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Abstract

Background Several regimens for which efficacy was established in randomized controlled trials are recommended in cur-
rent treatment guidelines for early breast cancer. However, knowledge on use and effectiveness of commonly administered
chemotherapeutic agents in real-life care and across all breast cancer subtypes is limited.

Methods The prospective, multicentre German TMK cohort study (Tumour Registry Breast Cancer) recruited patients in
148 oncology outpatient-centres. Data from 1650 patients who completed adjuvant chemotherapy were analysed regarding
treatment regimens and taxane use from 2007 to 2014. The association of patient characteristics with application of taxane-
free regimens was examined with a multivariate regression model.

Results The preferred adjuvant treatment shifted from fluorouracil, anthracycline and cyclophosphamide containing regimens
to anthracycline/taxane combinations. Taxane use increased for all subtypes, and the greatest rise was among node-negative
patients. Older age, node-negativity, lower grading, HR-positive/HER2-negative subtype and earlier start year of therapy
were significantly associated with taxane-free therapy.

Conclusions Treatment with anthracycline/taxane-based chemotherapy in Germany has been rising for every subtype. The
increased taxane use reflects updated guideline recommendations over the past decade. Cohort studies like the TMK provide

insight into real-life treatment of patients outside of clinical trials.
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Introduction

Breast cancer (ICD-10 C.50), with an annual incidence of
70,000 new cases, is the most common type of cancer among
women in Germany, and the second most frequent cause
of cancer-related death in women [1]. Implementation of
screening procedures and development of new therapies
revealed constant mortality rates despite increasing inci-
dence; age-standardised mortality declined slightly and the
5-year relative survival increased over the past decade [2, 3].
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Standard therapy of patients with early breast cancer con-
sists of surgery, radiation and adjuvant systemic therapy.
However, as breast cancer is highly heterogeneous, the selec-
tion of adjuvant systemic therapy depends on stage, histol-
ogy and on molecular subtypes of the tumour [4, 5]. Current
adjuvant systemic therapy options include chemotherapy,
endocrine therapy for hormone receptor (HR)-positive
tumours, and targeted biological agents such as trastuzumab
for human epidermal growth factor receptor (HER2)-posi-
tive tumours. The treatment decision is based on multiple
factors and includes—in addition to tumour biology and
the predicted sensitivity to particular treatment types—the
patients’ physical constitution, biological age and comor-
bidities as well as patients’ preferences.

The current St. Gallen international experts consensus
recommends endocrine therapy alone for adjuvant systemic
therapy of luminal A-like breast cancer subtypes with low
risk in the majority of cases, while additional chemotherapy
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should be considered in patients with four or more lymph
nodes involved [6]. For luminal B-like HER2-negative sub-
types, endocrine therapy and chemotherapy is recommended
in the majority of cases, while for luminal B-like HER2-pos-
itive subtypes, chemotherapy, anti-HER?2 targeted therapy
and endocrine therapy are recommended for all patients.
For the triple-negative subtype [oestrogen-receptor (ER)-
negative, progesterone receptor (PR)-negative and HER2-
negative], chemotherapy should include an anthracycline
and a taxane [6].

Despite these recommendations and other clinical prac-
tice guidelines, the extent to which these recommendations
are incorporated into routine clinical practice is only par-
tially known [7-9] and often limited by retrospective data
collection [10].

There are several regimens for which treatment efficacy
has been established in randomized controlled trials (RCTs)
[11]. These regimens differ in duration, the combination
and the dosages of drugs given. Research in clinical trials
usually focuses on treatment with one regimen or drug of
interest and also applies stringent selection criteria. As more
treatment options have become available, a wider variety of
treatments was applied to individual patients in everyday
routine care. However, knowledge on the use of existing
chemotherapeutic agents and combinations in routine care
is limited. Clinical cohort studies like ours can help to fill
this gap and provide insight into treatment and outcome of
patients in routine care [12].

Today, most systemic breast cancer treatments can be
delivered on an outpatient basis. In Germany, ambulatory
care is predominantly provided by office-based specialists
and hospital outpatient centres. This paper focuses on the
cytotoxic treatment of patients with early breast cancer in
daily routine practice as well as changes in treatment over
time from 2007 to 2014.

