/v/v/v/v) and a weak
needle wash solvent (30% acetonitrile in water). The column effluent was introduced to the mass

spectrometer and monitored.

Mass spectrometry

Tandem mass spectrometry was performed in the positive ion electrospray ionization mode. Mass
transitions of m/z were optimized for tamoxifen, its metabolites and the deuterated internal standards
of tamoxifen and its metabolites by infusion of the respective analytes in acetonitrile/water/0.1%
formic acid (40:60:0.1, v/v/v) via combined infusion. Optimal MS settings were adjusted manually.
The desolvation gas was set at 800 L/h, the cone gas at 25 L/h (nitrogen) and the ionspray voltage
was kept at 1.50 kV. We used a source temperature of T = 150°C and desolvation temperature of T
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= 350°C. The dwell times were set at 20 ms and the inter-channel delay at 10 ms. Multiple reaction
monitoring (MRM) mode was applied for the quantitation with the parameters as presented in Table
1.The collision cell pirani pressure was set at ~5e~ mbar (argon).

Table 1. MS/MS settings.

Analyte Scan window  Parent (m/z) Daughter (m/z) Collision (V) Cone voltage (V)
(minutes)
Tamoxifen 3.00-5.50 372 72 25 45
Tamoxifen-d5 3.00-5.50 377 72 25 45
N-desmethyl-tamoxifen 3.00-5.50 358 58 21 42
N-desmethyl-tamoxifen-d5 3.00-5.50 363 58 21 42
N-Desm.-4'hydroxy-tamoxifen  2.50-5.00 374 58 23 45
4-OH-tamoxifen 2.00-5.00 388 72 25 47
4-OH-tamoxifen-d5 2.00-5.00 393 72 25 47
4'0OH-tamoxifen 2.50-5.00 388 72 25 47
4'0OH-tamoxifen-d6 2.50-5.00 394 78 25 47

Quantitation
Calibration curves were constructed by plotting the peak area ratios of the components to internal
standards versus the known amount with a weight factor of 1/concentration?

Patients and hair sampling

Hair samples from 19 female breast cancer patients, aged from 33 to 73 years were collected for the
study. Hair samples (150-300 hair strands) were cut, as close to the scalp as possible, from the posterior
vertex region of the head, since this region of the scalp is associated with least variation in growth rate.
All patients received 20 mg tamoxifen daily for a period of six months up to five years, at the moment
of participation in this study. All patients reported that they were compliant with the medication.
The hair samples were cut into segments of one centimeter length starting from the hair root which
corresponds to one month growth. The study was approved by the local ethical board (METC Erasmus
MG, study number MEC14-346).

Method validation

The UPLC-MS/MS method was validated for tamoxifen and the three main metabolites, 4-hydroxy-
tamoxifen, endoxifen and N-desmethyl-tamoxifen in agreement with the Guidance for Industry,
Bioanalytical Method Validation, as specified by the FDA [27]. Blank human hair samples of ten different
healthy volunteers were analyzed to determine the potential presence of endogenous contaminating
compounds that may interfere with the assay.

For the determination of the LLQ, blank human hair samples of ten healthy volunteers were spiked at
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an amount of 1.00 pmol for tamoxifen and N-desmethyl-tamoxifen and 0.100 pmol for endoxifen and
4-hydroxy-tamoxifen and analyzed during one run. Accuracy (ACC), within-run precision (WRP) and
the between-run precision (BRP) were determined by analyzing five replicates of pools of LLQ and QC
samples independently over a three-run period. The ACC, WRP and BRP at the level of the LLQ and QC
samples were calculated by one-way analysis of variance, using the run as the variable as described
earlier [28]. Reproducibility of the method was performed by measuring one hair segment of one
patient on five separate occasions.

Matrix effect and recovery

Recovery was determined by comparing the areas of the peak from spiked hair before extraction
to spiked hair after extraction. The matrix effect was measured by comparing the areas of the peak
from spiked hair after extraction to spiked methanol at the same concentration. Concentrations of
5.00 pmol and 16.0 pmol for recovery and matrix effect were used for tamoxifen and N-desmethyl-
tamoxifen and 0.500 pmol and 1.60 pmol for endoxifen and 4-hydroxy-tamoxifen.

Stability of tamoxifen and its metabolites in hair to ultraviolet (UV) irradiation

Hair samples obtained from patients receiving 20 mg tamoxifen daily were used to investigate the
influence of UV irradiation from an UV lamp (254 nm). One group of hair samples was protected from
light, while the second group was exposed to UV light (254 nm) for one hour. The two groups of hair
samples were analyzed by UPLC-MS/MS using the conditions described in the experimental sections.

Relationship between hair concentration and pigmentation

To investigate the relationship between hair pigmentation and tamoxifen concentration in root hair
samples, hair samples with different hair color were analyzed according to the protocol. Patients who
had bleached their hair less than one month before were excluded for this analysis. A total of seven
hair samples were divided into three groups of natural hair color, i.e. two hair samples were classified
as blond, three hair samples were classified as brown and two hair samples were classified as black.
One of these patients had permed her hair more than two months before collection of the hair sample
while five patients painted their hair less than three months before collection.

RESULTS AND DISCUSSION

UPLC-MS/MS conditions and method development

The presented method for the determination of tamoxifen and its main metabolites in human scalp
hair is based on the validated method described by Binkhorst et al. [16]. The selected product ions,
cone voltages and collision energies of tamoxifen, its metabolites and their respective deuterated
internal standards are presented in Table 1. The validation of 4'-hydroxy-tamoxifen and N-desmethyl-
4"-hydroxy-tamoxifen failed for accuracy described in the Guidance for Industry, Bio-analytical
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Method Validation, as specified by the FDA. Good baseline separation and separation from early
eluting hydrophilic, potentially interfering matrix components was achieved for all compounds
while maintaining a relative short injection to injection time of ten minutes with elution times of 2.6
minutes for endoxifen, 2.7 minutes for 4-hydroxy-tamoxifen, 2.9 minutes for N-desmethyl-4-hydroxy-
tamoxifen, 3.0 minutes for 4-hydroxy-tamoxifen, 3.6 minutes for N-desmethyl-tamoxifen and 3.7
minutes for tamoxifen (Figure 1).

Adequate management of the scalp hair samples before performing the analyses is of great
importance in the development of an analytical method. Remaining endogenous compounds may
cause ion-suppression or ion-inducement and can negatively affect the sensitivity of the assay. A
variety of extraction procedures have been described for drug analysis in human scalp hair depending
on the chemical structure of the compounds of interest. The first step in hair analysis is the removal
of the drug from the hair. Several methods have been described and include alkaline digestion,
acidic extraction, enzymatic digestion and simple extraction with methanol. The use of methanol
for the removal of tamoxifen and its metabolites from the hair showed to be effective. Aimost all
drug was extracted within 24h of incubation of cutted hair with methanol at ambient temperature.
No significant increase of drug was observed between 24h and 30h incubation of cutted hair with
methanol at ambient temperature. Extraction of hair with methanol alone leads to extracts with
potential interfering endogenous products. A variety of methods have been described that lead
to more purified extracts. This includes several solid phase extractions and liquid-liquid extraction.
Solid phase extraction has, if not automated, disadvantages including poor reproducibility and is,
compared to liquid-liquid extraction, relatively laborious [29-33].

In this validated method, a liquid-liquid extraction procedure was applied with carbonate buffer
at pH 8.8 and a mixture of n-hexane/isopropanol, which resulted in clean extracts. Reproducibility
was investigated by analyzing one segment of one hair sample on five separate occasions. On one
occasion, the concentration of tamoxifen and its main metabolites was substantial higher than the
mean concentration of the measurements on the other four occasions (>400%). This measurement
was excluded for further calculations. The mean concentration of tamoxifen, endoxifen, 4-hydroxy-
tamoxifen and N-desmethyl-tamoxifen was 1.15 + 0.0980 pmol/mg, 0.0931 + 0.00604 pmol/mg,
0.0471 + 0.00694 pmol/mg and 1.46 + 0.113 pmol/mg, respectively. The concentration of tamoxifen
and its metabolites in the scalp hair sample measured on five executive days are presented in Table 2.

Assay performance

Each validation run includes calibration curves prepared induplicate containing eight standards
per calibration curve. Weighted (1/concentration?) linear regression analysis of peak area ratios of
analytes and Internal Standard, versus concentration of analytes were used for the quantitation. The
method results were linear (r? >0.9979) in the range of 1.00-200 pmol for tamoxifen and N-desmethyl-
tamoxifen and of 0.100-20.0 pmol for 4-hydroxy-tamoxifen and endoxifen in human scalp hair and
none of the blank scalp hair samples showed potential interference for tamoxifen, N-desmethyl-
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Table 2. Measurements of tamoxifen and its metabolites in a scalp hair sample during five occasions.

Day Tamoxifen Endoxifen N-desmethyl-tamoxifen 4-OH-tamoxifen
(pmol/mg) (pmol/mg) (pmol/mg) (pmol/mg)

1 1.20 0.0874 1.46 0.0412

2 5.16° 0.564° 5.73° 0.542°

3 1.24 0.0965 147 0.0451

4 1.01 0.100 1.31 0.0449

5 1.17 0.0886 1.59 0.0571

Mean 1.15 0.0931 1.46 0.0471

SD 0.0980 0.00604 0.113 0.00694

cv 8.5% 6.5% 7.7% 14.7%

SD: standard deviation; CV: coefficient of variation.
* Excluded from calculation.

tamoxifen, 4-hydroxy-tamoxifen, endoxifen or any of the deuterated internal standards.

The LLQ was validated at 0.100 pmol for 4-hydroxy-tamoxifen and endoxifen and at 1.00 pmol for
tamoxifen and N-desmethyl-tamoxifen. The LLQ has been validated in separate runs. In one validation
run, analytes were spiked to ten different lots of human scalp hair. In three other runs, a pool of LLQ
samples was processed as QC-samples. For tamoxifen, the amount in all independently spiked scalp
hair samples fell within the acceptable range of accuracy of 80-120%, with an average measured
concentration of 1.00 + 0.0378 pmol. The measured amount of N-desmethyl-tamoxifen for all ten
independent human scalp hair samples fell within the acceptable range of accuracy, with an average
observed concentration of 0.995 + 0.0499 pmol. The average amount for 4-hydroxy-tamoxifen in the
ten independent samples (nine in acceptable range) was 0.0941 + 0.0120. For endoxifen, measured
amount in all independent samples fell within the acceptable range of accuracy, with an average
concentration of 0.100 + 0.0131 pmol.

The within-run and between-run precisions and the accuracies at five tested concentrations, including
at the level of the LLQ, are summarized in Table 3, and all fell within the accepted ranges as specified
by the FDA [34].

The extraction recovery (RE) and matrix effect (ME) were determined in six different lots of human
blank hair samples, spiked with tamoxifen and its metabolites in a concentrations of 5 pmol and
16 pmol for tamoxifen and N-desmethyl-tamoxifen and 0.500 pmol and 1.6 pmol for endoxifen and
4-hydroxy-tamoxifen. The mean measured extraction efficiencies and matrix effects are presented in
Table 4. The average recovery of tamoxifen was 93% at 5.0 pmol and 82% at 16 pmol. The recovery for
the metabolites ranged from 69% for endoxifen at 0.500 pmol to 99% for 4-hydroxy-tamoxifen. Matrix
effect was near 100% but a slight enhancement was observed for endoxifen.
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Table 3. Calculations of the between-run and within-run precisions and the average accuracy of the LLQ and QC
samples®.

Sample spiked GM (pmol) ACC (%) WRP (%) BRP (%) ne

(pmol)
Tamoxifen
LLQ 1 0.882 88.2 6.65 # 130f 15
Low 3 2.82 94 5.03 # 150f 15
Middle 80 758 94.8 3.74 #° 150f 15
High 160 152 94.8 3.07 0.923 150f 15
N-desmethyl-tamoxifen
LLQ 1 0.996 99.6 542 434 150f 15
Low 3 3.04 101.3 4.07 3.78 150f 15
Middle 80 83 103.8 2.79 311 150f 15
High 160 156 97.8 3.78 # 150f 15
4-OH-tamoxifen
LLQ 0.1 0.094 94 8.56 373 14 of 15
Low 03 03 100 551 0.822 150f 15
Middle 8 7.84 98 3 #° 150f 15
High 16 16 100 416 # 150f 15
Endoxifen
LLQ 0.1 0.101 1014 15.7 8.08 130f 15
Low 03 0.306 102 9.24 3.96 12 0f 15
Middle 8 8.08 101 446 3.16 150f 15
High 16 16.4 102.8 396 0.891 150f 15

LLQ: lower limit of quantitation; QC: quality control; GM: grand mean; WRP: within-run precision; BRP: between-run
precision; ACC: average accuracy.

“n=5infour separate runs (three runs at the LLQ).

°No additional variation observed by performing the assay in different runs.

¢ Number of individual samples falling within acceptable range of accuracy of 85-115% (80-120% at LLQ).

Table 4. Extraction recovery (RE) and matrix effect (ME) in hair from six different lots spiked with tamoxifen
and N-desmethyl-tamoxifen at a concentration of 5.00 pmol and 16.0 pmol and 0.500 pmol and 1.60 pmol for
endoxifen and 4-hydroxy-tamoxifen.

Analyte 5.00/0.500 pmol 16.0/1.60 pmol

ME (%) RE (%) ME (%) RE (%)
Tamoxifen 86+36 93+36 84+22 82+176
N-Desmethyl-tamoxifen 91 +5.9 79+87 86+32 76+ 16.6
4-OH-tamoxifen 101 £6.0 9+ 11.1 98 +3.0 99+7.7
Endoxifen 114 £95 69 + 143 111 £43 82+132

Data presented as mean + standard deviation (n = 6).
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Stability of tamoxifen and its metabolites in hair along the hair shaft

As shown in Figure 2, reduction on concentrations of tamoxifen and its metabolites was shown
from the hair segment starting from the hair root to the following segments. The decline of hair
tamoxifen and its metabolites along hair shaft was probably attributed to hair washing and other
treatments. Also exposure to sunlight could contribute to the decline of tamoxifen and its metabolites
in hair. An average linear decline rate of 0.0203 pmol/segment, 0.0111 pmol/segment, 0.00370 pmol/
segment and 0.371 pmol/segment was observed for tamoxifen, endoxifen, 4-hydroxy-tamoxifen and
N-desmethyl-tamoxifen, respectively.

Stability of tamoxifen and its metabolites in hair to UV irradiation

It is well known that tamoxifen and its metabolites are light sensitive and exposure to UV light leads
to degradation [16]. To investigate if exposure of hair to UV light leads to degradation of tamoxifen
and its metabolites, the extent of degradation of tamoxifen, N-desmethyl-tamoxifen, 4-hydroxy-
tamoxifen and endoxifen under UV light was determined. Hair samples from patients receiving 20
mg of tamoxifen daily were divided into two groups. One group of hair samples was protected from
light, the second group was exposed for Th to UV light (254 nm). Tamoxifen and its metabolites were
very light sensitive under UV light (254 nm). No degradation of tamoxifen or its metabolites was
observed when the samples were protected from light (Figure 3). As hair is always exposed to the
environmental light, including UV, photo-degradation of tamoxifen and its metabolites seems the
main limiting factor in the determination of the historic pattern of drug concentrations by segmental

hair analysis.

Relationship between hair concentration and pigmentation

Higher concentrations of tamoxifen were found in black hair than in blond and brown hair samples.
Mean concentration (range) in, respectively, black, blond and brown hair was 6.95 (4.47-9.44) pmol/
mg, 2.23 (1.02-2.77) pmol/mg and 0.726 (0.663-0.789) pmol/mg. The decline of the concentration of
tamoxifen and its metabolites along the hair shaft was independent of hair pigmentation. Several
publications indicate that there is a good relation between drug levels and that of melanin in hair
[35,36]. Hair color complicates the interpretation of hair testing in humans.

Analysis of tamoxifen and its metabolites in patients scalp hair samples

To demonstrate the applicability of the assay, segmented scalp hair samples of eight patients
receiving 20 mg tamoxifen daily for at least six months were analyzed. As a result of the long term use
of tamoxifen, the patients were at steady-state. The results are shown in Table 5 and clearly show the
decrease of concentration of tamoxifen and its metabolites in scalp hair segments of one centimeter
from root to distal end. Decline in concentration is independent of hair color. This method is sensitive
and accurate enough for measuring tamoxifen and metabolites in human scalp hair.
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Figure 2. Concentration of tamoxifen (A), endoxifen (B), 4-hydroxy tamoxifen (C) and N-desmethyl-tamoxifen (D)
in scalp hair, showing reduction on concentrations of tamoxifen and its metabolites from the hair segment starting
from the hair root to the following segments, represented on the x-axis with distances in centimeter (cm). Gray line
represent the mean profile of all hair samples (n = 8).
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Figure 3. Accuracy of tamoxifen (A), endoxifen (B), 4-hydroxy-tamoxifen (C) and N-desmethyl-tamoxifen (D) after
hair exposure to UV light source (-o-) and hair protected from light (-e-).

CONCLUSION

There are currently no published LC-MS/MS methods for quantification of any anticancer drug in
hair. In this study, we are the first to show the UPLC-MS/MS method to be a selective, sensitive,
accurate and precise method for the simultaneous analysis of tamoxifen and its three main phase |
metabolites, N-desmethyl-tamoxifen, 4-hydroxy-tamoxifen and endoxifen, in human scalp hair. One
of the potential advantages for measuring drug concentrations in scalp hair samples is the possibility
to perform segmental analysis of hair, allowing the determination of the historic pattern of drug
concentrations. However, for tamoxifen and its main metabolites, a steep linear decline was observed
from distal to proximal hair segments probably mainly due to the effect of UV irradiation. Further
research should therefore focus on quantification of other anticancer drugs in segmented scalp hair,
that are less sensitive to UV irradiation, with taking into account also influencing factors like the role
of hair pigmentation.
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Table 5. Concentration of tamoxifen and its metabolites in segmented human scalp hair of eight patients
receiving 20 mg tamoxifen daily for at least six months. Segments of one centimeter were used and segments
were numbered from root (segment 1) to distal end.

