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Abstract. Background/Aim: In this retrospective study, we
compared breast cancer patients treated with and without
mistletoe lectin I (ML-I) in addition to standard breast cancer
treatment in order to determine a possible effect of this
complementary treatment. Patients and Methods: This study
included 18,528 patients with invasive breast cancer. Data on
additional ML-I treatments were reported for 164 patients.
We developed a “similar case” method with a distance
measure retrieved from the beta variable in Cox regression
to compare these patients, after stage adjustment, with their
non-ML-1 treated counterparts in order to answer three
hypotheses concerning overall survival, recurrence free
survival and life quality. Results: Raw data analysis of an
additional ML-I treatment yielded a worse outcome (p=0.02)
for patients with ML treatment, possibly due to a bias
inherent in the ML-I- treated patients. Using the “similar
case” method (a case- based reasoning approach) we could
not confirm this harm for patients using ML-I. Analysis of life
quality data did not demonstrate reliable differences between
patients treated with ML-I treatment and those without proven
ML-I treatment. Conclusion: Based on a “similar case”
model we did not observe any differences in the overall
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survival (OS), recurrence- free survival (RFS), and quality of
life data between breast cancer patients with standard
treatment and those who in addition to standard treatment
received ML-I treatment.

Treatment of breast cancer is based on an elaborate decision
tree, which is influenced by the patho-morphological features
of breast cancer, the knowledge of the physician in charge, and
the decision of the patient. Even for the well justified treatment
modalities, the benefits of a certain decision are hard to
measure, as revealed by Adjuvant Online (1). In addition to
standard treatment, complementary therapies are also used in
breast cancer, mostly at the request of the patient (2). Mistletoe
lectin (ML-I) is one of the most frequently complementary
treatment options (3). There are some studies (4-16) that argue
ML-I treatment may be beneficial if given in addition to
standard treatment. The benefits claimed for this ML-I treatment
are: 1) improvement in the patient’s quality of life (5, 7, 8, 10,
11, 13), 2) reduction of cancer-related fatigue or side effects of
anti-cancer chemotherapy (6, 9, 14), 3) improvement of relapse
free survival (RFS), and 4) improvement of overall survival
(OS) (17, 18). However, seen by the perspective of patients, the
problem of decision making for or against a complementary
ML-I treatment in a given breast cancer are not solved. Based
on a plethora of data (retrospective, prospective and scientific)
the patient or the patient and the physician in charge had to do
a binary (no/yes) decision.
Here, we use a new statistical approach (case-based
reasoning) to analyze retrospective data (19, 20). Three
hypotheses were tested: Additional ML-I treatment had no
statistically significant harm or benefit on OS and RFS
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(hypotheses 1 and 2). Life quality data are not different in
patients treated with ML-I in addition to a conventional
treatment approach.

Patients and Methods

Patients. All data were retrieved from the breast cancer data base
of the OSP Stuttgart (Onkologischer Schwerpunkt Stuttgart) (19,
20). Patients were diagnosed with breast cancer from January 1,
1989- March 31, 2011. Patients (N=18,528) with invasive breast
cancer were available for analysis. pT, pN, M were classified
following TNM classification (Table I) (21). PN1mi was classified
as pN1. The biological disease modifiers, ER (estrogen receptor),
PR (progesterone receptor), and cerb-B2 were reported as
immunoreactive scores (Remmele score, levels: 0-4, 6, 8, 9, and 12)
(22) and cerb-b2 with levels 0-3. A breast cancer was considered
ER or PR positive if the Remmele score was >1 (22). Cerb-B2 was
considered positive for an immunohistochemical score of 3. The
distribution of T, N, and M (as shown in Table I) was used to
calculate the stage and substage following the TNM
recommendation (21). Two subsets were compared in the raw data
analysis: 1) ML-I Subset. These are patients with a proven ML-I
treatment (N=164), and 2) NON-ML-I subset. These are all patients
with breast cancer in the OSP registry without reported ML-I
treatment (N=18,528-164=18364).
Similar patients were selected by a statistical approach (see
below) and two collectives were analyzed following the
recommendations of Austin (23). Model 1: Similarity was defined
by 8 variables (Table I): pT, pN, M, age (cut-off 60 years), year of
diagnosis (cut-off year=2000), chemotherapeutical treatment, antihormonal treatment, and radiation.
Model 2: Similarity was defined by those 4 variables which were
significantly different between the 164 ML-I treated breast cancers
and their counterparts without proven ML-I treatment. The variables
selected for assessment of similarity were pT, pN, age, year of
diagnosis.