Patients and methods
Data source

The Tumour Registry Breast Cancer (TMK) is an ongo-
ing, open, prospective, longitudinal, observational, multi-
centre study for patients with breast cancer. The TMK was
established by office-based medical oncologists. The study
was approved by the responsible ethics committee and is
registered at ClinicalTrial.gov (NCT01351584). Recruit-
ment started in February 2007. 2250 patients with cura-
tive treatment intention were enrolled until April 2014, and
2250 patients with palliative treatment intention have been
recruited until May 2016. 148 outpatient centres and clinics
for medical oncology located all over Germany are actively
participating in the TMK. 122 such sites enrolled patients

@ Springer

with adjuvant treatment intention. The sites were encouraged
to enrol patients consecutively to ensure unselected recruit-
ment. Eligible patients are women aged > 18 years with
histologically confirmed breast cancer and systemic anti-
neoplastic treatment. Written informed consent was obtained
from all patients. A maximum of 6 weeks time difference
was allowed between start of systemic therapy and signed
informed consent. The TMK has previously been described
in detail [12].

At enrolment, data on all previous cancer treatments,
patients’ socio-demographics and tumour characteristics
(tumour location, histology, stage, grading, ER-, PR- and
HER2-receptor status) are documented. Comorbidity is
assessed using the updated Charlson Comorbidity Index
(CCI) [13]. Patients are treated according to physicians’
choice and visits are scheduled according to their individ-
ual treatment regimen. No specifications are imposed on
the physicians’ assessment for treatment at any time. All
patients are followed for up to 5 years from enrolment or
until death, loss to follow-up or withdrawal of consent. Dur-
ing the follow-up period, data on all systemic antineoplastic
treatments, radiotherapies and surgeries, diagnostic follow-
up controls as well as on outcome and course of the disease
are collected. Systemic therapies are documented by list-
ing all agents separately and not as predefined regimens to
allow for documentation of individual combinations. Patient
data are transferred from medical records to a secure web-
based electronic case report form (eCRF) by designated site
staff and are updated after each follow-up examination, any
change in therapy or at least every 6 months. For quality
assurance, automated data plausibility checks are performed
and queries are generated by the eCRF software. Manual
checks on data completeness and plausibility as well as spot
site monitoring are performed regularly to ensure reliability.

Cohort definition

Data cut-off for the present analysis was October 2014.
By then, 4251 patients had been recruited into the TMK.
Of these, 1907 patients were recruited at start of systemic
adjuvant treatment. The present analysis is based on 1650
patients who completed adjuvant chemotherapy. Details of
the patient flow are presented in Fig. 1.

Statistical analysis

The combinations of documented chemotherapeutic agents
were coded into chemotherapy regimen. Anthracycline-
based chemotherapy was defined as receiving epirubicin
or doxorubicin (A) alone or in combination with any other
antineoplastic drug except paclitaxel or docetaxel. Taxane-
based chemotherapy was defined as the use of paclitaxel
(P) or docetaxel (D) alone or in combination with any other
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Fig. 1 Cohort definition. Number of patients enrolled in the TMK
until October 2014

antineoplastic drug except epirubicin or doxorubicin. Com-
bination therapy with anthracycline and taxane was defined
as receiving epirubicin or doxorubicin and paclitaxel or doc-
etaxel, with or without any other additional antineoplastic
drug. HR-status was assessed as combination of ER- and/or
PR-positive (HR-positive) or both receptors negative (HR-
negative). Descriptive analyses were performed using SPSS
v.20.0 (IBM Corp.).

Multivariate logistic regression analysis was used to
examine the association of patient and tumour character-
istics and treatment with taxane-containing chemotherapy
(yes/no) as dependent variable. Potential baseline variables
for the multivariate regression model were as follows: age
at start of therapy (in 10 years increments), CCI, the institu-
tion deciding on adjuvant therapy, tumour size, nodal sta-
tus, grading, molecular subtype and year of treatment start.
Based on a stepwise backward selection of variables, using
the likelihood ratio test for model comparison, CCI and the
institution deciding on adjuvant therapy were not included
in the final model. Analysis was performed using R version
2.15.1. The results were displayed as odds ratios (OR) with
95% confidence intervals (95% CI) and p values. The sig-
nificance level was set at 0.05.