Concentration (pmol/mg)

Segment
Subject Age Color 1 2 3 4 5 6
Tamoxifen
1 38 Blond 0.807 0333 0.0904 0.0443 0.0310 0.0913
2 69 Brown 277 1.97 1.85 1.62 1.24
3 70 Blond 0.789 0.785 0.684
4 60 Blond 0.663 0451 0.29 0213 0.191
5 46 Brown 1.02 0.621 0.296 0.191
6 70 Blond 0.362 0.186 0.0855 0.0643
7 53 Gray 142 1.15 0.820
8 52 Black 944 6.40
Endoxifen
1 38 Blond 0.0750 0.0447 0.0169 0.00856 0.00685 0.00495
2 69 Brown 0.0102 0.00705 0.00593 0.00504  0.00277
3 70 Blond 0.106 0.110 0.0725
4 60 Blond 0.0394 0.0285 0.0179 0.0163 0.0134
5 46 Brown 0.0292 0.0233 0.0131 0.00784
6 70 Blond NQ NQ NQ NQ
7 53 Gray 0.0684 0.0562 0.0389
8 52 Black 0.694 0.556
4-Hydroxy-tamoxifen
1 38 Blond 0.0184 0.00806
2 69 Brown 0.0696 0.0389 0.033 0.024 0.0165
3 70 Blond 0.0163 0.0179 0.0145
4 60 Blond 0.0071 0.0047 NQ NQ NQ
5 46 Brown 0.00994 0.00719 0.00287 0.00176
6 70 Blond NQ NQ NQ NQ
7 53 Gray 0.0327 0.0341 0.0196
8 52 Black 0.231 0.178
N-desmethyl-tamoxifen
1 38 Blond 147 0.925 0320 0.123 0.078 0.0717
2 69 Brown 3.84 275 237 231 1.71
3 70 Blond 1.83 1.83 1.37
4 60 Blond 0.758 0.521 0318 0.297 0.199
5 46 Brown 1.38 0.858 0402 0.254
6 70 Blond 0.445 0.246 0.118 0.0794 0.0577 0.0472
7 53 Gray 1.26 112 0.909
8 52 Black 14.2 11.0

NQ: not quantifiable.
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Chapter 7

ABSTRACT

To explore the role of bevacizumab and a chemotherapy-free approach, the authors evaluated the
combination of bevacizumab, trastuzumab, and paclitaxel (HAT) and the regimen of trastuzumab and
bevacizumab (HA) with the addition of paclitaxel after progression (HA-HAT) as first line treatment for
patients with human epidermal growth factor receptor 2 (HER2)-positive metastatic breast cancer. In
a non-comparative phase 2 trial, patients were randomized between HAT and HA-HAT. The primary
endpoint was the progression free rate at 1 year (1-year PFR). In the HA-HAT group, progression free
survival (PFS) was separately established for HA (PFS1) and HAT (PFS2). Eighty-four patients received
HAT (n = 39) or HA-HAT (n = 45). The 1-year PFR was 74.4% (95% confidence interval [Cl], 61.8-89.4%)
and 62.2% (95% Cl 49.6-89.4%) in the HAT and HA-HAT arms, respectively. The median PFS was 19.8
months (95% Cl 14.9-25.6 months) in the HAT arm and 19.6 months (95% Cl 12.0-32.0 months) in the
HA-HAT arm. In the HA-HAT arm, the median PFST was 10.4 months (95% Cl 6.2-15.0 months), and the
median PFS2 was 8.2 months (95% Cl 7.0-12.6 months). The number and severity of adverse events
were comparable between the arms. Both HAT and HA-HAT have promising activity in patients with
HER2-positive metastatic breast cancer. In particular, starting with only targeted agents and delaying
chemotherapy is worth further exploration.
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INTRODUCTION

Patients with metastatic breast cancer overexpressing human epidermal growth factor receptor 2 (HER2)
have poor outcomes in the absence of HER2-targeted treatments [1,2]. The advent of HER2-targeting
agents, such as trastuzumab and lapatinib, and, more recently, pertuzumab and trastuzumab-emtansine,
has substantially improved outcomes [3-9]. Trastuzumab as a single agent yielded a progression free
survival (PFS) of 3.5 to 3.9 months [10,11], but, particularly when combined with taxanes, trastuzumab-
based regimens exert considerable antitumor activity. Consequently, until recently, the combination of
trastuzumab with a taxane was standard first line therapy for these patients [3,4].

Despite these improvements, not all patients benefit from first line trastuzumab combined with
chemotherapy and, eventually, most if not all patients experience resistance. In addition, the combination
of trastuzumab and taxanes is accompanied by chemotherapy-induced toxicities, such as bone marrow
suppression and neurotoxicity, impairing quality of life. For these reasons, new treatment options are
needed to improve outcomes for this patient category. One strategy to do so is to enhance antitumor
activity by adding novel agents. Another approach is to reduce the toxicity from treatment by exploring
strategies in which chemotherapy is being withheld while maintaining efficacy.

Based on both preclinical and clinical data, bevacizumab might be a potentially useful drug to be
added to trastuzumab and chemotherapy. Bevacizumab is a fully humanized monoclonal antibody
against vascular endothelial growth factor (VEGF). In addition to playing a key role in angiogenesis,
it is also thought that VEGF confers chemotherapy resistance [12]. In HER2-overexpressing breast
cancer cell lines, VEGF production was enhanced, and results suggested that it was causally related
to the more aggressive phenotype compared with HER2-negative tumors [12,13]. It is noteworthy
that targeting both VEGF and HER2 inhibited tumor growth more than either agent alone in HER2-
overexpressing preclinical models [13].In a single arm phase 2 study, the combination of trastuzumab
and bevacizumab revealed a median time to progression of 9.2 months (95% confidence interval
[Cl], 5.4-20.4 months), which compared favorably with the time to progression achieved with the
combination of trastuzumab and paclitaxel [3,14].

In addition to trastuzumab, bevacizumab also enhances the antitumor effect of chemotherapy,
as demonstrated in several tumor types; and there is mounting evidence that the added value of
bevacizumab depends on the schedule and chemotherapeutic agents with which it is concomitantly
received [15]. This may also be true for metastatic breast cancer, in which bevacizumab seems to
enhance the activity of weekly paclitaxel to a greater extent than when combined with docetaxel
every three weeks [16,17].

To investigate the potential value of bevacizumab in patients with HER2-positive metastatic breast
cancer and to explore the feasibility of an upfront chemotherapy-free approach, we performed
a randomized, non-comparative phase 2 trial. This design gave us the opportunity to test two
experimental treatment arms in parallel, which is advantageous when several interesting regimens
exist that warrant screening for antitumor activity in a phase 2 setting.
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Randomization was used to reduce various types of bias, including patient selection and controlling
for possible baseline imbalances across the treatment arms. This facilitates the choice which regimen
emerging from a phase 2 study should warrant further investigation and be pursued in a phase 3 study
[18,19]. We randomized patients between the combination of bevacizumab, trastuzumab, and weekly
paclitaxel and a regimen consisting of a chemotherapy- free approach with upfront trastuzumab and
bevacizumab treatment with the addition of paclitaxel at the time of disease progression.

PATIENTS AND METHODS

Study design

The HAT Study was an open-label, randomized, non-comparative phase 2 trial of concomitant
trastuzumab, bevacizumab, and paclitaxel (HAT) versus trastuzumab and bevacizumab (HA) followed
by the combination of trastuzumab, bevacizumab, and paclitaxel at progression (HA-HAT) as first
line treatment in patients with metastatic breast cancer with HER2 overexpression (Figure 1). The
primary objective was to establish whether HAT and/or HA-HAT show sufficient efficacy to be studied
further. The primary endpoint was the progression free rate at 1 year after randomization (1-year
PFR). Secondary endpoints included PFS, overall survival (OS), the best overall response, the objective
response rate (ORR) (i.e. partial responses [PRs] and complete responses [CRs]), the clinical benefit rate
(CBR) (i.e. CRs, PRs, and stable disease for >6 months), duration of response, safety, and tolerability.

‘ Trastuzumab + Bevacizumab (HA)

‘ 5, | Off study

Paclitaxel (T)
PES

A
v

‘ Trastuzumab + Bevacizumab (HA)

5 | Off study

Paclitaxel (T)
(added after PD on HA)

PFS2

v

& S
< >

Figure 1. The study design is illustrated. Patients were randomized at a 1:1 ratio between combined bevacizumab,
trastuzumab, and paclitaxel (HAT) (trastuzumab 6 mg/kg [the first dose was 8 mg/kg] plus bevacizumab 15 mg/kg
every three weeks, both until progressive disease developed; and paclitaxel 90 mg/m? on days 1, 8, and 15 every
four weeks for a maximum of six cycles) versus trastuzumab and bevacizumab (HA) plus HAT (HA-HAT) (doses
of trastuzumab and bevacizumab were the same those in the HAT regimen with paclitaxel for a maximum of six
cycles added at the time of disease progression). Progression-free survival (PFS) is illustrated separately for HA
(PFS1) and HAT (PFS2).
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The protocol was approved by an accredited medical research ethical committee (Netherlands Cancer
Institute, Amsterdam). The trial was registered upfront in the Netherlands Trial Register (NTR1349)
and was conducted in full accordance with the principles of the Declaration of Helsinki and local
regulations. All participants provided written informed consent.

Patient Population

Patients who had measurable or evaluable locally recurrent or metastatic, HER2-positive breast cancer
(LR/MBC) were eligible whenever they required first line chemotherapy. Prior endocrine therapy
for metastatic disease was allowed. Positive HER2 status was defined as score of 3+ assessed by
immunohistochemistry and/or gene amplification using in situ hybridization of the primary tumor
or a metastatic lesion. Eligible patients had an Eastern Cooperative Oncology Group performance
status 0 or 1; were aged >18 years; had adequate cardiac, hematologic, hepatic, and renal function;
and had no known central nervous system metastases. Patients who had received trastuzumab in
the adjuvant setting were eligible only when they had received at least ten months of therapy with
trastuzumab and =6 months had elapsed since their last adjuvant administration of trastuzumab.
Patients who had received (neo)adjuvant chemotherapy were only eligible if they had received their
last dose >6months before randomization and their taxane-associated toxicities had resolved to less

than grade 2.

Random Assignment and Treatment

Patients were randomized by the trial office of the Dutch Breast Cancer Research Group and were
stratified by participating center at a 1:1 ratio between the HAT arm (trastuzumab 6 mg/kg [the first
dose was 8 mg/kg] plus bevacizumab 15 mg/kg every three weeks and paclitaxel 90 mg/m? on days
1,8, and 15 every four weeks) and the HA-HAT arm (with doses of trastuzumab and bevacizumab
the same as in the HAT regimen and paclitaxel added at the time of disease progression). Paclitaxel
was planned for six cycles, unless unacceptable toxicity or disease progression mandated earlier
discontinuation. Both trastuzumab and bevacizumab were administered until disease progression
(in the HA-HAT arm, this was defined as progression after the addition of paclitaxel), unacceptable
toxicity, or withdrawal of consent. Adding endocrine therapy was not allowed for the duration of the
study.

Study Assessments

Metastatic lesions were assessed according to Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.0 at baseline and every twelve weeks thereafter, at the onset of clinical signs suggesting
progression, or in case of premature discontinuation of study treatment. Local investigators performed
tumor response assessments. Adverse events (AEs) were recorded at every cycle and for 30 days after
the last receipt of any of the study drugs. AEs were graded according the National Cancer Institute-
Common Toxicity Criteria version 3. Quality of life was assessed using the European Organization for
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Research and Treatment of Cancer (EORTC) quality-of-life questionnaire (EORTC QLQ-C30, version 3)
at baseline, every twelve weeks thereafter, and at the time of disease progression.

Statistical design

For the 1-year PFR, all patients in the HAT arm who were without progression within 1 year after
randomization, all those in the HA-HAT arm who were without progression within 1 year after
randomization and had received treatment with trastuzumab and bevacizumab, and all those who
progressed during HA and started treatment with HAT but did not experience disease progression
during this triple combination were considered “progression free” with respect to the primary
endpoint. The rationale for the definition of 1-year PFR in the HAHAT group was that the objective of
this study was to test whether it was possible to delay the initiation of chemotherapy without losing
efficacy.

Secondary endpoints included PFS, measured as the time from randomization to the first documented
disease progression or death from any cause in the HAT group. For the HA-HAT group, PFS was
measured as the time from randomization to either the first documented disease progression after
paclitaxel treatment was added to bevacizumab and trastuzumab or death from any cause. This means
that documented disease progression during treatment with trastuzumab and bevacizumab (without
paclitaxel) was ignored as an event if treatment with paclitaxel was started. In addition, for the HA-HAT
group, a PFS1 and PFS2 were established, with PFST defined as the time from randomization to first
documented disease progression or death from any cause and PFS2 defined as the time from starting
treatment with HAT to subsequent documented disease progression or death from any cause. OS was
measured as the time from randomization to either death from any cause or the date of last follow-up.
For this study, a regimen that yielded a 1-year PFR of approximately 40% was deemed to be worth
further exploration (p1). A Fleming one stage design was applied to both arms, with p0 = 20%, a =
0.05, and B = 0.10, indicating that, if a treatment yielded >14 of 42 patients were progression free
1 year after randomization, then the treatment was considered worth further exploration. For that
reason, a total sample size of 84 patients (42 in both arms) was chosen. PFS, PFS1, PFS2, and OS were
estimated using the Kaplan-Meier method for both arms. The estimated 1-year PFR and the median
PFS, PFST, PFS2, and OS values were calculated with their 95% Cls.

RESULTS

Patient population

Between April 2009 and September 2013, 84 patients were enrolled at 16 centers in the Netherlands
and were randomly assigned to HAT or HA-HAT (Figure 2). A slight imbalance occurred in the
treatment arm allocation (39 patients in the HAT arm and 45 patients in the HA-HAT arm) because
of stratification for participating centers. One patient allocated to the HA-HAT group did not begin
treatment because brain metastases became symptomatic before treatment was started. The cutoff
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Patients randomized (n = 84)

Allocated to HAT arm (n = 39) Allocated to HA-HAT arm (n = 45)
Received HAT (n = 39) Received HA (n = 44)
|
Off study (n = 27) On study at date co‘llec!lon cutoff (n=12) Progression (n = 4_6) On treatment at date collection cut off (n=7)]
- Progression (n = 27) - On treatment (n = 8) - Started HAT (n=30)
- In follow-up (n = 4) - Off study (n=6)
- Toxicity (n=4)

- Patient wish (n=2)

Started HAT before progression (n = 1)

Started HAT (n=31)

Off study (n = 23)
- Progression (n = 22)
- Died due to toxicity (n = 1)

On study at data collection cut off (n = 8)
- On treatment (n = 5)
- In follow-up (n = 3)

Figure 2. This is a Consolidated Standards of Reporting Trials (CONSORT) diagram of enrollment, intervention
allocation, and follow-up in the current study.

HA: trastuzumab and bevacizumab; HAT: bevacizumab, trastuzumab, and paclitaxel.

date for data collection for the current analysis was one year after the last patient had been enrolled.
The median follow-up for the entire group was 42 months. Patients’ baseline characteristics were
well balanced between the treatment arms (Table 1, [20]).

Efficacy

The 1-year PFR was 74.4% (95% Cl 61.8-89.4%) in the HAT arm and 62.2% (95% Cl 49.6-89.4%) in the
HA-HAT arm. The median PFS for the HAT arm was 19.8 months (95% Cl 14.9-25.6 months), and the
median overall PFS in the HA-HAT arm was 19.6 months (95% Cl 12.0-32.0 months) (Figure 3A). In the
HA-HAT arm, the median PFS1 was 10.4 months (95% Cl 6.2-15.0 months) (Figure 3B), and the median
PFS2 was 8.2 months (95% CI 7.0-12.6 months). The median OS was 36.8 months (95% CI 29.1 months
to not applicable [NA]) in the HAT group and 54.0 months (95% Cl 37.4 months to NA) in the HA-HAT
group (Figure 3Q).

In the HAT arm, 39 patients started with HAT. The median number of paclitaxel cycles was six (range,
1-7 cycles; mean, 5.26 cycles). 29 of 39 patients completed all six cycles of paclitaxel, and six patients
progressed during paclitaxel-based therapy.

In the HA-HAT arm, among those who experienced disease progression while receiving HA, paclitaxel
was not added in six patients (17%) because of toxicity (n = 4; proteinuria, decrease of left ventricular
ejection fraction, neuropathy, and/or fatigue) or patient request (n = 2). One patient had already
started HAT based on growth of liver metastases but did not formally meet the criteria for progression
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Table 1. Patient demographic and baseline characteristics.

HAT (n =39) HA-HAT (n = 45) Total (n = 84)

Age, median (range) 57 (35-76) 55 (29-80) 55 (29-80)
ECOG Performance status

0,n (%) 27 (69) 33(73) 60 (71)

1, n (%) 12(31) 12 (27) 24 (29)
Hormone receptor status

ER positive, n (%) 24 (62) 27 (60) 51(61)

ER negative, n (%) 15 (38) 18 (40) 33(39)

PR positive, n (%) 13(33) 21 (47) 34 (40)

PR negative, n (%) 25 (64) 23 (51) 48 (57)

ER or PR positive, n (%) 25 (64) 28 (62) 53 (63)

ER and PR negative, n (%) 13(33) 16 (36) 30 (36)
Involved tumor site

Lung, n (%) 12 (31) 16 (36) 28 (33)

Liver, n (%) 16 (41) 22 (49) 38 (45)

Bone, n (%) 26 (67) 32(71) 58 (69)
Number of different metastatic sites?