Treatment data. The reports available contained information about:
1) chemotherapy (yes/no, not available), with yes indicating
patients were treated with one or more chemotherapies without
further specification; 2) radiation (yes/no, not available), with yes
indicating patients treated with one or more radiation treatments
without further specification; and 3) anti-hormonal treatment
(yes/no, not available), with yes indicating patients received one
or more anti-hormonal treatments without further specification. In
addition, 164 patients received mistletoe treatment (ML-I).
Different pharmacological variants were applied: Lectinol R,
AbnobaR, Helixor R, Iscador R, and AviscumineR (24, 25). Our
retrospective data did not allow to discriminate between these 5
treatment modalities. All other patients had either no ML-I
application or this treatment was not disclosed in the medical
reports (25). In a subset of patients receiving chemotherapy
information about a specific treatment consisting of
cyclophosphamide, methotrexate, and fluorouracil (CMF) was
available. For patients receiving anti-hormonal treatment, records
indicated whether this treatment was tamoxifen or an aromatase
inhibitor (not further subdivided) (25).

Survival. OS was calculated from the date of diagnosis to either
death or last registration. Death could only rarely be classified as
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either tumor-related or not tumor-related. Therefore, all causes of
death were taken into consideration. For comparing non-tumor
related deaths, we utilized the life table of the Federal Statistical
Office of Germany (26). The RFS was defined as the time between
diagnosis and either death from any cause, local relapse, or distant
metastasis.
Subset analysis. Five subsets were analyzed. 1) high risk patients
defined by G3 breast cancer, 2) low risk patients defined as pT1 or
pT2, N0, G1 or G2, 3) patients aged >50 years, 4) patients with a
CMF chemotherapy, and 5) tamoxifen treatment.

Life quality analysis. In 3633 patients a life quality assessment was
performed using the EORTC QLQ-C30 version 3.0. This assessment
consisted of 30 questions with an item range of mostly 3 or 6
(question 29 and 30 concerning global health status) (27, 28). For
101 patients of our case based reasoning procedure (CBR) model
these life data were available. From each patient, at least, two
questionnaires were available. The hypothesis tested was two sided
and the level of significance was set at p=0.05. The hypothesis was
that ML-I treatment has a significant influence on life quality. For
eviting a false interpretation by a multiple testing approach, we
performed a Bonferroni-Holm correction with n=15 (number of
different tests in the scoring system of QLQ-C30). The EORTC
QLQ-C30 discriminates between symptom scales (0-100) higher
values signifying more intensive symptoms (decreased life quality)
and functionating scales higher values signifying good life quality.
We analyzed 1) the first life quality assessment, 2) the mean of life
quality assessment, if more than one assessment was done, and 3)
the change in the life quality scales, if more than one assessment
was done, discriminating three groups: no change, increase or
decrease of life quality variables. Analysis was done with model 1
or model 2 data sets separately.