Results
Patient and tumour characteristics

Table 1 presents demographic and clinical characteristics
of patients with early breast cancer at the start of adjuvant

chemotherapy. Characteristics are shown for the entire
cohort and for patients treated with one of the four most
frequent regimens (received by at least 10% of patients).
A table listing the characteristics for all regimens is avail-
able in the supplemental material (Table S1). Median age
at start of therapy was 56.7 years, 13% of the patients were
aged > 70. HR- and HER2-status were documented for
98% (n = 1611) of the patients. More than half (59%) of
the patients had HR-positive/HER2-negative tumours, 25%
HER2-positive tumours and 16% triple negative tumours.
47% of patients were node-negative. 26% of the patients
were pre-menopausal and 58% were post-menopausal. 53%
of the patients had at least one comorbidity, with hyperten-
sion (28%) and diabetes (8%) recorded most frequently. 24%
of the patients were obese (BMI > 30). The majority of
patients underwent breast conserving surgery (BCS 71%),
26% underwent mastectomy. 86% of the patients with BCS
received radiotherapy post-surgery, in contrast to 60% of the
patients who underwent mastectomy. For more details, see
supplemental Table S1.

Chemotherapy regimen

Figure 2a shows the most frequently administered chemo-
therapy regimens over time for all patients. Most regimens
were based on the combination of fluorouracil (F), epirubicin
or doxorubicin (A) and cyclophosphamide (C). F+ A + C
was given to 27% of the patients (n = 456), F + A + C
in combination with docetaxel (D) to 25% of the patients
(n = 413). 17% of the patients (n = 279) received A + C in
combination with paclitaxel (P), 11% A + C in combination
with docetaxel (n = 178). Less frequently used were the
taxane-based regimens C + D and carboplatin + D (5 and
4%, respectively) and the anthracycline based, taxane-free
regimen A + C (4%). Over time, a shift from the fluoro-
uracil- and anthracycline-based regimen F + A + C + D to
anthracycline and taxane combinations (A + C + D and
A + C + P) can be observed for all patients, as well as within
the subgroups with HR-positive/HER2-negative, HER2-
positive and triple negative tumours (Fig. 2b—d). For 81%
of the patients with HER2-positive tumours, an additional
trastuzumab therapy was documented (corresponding to
89% of the premenopausal and 80% of the postmenopau-
sal patients, respectively). 82% of the premenopausal and
81% of postmenopausal patients with HR-positive tumours
received endocrine therapy after cytotoxic (and possible
HER2-targeted) therapy.

Chemotherapy with and without taxanes
Looking at all patients and all chemotherapy treatments

(including those not shown in Table 1), 32% of the patients
(n = 528) received anthracycline-based chemotherapy
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Table 1 Patient characteristics at time of enrolment, split up according to the most common chemotherapy regimen