1, n (%) 10 (26) 8(18) 18 (21)

2,n (%) 15 (38) 19 (42) 34 (40)

3,n (%) 12 (31) 14 (31) 26 (31)

4,n (%) 2(5) 4(9) 6(7)
Disease-free interval =12 months®, n (%) 22 (56) 33(73) 55 (56)
Primary metastatic disease, n (%) 16 (41) 12(27) 28(33)
Prior endocrine therapy

Adjuvant, n (%) 12(31) 16 (36) 28(33)

Metastatic, n (%) 9(23) 12 (27) 21 (25)
Prior adjuvant chemotherapy, n (%) 12(31) 17 (38) 29 (35)
Prior adjuvant trastuzumab®, n (%) 6(15) 8(18) 14 (17)

ECOG: Eastern Cooperative Oncology Group; ER: estrogen receptor; PR: progesterone receptor.

* Different metastatic sites included lung, liver, bone and other.

5The disease-free interval was defined as the time from histologic diagnosis of primary breast cancer to the
diagnosis of locally recurrent or metastatic disease.

< The receipt of prior adjuvant trastuzumab was based on the assumption that all patients who received with
adjuvant treatment for human epidermal growth factor 2-positive disease after August 2005 also received with
adjuvant trastuzumab (see De Munck et al, 2011 [20]).

according to RECIST. In total, 31 patients started with HAT. The median number of paclitaxel cycles was
six (range, 1-6 cycles; mean 4.68 cycles). 22 of 31 patients completed all six cycles of paclitaxel, and
three patients progressed during paclitaxel-based therapy.

The investigator-assessed ORR (i.e. CRs plus PRs) was 58% in the HAT arm and 44% in the HA-HAT
arm during HA. Among patients in the HA-HAT group who experienced disease progression while
receiving HA, the addition of paclitaxel induced objective responses in 50%. The CBR was 87% in
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Figure 3. Kaplan-Meier survival estimates are shown. (A) Estimated progression free survival (PFS) is illustrated
in patients who received concomitant trastuzumab, bevacizumab, and paclitaxel (HAT arm) versus those who
received trastuzumab and bevacizumab (HA) followed by HAT at progression (HA-HAT arm). (B) Estimated PFS
is compared between patients who received only HA in the HA-HAT arm (PFS1) versus those who received
concomitant HAT. (C) Estimated overall survival is illustrated for patients in the HAT arm versus those who received
HA followed by HAT at progression (HA-HAT arm).
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the HAT arm and 58% in the HA-HAT arm during HA. Among patients in the HA-HAT group who had
disease progression during HA, adding paclitaxel led to a clinical benefit in 62% of patients. In the HAT
arm, among patients who had an objective response, the median response duration was 22.2 months
(95% CI 16.0 months to NA). In the HA-HAT arm, among those who had an objective response who
received only trastuzumab and bevacizumab (n = 19), the median response duration was 26.1 months
(95% ClI 22.6 months to NA). Baseline characteristics were comparable between patients with a PFS1
<24 months (n = 38) and patients with a PFS1 >24 months (n = 7) (data not shown).

Toxicity

The safety population, defined as patients who had received at least one administration of study
drug(s), included 83 patients. Grade >3 AEs were reported in 84% of patients. Most grade >3 AEs
were attributable to bevacizumab, with grade >3 hypertension and proteinuria in 36 and 13% of
patients, respectively, and with no differences between treatment arms. The toxicity profiles of the
two regimens during the whole period of study treatment were comparable (Table 2). Neutropenia,
febrile neutropenia, infection, peripheral neuropathy, stomatitis, and diarrhea were reported less
frequently during HA treatment than during HAT treatment. One patient in the HA-HAT arm who had
been receiving treatment with bevacizumab for four months died from a perforation of a sigmoid
diverticulum shortly after starting paclitaxel.

Quality of life

Quality-of-life questionnaires were collected every twelve weeks until the end of treatment. Responses
to the EORTC QLC-C30 questionnaire were available from 73 patients (87%) at baseline, from 61 at
twelve weeks, and from 23 after first progression. There were no relevant differences in reported
quality of life when HAT treatment in the HAT arm was compared with HA treatment in the HA-HAT
arm (data not shown).

DISCUSSION

In this randomized, non-comparative phase 2 study in which two experimental treatments were tested
in parallel, both HAT and HA-HAT were active first line treatment regimens in patients with HER2-positive
LR/MBC, yielding a 1-year PFR (the primary endpoint of the study) of 74.4 and 62.2%, respectively. The
median PFS was 19.8 months in the HAT arm and 19.6 months in the HA-HAT arm, with durable OS in
both arms. This implies that both treatments have met the predefined criteria for further study. On the
basis of comparison with the landmark trial of Slamon et al, data from the current study suggest that
bevacizumab strongly enhances the antitumor activity of combined paclitaxel and trastuzumab [3].

Our results from the addition of bevacizumab to combined paclitaxel and trastuzumab have to be
compared with those from the ‘Study of Avastin [Bevacizumab] in Combination With Herceptin
[Trastuzumabl/Docetaxel in Patients With HER2-Positive Metastatic Breast Cancer’ (AVEREL) trial, a
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Table 2. Summary of main adverse events.

All grades grade 3 and higher

HAT arm HA-HAT arm HAT arm HA-HAT arm

during HAT duringHA  during HAT  during HAT  during HA  during HAT

(n=39) (n=44) (n=31) (n=39) (n=44) (n=31)

n (%) n (%) n (%) n (%) n (%) n (%)
Nausea 18 (46.2) 18 (40.9) 13 (41.9) - - 132
Vomiting 7(17.9) 10 (22.7) 5(16.2) 1(2.6) - 1(3.2)
Stomatitis 12 (30.8) 9(20.5) 10 (32.3) 2(5.1) - -
Diarrhea 19 (48.7) 12(27.2) 15 (48.4) 3(7.7) - 309.7)
Edema 12 (30.8) 10 (22.7) 4(129) - - -
Infection 26 (66.7) 13(29.5) 14 (45.2) 6(15.4) 2(45) 6(194)
Fatigue 32(82.1) 27 (61.4) 23(74.2) 2(5.1) - 3(9.7)
Neutropenia 12 (30.8) 1(2.3) 13 (41.9) 8(20.5) - 5(16.1)
Febrile neutropenia 1(2.6) - - 1(26) - -
Peripheral neuropathy 28(71.8) 10 (22.7) 17 (54.8) 1(26) 1(23) -
Hypertension 29 (74.4) 25 (56.8) 11(35.5) 16 (41.0) 13(29.5) 5(16.1)
Proteinuria 13(333) 12(27.2) 7(22.6) 4(103) 6(13.6) 4(129)

phase 3 study in patients with HER2-positive LR/MBC who received docetaxel and trastuzumab with
or without bevacizumab in which no significant difference in median PFS was observed between
treatment arms (PFS 16.5 vs. 13.7 months, respectively) [21]. It is noteworthy that docetaxel every three
weeks was used in that study, whereas preclinical evidence indicates that not every chemotherapeutic
drug will have its efficacy enhanced by the addition of a VEGF-targeting drug. Paclitaxel is one of the
drugs which antitumor activity is augmented when combined with bevacizumab [15]. Accordingly,
in patients with HER2-negative LR/MBC, the absolute PFS benefit from bevacizumab added to weekly
paclitaxel over paclitaxel alone in the Eastern Cooperative Oncology Group 2100 study (PFS 11.8 vs.
5.9 months; hazard ratio 0.60; p <0.001) was greater than the gain achieved from bevacizumab added
to docetaxel versus docetaxel alone, as reported in the‘Avastin and Docetaxel’ (AVADO) study (PFS 10.1
vs. 8.2 months; hazard ratio 0.77; 95% Cl 0.64-0.93) [16,17], suggesting greater activity of bevacizumab
when added to weekly paclitaxel than when added to docetaxel every three weeks.

Along with the AVEREL study, two other (although much smaller), single-arm phase 2 trials have
investigated the efficacy and safety of adding bevacizumab to combinations of trastuzumab and
chemotherapeutic agents in the first line treatment of patients with advanced, HER2-positive breast
cancer [22,23]. Those two studies combined trastuzumab and bevacizumab with vinorelbine and
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capecitabine, respectively, and demonstrated a lower median PFS compared with that in our study
(PFS 9.9 and 14.4 months, respectively). The study on vinorelbine was closed early because of toxicity.
The study on capecitabine met the primary endpoint of that study, although the combination with
capecitabine is not standard first line treatment for LR/MBC.

In the adjuvant setting, the ‘Bevacizumab and Trastuzumab Adjuvant Therapy’ (BETH) trial, a phase
3 study of the addition of bevacizumab to a standard regimen with docetaxel, carboplatin, and
trastuzumab, did not demonstrate a benefit from the addition of bevacizumab [24]. Recently, phase
2 neoadjuvant trials demonstrated high pathologic complete response rates (range 54-64%) when
bevacizumab was added to standard neoadjuvant regimens [25,26]. However, the results from those
perioperative studies cannot be extrapolated to the treatment of metastatic disease.

Another way to improve outcome is by reducing treatment-induced toxicity. Therefore, we also
explored the option of delaying the start of chemotherapy by beginning with trastuzumab and
bevacizumab and adding paclitaxel only at the time of disease progression. In that analysis, we
demonstrated that a significant proportion of patients who received treatment with monoclonal
antibodies alone could achieve a durable PFS, i.e.a median PFS1 of 10.4 months and a median response
duration of 26.1 months among those who had an objective response to treatment with trastuzumab
and bevacizumab only. The median PFS1 is in line with the previously mentioned phase 2 study of
combined trastuzumab and bevacizumab, which demonstrated a median time to progression of 9.2
months (95% Cl 5.4-20.4 months) [14]. By comparison, studies on trastuzumab monotherapy as first
line treatment for patients with HER2-positive LR/MBC reported a median PFS of only 3.5 to 3.9 months
[10,11], stressing that bevacizumab probably adds to the activity of trastuzumab in an advanced
setting. To the best of our knowledge, no other studies have been published on a chemotherapy-
free approach with the combination of trastuzumab and bevacizumab. Several non-first line phase
2 studies in the metastatic setting have been performed on dual HER2 blockade using trastuzumab
in combination with either pertuzumab or lapatinib, all of which demonstrated a median PFS of >6
months [27-30].

It is noteworthy that, although ORR, CBR, and PFS values appeared to be lower when we started
treatment with trastuzumab and bevacizumab versus combined trastuzumab, bevacizumab, and
paclitaxel, adding chemotherapy at the time of disease progression in the HA-HAT arm yielded a similar
total PFS compared with that in the HAT arm. Furthermore, in a substantial number of patients who
progressed while receiving trastuzumab and bevacizumab, adding paclitaxel re-induced objective
responses. Currently, follow-up duration is too short to draw conclusions on OS results.

The toxicity profiles of both regimens seem to be in favor of beginning treatment with bevacizumab
and trastuzumab only and delaying the start of cytotoxic chemotherapy, thereby postponing
chemotherapy-associated toxicities. The large majority of grade >3 AEs in this study were attributable
to treatment with bevacizumab and mainly consisted of hypertension and proteinuria, which,
overall, were easily manageable. Bevacizumab-related toxicities, as demonstrated in other studies,
do not result in decreased quality of life for most patients [31]. One patient died from a spontaneous
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bowel perforation, which is a known complication of bevacizumab, although its reported incidence
in bevacizumab-treated patients with advanced breast cancer is <1% [32]. We did not observe any
suggestion of a difference in quality of life between the two groups. Less therapy-associated toxicity
during HA compared with HAT might have led to decreased quality of life during HAT. Conversely, the
response rates under HA were lower than under HAT, which might lead to decreased quality of life
during HA. These compensatory explanations might have outweighed each other. Furthermore, the
number of returned questionnaires was quite low for unknown reasons. This hampers our ability to
draw firm conclusions.

Adding endocrine therapy to the combination of trastuzumab and bevacizumab was not allowed in
our study. The results might have been even better if endocrine therapy had been added for patients
with hormone receptor positive disease.

With publication of the ‘Clinical Evaluation of Pertuzumab and Trastuzumab’ (CLEOPATRA) trial
indicating a median overall survival benefit of 15.7 months for the combination of trastuzumab,
pertuzumab, and docetaxel compared with combined trastuzumab and docetaxel, this regimen has
become the standard first line therapy for patients with HER2-positive metastatic breast cancer [9].
When taking into account the solid phase 3 data from the CLEOPATRA trial and the favorable toxicity
profile of pertuzumab, compared with bevacizumab, it is unlikely that further phase 3 trials on the
combination of bevacizumab, trastuzumab, and chemotherapy will be performed. The results from
our study, however, indicate that the concept of starting with a chemotherapy-free approach using
only biologics is an approach that deserves further study. New trials of chemotherapy-free treatments
should incorporate newer HER2-targeted agents, such as pertuzumab, trastuzumab-emtansine,
novel agents, and also endocrine therapy in hormone receptor positive patients. Preclinical evidence
suggests that the combination of trastuzumab, pertuzumab, and bevacizumab is very active [33].
Obviously, randomized controlled trials investigating combinations of targeted agents (with and
without bevacizumab) and endocrine therapy (in hormone receptor positive patients) followed
by the addition of chemotherapy at the time of progression as first line treatment for patients with
HER2-positive metastatic breast cancer would be interesting. Results on the efficacy of combined
trastuzumab and pertuzumab without chemotherapy will follow from the ongoing PERNETTA
trial (a randomized phase 2 trial of pertuzumab in combination with trastuzumab with or without
chemotherapy, both followed by trastuzumab emtansine, in patients with HER2-positive MBC;
clinicaltrials.gov no. NCT01835236) and GCC 1303 trial (trastuzumab and pertuzumab with hormone
therapy or chemotherapy in women aged >60; clinicaltrials.gov no. NCT02000596).
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CONCLUSION

In summary, both the HAT combination and the sequential treatment starting with a chemotherapy-
free approach using HA followed by adding paclitaxel at progression seem to be active regimens in
patients who have HER2-positive metastatic breast cancer. The results from this study strongly suggest
that bevacizumab adds clinically relevant antitumor activity to certain trastuzumab-based regimens.
In particular, a sequential approach with bevacizumab and trastuzumab and delaying the start of
cytotoxic chemotherapy is worth further exploration in studies that incorporate newer HER2-targeted
agents along with endocrine therapy in patients who have hormone receptor positive disease.
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ABSTRACT

The bone is the most common site to which breast cancer metastasises. Recently, denosumab, a fully
human monoclonal antibody that binds to receptor activator of nuclear factor kappa-B ligand (RANKL)
has been developed as a new targeted bone therapy. In a large randomized phase 3 study with a head-
to-head comparison of denosumab to zoledronic acid in patients with bone metastases of breast
cancer, denosumab significantly delayed the time to first skeletal related event. In the adjuvant setting
denosumab significantly increased bone mineral density compared to placebo in a phase 3 study in
patients treated with aromatase inhibitors. Preclinical data suggest an effect of denosumab on tumor
growth and even on carcinogenesis. This review describes the current indications for denosumab
in the various settings of breast cancer treatment, with special attention for efficacy, short and long
term toxicity and other relevant issues for clinical practice. Furthermore possible and necessary future

research questions are proposed.
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INTRODUCTION

The bone is the most common site to which breast cancer metastasises (up to 70%) [1]. Although
bone metastases can be asymptomatic for years, the occurrence of skeletal related events (SREs),
which are defined as pathological fractures, necessity for radiation or surgery due to (threaten) spinal
cord compression or hypercalcemia due to bone metastases, has a negative impact on patients’
quality of life and generally portends a worse prognosis [2,3]. Since the life expectancy of metastatic
breast cancer patients has increased over the years, preventing SREs have become a major challenge
in optimizing the care for these patients.

For years, bisphosphonates have been the cornerstone for the prevention and management of SREs,
especially in patients with metastatic breast cancer. Recently, denosumab, a fully human monoclonal
antibody that binds with high affinity and high specificity to receptor activator of nuclear factor
kappa-B ligand (RANKL), has been developed as a new targeted bone therapy [4]. In this review we
will describe denosumab within the breast cancer population in more detail, with special attention
for efficacy, short and long term toxicities and other issues relevant for clinical practice. Furthermore,

possible and necessary research questions are proposed.

The RANK-RANKL system in bone metastases

In physiological circumstances, the bone undergoes constant remodeling, resulting from the
tightly controlled balance between osteoblast and osteoclast activity. The ratio between RANKL
and its physiological antagonist osteoprotegerin is crucial in maintaining this balance and thereby
controls bone health. RANKL is a member of the tumor necrosis factor (TNF) superfamily and is
produced by the osteoblasts. After releasing into the bone micro-environment, RANKL binds to its
receptor RANK, which is expressed by immature osteoclasts and initiates maturation to activating
osteoclasts by signaling through the nuclear factor kappa-B and Jun N-terminal kinase pathways [4].
As a consequence of RANKL production, bone resorption will occur. On the contrary, excessive bone
resorption is prevented by the decoy receptor osteoprotegerin, also produced by osteoblasts, that
binds to RANKL thereby preventing its binding to RANK [5]. The extent of bone resorption is thus
regulated via osteoclast formation and activity through the coordinated expression of RANKL and
osteoprotegerin.

In patients with a solid tumor and bone metastases, increased expression of both RANKL and
osteoprotegerin can occur [6]. This increased expression of RANKL or osteoprotegerin is induced by
osteotropic factors, produced by cancer cells, such as parathyroid hormone, parathyroid hormone
related peptide, 1,25-dihydroxyvitamin D3, and prostaglandins. The local balance between RANKL
and osteoprotegerin determines whether bone metastatic lesions have a lytic or blastic appearance
on radiographic images [6]. A disproportional high level of RANKL will lead to lytic lesions, while a
disproportional high level of osteoprotegerin will lead to blastic lesions.