Statistical analyses. The data used for analysis correspond to a
retrospective study in which the total population of patients
suffering from breast cancer in the area of Stuttgart is analyzed
(25). The overall survival data were retrieved from the life table of
the Statistische Bundesamt Deutschland (26). Data analysis was
performed with R, version 3.3.2 (29) and a function written by the
authors to select cases from a registry that are similar to a given
case (19, 20, 30). To be more specific, as a first step this function
computes the beta vector of the log hazard ratios in a Cox
regression set up with the factors to be considered in the given
case. In a second step, this beta vector is used to define a distance
on the space of the possible values of the chosen factors. Finally,
in a third step, N=3 cases out of the data set, nearest to the given
case in the sense of the computed distance, are determined. The
selection of the matched cases was done with replacement. By this
method, for each case of a small subset from a data set, N cases
from the entire data set can be matched. Then, by log-rank test,
survival of the subset and the matched data set can be compared.
Taken into consideration “the lack of consensus in the literature as
to which variables one should include in the propensity score” we
followed the recommendation (model 1) of Austin (23) to use
variables with presumed prognostic effect. His second
recommendation for as few variables as possible was followed in
model 2. The matching procedure takes into account both the
importance of the considered factors with respect to survival and
the natural ordering of factor levels. The variables selected for
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Table I. Clinical and pathological findings of study patients (raw data
analysis).
Variable

ML-1 treatment
N

Age
Mean
Sd
Median
>=60 years
<60 years
Missing values
Year of diagnosis
Mean
Sd
Median
<2000
>=2000
Missing values

ML-1

Set

yes
164
year

55.7
11.0
55.1
63
101
0

1991.1
6.7
1991
76
88
0
N (%)
pT0
4 (2.5)
pT1
64 (40.8)
pT2
66 (42.0)
pT3
8 (5.1)
pT4
15 (9.6)
Missing values
7
N0
79 (52.0)
N1
51 (33.6)
N2
18 (11.8)
N3
4 (2.6)
Missing values
12
M0
137 (93.8)
M1
9 (6.2)
Missing values
18
Stage I
49 (35.3)
Stage II
61 (43.8)
Stage III
20 (14.4)
Stage IV
9 (6.5)
Missing values
25
G1
14 (9.3)
G2
91 (60.3)
G3
46 (30.4)
Missing values
13
ER-negative
40 (28.6)
ER-positive
100 (71.4)
Missing values
24
PR negative
53 (37.9)
PR positive
87 (62.19)
Missing values
24
cerbB2*-negative 49 (86.0)
cerbB2-positive
8 (14.0)
Missing values
107
Chemo no
89 (54.3)
Chemo yes
75 (45.7)
Missing values
0
Anti-hormonal no 82 (50.0)
Antihormonal yes 82 (50.0)
Missing values
0
Radiation no
54 (32.9)
Radiation yes
110 (67.1)
Missing values
0

Non-ML-1
unknown
18364
year
60.0
13.3
59.9
9225
9139
0

2003
6.1
2000
7456
10908
0
N (%)
136 (0.7)
8290 (46.6)
7134 (40.1)
1005 (5.6)
1203 (6.8)
596
10317 (59.7)
5349 (31.0)
1177 (6.8)
434 (2.5)
1087
15852 (94.4)
946 (5.6)
1566
6002 (36.8)
7295 (44.7)
2068 (12.7)
946 (5.8)
2053
1707 (10.6)
10387 (64.3)
4070 (25.1)
2200
3778 (23.5)
12315 (76.5)
2271
5229 (32.6)
10808 (67.4)
2027
6347 (85.2)
1106 (14.8)
10911
10566 (57.5)
7798 (42.5)
0
8702 (47.4)
9662 (52.6)
0
6201 (33.8)
12163 (66.2)
0

*Scores of 0-2 are considered negative.

p-Value
t-test
Standardized
chi-squaremean
test
difference
0.0000024

0.026

0.03

0.186

0.05

0.196

0.07

0.214

0.92

0.023

0.0049

0.13

0.92

0.061

0.33

0.112

0.19

0.105

0.22
1

0.45

0.56

0.89

0.044

0.034

0.066

0.052

0.018

Table II. Comparison of case based reasoning data. Similar cases were
chosen for statistical (p<0.05) and biological reasons (clinical or
statistical relevance of the matched variable should be given).
Variable