F+ A+ C((n=456) F+A+C+D A+C+Pn=279 A+C+D(n=178) Allpatients
(n=413) (N =1650)
Age at start of therapy (n)* 456 413 278 178 1649
Median (years) 56.0 56.6 56.7 533 56.7
BMI (n)* 453 404 275 176 1626
Mean (kg/m?) + SD (kg/m?) 268 +5.3 26.8+5.3 26.5+5.2 264 +4.9 26.8 £5.2
n % n % n % n % n %
Any comorbidity® 235 51.5 192 46.5 153 54.8 91 51.1 876  53.1
CCI=0 394 86.4 376 91.0 245 87.8 165 92.7 1443 875
CCI=1 29 6.4 13 3.1 15 54 4 22 71 43
CCI>2 33 7.2 24 5.8 19 6.8 9 5 136 8.2
Hypertension 132 28.9 101 24.5 79 28.3 34 19.1 458 278
Diabetes mellitus 35 7.7 24 5.8 21 7.5 9 5.1 128 7.8
Cardiovascular disorders 6 1.3 3 0.7 5 1.8 1 0.6 39 24
Tumour subtype (n)? 442 403 275 175 1611
HR-positive/HER2-negative 301 68.1 254 63.0 165 60.0 104 59.4 949 589
HER2-positive 83 18.8 87 21.6 61 222 29 16.6 402 250
Triple negative 58 13.1 62 154 49 17.8 42 24.0 260  16.1
Tumour stage®® 403 364 248 162 1456
I 197 48.9 59 16.2 33 133 31 19.1 407  28.0
I 194 48.1 245 67.3 115 46.4 80 494 763 524
I 12 3.0 60 16.5 100 40.3 51 31.5 286  19.6
Nodal stage® 456 413 279 178 1650
N- 376 82.5 119 28.8 81 29.0 58 32.6 781 473
N+ 77 16.9 291 70.5 195 69.9 117 65.7 853 517
NX 3 0.7 3 0.7 3 1.1 3 1.7 16 1.0
Local therapy® 456 413 279 178 1650
BCS 362 79.4 296 71.7 173 62.0 120 67.4 1166 70.7
Post-BCS radiotherapy® 322 89.0 258 87.2 138 79.8 109 90.8 1001 85.8
Mastectomy 87 19.1 105 254 92 33.0 50 28.1 435 264
Post-mastectomy radiotherapy® 28 322 74 70.5 65 70.7 33 66.0 259 595
Surgery unknown 7 1.5 12 2.9 14 5.0 8 4.5 49 3.0

Only the four mainly used regimens are shown; each regimen could be administered with or without additional HER2-inhibitor trastuzumab and/

or additional endocrine therapy

A epirubicin or doxorubicin, BCS breast conserving surgery, BMI body mass index, C cyclophosphamide, CCI Charlson comorbidity index, D
docetaxel, Car carboplatin, F fluorouracil, P paclitaxel, SD standard deviation

#Number of patients with data available on the respective parameter at time of enrolment

>Tumour stage according to American Joint Committee on Cancer. 7th ed. New York, NY: Springer; 2010

“Percentages refer to all patients who received BCS

dPercentages refer to all patients who received mastectomy

without a taxane, 10% (n = 163) received taxane-based
chemotherapy without an anthracycline, and 57% (n = 938)
received an anthracycline/taxane-combination, with an
increase over time from 46% in 2007-2008 to 75% in
2013-2014 (Fig. 3a). Only 1% of the patients (n = 21)
received chemotherapy without anthracyclines or taxanes.
The constant increase of patients treated with taxane-based
regimen within all subgroups is displayed in Fig. 3. How-
ever, when stratified by nodal stage, this increase seems
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to be a result of the rising proportion of node-negative
patients receiving taxanes (from 21% in 2007-2008 to 80%
in 2013-2014, Fig. 3a), while in node-positive patients
the use of taxane-based regimens was already very com-
mon at the start of the observation period, with a slight fur-
ther increase (77% in 2007-2008 and 88% in 2013-2014,
Fig. 3a). This pattern is present within all subgroups ana-
lysed (Fig. 3b—d). The largest increase could be observed
for node-negative patients with HR-positive/HER2-negative
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Fig.2 Frequency of most commonly used regimens over time.
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all patients, b patients with HR-positive/HER2-negative tumours, ¢
patients with HER2-positive tumours and d patients with triple nega-

tumours. Here, taxane use increased from 12% in 2007-2008
to 79% in 2013-2014 (Fig. 3b). Table 2 presents the associa-
tion of baseline patient and tumour characteristics of patients
treated with a taxane-containing regimen. HER2-positive or
triple negative tumour subtype, bigger tumour size, node-
positivity, higher tumour grading and a more recent start
year of treatment were significantly associated with receiv-
ing taxane-based regimens.