Bone metastases in breast cancer are predominantly osteolytic [7]. The reason for that is that
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parathyroid hormone related peptide is probably the most important factor produced by breast
cancer cells, which leads to increased RANKL expression that activates osteoclasts causing enhanced
bone resorption [8]. Besides bone resorption, activated osteoclasts also activate release of growth
factors from the bone matrix that stimulate tumor growth and bone destruction [9]. This reciprocal
interaction between breast cancer cells and the bone micro-environment results in a vicious circle

that increases both bone destruction and the tumor burden (Figure 1).
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Figure 1. The vicious circle of bone metastases in breast cancer. Breast cancer cells (BC) produce parathyroid
hormone related peptide (PTHrP) and other osteotropic factors which lead to increased expression of RANKL and
decreased expression of the decoy receptor osteoprotegerin (OPG) by osteoblasts, resulting in increased binding
of RANKL to the RANK receptor, which is expressed by immature osteoclasts. Increased RANK-RANKL interaction
leads to increased activation of osteoclasts which has a direct effect on bone resorption (lytic lesions), but also
activates production and release of bone derived growth factors, which stimulate tumor growth.
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Figure 2. Working mechanism of denosumab. Denosumab specifically binds to RANKL. Like osteoprotegerin, this
prevents binding of RANKL to RANK on osteoclasts and inhibits the downstream signaling that induces osteoclast
activation, leading to reduction of bone resorption and disruption of the vicious circle of bone metastases.
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Denosumab

Denosumab is a fully human monoclonal antibody (IgG2) that specifically binds to human RANKL.
Like osteoprotegerin, this prevents activation of the receptor RANK on osteoclasts and inhibits the
downstream signaling that induces osteoclast activation, migration and differentiation and so reduces
bone resorption [4] (Figure 2).

Denosumab has been developed for subcutaneous (sc) administration, and shows a non-linear, dose-
dependent pharmacokinetic, so that the drug is detected in peripheral blood samples within one
hour and up to nine months after one single dose [10,11]. This leads to a mean elimination half-life of
denosumab of 28 days and a steady state which is reached by six months (Amgen Inc. Denosumab:
full prescribing information. http://pi.amgen.com/united_states/xgeva/xgeva_pi.pdf (accessed 22
June 2012)).

Compared to denosumab, bisphosphonates differ greatly in terms of the administration route
as well as the pharmacokinetics. Although oral administration of bisphosphonates is possible, the
poor absorption makes intravenous administration necessary to ensure sufficiently high dose of
bisphosphonates to prevent SREs in the advanced setting. Once in the circulation, bisphosphonates
are directly cleared from the blood by binding to hydroxyapetite in the bone matrix. As a consequence,
24h after a single dose of zoledronic acid, less than 1% can be measured in the blood.

DENOSUMAB IN ADVANCED BREAST CANCER

Efficacy and tolerability of denosumab in advanced breast cancer patients

Denosumab was originally approved for the treatment of postmenopausal osteoporosis as well as
bone loss in patients receiving adjuvant aromatase inhibitor therapy for early breast cancer or androgen
deprivation therapy for non-metastatic prostate cancer. Recently, three large randomized phase 3
studies with a head-to-head comparison of denosumab to zoledronic acid in patients with bone
metastases of breast, prostate and all other solid tumors (and multiple myeloma), showed denosumab
to be non-inferior to zoledronic acid for preventing first on-study SREs [12-14]. In the study on breast
cancer patients with bone metastases (n = 2,046), denosumab (120 mg every four weeks) significantly
delayed time to first on-study SRE by 18% (HR 0.82; 95% Cl 0.71-0.95, p = 0.01 (superiority)) compared to
zoledronic acid (4 mg every four weeks). The median time to first on study SRE was 26.4 months for the
zoledronic acid group and had not yet been reached for the denosumab group. Denosumab was also
superior compared with zoledronic acid in delaying time to first and subsequent on-study SREs (HR 0.77;
95% (1 0.66-0.89, p=0.001) [14]. No differences in overall survival or disease progression were observed
between the two study groups. Although the study was initially designed as a non-inferiority study with
time to first on-study SRE as primary endpoint, superiority criteria were prespecified in the protocol [14].
In general the tolerability of denosumab was acceptable and quite well comparable with the side
effects of zoledronic acid. Acute-phase reactions characterized by fever, myalgia and bone pain within
the first three days of treatment were observed in a slightly lower percentage of patients treated with
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denosumab (8.7%) compared to those treated with zoledronic acid (20.0%) [12-14]. Hypocalcemia
was more frequent with denosumab than with zoledronic acid (9.6% vs. 5.0%), despite the fact that all
patients were encouraged to take calcium and vitamin D supplements. Although, most episodes of
hypocalcemia were generally mild, easily managed and rarely required hospital admission, fatal cases
of hypocalcemia have been reported. Therefore it is advised to correct pre-existing hypocalcemia
prior to the start of denosumab treatment and to monitor calcium levels while on treatment and
administer calcium, magnesium, and vitamin D if necessary (Amgen Inc. Denosumab: full prescribing
information. http://pi.amgen.com/united_states/xgeva/xgeva_pi.pdf (accessed 22 June 2012)).
Moreover, the calcium levels should be monitored more frequently when denosumab is administered
in combination with calcium lowering drugs or in patient with pre-existent impaired renal function
due to an increased risk of hypocalcemia.

The most important adverse event associated with the use of bisphosphonates in oncology is
osteonecrosis of the jaw (ONJ). This seems also the case for denosumab. In the three large prospective
phase 3 studies among patients with metastatic bone disease, comparing denosumab with zoledronic
acid, regular oral assessment was incorporated [12-14]. In all three studies, a similar proportion of
denosumab-treated and zoledronic acid-treated patients developed ONJ (1.8 vs. 1.3%, respectively)
[15]. In total, 89 confirmed cases of ONJ occurred among 5,677 patients who received one or more
doses of either agent. However, the median time period of patient participation in the study was only
approximately two years. Since studies have shown that ONJ can still occur after a longer duration of
bisphosphonate treatment and that the incidence seems to increase with time to exposure [16,17], the
low percentages of ONJ described by Saad et al. [15] could be an underestimation. As a consequence,
longer follow-up is necessary to draw final conclusions.

ONJ is a serious complication which is a real challenge for the physician who has seldom experience
with this rare event. Detailed recording of the severity and the course of the ONJ by Saad et al. [15]
gave relevant information on the true incidence and outcome of this condition. ONJ was diagnosed
as early as four months after the start of the bone-targeting agents or at 30 months at the latest. Over
half of the patients (54%) were treated conservatively using analgesics or antibiotics. Approximately
41% of the patients underwent limited surgical intervention (sequestrectomy, extraction or superficial
debridement) with only 4 of 89 patients (4%) requiring resection of the necrotic bone. The symptoms
lasted a median duration of 14 months and resolved (defined as mucosal coverage of the exposed
bone) in 36% of patients (29.7% for zoledronic acid and 40.4% for denosumab) [15].

In the search for potential risk factors, tooth extraction (while on treatment) was a major risk factor for
developing ONJamong patients treated with denosumab. As a consequence, itis currently advised to
perform an oral examination and appropriate preventive dentistry prior to the initiation of denosumab
treatment as well as periodically during denosumab treatment. Patients must be informed about oral
hygiene practices and invasive dental procedures should be avoided whenever possible (Amgen Inc.
Denosumab: full prescribing information. http://pi.amgen.com/united_states/xgeva/xgeva_pi.pdf
(accessed 22 June 2012)).
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A key difference between the safety profiles of denosumab and zoledronic acid is the lack of renal
toxicity of denosumab. Since denosumab is a monoclonal antibody, clearance is likely to occur via
the reticulo-endothelial system, resulting in normal dosing of denosumab in the presence of renal
(or hepatic) failure. In the randomized phase 3 trial comparing denosumab with zoledronic acid in
advanced breast cancer patients the incidence of renal toxicity was less frequent with denosumab
than with zoledronic acid (adverse events potentially associated with renal toxicity 4.9 vs. 8.5%,
respectively and serious renal adverse events 0.9 vs. 1.5%, respectively). Moreover, in patients with
baseline renal clearance between 30-60 ml/min, the renal adverse events were only 5.9% with
denosumab compared to 20% with zoledronic acid [14]. Denosumab can thus be administered in
case of renal impairment and can be administered concomitantly with nephrotoxic chemotherapy.
Moreover, it does not require dose-adjustment for reduced creatinine clearance and obviates the
need for assessment of the patient’s renal function before each denosumab dose (Amgen Inc.
Denosumab: full prescribing information. http://pi.amgen.com/united_states/xgeva/xgeva_pi.pdf
(accessed 22 June 2012)).

Remaining issues to be addressed

From the currently published data, denosumab as a bone modifying agent seems to be a valuable
drug in the aim to prevent SREs in breast cancer patients suffering bone metastases. Nevertheless,
many questions still remain.

The first issue concerns the optimal duration of denosumab treatment. Until now, the phase 3
trials in patients with bone metastases examined a monthly dose of 120 mg denosumab with the
longest median duration on treatment 17 months [14]. A possible concern could be the risk of long
term toxicity. Potential benefits should be weighed against potential side effects from continuing
denosumab beyond two years of treatment until more mature data are available.

Second, the question what the optimal treatment is after developing a SRE while on denosumab
treatment. In the current studies, denosumab has just been continued, however, it could be argued
that in these patients the activated RANK/RANKL system is not repressed well enough. Patient-tailored
treatment (see below) might be an option to further explore this possibility. Alternatively, other
mechanisms than the activated RANK/RANKL pathway could be responsible for developing SREs, Src
activation being one of these. Src is a membrane-associated non-receptor tyrosine kinase with a pivotal
role in all kinds of cellular functions and also plays an essential role in the activation of osteoclasts [18].
Dasatinib, an oral tyrosine kinase inhibitor, which targets among others Src tyrosine kinase has shown
potent anti-resorptive bone activity as well as inhibition of osteoclast proliferation in rat models.
Moreover, two trials are currently ongoing to evaluate the role of dasatinib either alone orin combination
with zoledronic acid among breast cancer patients with bone metastases (http://www.clinicaltrials.gov.
Identifiers NCT00566618 and NCT00410813). Thus, further study is needed to find the optimal treatment
once patients have developed SREs while on monthly denosumab treatment.

Third, the issue whether denosumab can be used directly after pre-treatment with bisphosphonates.
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Breast cancer patients with bone metastases are nowadays almost always treated with intravenous
bisphosphonates. In case renal function deteriorates, a switch to denosumab could theoretically
be considered. Since both drugs have a long elimination half-life, the question is whether a switch
from a bisphosphonate to denosumab would lead to increased toxicity which for example has been
described for patients treated with intravenous pamidronate who were switched to intravenous
zoledronic acid (e.g. increased percentages of ONJ) [17].

Recently the results of the two year open label extension treatment phase of the earlier mentioned
phase 3 trial in bone metastatic breast cancer were reported [19]. All patients who remained on
treatment after a median time on study in the phase 3 trial of 17 months were offered open-label
denosumab in a prespecified two year extension treatment phase (n = 752). Eighty-nine per cent of
the patients chose to receive open label denosumab. Patients who did not participate in the open-
label treatment were followed for survival every twelve weeks for up to two years after their last dose
of investigational product in the double-blinded treatment phase. The total median cumulative
denosumab exposure was 19.3 months (range 0.9-59.8 months). Adverse events were comparable
between the two groups. An additional 20 patients in the denosumab group and 18 patients in the
group, who received zoledronic acid in the double-blinded phase of the study, reported osteonecrosis
of the jaw, resulting in a cumulative incidence for the entire study period of 4.7% for denosumab
treated patients and 3.5% for patients treated with denosumab after treatment with zoledronic acid.
Overall survival was similar between groups over the entire study.

Based on these data, switching from bisphosphonates to denosumab treatment seems to be safe and
well tolerated, although the number of patients treated are small and the treatment duration was only
short. Therefore, abstention in switching patients from bisphosphonates to denosumab is advised,
until more mature safety and efficacy data are available in this particular setting.

Finally, the theoretical concern that denosumab could be associated with an increased risk of
opportunistic infections. Besides the expression in bone, RANKL and RANK are also expressed by
activated T- and B-lymphocytes, and dendritic cells and is thereby involved in the regulation of the
immune system [20,21]. Since denosumab binds to RANKL in general, it could be hypothesised that
inhibition of RANKL expressed by cells of the immune system could alter the immune function.
Preclinical data have indeed suggested that the RANKL-RANK interaction modifies immune responses
in specific tissues such as the skin. A recent meta-analysis of three randomized clinical trials among
postmenopausal women with low bone mass treated with denosumab or placebo (total number of
patients: n = 996) reported a significantly increased risk of infections, that required hospitalisation (OR
4.5, p=0.03) for those women treated with denosumab [22-24]. This meta-analysis did not incorporate
safety data on the large pivotal FREEDOM trial, which randomized postmenopausal women with low
bone mass to denosumab or placebo [25]. In a post hoc analysis, the incidence, type, and details
in individual subjects (n = 7,808 women) of adverse events of infections were investigated [26].
The overall incidence as well as percentage of serious infections was similar between the placebo
and denosumab groups (544 vs. 52.9%; p = 0.17 and 3.4 vs. 4.1%; p = 0.14 respectively). However,
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serious adverse events in terms of cellulitis and erysipelas resulting in hospitalisation occurred more
frequently with denosumab compared to placebo, although the number of events was low (n= 15
(0.4%) vs. n =3 (<0.1%); p <0.05) [26].

Inthe three large prospective phase 3 studies among patients with metastatic bone disease, comparing
zoledronic acid with denosumab, in which the concentration of denosumab is much higher (120 mg
every month continuously) than compared to doses given for osteoporosis, special attention was paid
to the occurrence of infectious adverse events. In the trial with advanced breast cancer patients there
were no differences between the zoledronic acid and denosumab group in percentage of infectious
adverse events (48.8 vs. 46.4, respectively) as well as percentage of infectious serious adverse events
(8.2 vs. 7.0, respectively), however skin infections were not separately mentioned [14]. The same holds
through for the other two phase 3 trials [12,13]. Taken together, there is no increased risk of infections
in general in patient with bone-metastatic solid tumors treated with denosumab 120 mg monthly
compared to zoledronic acid. However, based on the results of the larger series with lower doses of
denosumab in the treatment of osteoporosis the risk of serious infectious of the skin at higher doses

is still a matter of uncertainty.

Patient-tailored treatment

Currently, the main aim of using denosumab in breast cancer patients with bone metastases is to
prevent SREs by suppressing osteoclast activity, thereby impairing bone resorption. Although
complete inhibition of osteoclast activity might be considered most effective in preventing SREs, a
patient-tailored denosumab treatment with a more controlled inhibition of osteoclast activity seems
far more desirable. By such an approach, less denosumab might be necessary for many patients
thereby ameliorating adverse events and decreasing costs.

Non-invasive measuring of bone resorption markers, such as N-telopeptide and C-telopeptide, might
be useful tools both for identifying patients at risk of developing SREs and for monitoring response to
therapy. The levels of bone markers in patients with breast cancer seem to correlate with response to
bone modifying agents, the risk of developing SREs, bone metastases progression and prognosis [27-29].
Moreover, among breast cancer patients normalization of bone markers with zoledronic acid within 111
days of follow-up reduces the risk of SREs (RR=0.51;95% Cl 0.33-0.78) and overall survival (RR=0.52; 95%
C10.34-0.78) compared to those patients in which bone markers did not normalise [30].

Since the bone resorption marker urinary N-telopeptide (UNTx) normalized for urinary creatinine
(UNTX/Cr) correlates with osteoclast activity, this marker has been used to provide the optimal
dose of denosumab for clinical use. Model-based pharmacodynamic analyses from six clinical trials
investigating denosumab for the prevention of SREs in patients with cancer and bone metastases,
came up with denosumab 120 mg administered every 4 weeks as the standard dose because this
resulted in a normalizations of uNTx/Cr (i.e. <50 nM/mM) in over 95% of the subjects [31]. Interestingly,
approximately 56% of the subjects with denosumab 30 mg administered every four weeks had an
undetectable low uNTx/Cr (i.e. <1 nM/mM), compared to 64% for those administered denosumab
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120 mg. This suggests that in more than half of the patients a 30 mg dose is enough to inhibit
osteoclast activity sufficiently.

Moreover,in a study in which 111 patients with breast, prostate or other solid cancers were randomized
to subcutaneous denosumab 180 mg every four weeks or every twelve weeks, or continued
intravenous bisphosphonate therapy (every four weeks) for 25 weeks, all patients had elevated uNTx
levels at screening despite ongoing treatment with intravenous bisphosphonates [32]. After twelve
weeks, the proportion of patients achieving normalized uNTx levels (defined as an uNTx/Cr <50 nM/
mM) was significantly greater among individuals who received denosumab every four weeks (78%;
p <0.001) and every twelve weeks (64%; p <0.005) than in those treated with bisphosphonates (29%)
[32]. These data suggest that at least for a substantial proportion of the patients (64%) a longer (twelve
weeks) interval in between denosumab administrations is feasible. Finally, the duration of suppression
was dose dependent. In a phase 1 study in cancer patients with bone lesions, a single subcutaneous
dose of denosumab (0.1, 0.3, 1.0 and 3.0 mg/kg) led to a decrease in uNTx/Cr levels of up to 58% in
patients with breast cancer one day after dosing. Administration of doses of >0.3 mg/kg provided
sustained reductions throughout the study period of twelve weeks [11]. Taken together these data
plead for patient-tailored approach with the use of biochemical markers to monitor the degree of
bone resorption to guide denosumab treatment rather than treating all patients with the currently
licensed and recommended fixed once monthly dose of 120 mg subcutaneous denosumab. This
should however first be tested in a randomized clinical trial to ensure similar efficacy in reducing SREs
of both dose schedules.