ML-1 treatment
N

Age
Mean
Sd
Median
≥60 years
<60 years
Missing values
Year of diagnosis
Mean
Sd
Median
<2,000
≥2000
Missing values

ML-1

Set

yes
141
year

55.3
11.3
55.1
53 (37.6)
88 (62.4)
0

1999.2
6.9
1999
78 (55.3)
63 (44.7)
0
N (%)
pT0
4 (2.8)
pT1
60 (42.6)
pT2
60 (42.6)
pT3
6 (4.2)
pT4
11 (7.8)
Missing values
0
N0
76 (53.9)
N1
49 (34.7)
N2
12 (8.5)
N3
4 (2.9)
Missing values
0
M0
134 (95.0)
M1
7 (5.0)
Missing values
0
Stage I
49 (35.8)
Stage II
61 (44.5)
Stage III
20 (14.6)
Stage IV
7 (5.1)
Missing values
4
G1
13 (10.1)
G2
80 (62.0)
G3
36 (27.9)
Missing values
12
ER-negative
35 (27.8)
ER-positive
91 (72.2)
Missing values
15
PR-negative
48 (38.1)
PR-positive
78 (61.9)
Missing values
15
cerbB2*-negative 44 (84.6)
cerbB2-positive
8 (15.4)
Missing values
89
Chemo no
74 (52.5)
Chemo yes
67 (47.5)
Missing values
0
Anti-hormonal no 70 (49.6)
Anti-hormonal yes 71 (50.4)
Missing values
0
Radiation no
43 (30.5)
Radiation yes
98 (69.5)
Missing values
0

p-Value
t-test
Standardized
Non-ML-1 (Wilcoxon-test) mean
Model 1
chi-square difference
test
unknown
423
year

57.6
12.6
55.9
166 (39.2)
267 (60.8)
0

1999.7
6.2
1999
229 (54.1)
194 (45.9)
0
N (%)
12 (2.8)
181 (42.8)
180 (42.6)
16 (3.8)
34 (8.0)
0
228 (53.9)
148 (35.0)
38 (9.0)
9 (2.1)
0
400 (94.6)
23 (5.4)
0
144 (35.0)
185 (45.0)
59 (14.4)
23 (5.6)
12
26 (6.8)
252 (65.6)
106 (27.6)
39
115 (29.6)
274 (70.4)
34
136 (35.8)
244 (64.2)
43
137 (78.7)
37 (21.3)
249
219 (51.8)
204 (48.2)
0
211 (49.9)
212 (50.1)
0
129 (30.5)
294 (69.5)
0

0.04 (0.11)

0.064

0.26 (0.27)

0.114

0.8

0.89

0.99

0.025

0.96

0.073

1

0.021

0.45

0.053

0.78

0.067

0.46

0.305

0.99

0.72

0.96
1

1

0.026

0.053

0.014

0.005

<0.001
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choosing similar cases are: pT, pN, M, age (cut-off 60 years), year
of diagnosis (cut-off year=2000), chemotherapeutic treatment, antihormonal treatment, and radiation (model 1). In model 2 pN, pT,
age and year of diagnosis entered the model.
To judge the power of our study, we recall that the relation of
subset size of proven and non-proven ML-I treatment cases was 1:3,
and the 10-year survival rate in the non-proven ML subset was 0.55.
If we request a power of 0.8, the number of events needed is
267/499/1172 to prove that 10-year survival in the proven ML-I
subset is increased by 20%/15%/10% (event size calculation
according to Collett (31). However, due to censoring we must
include even more cases. Supposing that recruiting and follow-up
time each equals 10 years, the total sample sizes mount up to
491/898/2071, respectively.
We used the t-test, the Wilcoxon-test and the statistical mean
difference for comparison of numerical data, and the chi-square test
or fisher test for categorical data. Statistical hypothesis test is not
considered as a valid tool to check the balance of matched data.
Nevertheless, for sake of convenience we included p-values in an
additional column. The effect size (mean statistical difference) was
considered to be small (<0.2), medium (0.2-0.49) or large (≥0.5)
(32). Differences in survival were analyzed with the log-rank test
and the Cox survival test. p-Values less than 0.05 were considered
statistically significant and p<0.001 as highly significant. p-Values
less than 10–6 were termed p=0.