In contrast, older patients were less likely to receive
taxane-based therapy. Node-positive patients were 15 times
more likely to receive taxane-based regimens than node-
negative patients. Patients with triple negative tumours were
3 times more likely to receive taxane-based regimens than
patients with HR-positive/HER2-negative tumours. Fur-
thermore, patients with poorly differentiated tumours (G3)
were 2.7 times more likely to receive taxane-based regimens
compared to patients with well-differentiated (G1) tumours.
The start year of therapy was associated with 1.56 increased
odds of receiving taxane-based regimens for every year later
than 2007.
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tive tumours. Each regimen could be administered with or without
additional HER2-inhibitor and followed by additional endocrine ther-
apy. A epirubicin or doxorubicin, C cyclophosphamide, D docetaxel,
Car carboplatin, F fluorouracil, P paclitaxel

Discussion

The aim of this analysis was to describe the different adju-
vant cytotoxic treatment approaches for patients with early
breast cancer in daily routine practice in Germany as well as
to identify changes in treatment strategies since 2007. The
strengths of our study are the use of prospectively collected
clinical data on systemic therapy in unselected primary
breast cancer patients throughout Germany. The TMK is
not limited to patients treated with a particular substance,
thus providing a unique assessment of the different systemic
treatment strategies applied outside of clinical trials, reflect-
ing the “real-world” setting. Furthermore, we show a com-
prehensive analysis of treatment patterns of the breast cancer
subtypes. Outcome data from the TMK will be analysed
after an adequate follow-up time is reached, addressing the
key question as to how the clinical efficacy shown in RCTs
translates into clinical effectiveness in daily routine practice.

Our data show a shift from F + A-based to anthracy-
cline/taxane-based regimens as preferred adjuvant treatment.
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While the increase of taxane use was apparent in all patient
subgroups, the greatest increase was among node-negative
patients. Our regression model examined the association of
patient and tumour characteristics with receipt of taxane-free
adjuvant chemotherapy. Positive nodal stage, triple negative
or HER2-positive tumours, tumour grading, year of therapy
and tumour size were significantly associated with decreas-
ing odds for taxane-free therapy. Older age was the only fac-
tor associated with increasing odds for taxane-free therapy.

In our cohort study, 81% of the patients with HR-positive
tumours were treated with endocrine therapy and additional
HER2-inhibitors were documented for 81% of the patients
with HER2-positive tumours. Our cohort did not include
patients treated exclusively with endocrine therapy. In addi-
tion, although HR- and HER2-status were documented for
98% of our patients, we cannot distinguish between luminal
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A and luminal B subtypes because data on Ki-67 status were
not collected prior to 2011. Both limitations have to be taken
into account when comparing our data with other published
studies.

Compared to the patients from different European and
Californian registry cohorts, our patients are similar with
regard to the proportion of HR- and HER2-receptor subtypes
[14-17], as well as distribution of age and CCI [17-20],
if known restrictions of these registries (e.g. an age limit
of 75) and our primary focus on patients receiving cyto-
toxic treatment are accounted for. The proportion of patients
with CCI > 1 (12%) is also similar to patients in other real-
life settings [17—19]. When compared to patients in RCTs,
those treated in routine care are considerably different with
regard to demographic and clinical characteristics [21]. In
our TMK cohort, median age at start of adjuvant systemic
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Table 2 Multivariate analysis for the odds of chemotherapy with tax-
anes

Parameter Multivariate analysis
OR 95%CI p value
Age at start of therapy (10 years)  0.84 0.75-0.95 0.0039%*
Tumour subtype
HER2-pos. vs. HR-pos./HER2-  2.29 1.66-3.15 < 0.0001%%**
neg.
Triple neg. vs. HR-pos./HER2-  3.03 2.044.51 < 0.0001***
neg.
Tumour size®
> T1vs. Tl 1.42 1.10-1.84 0.0073%*
Tis vs. T1 297 0.91-9.62 0.0703
TX vs. T1 440 0.28-68.03 0.2894
Nodal stage®
N+ vs. N— 15.0 11.02-20.41 < 0.0001%**
NX vs. N— 234 0.71-7.73 0.1650
Tumour grading®
G2 vs. G1 1.92 1.12-3.29 0.0171*
G3 vs. G1 271 1.55-4.75 0.0005%#*
GX vs. G1 3.65 0.89-14.98 0.0718
Start of treatment (years) 1.56 1.45-1.68 < 0.0001%*%*