DENOSUMAB IN EARLY BREAST CANCER

Denosumab effective against cancer-therapy induced bone loss (CTIBL)?

Patients with breast cancer often develop bone loss secondary to cancer treatment itself. Several
mechanisms of bone loss due to cancer treatment have been identified. Firstly, there is bone loss as
a result of estrogen deprivation. In premenopausal women bone density loss averages 8% in the first
year of treatment with premature ovarian suppression due to chemotherapy induced amenorrhea
[33]. Secondly, there is bone loss due to endocrine anticancer therapies. The effects of tamoxifen,
a selective estrogen receptor modulator (SERM), on bone are dependent on the actual physiologic
estrogen concentration. Tamoxifen causes bone loss in premenopausal women, but is bone
protective in postmenopausal women [34]. Aromatase inhibitors in postmenopausal women lower
the estrogen level by suppressing the conversion of androstenedione to estradiol. As a consequence
of the estrogen deprivation, on average a 2.6% loss of bone density in the first year of breast cancer
treatment has been found [35]. In contrast, bone loss during natural menopause is typically 1% per
year. Finally, chemotherapies and supportive drugs, such as steroids, affect bone density directly or do
so indirectly. Chemotherapy treatment causes bone loss by directly damaging bone architecture or
inducing early menopause in premenopausal women.
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The role of denosumab in preventing aromatase inhibitor induced bone loss has been studied in
the Hormone Ablation Bone Loss Trial in Breast Cancer (HALT-BC) study [24]. This trial examined the
efficacy of denosumab (60 mg sc every six months for two years) vs. placebo for preventing bone loss
among 252 postmenopausal women with early-stage breast cancer who were receiving an aromatase
inhibitor. After 24 months of follow-up, a significant difference of 7.6% in lumbar spine bone density of
patients treated with denosumab compared to placebo was found. Similarly, a significant difference
of 4.7% was detected in total hip bone density in advantage of the denosumab treated group.
Although the results of this trial were promising, the results of the large Austrian Breast and Colorectal
Cancer Study Group Trial 18 (ABCSG18-trial; http://www.clinicaltrials.gov. Identifier: NCT00556374)
have to be awaited. In this ongoing trial approximately 3,460 postmenopausal breast cancer patients
receiving adjuvant aromatase inhibitor therapy will be randomized between denosumab (60 mg sc
every six months) and placebo, with time to first clinical fracture as the primary endpoint. This study
will provide the essential information on fracture rates, disease recurrence, and long term data safety
to decide whether or not denosumab treatment could be given in this setting.

Denosumab effective in preventing (bone)metastases?

The“seed and soil”hypothesis of cancer metastases was proposed over a century ago, and stated that
cancer cells (the seed) are only able to become metastases in organs where the micro-environment
(the soil) permissive the growth of these cancer cells (the seed) [36]. Osteotropic cancer cells express
several proteins that are thought to specifically adhere to surface markers expressed by bone marrow
endothelial cells. One of these proteins is supposed to be RANK by which it interacts with the
RANKL expressed on bone stromal cells. Interestingly, RANKL may also be involved in the epithelial-
mesenchymal transitions, invasion and homing of tumor cells to bone [37].

It could therefore be speculated that by altering the micro-environment of the bone by interfering
the RANKL/RANK system, the development of bone metastases could be postponed or even be
prevented and maybe also dissemination to other organs. Denosumab is a specific inhibitor of the
RANKL pathway for osteoclast activation and function but is primate-specific and thus cannot be
tested in rat models of bone metastases. In animal models, inhibition of RANKL activity is achieved by
binding to recombinant antibody constructs of either osteoprotegerin-Fc or RANK-Fc [38]. In animal
models with advanced breast cancer, RANKL inhibition reduces the burden of tumor in bone [39].
Moreover, in another breast cancer mouse model, inhibition of the RANKL pathway prevented tumor
progression and increased survival [40]. Finally, treatment of transgenic mice with RANK-Fc significantly
decreased development of spontaneous lung metastases [41]. As such denosumab administration in
humans could reduce rates of distant metastases by manipulating the bone micro-environment or
potentially by a direct antitumor effect.

A large phase 3 randomized controlled trial among men (n = 1,432) with castration resistant prostate
cancer indeed showed that denosumab (120 mg sc every four weeks) significantly delayed the onset
of detectable bone lesions compared to placebo (33.2 vs. 29.5 months; HR 0.85; 95% Cl 0.73-0.98; p =
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0.028) [42]. Progression free and overall survival did not differ between the groups, suggesting that
inhibiting bone resorption alone might be insufficient to prevent the subsequent development of
metastases outside the bone. Denosumab is also being evaluated in the adjuvant setting among
breast cancer patients in an ongoing trial (D-CARE trial; http://www.clinicaltrials.gov. Identifier:
NCT01077154). In this trial 4,500 women with high-risk early breast cancer (stages Il and Ill) will be
randomized to denosumab or placebo for five years. The primary endpoint compares bone metastases
free survival between denosumab and placebo. Secondary endpoints include disease free and overall
survival and distance recurrence-free survival. The D-CARE trial has accrued more than 4,000 patients
thus far, with no significant safety concerns to date, and will provide more data on the possible role of
denosumab as adjuvant therapy to prevent bone metastases as well as potential adverse events with
longer term treatment.

Of particular interest would be to test the efficacy of denosumab in a group of patients at high risk
of developing bone metastases. Accordingly, in the near future a non-randomized phase 2 study
will be started in women with early breast cancer with a significant number of disseminated tumor
cells in the bone marrow after (neo)adjuvant chemotherapy (http://www.clinicaltrials.gov. Identifier:
NCT01545648). These patients will receive denosumab for one year. Primary endpoint is reduction of
bone marrow disseminated tumor cells at six and twelve months of treatment, compared to baseline.
Another possibility of preselecting a group of patients with a high risk of developing bone metastases
could be by using a genetic signature of the primary tumor [43].

DENOSUMAB EFFECTIVE AGAINST BREAST CARCINOGENESIS?

Progesterone is an important risk factor for breast carcinogenesis. From large epidemiological studies
it became clear that postmenopausal women on hormone replacement therapy have an increased
risk of developing breast cancer when taking combined estrogens and progestins, however not
when taking estrogens alone [44]. The precise mechanism through which progesterone could case
carcinogenesis is however unclear. Recently, preclinical research has shed new light on this issue, by
the observation that progesterone was found to play an indirect role in carcinogenesis via the RANKL/
RANK system.

Normal breast development in the mouse involves hormonal stimulation of a differentiated
progesterone-receptor positive luminal epithelial cell population, as well as a progesterone-
receptor negative (basal) stem cell population [45,46]. Progesterone-receptor positive luminal cells
express RANKL in response to progesterone. RANKL on its turn binds to RANK on progesterone
negative (basal) stem cells causing proliferation of these stem cells, i.e. increasing their number
as well as their regenerating activity. By using a combination of progesterone derivate (progestin
medroxyprogesterone acetate) and a well-known mutagenic agent (7,12-dimethylbenz(a) anthracene
(DMBA)), mammary carcinomas could be induced in mice, a process fully regulated by the RANKL-
RANK system. Overexpression of RANK by means of a mouse mammary tumor virus (MMTV)-driven
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transgenic accelerated hyperplasia but also tumor formation. Pharmacological inhibition of RANKL in
the mammary epithelium decreased incidence and delayed onset of carcinogenesis in this system
[38]. An important question is whether denosumab has an anti-carcinogenesis effect in the clinical
setting, as is reported in preclinical models for recombinant antibody constructs of RANK-Fc in animals.
Immunostainings of human breast cancers reveal that RANKL is expressed in 11% of human tumors,
whereas RANK was detected in 6% of tumors. There is no evidence for co-localization within the
epithelium for receptor and ligand but expression of RANKL is found in some stromal cells [41]. This
raises the possibility that the scenario is more complex in human breast cancer than in the present
mouse tumor models with infiltrating immune cells providing the ligand.

In the earlier mentioned meta-analysis of three randomized clinical trials among post-menopausal
women (n = 996) with low bone mass no significant decrease in cancer risk was seen in the patients
treated with denosumab compared to placebo [22]. Also in the FREEDOM trial (n = 7,868), comparing
denosumab with placebo in postmenopausal women with low bone mineral density, no differences
were seen between the group in the incidence of malignancies [25]. Similarly, in the HALT-BC trial (n =
252), comparing denosumab vs. placebo in women with non-metastatic breast cancer and low bone
mass who were receiving adjuvant aromatase inhibitor therapy, no new primary breast cancers were
seen in both groups [24]. Finally, in the earlier mentioned trial among patients with bone metastases
of breast cancer and the trial of bone metastases from other solid tumors or multiple myeloma,
comparing denosumab with zoledronic acid, again no significant differences in the development of
new primary cancer were seen (respectively 0.5 vs. 0.5% and 0.3 vs. 0.6%; p = 0.73) [13,14].

Taken together, the potential effects of denosumab on the carcinogenesis of the breast are currently
unknown. However, based on the current clinical (indirect) evidence the preventive effect of
denosumab on carcinogenesis, if any, seems relatively small. Further maturation of the safety data of
the above mentioned trials and the results of the earlier mentioned currently ongoing ABCSG-18 and
D-CARE study have to be awaited before definite conclusions can be drawn.

CONCLUSION

Denosumab is an interesting new member in the group of the bone-modifying agents with very
promising results in breast cancer patients with bone metastases. Nevertheless, several questions
still remain which have been discussed in this review. The most urgent question for tomorrows'
daily practice is where to place denosumab relating to bisphosphonates. The ASCO clinical practice
guidelines has recently been updated and recommend either denosumab or bisphosphonate therapy
and state that there is currently insufficient evidence to demonstrate that one bone-modifying agent
is to be preferred over the other [47]. Since no difference in survival was reported in breast cancer
patients treated with denosumab compared to zoledronic acid, the benefit will need to be considered
in reducing morbidity by reducing the risk of SREs and increasing patients’ quality of life measured by
diminished side effects and a more convenient way of administration compared to bisphosphonates.
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Clearly, costs will also be an important factor to consider. Denosumab is significantly more expensive
than e.g. zoledronic acid and might therefore be not cost-effective compared to treatment with
zoledronic acid in preventing SREs [48]. Further research will be essential and investigating whether
patient-tailored denosumab treatment for breast cancer patients with bone metastases is as effective
as fixed dose denosumab is of great value.

Whether the indications for denosumab treatment could be expanded to secondary prevention
(preventing the development of bone metastases) and maybe to anticancer treatment or primary
prevention (prevent development of breast cancer) also, is currently under investigation. The results
of the ABCSG-18 and D-CARE study are eagerly awaited.
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Chapter 9

SUMMARY AND GENERAL DISCUSSION

Introduction

In the Western world, breast cancer is the most commonly diagnosed cancer and the second most
common cause of cancer death in women [1]. The high incidence and prevalence of this disease
makes this disease extremely suitable for scientific research and major advances have been made in
the past decades. Both for early and metastatic breast cancer many new treatment options became
available in the recent years. Unfortunately, all treatment modalities are associated with the risk of
acute and/or late toxicity. Acute toxicity of chemotherapy could for example be manifest as bone
marrow suppression, nausea and vomiting; long term toxicity could manifest as the development of
other (breast) cancers, cardiotoxicity, premature postmenopausal state and osteoporosis. One of the
major challenges in breast cancer research is to increase efficacy of anticancer treatments without
increasing clinical relevant toxicity or to decrease toxicity of anticancer treatment without decreasing
its efficacy.

Impaired DNA repair mechanism related to increased treatment-associated toxicity
BRCAT and BRCA2 (BRCA1/2) mutation carriers have decreased levels of functional BRCAT and BRCA2
proteins, leading to homologous recombination deficiency, resulting in inadequate repair of double
strand DNA breaks. Both ionizing radiation and various chemotherapeutic agents induce DNA damage
by several mechanisms including induction of double strand DNA breaks. Patient with BRCAT/2-
associated breast cancer might therefore be at increased risk for treatment-associated toxicity.

lonizing radiation

BRCA1/2 mutation carriers are at increased risk for the development of breast cancer and once they
developed breast cancer they are at increased risk for the development of a second ipsilateral or
contralateral new primary breast cancer [2-4]. This makes that a possibly increased risk of developing
(primary or second primary) breast cancer as a result of ionizing radiation might be proved easier in
this population.

In Chapter 2 we provide an overview and interpretation of the literature about the risk for the
development of a first and second primary breast cancer as late toxicity of diagnostic and/or
therapeutic ionizing radiation, with special attention for BRCA1/2 mutation carriers. There is a clear
positive radiation dose-risk relation, which is modified by age, whereby young age at exposure is
associated with an increased breast cancer risk. Furthermore, studies suggest a minimal latency period
of 10-12 years before an increased breast cancer risk becomes apparent. For sporadic breast cancer
patients, diagnosed above the age of 45 years, there is no reason to withhold radiotherapy in adjuvant
setting. For younger sporadic patients, however, no definite conclusion can be drawn based on the
current data. Data on the deleterious effects of radiation for the subgroup of BRCA1/2 mutation carriers
are sparse. Nevertheless, for screening purposes there seems to be enough evidence to incorporate
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mammography in breast cancer screening programs for BRCA1/2 mutation carriers, only after the age
of 30 years. For those BRCA1/2 mutation carriers who developed breast cancer above the age of 30
years and opting or breast conserving therapy, there are no hard data regarding a possibly increased
carcinogenic effect of adjuvant radiotherapy with respect to a second primary breast cancer. Caution
with regard to breast conserving surgery and radiotherapy seems warranted in BRCA1/2 mutation
carriers, aged <30 years at breast cancer diagnosis.

We added new data to the important topic of the possible deleterious effects of adjuvant radiotherapy
by increasing the risk of ipsilateral and contralateral breast cancer in BRCA1/2 mutation carriers. In
Chapter 3 we present the results of a single center retrospective cohort study from the Rotterdam
Family Cancer Clinic database. In this study we include all proven or obligate BRCA1/2 mutation carriers
treated at the Erasmus MC Cancer Institute for early stage breast cancer diagnosed between January
1,1980 and January 1,2013 (n=790). Objective of this study was to estimate the influence of adjuvant
radiotherapy for primary breast cancer on the risk of contralateral breast cancer in BRCA1/2 mutation
carriers. Additionally, tendencies in locoregional treatments and rates of contralateral risk-reducing
mastectomy over time were explored. No association between radiotherapy for primary breast cancer
and risk of contralateral breast cancer was observed in the total group, nor in the patients irradiated
before the age of 40 years. Importantly, the number of patients at risk for developing contralateral
breast cancer decreased substantially over time since a large proportion of patients were censored
after contralateral risk-reducing mastectomy or breast cancer recurrence. As a consequence, the
number of patients at risk after 10 and 15 years of follow-up was too small to definitively exclude
harmful effect of radiotherapy on the development of contralateral breast cancer among young
BRCA1/2 mutation carriers. Over the years, increasing preference for mastectomy without radiotherapy
was found ranging from less than 30% in 1995 to almost 50% after 2010. The rate of contralateral risk-
reducing mastectomy increased over the past decades from less than 40% in 1995 to more than 60%
after 2010. Further increase in patients choosing for risk-reducing mastectomy is expected, due to
the increased awareness of breast cancer risks and risk-reducing possibilities in this population, also
called the Angelina Jolie effect [5,6]. These trends in locoregional treatments eventually decreased the
proportion of patients at risk for radiation-induced contralateral breast cancer.

Nevertheless, the question whether adjuvant radiotherapy has deleterious effect on contralateral
breast cancer risk is still important for those patients who want to conserve their (ipsilateral and)
contralateral breast. Moreover, in the nearby future a larger proportion of patients potentially might
opt for breast conserving treatment and abstain from contralateral risk-reducing mastectomy, due to
anincreased use of endocrine therapy as chemoprevention, improved diagnostic imaging techniques
for screening and improved effectiveness of adjuvant systemic therapy. Future research in larger study
populations with minimal follow-up of 10 years is needed to achieve a better understanding of the
true toxic effect of radiotherapy on the contralateral breast cancer risk in BRCA1/2-associated breast
cancer patients.
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Chemotherapy

Besides the possibly increased toxicity of ionizing radiation in BRCA1/2 mutation carriers, one could
also argue that the toxicity of chemotherapy might be increased in these patients, since chemotherapy
causes cell damage by induction of double strand DNA breaks. In Chapter 4 we describe the results
of a single center retrospective cohort study on differences in (neo)adjuvant chemotherapy related
toxicity between BRCAT/2 mutation carriers and sporadic breast cancer patients. For this study we
selected all female patients who were treated at the Erasmus MC with adjuvant or neoadjuvant
chemotherapy for primary breast cancer or local/locoregional recurrence (PBC/LR). Further eligibility
criteriaconcerned: chemotherapy regimen consisting of anthracyclines and/or taxanes, chemotherapy
treatment started between January 1, 2004 and December 31, 2014. In total, 701 patients were
eligible for data-analyses, of whom one BRCAT mutation carrier and two sporadic patients were
treated with two separate episodes of (neo)adjuvant chemotherapy for a PBC/LR during the study
period. 85 patients (12%) were BRCA1/2 mutation carriers (n = 67 BRCAT and n = 18 BRCA2). Primary
outcome was the relative total dose intensity (RTDI), a measure of delivered (actual) dose-intensity
(i.e. administered dose over the total time course of treatment), relative to the planned dose intensity.
The RTDI therefore expresses the effect of reductions, delays as well as premature discontinuations of
a treatment. We found no differences in RTDI (both for anthracyclines and taxanes) between breast
cancer patients with a BRCA1/2 mutation and sporadic breast cancer patients. Furthermore, we found
no differences in the occurrence of febrile neutropenia, in delay of chemotherapy administration
or alteration of the chemotherapy regimen due to toxicity between these groups. This absence of
increased acute toxicity due to (neo)adjuvant chemotherapy in BRCA1/2 mutation carriers, compared
to sporadic breast cancer patients, shows that the DNA damage repair mechanism of non-cancer
cells with only one normal copy of either the BRCAT gene or the BRCA2 gene is sufficiently functional
to handle acute chemotherapy-associated toxicity of currently used chemotherapy regimens. Both
platinum derivatives and PARP inhibitors are increasingly used in BRCA1/2-associated breast cancer
[7-11]. These drugs have a much higher capacity in inducing double strand DNA breaks, compared to
anthracyclines and might therefore induce more toxicity in BRCA1/2 mutation carriers. Further data
on the toxicity of these regimens in BRCA1/2 mutation carriers compared to sporadic patients should
follow from currently ongoing and new studies.