Results

Patients: We first analyzed the population of all breast
cancer patients of a south-western region in Germany and
divided it into two subsets (1) breast cancer patients
treated with ML-I and (2) those without a reported ML-I
treatment (not-ML-I treated) (Table I). Most patients were
classified as stage I or II invasive breast cancer, ER or PR
positive, and cerb-B2 negative. However, the ML-I treated
subset showed significantly more patients with higher pT
and pN. The mean age of the ML-I treated patients was
55.7 years (median 55.1, sd=11.0, inter quantile range
(IQR)=15.41, range=29.2-81.0 years) versus 60.0 years
(median=59.9, sd=13.3, IQR=19.07, range=18.2-101.4
years) for the Non-ML-I treated patient group. The ML-I
treated patients were approximately 4 years younger than
the whole population (p=0). Therefore, both subsets, the
large without reported ML-I treatment (N=18,364) and the
small one with reported ML-I treatment (N=164) are
highly biased. A direct comparison between both subsets
in Table I is hampered by many biases as shown by the
standardized mean difference or statistically significant
different distributions of age, pT, year of diagnosis and pN.
Concerning the treatment data (raw data, Table I) ML-I
treated patients and those without a reported ML-I
treatment had no statistical difference. After selecting the
similar case patients either with model 1 or 2 we found no
differences between the subsets of ML-I treated patients
and their most similar counterparts (Tables II and III)
based on the statistical mean difference.
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Table III. Comparison of case based reasoning data. Similar cases were
chosen for statistical (p<0.05) reasons only.
Variable

ML-1 treatment
N

Age
Mean
Sd
Median
>=60 years
<60 years
Missing Values
Year of diagnosis
Mean
Sd
Median
<2000
>=2000
Missing values

pT0
pT1
pT2
pT3
pT4
Missing values
N0
N1
N2
N3
Missing values
M0
M1
Missing values
Stage I
Stage II
Stage III
Stage IV
Missing values
G1
G2
G3
Missing values
ER-negative
ER-positive
Missing values
PR-negative
PR-positive
Missing values
cerbB2*-negative
Negative
Positive
Missing values
Chemo no
Chemo yes
Missing values
Anti-hormonal no
Anti-Hormoal yes
Missing values
Radiation no
Radiation yes
Missing values

ML

Set

yes
151
year

55.5
11.2
55.1
58 (38.4)
93 (61.6)
0

1999.2
6.8
1999
86 (57.0)
65 (43.0)
0
N (%)
4 (2.6)
64 (42.4)
62 (41.1)
8 (5.3)
13 (8.6)
0
78 (51.7)
51 (39.8)
18 (11.9)
4 (2.6)
0
134 (95.0)
7 (5.0)
10
49 (35.8)
61 (44.5)
20 (14.6)
7 (5.1)
14
13 (9.4)
87 (62.6)
39 (38.0)
12
38 (28.4)
96 (71.6)
17
51 (38.1)
83 (61.6)
17

46 (85.2)
8 (14.8)
97
81 (53.6)
70 (56.4)
0
74 (49.0)
77 (51.0)
0
47 (31.1)
104 (68.9)
0

p-Value
t-test
Standardized
Non-ML (Wilcoxon-test) mean
Model 2
chi-square
difference
test

unknown
453
year

55.7
11.8
55.2
174 (38.4)
279 (61.6)
0

1999.6
6.8
1999
247 (54.5)
206 (45.5)
0
N (%)
9 (2.0)
193 (42.6)
185 (40.8)
21 (4.6)
45 (9.9)
0
230 (50.8)
160 (35.3)
50 (11.0)
13 (2.9)
0
392 (93.8)
26 (6.2)
35
141 (34.4)
177 (43.3)
65 (15.9)
26 (6.4)
44
31 (7.9)
258 (65.6)
104 (26.5)
60
83 (21.0)
313 (79.0)
60
126 (32.0)
268 (68.0)
59