Intercept OR 0.11, CI 0.05-0.26, p value < 0.0001

40 patients were excluded from this analysis due to missing covari-
ates. CCI and the institution deciding on adjuvant therapy were not
included in the final model

CI confidence interval, neg. negative, OR odds ratio, pos. positive
*p < 0.05, ¥*p < 0.01, ***p < 0.001

#According to American Joint Committee on Cancer, 7th edn. New
York, NY: Springer; 2010

treatment is 56 years, compared to approximately 50 years in
RCTs [22-24]. Furthermore, the TMK includes patients who
would have been excluded from RCTs because of the sever-
ity of comorbidities [22-24]. This indicates that the general
state of health of our patients is less favourable, compared
to patients in prospective clinical trials.

Positive nodal stage is a known predictor of relapse [25,
26] and pivotal studies [27, 28] and meta-analyses [29, 30]
have shown a survival benefit of about 3% (5-year survival-
rate) by adding a taxane to an anthracycline-based chemo-
therapy for node-positive patients. Therefore, as expected,
the highest rate of combined anthracycline/taxane regimen
in our cohort is seen in the node-positive patient popula-
tion. Nevertheless, the highest increase in taxane therapy can
be seen in node-negative patients across all subtypes. The
increase in taxane-based chemotherapy since 2008 over all
patient subgroups in our cohort reflects changes in the treat-
ment guidelines: while taxanes were not recommended for
node-negative patients in 2008-2009, the use of taxanes for
all patients receiving chemotherapy has been highly recom-
mended since 2012 by the German AGO-guidelines [31].

However, the benefit of taxane-based chemotherapy for all
node-negative patients has yet to be proven. Trials including
node-negative patients that showed a survival benefit, either
only included high risk patients [23] or showed only a sig-
nificant benefit for the node-positive subgroup [25]. Node-
negative high-risk patients are probably the reason why the
EBCTCG meta analysis in 2012 [32] also reported a small
but significant reduction of the relative recurrence risk. This
means, that some node-negative patients might benefit from
taxane-based therapies, especially if other risk factors are
present [23]. However, there is also evidence that as many
as 70% of node-negative patients could be treated effectively
with surgery, radiotherapy and endocrine therapy alone [33,
34]. On the other hand, due to the cardiotoxic side effects
of anthracyclines, adjuvant combinations of docetaxel and
cyclophosphamide (TC) are recommended for node-negative
or low-risk node-positive breast cancer as an alternative to
anthracycline-based therapies [35]. Nevertheless, only 10%
of the patients of our cohort received anthracycline-free
regimens.

Currently it is not possible to reliably identify node-neg-
ative patients, who will benefit from anthracycline/taxane-
combination therapies. This is probably the main reason
why an increasing proportion of node-negative patients in
the TMK received such a combination therapy. However, if
the overall risk of recurrence is small, the treatment choice
has to be counterbalanced with treatment-related acute and
long-term toxicities [36—38]. Especially in the light of recent
findings regarding treatment choice based on gene-expres-
sion profiles, the decision for adjuvant chemotherapy treat-
ment should not be taken lightly: the PlanB trial showed that
patients with early HR-positive breast cancer and enhanced
risk (assessed by the 21-gene recurrence score) had excel-
lent 3-year survival rates despite omitted chemotherapy [39].
Similarly, 5-year survival rates of patients with high clinical,
yet low genomic risk (assessed with the 70-gene signature
test), were comparable regardless of the receipt of chemo-
therapy [40]. On the other hand, it has been shown that the
patients’ perceived estimation of increased risk of relapse
is a major determinant for using adjuvant chemotherapy
despite uncertainties regarding the degree of benefit when
added to endocrine therapy in the low-risk HR-positive pop-
ulation. Thus the rise of taxane-use in node-negative patients
in the TMK might also be partially attributed to patients’
personal preference.

Conclusion

In summary, we show that adjuvant treatment with anthracy-
cline/taxane-based chemotherapy has continuously increased
in Germany since 2007; with the highest increase seen in the
group of node-negative patients. Data from cohort studies
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like the TMK provide substantial information about the
treatment of patients outside of clinical trials, which will
help to gain more insight into benefit of changes in treatment
strategies and the outcome of patients in routine practice.
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