Could toxicity be used to optimize treatment?

Interestingly, toxicity might be associated with efficacy and might therefore be used to increase
efficacy by increasing systemic therapy dose in patients without or with only limited toxicity. Especially
the amount of hematological toxicity in breast cancer patients treated with chemotherapy seems to
be related to efficacy [12-14]. The amount of toxicity could thus be used as a marker in dose escalation
studies. In Chapter 5 we describe the results of a single center prospective study on the feasibility of
neutrophil-guided dosing of anthracycline-cyclophosphamide containing chemotherapy in sporadic
breast cancer patients. Thirty-two patients planned for three-weekly anthracycline-cyclophosphamide
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containing chemotherapy, either in adjuvant or metastatic setting, were enrolled in this study. The first
treatment cycle was administered in a standard BSA (body surface area)-adjusted dose. For patients
with none or mild (CTC grade 0-2) neutropenia and no other dose limiting toxicity, we performed a
10-25% dose escalation of the second cycle with the opportunity to a further 10-25% dose escalation
of the third cycle. Two out of 23 patients (9%) treated with FEC (fluorouracil 500 mg/m?, epirubicin
100 mg/m? and cyclophosphamide 500 mg/m?) did not develop grade 3-4 neutropenia after the
first treatment cycle. Dose escalation was performed in these two patients (30% in one and 15% in
the other patient). During dose escalation, there were no complications like febrile neutropenia. No
patients treated with FAC (fluorouracil 500 mg/m? doxorubicin 50 mg/m?and cyclophosphamide 500
mg/m?) or AC (doxorubicin 60 mg/m? and cyclophosphamide 600 mg/m?) could be escalated, since
all of them developed grade 3-4 neutropenia. We conclude that asymptomatic grade 3-4 neutropenia
is likely to be achieved in the majority of patients with breast cancer treated with anthracycline-
cyclophosphamide-containing chemotherapy according to presently advocated BSA-based dose
levels. Escalation of currently advocated doses of anthracycline-cyclophosphamide-containing
chemotherapy without G-CSF, with a target of grade 3-4 neutropenia, is feasible, but only possible
in a small proportion of patients. Since no other dosing algorithms are available for anthracycline-
cyclophosphamide-containing chemotherapy, BSA-guided dosing remains standard practice at this
moment. For the vast majority of classical cytotoxic anticancer agents, BSA-guided dosing remains
still standard practice. Further research on neutrophil-guided dosing might be useful for other
chemotherapeutic agents. For a number of (oral) targeted agents, flat-fixed dosing and a posteriori
dose reduction in case of severe toxicity is a standard practice. For a small number of targeted
anticancer agents an association between toxicity and efficacy has been found. Increased skin toxicity
of anti-EGFR antibodies is associated with increased response rates in metastatic colorectal cancer
[15]. For adjuvant endocrine therapy it has been suggested that development of toxicity might be
used as a biomarker of better response to therapy [16].

Treatment related toxicity, compliance and therapeutic drug monitoring

Bothersome toxicity of anticancer agents, influencing quality of life, might be a reason for early
discontinuation of treatment. For adjuvant endocrine therapy, which often has to be used for
years, it has been found that, despite their proven benefit, adherence to and persistence with
the medications is poor [17]. Therapy adherence, change in environmental factors and possibly
resistance mechanisms might influence the systemic exposure over time. The best way forward for
individualization of tamoxifen therapy seems to be therapeutic drug monitoring (TDM). The often
used method of TDM by serial measurements of plasma concentrations of drugs and/or metabolites
over time might be difficult to incorporate in clinical practice. A method, which gives (in retrospect)
information about the course of concentrations of anticancer drugs (and its metabolites) over time,
could be the measurement of these concentrations in scalp hair, which gives the opportunity to
study the historic pattern of drug concentrations (depending on the length of hair collected), which
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makes serial venous blood collections unnecessary [18]. In Chapter 6 we describe the validation of
an earlier developed high-performance highly sensitive ultra performance liquid chromatography/
tandem mass spectrometry (UPLC-MS/MS) method for quantification of tamoxifen and its three main
metabolites (N-desmethyl-tamoxifen, 4-hydroxy-tamoxifen, and 4-hydroxy-N-desmethyl-tamoxifen)
in scalp hair. In that study we conclude that measurement of the concentration of tamoxifen and
its main metabolites in hair is possible, with the selective, sensitive, accurate and precise UPLC-MS/
MS method. However for tamoxifen, it seems not possible to determine exposure over time with
segmental analysis of hair, probably largely due to the effect of UV irradiation. Further research
should therefore focus on quantification of other anticancer drugs, in segmental scalp hair, that are
less sensitive to UV irradiation. For studies on therapeutic drug monitoring in patients treated with
tamoxifen, measurement of endoxifen concentrations in plasma remains gold standard.

Prevention and treatment of toxicity

One of the important toxicities of breast cancer treatment is premature bone loss. This therapy-
induced bone loss can develop by a variety of mechanisms: premature ovarian failure due to adjuvant
chemotherapy and/or adjuvant endocrine therapy, lower levels of estrogens by aromatase inhibitors
and the direct influence of chemotherapy and supportive drugs, such as steroids. Furthermore, the
bone is the most common site to which breast cancer metastasizes [19]. The occurrence of skeletal
related events, defined as pathological fractures, necessity for radiation or surgery due to (threaten)
spinal cord compression or hypercalcemia due to bone metastases, has a negative impact on patient’s
quality of life and generally portends a worse prognosis.

For years, bisphosphonates have been the cornerstone for the prevention and management of
both skeletal related events in metastatic breast cancer and cancer-treatment induced bone loss
in early breast cancer [19,20]. Denosumab, a fully human monoclonal antibody that binds to the
receptor activator of nuclear factor kappa-B ligand (RANKL) has been developed as a new targeted
bone therapy, which can be used both in early and metastatic breast cancer [21-23]. In Chapter 7
we describe the current indications for denosumab in the various settings of breast cancer treatment
and concludes that there are still a number of questions to be answered such as where to place
denosumab relating to bisphosphonates, whether patient-tailored dosing, for example based on
markers of bone turnover, is possible and whether there is a place for denosumab in the prevention
of bone metastases or even in the prevention of the development of breast cancer. Important
information on the value of denosumab in the (neo)adjuvant setting will follow from the D-CARE
study (https://clinicaltrials.gov/ct2/show/NCT01077154).

Postponing (cyto)toxic therapy an option in HER2-positive metastatic breast cancer?
Once patients develop metastatic breast cancerorlocal recurrence without surgical or radiotherapeutic
options, treatment is aimed at maintaining or improving quality of life and improving progression
free and overall survival. When treating patients with metastatic breast cancer minimizing toxicity
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is therefore an important goal. For the subgroup of HER2-positive breast cancer, the combination of
trastuzumab and a taxane (either docetaxel or paclitaxel) was standard first line treatment until recently
[24,25]. Progress in this subgroup of patients might be made in different ways. One way could be to
increase efficacy of treatment by adding a new agent, with limited toxicity. Another option could be
to try to decrease toxicity by delaying the start of chemotherapy by adding a second targeted agent
with limited toxicity to trastuzumab and only start chemotherapy at progression under this regimen.
Bevacizumab, a monoclonal antibody against vascular endothelial growth factor (VEGF), could be one
of the possible agents to be used in these strategies [26,27].

In Chapter 8 we describe the results of an open label, randomized, non-comparative, phase 2
study, in which 84 patients were randomized (1:1) between HAT (the combination of bevacizumab,
trastuzumab and weekly paclitaxel) and HA-HAT (the regimen of upfront trastuzumab and
bevacizumab and adding weekly paclitaxel after progression). The progression free rate at 1 year
was 74.4% (95% confidence interval, Cl 61.8-89.4) and 62.2% (95% Cl 49.6-89.4) in the HAT and HA-
HAT arm, respectively. The median progression free survival in the HAT arm was 19.8 months (95%
Cl 14.9-25.6), and the median overall progression free survival in the HA-HAT arm was 19.6 months
(95% ClI 12.0-32.0). In the HA-HAT arm the median progression free survival for treatment with only
bevacizumab and trastuzumab was 10.4 months (95% Cl 6.2-15.0) and the median progression free
survival for treatment with trastuzumab, bevacizumab and paclitaxel after first progression was 8.2
months (95% Cl 7.0-12.6). The median overall survival was 36.8 months (95% Cl 29.1 to not applicable)
in the HAT group and 54.0 months (95% Cl 37.4 to not applicable) in the HA-HAT group. Number and
severity of adverse events were comparable between the arms and were in favor of starting with only
bevacizumab and trastuzumab.

Based on comparison with historical controls, the data suggest that bevacizumab enhances the
antitumor activity of the trastuzumab-based regimens as applied in this study. With the publication
of the CLEOPATRA trial showing median overall survival benefit of 15.7 months for the combination
of trastuzumab, pertuzumab and docetaxel compared to the combination of trastuzumab and
docetaxel, this regimen has become the standard first line therapy in patients with HER2-positive
metastatic breast cancer [28,29]. When taking this solid data and the favorable toxicity profile of
pertuzumab, compared to bevacizumab into account, it is unlikely that further phase 3 trials on the
combination of bevacizumab, trastuzumab and chemotherapy will be performed. The results from
our study however shows that the concept of starting with a less toxic chemotherapy-free approach
with only biologicals is an approach deserving further study. From a quality of life viewpoint, it would
be of great interest to develop treatment schedules starting with less toxic therapies. New trials about
chemotherapy-free treatments should therefore also incorporate newer HER2-targeted agents such
as pertuzumab, trastuzumab-emtansine and novel agents, but also endocrine therapy in hormone

receptor positive patients.
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Conclusion

Altogether we may conclude that, despite all the improvements in the treatment of both early and
metastatic breast cancer, the disease remains a serious health problem with high morbidity and
mortality. Unfortunately, all treatments are associated with toxicity and one of the important goals in
breast cancer research should be decreasing treatment-associated acute and long term toxicity. It is
therefore essential to continue preclinical and clinical trials as well as prospective and retrospective
observational studies. For future studies it is more and more important to design studies in subgroups
of patients with specific patient and tumor characteristics. For example, for patients with a BRCA1/2
gene mutation it is extremely important to design studies specific for these subgroups since they
might differ in both efficacy and toxicity of systemic therapy but also the baseline risk for the
development of primary and second primary ipsilateral and contralateral breast cancer are increased
compared to the sporadic population. This will only be possible by combining study populations
through collaborative efforts on a national, or even international level. Furthermore future research
should not only incorporate possible biomarkers that better predict which patients will benefit from a

certain treatment, but also which patients will or will not develop toxicity from that treatment.
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Inleiding

Borstkanker is de meest voorkomende kankersoort bij virouwen in de westerse wereld. Daarnaast is
het de op één na belangrijkste oorzaak van overlijden aan kanker onder vrouwen. Het aantal nieuwe
patiénten met borstkanker is de afgelopen jaren gestegen. Dit kan voor een deel verklaard worden
door de toegenomen levensverwachting en de toenemende vergrijzing. In Nederland is het risico
voor vrouwen om borstkanker te krijgen in de loop van het leven opgelopen tot bijna 14%. Door
wetenschappelijk onderzoek is de laatste jaren duidelijke vooruitgang geboekt in de behandeling van
borstkanker. Zowel voor vroegstadium (niet uitgezaaide) borstkanker als voor uitgezaaide borstkanker
zijn nieuwe behandelmogelijkheden beschikbaar gekomen.

Vroegstadium borstkanker

Borstkanker wordt bij vrouwen meestal in een vroeg stadium ontdekt, waarbij de ziekte niet
uitgezaaid is voorbij de regionale lymfklierstations. De behandeling is dan gericht op genezing en
bestaat uit lokale behandeling (operatie en in veel gevallen nabehandeling met bestraling) vaak in
combinatie met perioperatieve medicamenteuze behandeling (chemotherapie, endocriene therapie
en/of doelgerichte therapie). Deze medicamenteuze behandelingen kunnen gegeven worden
voor (neoadjuvant) of na (adjuvant) resectie van de tumor. Deze medicamenteuze behandelingen
hebben ten doel om zowel het risico op een lokaal recidief als het risico op uitzaaiingen op afstand te
verminderen. De beslissing om (neo)adjuvante behandeling te geven en vervolgens in welke vorm,
wordt genomen op basis van kenmerken van de tumor en van de patiénten. Een groot deel van de
patiénten die behandeld worden voor vroegstadium borstkanker ontvangt postoperatieve bestraling
van de borst/thoraxwand en/of locoregionale lymfklierstations ter vermindering van het risico van
lokaal recidief en verbetering van de overleving.

Uitgezaaide borstkanker

Helaas ontwikkelt een deel van de patiénten die behandeld zijn voor vroegstadium borstkanker
op enig moment een lokaal recidief, uitgezaaide borstkanker of een tweede primaire borstkanker.
Daarnaast presenteert ongeveer 5% van de borstkankerpatiénten zich bij diagnose reeds met
uitzaaiingen op afstand.

Wanneer patiénten uitzaaiingen op afstand hebben ontwikkeld is genezing in het algemeen niet
meer mogelijk. Behandeling is dan gericht op levensverlenging en behoud of verbetering van
kwaliteit van leven. De levensverwachting wisselt sterk tussen patiénten met uitgezaaide borstkanker
en hangt sterk af van tumorkenmerken, de uitgebreidheid en de locaties van de uitzaaiingen en de
mate waarin de uitzaaiingen reageren op behandelingen. De beslissing om medicamenteuze anti-
kanker behandeling te geven en vervolgens in welke vorm hangt ook bij uitgezaaide borstkanker

sterk af van de kenmerken van de tumor, maar ook van kenmerken en wensen van de patiént. Bij
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patiénten met botuitzaaiingen kunnen osteoclastremmers (bisfosfonaten of denosumab) het risico
op botcomplicaties verminderen. Helaas geldt ook bij de behandeling van uitgezaaide borstkanker
dat alle middelen geassocieerd zijn met bijwerkingen, die een negatief effect kunnen hebben op de

kwaliteit van leven.

Eénvande grote uitdagingen in het wetenschappelijk onderzoek naar de behandeling van borstkanker
is om effectiviteit van behandelingen te verbeteren, zonder toename van ernstige bijwerkingen
(toxiciteit) of het verminderen van toxiciteit zonder verlies van effectiviteit. Dit proefschrift beschrijft
wetenschappelijk onderzoek verricht met als doel het optimaliseren van de behandeling van
borstkanker. Toxiciteit kan hier op verschillende manier in gebruikt worden. De behandeling kan
verbeterd worden door: (1) het verminderen van toxiciteit, met behoud van effectiviteit, (2) verbeteren
van effectiviteit, zonder klinisch relevante toename van toxiciteit, (3) verbeteren van effectiviteit door
dosisescalatie op basis van toxiciteit en (4) voorkomen van (complicaties van) toxiciteit van anti-
kanker behandelingen.

Inadequaat DNA reparatie-mechanisme en toename van bijwerkingen

Vrouwen (en mannen) met een mutatie in het BRCAT of BRCA2 (BRCA1/2) gen hebben een verhoogd
risico op het krijgen van borstkanker. In 5-10% van de vrouwen met borstkanker speelt een mutatie
in één van deze genen een oorzakelijke rol. De BRCA1 en BRCA2 eiwitten hebben een belangrijke rol
in het repareren van dubbelstrengs DNA breuken via het mechanisme van homologe recombinatie.
Zowel ioniserende straling als chemotherapeutica leiden tot DNA schade door verschillende
mechanismes zoals het induceren van dubbel strengs DNA breuken. Patiénten met BRCAT/2-
geassocieerde borstkanker zouden daardoor een verhoogd risico kunnen hebben op toxiciteit ten
gevolge van deze behandelingen die noodzakelijk zijn voor de behandeling van de kanker.

loniserende straling

BRCA1/2 genmutatie draagsters hebben een verhoogd risico op het krijgen van borstkanker. Daarnaast
hebben patiénten met BRCA1/2-geassocieerde borstkanker een verhoogd risico op het ontwikkelen
van een tweede primaire ipsilaterale of contralaterale borstkanker. loniserende straling leidt tot het
ontstaanvan DNA schade enisop delangere termijn eenrisicofactor voor het ontstaan van borstkanker.
Patiénten met een BRCA1/2 mutatie zouten gevoeliger kunnen zijn voor de negatieve effecten van
ioniserende straling. In Hoofdstuk 2 geven we een overzicht en interpretatie van de literatuur over
het risico op het ontwikkelen van een eerste en tweede primaire borstkanker als late toxiciteit van
diagnostische en/of therapeutische ioniserende straling (=radiotherapie) met speciale aandacht voor
BRCA1/2 genmutatie draagsters. Er blijkt een duidelijke relatie te zijn tussen radiatie-dosis en risico
op borstkanker. Jonge leeftijd ten tijde van blootstelling aan ioniserende straling is geassocieerd met
een verhoogd risico op borstkanker. Gegevens over de negatieve effecten van ioniserende straling in
de subgroep van BRCA1/2 genmutatie draagsters zijn zeldzaam. Terughoudendheid met ioniserende
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straling lijkt gerechtvaardigd voor jonge patiénten met een BRCAT/2 genmutatie.