141 (82.0)
31 (31.0)
281
237 (52.3)
216 (47.7)
0
215 (47.5)
238 (52.5)
0
154 (34.0)
299 (66.0)
0

0.82 (0.89)
0.68

0.51 (0.52)
0.68

0.042

0.026

0.97

0.033

0.82

0.064

0.73

0.086

0.77

0.125

0.1

0.014

0.74

0.172

0.81

0.013

0.93

0.24

0.85

0.58

0.102

0.017

0.013

0.024
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Table IV. Effects of ML-1 treatment on survival of breast cancer
patients.
ML treatment
in COX
survival model

ML-1 all stages
ML-1 and stage
Stage I
Stage II
Stage III
Stage IV
ML-1 all stages
ML-1 and stage
Stage I
Stage II
Stage III
Stage IV
ML-1 all stages
ML-1 and stage
Stage I
Stage II
Stage III
Stage IV

Kind of
analysis

Raw data
Standard

Model-1
Model-1

Model-2
Model-2

p-Value 95%CIintervall
0.021
0.88
0.05
0.04
0.78
0.99

0.29
0.19
0.39
0.64
0.50

0.56
0.88
0.54
0.62

1.0-1.2

0.34
1.0-2.2
1.0-3.2
0.4-2.1
0.72-1.4

0.23-1.55
0.86-2.14
0.7-2.6
0.25-2.3
0.66-1.22

0.28-2.0
0.62-1.5
0.64-2.32
0.27-2.20

Commentary
(with respect to
overall survival)

ML-1 is detrimental

No effect of ML-1
ML-1 is detrimental
ML-1 is detrimental
No effect of ML-1
No effect of ML-1
No
No
No
No
No

No
No
No
No

effect
effect
effect
effect
effect

effect
effect
effect
effect

of
of
of
of
of

of
of
of
of

ML-1
ML-1
ML-1
ML-1
ML-1

Figure 1. Comparison of patients with ML-I treatment to those without
reported ML-I treatment (raw data).

ML-1
ML-1
ML-1
ML-1

Survival analysis. When we analyzed the survival difference
between patients treated (ML-I group) and not treated with
ML-I (Non-ML-I group) in the raw data population, we
found a harmful effect for the ML-I treated patients (95%CIinterval=1-1.2, p=0.02) (Table IV, Figure 1) with regard to
survival. When we analyzed the data in a stage-adjusted
manner, the harmful effects of the ML-I treatment were
determined in stage II (95% CI-interval=1-2.2, p=0.05) and
III (95%CI-interval=1-3.2, p=0.04) (Table IV).
When we repeated the survival analysis using a similar
case approach, this disadvantage disappeared (Figure 2 and
Table IV) independent of the choice of variables (model 1
and 2). Adding stage to the Cox analysis (Table IV)
confirmed this result. In model 1 population, similarity was
defined on the basis of T, N, M, age (cut-off= 60 years), year
of diagnosis (cut-off=year of diagnosis 2000), chemotherapy,
anti-hormonal treatment and radiation. The 5-year survival,
for example, was 75.1% (95%CI=67.6-83.3) in the ML-I
treated subset (Table II and Figure 1) and 78.4%
(95%CI=74.4-82.6) in the similar subset. For comparison, a
woman aged 60 years without breast cancer has a 5-year
survival of 96.9% (“Überlebensdaten Statistisches
Bundesamt” 2009/201) (26). There were no significant
differences in the RFS (p=0.4), when comparing ML-I
treated with “not-treated” patients. When we repeated the
analysis with the similar case group chosen by model 2 the
results did not change (Table IV).

Figure 2. Comparison of patients with ML-I treatment to those without
reported ML-1 treatment (analysis with matched data).

Life quality analysis. A total of 101 out of 604 patients
(13.1%) provided data for evaluation of life quality (Table V)
(27, 28). Physical functioning, role functioning, emotional
functioning, cognitive functioning and social functioning
were not affected by an additional ML-I treatment (Tables V
and VI). This holds true for analysis of the first life quality
assessment or the mean of life quality assessments. If we
analyzed the proportion of patients with increasing life
quality in the global health scale, we observed non-improved
health life quality (p=0.82). All other variables (symptoms or
scales) did not show statistically significant differences
between the ML-1 and Non-ML-1 treated patient groups
(Table VI).
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Table V. Life quality functionating scales in ML-1-treated and
non-ML-1-treated patients.

Table VI. Symptoms scales of life quality variables in ML-1 treated and
non-ML-1 treated patients.

Physical functionating
First evaluation median
Interquantile
Median of all evaluations
Interquantile
Increase N (%)

Fatigue
First answer median
Interquantile
Median
Interquantile
Increase of life
quality N (%)
Nausea and vomiting
First answer median
Interquuantile
Median
Interquantile
Increase
Pain
First answer median
Interquantile
Median
Interquantile
Increase
Dyspnea
First answer median
Interquantile
Median
Interquantile
Increase
Insomnia
First answer median
Interquantile
Median
Interquantile
Increase
Appatite loss
First answer median
Interquantile
Median
Interquantile
Increase
Constipation
First answer median
Interquantile
Median
Interquantile
Increase
Diarrhea
First answer median
Interquantile
Median
Interquantile
Increase
Financial difficulties
First answer median
Interquantile
Median
Interquantile
Increase

Variable

Role functionating
First evaluation median
Interquantile
Median of all evaluations
Interquantile
Increase N (%)

Emotional functionating
First evaluation median
Interquantile
Median of all evaluations
Interquantile
Increase N (%)

Cognitive functionating
First evaluation median
Interquantile
Median of all evaluations
Interquantile
Increase N (%)

Social functionating
First evaluation median
Interquantile
Median of all evaluations
Interquantile
Increase N (%)

Global health status
First evaluation median
Interquantile
Median of all evaluations
Interquantile
Increase N (%)

Abbr
PF2

RF2

EF

CF

SF

QI2

ML-1

Non-ML-1

76.5
80
27
26
75.3
80.7
22.7
14
6/23 (26.1) 21/77 (27.3)

p-Value
0.4

0.14
1

50
67
45.8
37.3
60.3
66.7
38.8
25
4/22 (18.2) 12/77 (15.6)

0.61

58
75
39.5
42
65.9
73.3
31.1
25.9
5/21 (23.8) 32/75 (42.7)

0.31

83
83
33
17
83.3
88.3
36.8
28.3
6/23 (26.1) 33/77 (42.9)
67
83
41.5
33
66.7
75
28.5
30
5/23 (21.7) 28/77 (36.4)
50
66.7
25
25
62.5
66.7
21.6
22.5
8/23 (34.8) 31/77 (40.3)

0.23
1

0.40

0.19

0.61

0.72

0.23

0.16

0.33

0.29

0.23
0.5

0.82

Interpretation: life quality functionating scales range between 0-100. A
high life function scale signifies a good life quality. No differences in
life quality were observed between ML-I treated and Non-ML-I patient
groups in the functionating scale.