Met het in Hoofdstuk 3 beschreven onderzoek hebben we nieuwe inzichten toegevoegd met
betrekking tot het belangrijke vraagstuk over het mogelijke negatieve effect van adjuvante
radiotherapie op het verhogen van het risico op ipsilaterale of contralaterale borstkanker bij
BRCA1/2 genmutatie draagsters. In dit hoofdstuk beschrijven we de resultaten van een onderzoek
vanuit de database van de polikliniek erfelijke tumoren van het Erasmus MC in Rotterdam. In dit
onderzoek includeerden we alle bewezen of obligate (niet getest, maar zeker op basis van geteste
familieleden) BRCA1/2 genmutatie draagsters die behandeld werden voor vroegstadium borstkanker,
gediagnosticeerd tussen 1 januari 1980 en 1 januari 2013 (n = 790). Doel van dit onderzoek was om
de invloed van adjuvante radiotherapie voor primaire borstkanker op het risico op contralaterale
borstkanker bij BRCA1/2 genmutatie draagsters te bepalen. Er werd geen associatie gevonden tussen
bestraling voor primaire borstkanker en het risico op contralaterale borstkanker in de totale groep,
maar ook niet in de patiénten die bestraald werden voor de leeftijd van 40 jaar. De aantallen zijn echter
te klein om definitieve conclusies te trekken. Aanvullend werd in kaart gebracht of er tendensen waren
in het aandeel van contralaterale risico-reducerende mastectomie en keuzes voor de verschillende
locoregionale behandelingen over de tijd. Het aantal patiénten dat een contralateraal borstkanker
zou kunnen ontwikkelen, nam substantieel af over de tijd, omdat een groot deel van de patiénten
gecensureerd (censurering = uitval uit een studie als gevolg van redenen die ook samenhangen
met de uitkomst) werden na contralaterale risico-reducerende mastectomie of terugkeer van de
borstkanker. Over de jaren werd daarnaast een toenemende voorkeur gezien voor lokale behandeling
middels mastectomie zonder bestraling, oplopend van minder dan 30% in 1995 tot bijna 50% na
2010. Het percentage patiénten dat kiest voor contralaterale risico-reducerende mastectomie nam in
de afgelopen decades toe van minder dan 40% in 1995 tot meer dan 60% na 2010. Verdere toename
in het aantal patiénten dat kiest voor risico-reducerende mastectomie is te verwachten door de
toenemende bewustwording van het risico op borstkanker en de risico-reducerende mogelijkheden
in de BRCA1/2 populatie.

Desondanks is de vraag of adjuvante radiotherapie een negatieve invloed heeft op het risico op
contralaterale borstkanker nog steeds relevant voor patiénten die hun (ipsilaterale en) contralaterale
borst willen behouden. Op basis van de in hoofdstuk 2 beschreven literatuur en dit onderzoek kan
geconcludeerd worden er geen hard bewijs is betreffende een mogelijk verhoogd carcinogeen
effect van adjuvante radiotherapie op het ontwikkelen van een tweede primaire borstkanker
voor BRCA1/2 genmutatie draagsters die borstkanker ontwikkelen boven de leeftijd van 30 jaar
en kiezen voor borstsparende behandeling. Gezien het mogelijk verhoogd risico op een tweede
primaire (contralaterale) tumor, lijkt terughoudendheid met betrekking tot borstsparende chirurgie
en bestraling gerechtvaardigd voor BRCA1/2 genmutatie draagsters, die jonger dan 30 jaar zijn bij
diagnose van borstkanker. Verder onderzoek in grotere studie populaties met een minimale follow-up
duur van 10 jaar is nodig om een beter inzicht in de werkelijke negatieve effecten van bestraling op
het risico van contralaterale borstkanker bij BRCA1/2-geassocieerde borstkanker patiénten te krijgen.
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Chemotherapie

Naast de mogelijk verhoogde toxiciteit van ioniserende straling bij BRCA1/2 genmutatie draagsters,
kan men ook veronderstellen dat de toxiciteit van chemotherapie toegenomen zou zijn bij deze
patiénten, omdat meerdere soorten chemotherapie werken via het induceren van dubbelstrengs
DNA breuken. In Hoofdstuk 4 bespreken we de resultaten van een retrospectieve cohort studie naar
verschillen in toxiciteit van (neo)adjuvante chemotherapie tussen BRCA1/2 genmutatie draagsters en
sporadische borstkankerpatiénten. Voor deze studie werden alle vrouwelijke patiénten geselecteerd
die in het Erasmus MC werden behandeld met adjuvante of neoadjuvante chemotherapie (bestaande
uit anthracyclines en/of taxanen) voor primaire borstkanker of lokaal/ locoregionaal recidief (PB/LR)
zonder afstandsmetastasen tussen 01-01-2004 en 31-12-2014. Totaal konden de gegevens van 701
patiénten gebruikt worden voor de analyses. Er waren 85 patiénten (12%) met een BRCA1/2 genmutatie
(n =67 BRCAT en n = 18 BRCA2). Als primaire uitkomst werd relatieve totale dosis-intensiteit (RTDI)
genomen, een maat voor toegediende (actuele) dosis-intensiteit (toegediende dosis over de hele
tijdsperiode van de behandeling), gerelateerd aan de geplande dosis-intensiteit. Door het gebruik
van RTDI worden de effecten van dosisreducties, uitstel en vroegtijdig staken van behandeling
meegenomen. We vonden geen verschillen in RTDI (zowel voor anthracyclines als voor taxanes)
tussen borstkanker patiénten met een BRCAT/2 genmutatie en sporadische borstkankerpatiénten.
Ook vonden we geen verschillen tussen beide groepen in het optreden van aantal patiénten waar
neutropene koorts optrad, uitstel van chemotherapie toediening of verandering van chemotherapie
schema ten gevolge van toxiciteit nodig was. De afwezigheid van toegenomen acute toxiciteit ten
gevolge van (neo)adjuvante chemotherapie onder BRCA1/2 genmutatie draagsters, vergeleken met
sporadische borstkankerpatiénten, laat zien dat de reparatie mechanismes voor dubbelstrengs DNA
schade van gezonde lichaamscellen met slechts één normale kopie van ofwel het BRCAT gen ofwel het
BRCA2 gen voldoende functioneel zijn zodat niet meer ernstige acute chemotherapie geassocieerde
toxiciteit van de onderzochte chemotherapie schema’s gezien wordt in BRCA1/2 genmutatie
draagsters vergeleken met sporadische borstkankerpatiénten. Echter platinum derivaten en in de
toekomst mogelijk ook PARP remmers worden steeds vaker gebruikt bij BRCAT/2-geassocieerde
borstkanker. Deze geneesmiddelen hebben een veel hogere capaciteit om dubbelstrengs DNA
breuken te induceren vergeleken met antracyclines. Gegevens over de toxiciteit van deze middelen

bij BRCAT/2 genmutatie draagsters zullen dan ook moeten volgen uit lopende en nieuwe studies.

Kan toxiciteit gebruikt worden om behandeling te optimaliseren?

Het is een interessant gegeven dat het optreden van toxiciteit door anti-kankertherapie geassocieerd
kan zijn met hogere effectiviteit. Meerdere studies hebben laten zien dat de mate van hematologische
toxiciteit door behandeling met chemotherapie bij borstkankerpatiénten, gerelateerd lijkt aan de
effectiviteit. Hierdoor kan toxiciteit gebruikt worden om effectiviteit van bijvoorbeeld medicamenteuze
anti-kanker therapie te verhogen door de dosering te verhogen bij patiénten met geen of slechts
beperkte toxiciteit. In Hoofdstuk 5 beschrijven we de resultaten van een single-center prospectief
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onderzoek naar de haalbaarheid van dosisverhoging van anthracycline-cyclofosfamide bevattende
chemotherapie bij sporadische borstkankerpatiénten op geleide van het aantal neutrofielen.
Tweeéndertig patiénten die startten met drie-wekelijkse anthracycline-cyclofosfamide bevattende
chemotherapie zonder G-CSF, in adjuvante dan wel gemetastaseerde setting, werden geincludeerd
in deze studie. De eerste chemotherapie kuur werd gegeven in een standaard dosis, gebaseerd op
lichaamsoppervlak. Bij patiénten met geen of milde verlaging van de neutrofielen (CTC graad 0-2) en
geen andere dosis-limiterende toxiciteit werd de dosis van de tweede kuur met 10-25% geéscaleerd,
met de mogelijkheid voor een eventuele verdere dosisescalatie van 10-25% bij de derde kuur.

Twee van de 23 patiénten (9%) die behandeld werden met FEC (fluorouracil 500 mg/m?, epirubicine
100 mg/m? en cyclofosfamide 500 mg/m?) ontwikkelden, na de eerste FEC-kuur toediening slechts
een milde verlaging van het aantal neutrofielen. Bij deze twee patiénten werd dosisescalatie toegepast
(30% bij de ene en 15% bij de andere patiénte). Na dosisescalatie waren er geen complicaties, zoals
neutropene koorts. Bij geen van de patiénten die behandeld werden met FAC (fluorouracil 500
mg/m?, doxorubicine 50 mg/m? en cyclofosfamide 500 mg/m? of AC (doxorubicine 60 mg/m? en
cyclofosfamide 600 mg/m?) kon dosisescalatie worden toegepast omdat al deze patiénten reeds na
de eerste kuur ernstige verlaging van het neutrofielen aantal (CTC graad 3-4) ontwikkelden. Escalatie
van de huidige standaard dosis van anthracycline-cyclofosfamide bevattende chemotherapie zonder
G-CSF is slechts mogelijk in een klein deel van de patiénten, maar lijkt dan wel haalbaar. Onderzoek
naar dosisverhoging op geleide van het aantal neutrofielen ten einde de effectiviteit te verhogen zou
wellicht zinvol kunnen zijn voor andere chemotherapeutica.

Bijwerkingen van behandeling, therapietrouw en spiegelbepalingen

Adjuvante endocriene therapie, die vaak jarenlang gebruikt moet worden, is een belangrijk onderdeel
van de behandeling van hormoonreceptor positieve borstkanker met bewezen gunstig effect.
Desondanks is aangetoond dat er vaak sprake is van verminderde therapietrouw, vaak ingegeven
door hinderlijke bijwerkingen, die een belangrijke invioed kunnen hebben op de kwaliteit van leven.
Therapietrouw, verandering in leefstijlfactoren en mogelijk resistentiemechanismen kunnen de
blootstelling van een geneesmiddel over de tijd veranderen. De beste manier om voortgang te boeken
in individualiseren van behandeling lijkt ‘therapeutic drug monitoring’ (TDM) te zijn. De vaak gebruikte
methode van TDM door het herhaaldelijk meten van plasmaconcentraties van geneesmiddelen of
metabolieten over de tijd is moeilijk in te bouwen in de klinische praktijk gezien de belasting voor
de patiénten. Een methode, die (achteraf) informatie geeft over de gemiddelde concentratie van
antikanker geneesmiddelen (en de metabolieten) over de tijd, zou gevonden kunnen worden in
het meten van deze concentraties in hoofdhaar. Dit geeft de mogelijkheid om, afhankelijk van de
lengte van het verzamelde haar, het gemiddelde van geneesmiddel concentraties over de tijd te
bestuderen. Dit maakt herhaaldelijke bloedafnames onnodig. In Hoofdstuk 6 beschrijven we de
validatie van een eerder ontwikkelde UPLC-MS/MS (ultra performance liquid chromatography/
tandem mass spectrometry) methode voor het kwantificeren van tamoxifen en de drie belangrijkste




Samenvatting

metabolieten (N-desmethyl-tamoxifen, 4-hydroxy-tamoxifen, en 4-hydroxy-N-desmethyl-tamoxifen)
in hoofdhaar. Met de gegevens uit dit onderzoek kunnen we concluderen dat het meten van de
concentratie van tamoxifen en de belangrijkste metabolieten in haar mogelijk is met de UPLC-MS/MS
methode. Het lijkt voor tamoxifen echter niet mogelijk om de blootstelling over de tijd vast te stellen
met segmentele analyse van haar, meest waarschijnlijk grotendeels ten gevolge van het effect van
UV straling, waardoor tamoxifen en de metabolieten afgebroken worden. Verder onderzoek naar de
waarde van geneesmiddelconcentraties in hoofdhaar zou zich daarom dan ook moeten toespitsen
op het kwantificeren van anti-kanker geneesmiddelen, die minder gevoelig zijn voor UV straling.
Voor onderzoek naar TDM bij patiénten die behandeld worden met tamoxifen, blijft het meten van

endoxifen concentraties in plasma de gouden standaard.

Preventie en behandeling van toxiciteit

Eén van de belangrijke bijwerkingen van de behandeling van borstkanker is het optreden van
vroegtijdig verlies van botdichtheid. Dit kan ontstaan door verschillende mechanismes: vroegtijdige
menopauze door chemotherapie en/of endocriene therapie, lagere spiegels van oestrogeen ten
gevolge van aromatase-remmers en de directe invioeden van chemotherapie en ondersteunende
medicatie, zoals steroiden. Daarnaast zijn botuitzaaiingen vaak de eerste uiting van uitgezaaide
borstkanker. Het ontstaan van botcomplicaties, gedefinieerd als pathologische breuken, noodzaak
voor bestraling of operatie ten gevolge van (dreigende) compressie van het ruggenmerg of
hypercalciémie ten gevolge van botmetastasen, heeft een negatieve invioed op de kwaliteit van
leven. Lange tijd zijn bisfosfonaten de hoeksteen geweest van de preventie en behandeling van
botcomplicaties zowel bij uitgezaaide borstkanker als bij botverlies ten gevolge van behandeling
bij vroegstadium borstkanker. Denosumab, een volledig gehumaniseerd monoklonaal antilichaam,
dat bindt aan de receptoractivator van het nucleaire factor kappa-B ligand (RANKL) is ontwikkeld als
een nieuwe botgerichte therapie, die gebruikt kan worden in zowel vroegstadium als uitgezaaide
borstkanker. In Hoofdstuk 7 beschrijven we de huidige indicaties voor denosumab zowel bij
vroegstadium als uitgezaaide borstkanker. We concluderen dat er nog steeds een aantal vragen
om beantwoording vragen, zoals waar denosumab te plaatsen ten opzichte van bisfosfonaten, of
individualisering van de dosering (bijvoorbeeld op basis van bot turnover marker) mogelijk is en of er
een plaats is voor denosumab in de preventie van het ontstaan van botmetastasen of mogelijks zelfs
in de preventie van het ontstaan van borstkanker. Desalniettemin is denosumab een zeer effectief
middel om botcomplicaties door osteoporose of botuitzaaiingen van borstkanker te voorkomen, met
beperkte bijwerkingen.

Uitstellen van toxische chemotherapie bij HER2-positieve uitgezaaide borstkanker?
De standaard eerstelijns behandeling voor de subgroep van HER2-positieve uitgezaaide borstkanker
bestond tot recent uit een combinatie van trastuzumab met een taxaan (docetaxel of paclitaxel).
Vooruitgang in de behandeling van deze subgroep van patiénten kan op meerdere manieren
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gemaakt worden. Een manier zou kunnen zijn het verhogen van de effectiviteit van de behandeling
door het toevoegen van een nieuw medicament met beperkte bijwerkingen. Een andere optie zou
kunnen zijn om te proberen de toxiciteit te verlagen door het starten van chemotherapie uit te stellen
door het toevoegen van een nieuw medicament met beperkte toxiciteit aan trastuzumab en alleen
te starten met chemotherapie bij progressie onder dit schema. Bevacizumab, een monoklonaal
antilichaam tegen vasculaire endotheliale groei factor (VEGF), zou een van de medicamenten kunnen
zijn om in de genoemde strategieén te gebruiken.

In Hoofdstuk 8 beschrijven we de resultaten van een open-label, gerandomiseerde, niet-
vergelijkende fase 2 studie, waarbij 84 patiénten werden gerandomiseerd tussen HAT (de combinatie
van bevacizumab, trastuzumab en wekelijks paclitaxel) en HA-HAT (starten met trastuzumab en
bevacizumab met toevoegen van wekelijks paclitaxel bij progressie). Het percentage patiénten dat
progressie-vrij was na een jaar was 74.4% (95% betrouwbaarheidsinterval, Bl 61.8-89.4) en 62.2% (95%
Bl 49.6-89.4) in respectievelijk de HAT en HA-HAT arm. De mediane progressie-vrije overleving in de
HAT arm was 19.8 maanden (95% Bl 14.9-25.6), en de mediane totale progressie-vrije overleving in de
HA-HAT arm was 19.6 maanden (95% Bl 12.0-32.0). In de HA-HAT arm was de mediane progressie-vrije
overleving voor behandeling met alleen bevacizumab en trastuzumab 10.4 maanden (95% BI 6.2-
15.0) en de mediane progressie-vrije overleving voor behandeling met trastuzumab, bevacizumab
en paclitaxel na eerste progressie was 8.2 maanden (95% Bl 7.0-12.6). Het aantal en de ernst van de
bijwerkingen was vergelijkbaar tussen de twee armen en was in het voordeel van starten met alleen
bevacizumab en trastuzumab.

Wanneer vergeleken wordt met historische controles, suggereren de uitkomsten dat bevacizumab
de antitumor activiteit verhoogd van de trastuzumab-gebaseerde schema’s, zoals gebruikt in
dit onderzoek. Met de publicatie van de resultaten van de CLEOPATRA trial, waarin een mediane
totale overlevingsvoordeel van 15.7 maanden gezien werd voor de combinatie van trastuzumab,
pertuzumab en docetaxel, vergeleken met de combinatie van trastuzumab en docetaxel, is dit schema
de standaard eerstelijnsbehandeling geworden voor patiénten met HER2-geassocieerde uitgezaaide
borstkanker. Deze gegevens en het gunstige bijwerkingenprofiel van pertuzumab vergeleken met
bevacizumab in ogenschouw nemende, is het onwaarschijnlijk dat er nog fase 3 studies gedaan zullen
worden naar de combinatie van trastuzumab, bevacizumab en chemotherapie. De resultaten van ons
onderzoek laten wel zien dat het concept van starten met een minder toxische, chemotherapie-vrije
behandeling met alleen monoklonale antilichamen een strategie is die verder onderzoek verdient.
Vanuit het oogpunt van kwaliteit van leven gezien, is het van groot belang om behandelingsschema’s

te ontwikkelen waarbij gestart wordt met minder toxische behandelingen.

Conclusie

In de afgelopen jaren is duidelijke voortuitgang geboekt in de behandeling van zowel vroegstadium
als uitgezaaide borstkanker. Deze vooruitgang gaat helaas (deels) ten koste van toxiciteit. Eén van
de belangrijke doelen in het onderzoek naar de behandeling van borstkanker moet dan ook zijn het
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verminderen van de met de behandeling samenhangende acute en lange-termijns toxiciteit. Daarom
is het van groot belang om zowel preklinisch onderzoek, klinisch onderzoek en observationeel
onderzoek (prospectief en retrospectief) te blijven verrichten.
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Dit hoofdstuk zal waarschijnlijk één van de meest gelezen hoofdstukken van dit boekje zijn. Dit terwijl
de wetenschappelijke waarde van dit hoofdstuk zeer beperkt is. Desondanks is er veel reden om
iedereen te bedanken die een bijdrage heeft geleverd aan de totstandkoming van dit proefschrift.
Een aantal mensen wil ik hier in het bijzonder bedanken.

Als eerste wil ik mijn promotor noemen, prof.dr. S. Sleijfer. Beste Stefan. Heel veel dank voor het
vertrouwen dat je me de afgelopenjaren hebt gegeven.Toen ik net gestart was met de deelspecialisatie
interne oncologie, vroeg ik je een keer of er mogelijkheden waren voor wetenschappelijk onderzoek
binnen de afdeling. Kort daarna kwam je al met opties voor onderzoek wat zou kunnen resulteren
in een promotie-onderzoek. Zowel tijdens de periode dat ik in het Erasmus MC werkte, als na mijn
vertrek voor een baan in een niet-academisch (perifeer klinkt zo afgelegen) ziekenhuis, ben je altijd
zeer betrokken en laagdrempelig toegankelijk geweest. Genoemd moet ook worden de snelheid
waarmee jij manuscripten beoordeelde, met altijd een paar zinvolle globale suggesties voor

verbetering, maar ook oog voor details.

Als tweede (of gedeelde eerste, zoals dat met auteursplaatsen bij wetenschappelijke artikelen ook
gaat) mijn promotor, dr. A. Jager. Beste Agnes, veel dank voor de begeleiding in de afgelopen jaren.
Jouw reacties op manuscripten lieten soms wat langer op zich wachten, maar waren dan in het
algemeen ook uitgebreid en op een manier, waarop het verbeteren van een manuscript voor mij ook
een leertraject was. Dank ook voor het feit dat je bij herhaling meedacht over nieuw onderzoek, op de
momenten dat een voorgenomen onderzoek niet door kon gaan vanwege financiering of vanwege
onvoldoende resultaten in de pilot fase. Dank voor alle tijd die je in mijn begeleiding gestoken hebt.

Leden van de kleine commissie, prof.dr. J.P. Pignol, prof.dr. C. Verhoef en prof.dr. E. van der Wall, jullie
wil ik hartelijk bedanken voor jullie bereidheid en tijd om mijn proefschrift te beoordelen. Fijn dat
jullie alle drie ook bij de verdediging aanwezig hopen te zijn. Daarnaast wil ik ook de leden van de
grote commissie, prof.dr. C.C.D. van der Rijt, dr. L.B. Koppert, dr. J.R. Kroep, hartelijk bedanken voor de
tijd en moeite om het proefschrift te beoordelen en de bereidwilligheid om aanwezig te zijn bij de
verdediging. De behandeling van borstkankeris nagenoeg altijd multidisciplinair. Een multidisciplinaire
borstkankerpatiéntenbespreking kan, zonder tekort te doen aan de andere participerende disciplines,
in de praktijk niet van start gaan zonder aanwezigheid van een oncologisch chirurg, een medisch
oncoloog, en een radiotherapeut. Dit geldt mijns inziens ook voor de beoordeling, maar ook voor de
verdediging van dit proefschrift. Dank dat jullie hier dan ook zorg voor dragen.

Bij de multidisciplinaire behandeling van borstkanker zijn nog vele anderen medisch specialisten en
zorgprofessionals betrokken, zoals: fysiotherapeut, klinisch geneticus, maatschappelijk werkende,
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mammacare verpleegkundige, medisch psycholoog, oncologieverpleegkundige, palliatief
verpleegkundige, patholoog, plastisch chirurg, radioloog, verpleegkundig specialist enzovoorts.

Dit geldt evenzeer voor dit proefschrift. Zonder de hulp, ondersteuning en bijdrage van velen was dit
proefschrift er nooit gekomen. Een aantal van hen wil ik met name noemen.

Beste Delal, dank voor het meedenken en meeschrijven aan het artikel over radiotherapie en risico op
contralaterale borstkanker (Hoofdstuk 3). Dit artikel is voor jou ook het eerste manuscript voor jouw
proefschrift. Heel veel succes met al het werk dat nog voor je ligt. Daniélle, dank voor het opmaken
van de figuren in dit hoofdstuk.

Beste Nyree en Nasrin. Dank voor jullie bijdrage aan het statusonderzoek wat ten grondslag ligt aan
Hoofdstuk 4. Annette, veel dank voor het verrichten van de statistische analyses en het meedenken
over deze studie.

Beste Tilly, dank voor je meedenken en inclusie van patiénten in de ‘Tamoxifen in haar’ studie
(Hoofdstuk 6). Dankzij jou hadden we snel de benodigde patiénten bij elkaar. Peter, dank voor het
verrichten van en de uitleg over de analyses, zoals die in jouw laboratorium verricht zijn. Ron, dank

voor de begeleiding bij dit onderdeel van het proefschrift.

Beste Harm, Harriet, Steffen en Elise, dank voor jullie ondersteuning bij dataverzameling, interpretatie
en logistiek van de HAT studie (Hoofdstuk 7).

Beste Caroline, Maartje, Margreet en Inge-Marie, dank voor jullie kritisch meedenken en meeschrijven

met één of meerdere studies in dit proefschrift.

Medewerkers van de afdeling hyperthermie en genetica, dank voor jullie bijdrage in het hyperthermie
biopten project. Helaas heeft dit project tot nog toe geen beschrijvenswaardig wetenschappelijk
resultaat opgeleverd.

Dit laatste geldt ook voor de AMH studie, met dit verschil dat de resultaten wel op niet al te lange
termijn tegemoet gezien kunnen worden. Collega’s uit Erasmus MC, Maasstad, SFG en Ikazia, dank voor
de gestage inclusie in deze studie. Mandy, dank voor het overnemen van de logistiek van deze studie.

Alle co-auteurs wil ik bedanken voor hun kritisch meedenken, meeschrijven en doen van suggesties

voor verbetering van de manuscripten.
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De stafleden van de afdeling interne oncologie van het Erasmus MC wil ik bedanken voor hun
betrokkenheid en de inclusie van patiénten in een deel van de gedane studies.

Veel dank aan alle secretaresses (van beide locaties), datamanagers, (research)verpleegkundigen en
verpleegkundig specialisten van de afdeling interne oncologie van het Erasmus MC, die op welke
manier dan ook, een bijdrage hebben geleverd aan de totstandkoming van dit proefschrift. Silvia,
mijn secretaresse in de periode als chef de clinique in het Erasmus MC, veel dank voor het puzzelen
met alle afspraken die gemaakt moesten worden. Dank ook dat je in de periode dat ik formeel geen
recht meer had op secretariéle ondersteuning toch de dingen voor me deed die een secretaresse veel

sneller en efficiénter kan doen dan een dokter.

Van mijn mede-promovendi wil ik een aantal met name noemen. Evelien Kuip, Astrid Oosten
en Annemieke van der Padt. Wij zaten min of meer in het zelfde schuitje: beginnen aan een
promotieonderzoek aan het eind van of zelfs na de opleiding tot internist-oncoloog. Favoriet
gespreksonderwerp was dan ook vaak de moeilijkheden, maar ook de voordelen en uitdagingen die
het combineren van klinische taken, staftaken en promotieonderzoek met zicht meebrengt. Ik heb er

alle vertrouwen in dat ik ook van jullie (binnenkort) een boekje te zien krijg.

Mijn huidige collega’s, intussen maten, in het lkazia Ziekenhuis: Ad, Adrienne, Claudia, Esther, Felix,
Fransien, Geert, Ginette, Hestia, Marieke, Michel, Pieter en Rob. Dank voor de fijne samenwerking die
we al weer twee jaar mogen hebben. Veel dank voor de mogelijkheid, die jullie gegeven hebben om
de eerste periode dat ik in het lkazia werkte, voldoende tijd vrij te maken om aan dit proefschrift te
werken. Zonder die mogelijkheid, had dit proefschrift langer op zich laten wachten. Nu ik toegetreden
ben tot de maatschap en dit boekje af is, hoop ik meer tijd vrij te kunnen maken voor andere niet-
patiént gebonden taken.

Bijzondere dank voor mijn oud-opleider Ad Dees, die mij voor start van de opleiding tot internist al
naar het Erasmus MC wilde sturen voor promotieonderzoek binnen de vasculaire geneeskunde, maar
mij uiteindelijk toch de opleiding tot internist in wist te helpen.

Daarnaast bijzondere dank voor Felix de Jongh, die tijdens mijn periode als arts-assistent in het lkazia
voor een eerste echte kennismaking met de interne oncologie zorgde. Mede dankzij jou, heb ik
uiteindelijk besloten om me te specialiseren in de interne oncologie. Dank ook voor de mogelijkheid
die je bood om de analyses en het manuscript van de ANCHOR studie uit te werken, zodat deze studie
in dit proefschrift opgenomen kon worden (Hoofdstuk 5). Dit kwam erg gelegen op het moment dat
twee andere veel belovende projecten strandden. Heel fijn dat je me op de dag van de verdediging

ter zijde wil staan als paranimf.
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Mijn broer Peter, fijn dat je paranimf wilt zijn op deze dag. Dit ondanks je recente nieuwe neventaak,
die ook de nodige tijd, aandacht en energie zal vragen. Gezien de ervaringen bij onze bruiloft, waarbij
je ceremoniemeester was, heb ik alle vertrouwen in je organisatietalenten.

Beste broers, zwagers, zussen, schoonzussen, dank voor jullie (welgemeende) interesse in dit
proefschrift. Ik hoor graag terug wie van jullie het hele boekje gelezen heeft. Dank ook voor de
afleiding die jullie mij bezorgden als we bij elkaar waren.

Beste pa en ma, dank voor jullie stimulans en steun tijdens dit promotie-traject, maar ook in de jaren
daarvoor. Pa, het van u geérfde arbeidsethos, heeft me erg geholpen in dit hele project. Ma, dank voor

uw interesse en praktische hulp op de momenten dat dat nodig was.

Beste schoonvader, heel veel dank voor uw interesse in mij en mijn werkzaamheden. U heeft van
heel dichtbij met borstkanker te maken gehad. Ook na het overlijden van uw vrouw aan de indirecte
gevolgen van de ziekte waarover dit proefschrift gaat, heeft u altijd oprechte interesse getoond.
Daarnaast stond u regelmatig klaar voor Arine en de jongens, als ik even geen tijd voor hen had. Dank

ook voor de afleiding, onder andere door de familievakanties in Limburg. Hartelijk dank daarvoor.

Lieve Jacco, Bart en Sander. Ik weet dat jullie dat niet willen, maar toch noem ik jullie namen aan
het eind van dit boekje. Jullie hebben er voor gezorgd dat ik geen kluizenaar geworden ben. Jullie
‘dwongen’me iedere keer weer om tijd voor jullie vrij te maken en de computer uit te zetten of zelfs
uit te laten. Dank jullie wel daarvoor.

Lieve Arine, dank je wel voor alles wat je voor mij betekent. Je zal het me niet kwalijk nemen, dat ik
dat‘alles niet helemaal uitleg in dit dankwoord. Dank voor je onvoorwaardelijke liefde. Dank voor alle
emotionele, psychische, maar ook praktische hulp.

Ik zou mezelf, maar ook mijn gezinsleden, te kort doen als ik nu niet zou beloven de komende jaren
meer tijd vrij te maken voor jullie. Eerlijkheidshalve moet ik er wel direct bij zeggen, dat ik verwacht
dat een deel van de tijd die vrij komt, gevuld zal worden met andere taken.

Boven alles past dankbaarheid aan God. Hij gaf mij de talenten, maar ook de kracht en lust om dit
werk te doen.
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Curriculum vitae

CURRICULUM VITAE

Jan Cornelis Drooger werd geboren op 3 april 1982 te Rotterdam. In 2000 voltooide hij het gymnasium
aan het Wartburg college, locatie Guido de Bres te Rotterdam. In hetzelfde jaar begon hij de studie
Geneeskunde aan het Erasmus MC. In 2004 behaalde hij zijn doctoraal examen. In 2003 startte hij
met een Master of Sciene programma bij het Netherlands Institute for Health Science, wat hij in 2004
afrondde met behalen van de titel Master of Science in Public Health. In 2006 deed hij artsexamen in
het Erasmus MC. Aansluitend werkt hij als arts niet in opleiding tot specialist in het lkazia Ziekenhuis
in Rotterdam, alwaar hij 1 januari 2008 aan de opleiding tot internist begon (opleiders prof.dr.
JLCM. van Saase en dr. A. Dees). In 2010 vervolgde hij zijn opleiding in het Erasmus MC. Vanaf 2011
specialiseerde hij zich binnen de interne geneeskunde in de medische oncologie (opleider dr. A. van
der Gaast). Tegelijkertijd werd gestart met wetenschappelijk onderzoek binnen de afdeling Interne
Oncologie van het Erasmus MC Kanker Instituut, onder supervisie van dr. A. Jager en profdr. S. Sleijfer.
Vanaf september 2013 werkte hij als internist-oncoloog in het Erasmus MC Kanker Instituut, locatie
Daniel den Hoed. Vanaf 1 februari 2014 werkt hij als internist-oncoloog in het Ikazia Ziekenhuis. Tot 1
februari 2015 had hij nog een gedeeltelijke aanstelling in het Erasmus MC voor het afronden van zijn
wetenschappelijk onderzoek, wat uiteindelijk heeft geresulteerd in dit proefschrift.
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PHD PORTFOLIO (2011-2016)

Year Workload
ECTS

1. PhD training
General courses

- Good clinical practice 2011-2014 1

- Integrity in research, Erasmus MC 2014 1

- BROK (basiscursus Regelgeving Klinisch Onderzoek) course 2015 1
Specific courses (e.g. Research school, Medical Training)
Seminars and workshops

- opleidingsdagen/avonden jNVMO 2011-2013 1

- Course ‘communicatie in de oncologie’ 2012 1

- Course ‘Desiderius cursus ziekenhuismanagement’ 2013 1

- Roche4young, 'nascholing voor jonge oncologen’ 2014-2015 1
Presentations

- Klinische research bespreking, oral presentations 2011-2014 1

- IKNL netwerkdagen, Middelburg, oral presentation 2012 1

- OVUM overleg, oral presentation, 2012 0.5

- Mamma beleidsgroep, oral presentation 2013 0.5

- Radiotherapie researchbespreking, oral presentation 2013 0.5

- San Antonio Breast Cancer Symposium, poster presentation 2014 1

- Oncology TV, oral presentation 2014 0.5

- Scientific meeting Medical Oncology, oral presentation 2015 1

- NABON/BOOG meeting, oral presentation 2015 1

- European Breast Cancer Conference, poster presentation 2016 1
(Inter) national conferences

- Oncologiedagen 2011-2016 1

- Internistendagen 2012,2016 1

- ESMO Annual meeting, Vienna, Austria 2012 1

- Jaarsymposium Continutim oncologie 2013 1

- San Antonio Breast Cancer Symposium, San Antonio, USA 2014 1

- Symposium borstkanker behandeling beter 2011-2016 1

- European Breast Cancer Conference, Amsterdam 2016 1
Other

- Monodisciplinair onderwijs Medical Oncology, Erasmus MC 2011-2013 1

- OMBO training, Erasmus MC 2011-2014 1

- Referereerbijeenkomst Medical Oncology, Erasmus MC 2011-2014 1

- Polikliniekbespreking Medical Oncology, Erasmus MC 2011-2014 1.5

- Complicatiebespreking Medical Oncology, Erasmus MC 2011-2014 0.5

- Scientific meeting Medical Oncology, Erasmus MC 2012-2015 1

- Borstkanker research bespreking, Erasmus MC 2014 0.5

- Regiobijeenkomst fertiliteitsbehoud 2015 0.5
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Year Workload
ECTS

2.Teaching
Lecturing

- biennially education radiation therapy operators 2012-2015 1

- education oncology nurses, Ikazia 2015 0.5

- education AIOS/ANIOS, Ikazia 2015 0.5

- NPV Barendrecht: lecture ‘Borstkanker, en dan.. 2016 0.5
Supervision

- supervision review article minor students 2014 0.5

- supervision medical students clinical research 2014-2015 1
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