Subset analysis (ML-I treated patients versus Non-ML-I treated
patients) in model 1 and 2. If we analyzed only patients treated
with tamoxifen or CMF, we found no statistically significant
harm for the additional ML-I treated patients (p=0.98,
respectively p=0.31). The same holds true for the G1, G2 and
G3 subsets (p=0.10, p=0.44, respectively p=0.27), the low and
high-risk group (p=0.33, respectively 0.29).
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Variable

Abbr
FA

NV

PA

Dy

SL

AP

CO

DI

FI

ML-1

Non-ML-1

44
44
45
45
38.9
–37.8
31.1
32.3
6/23 (26.1) 20/77 (26.0)
0
17
0
15.5
1/22 (4.5)

0
0
0
8.3
16/77 (20.8)

33
17
41.5
50
25
23.3
25.8
41.7
5/23 (21.7) 19/77 (24.7)
33
0
67
33
33.3
16.7
46.7
33.3
6/23 (26.1) 20/77 (26.0)

33
–3
67
33
33.3
33.3
55
23.3
42/23 (8.7) 17/77 (22.1)
0
33
0
25
1/22 (4.4)

0
33
0
10
12/77 (15.6)

0
0
0
33
0
0
29.2
28.0
3/22 (13.6) 13/77 (16.9)
0
0
0
3.4
1/23 (4.4)

0
33
0
6.7
2/23 (8.7)

0
0
0
10
10/77 (13.0)

0
33
33.3
26.7
12/77 (15.6)

p-Value
0.59

0.32
1

0.32
0.76

0.14

0.30

0.64
1

0.15

0.17
1

0.72

0.74

0.26

0.20

0.26

0.29

0.50

0.97

0.97

0.89

0.30

0.43

0.71

0.23

0.62

Interpretation: symptoms scales range between 0-100. A high symptom
scale signifies more or more intensive symptoms. No differences of life
quality were observed between ML-I treated and Non-ML-I patient
groups in the symptom scales.

Discussion

Fritz et al: Mistletoe in Invasive Breast Cancer

ML-I is a proven toxin with distinct biological effects on the
immune system (33-36) and tumor cells, including triggering
off necrosis and apoptosis (37). The A chain inhibits protein
synthesis at the ribosomal level and the A and B chains have
different immunological effects (38-40). In addition, ML-I
has been shown to bind to breast cancer cells in paraffin
sections (41).
According to Fasching and coworkers (10), 48.7% of
patients with breast cancer receive a complementary
treatment, including ML-I. Therefore, we selected three
similar cases for each ML case, assuming that 75% of nonML1 patients did not receive complementary treatment.
As many oncologists (42, 43) argue against the use of
cancer patient data in retrospective studies investigating
treatment modalities as there are many unknown data biases
and a high number of missing values we analyzed our data
in two ways (1) raw data analysis and (2) data analysis with
a case based reasoning procedure.
In the first approach, we compared the whole set of
patients treated with ML-I (in addition to conventional
treatment) (see Table I and Figure 1) with those without a
reported ML-I treatment. We found a significant
disadvantage for the addition of ML-I treatment. However,
this approach has to be strongly criticized due to many
missing values, unknown bias, and changing treatment
modalities over time, factors which may corrupt the results
of the data analysis. This comparison is therefore worthless
for clinical decision making. For example, the ML-I patients
were four years younger than their counterparts without a
documented ML1 treatment.
Based on these shortcomings of the first approach, we
developed a second method (matching), where three similar
cases with the same or very similar features in regards to T,
N, M, age, chemotherapeutical- anti-hormonal treatment,
radiation, year of diagnosis were identified for each case of
breast cancer treated with ML-I. With this new approach, we
did not find any benefit or harm of ML-I treatment with
concern to OS (Figure 2 and Table IV), RFS or for any of
the subsets studied. The strategy for selecting variables for
the CBR was based on at least one of two criteria: (1) a
statistical significant difference in the variables mentioned in
Table I, and (2) a probable clinical impact of a variable on
the course of the disease. The results of the survival analysis
did not differ (Table IV) irrespective whether model 1 or
model 2 data were used for the Cox regression analysis.
Concerning life quality data an additional ML-I treatment
had also no influence on the assessment of life quality
questionnaire, independent from whether symptom scales or
functionating scales were analyzed (Tables V and VI).
What may be the medical impact of case based reasoning
in breast cancer treatment? Two recent medical concepts make

it worthwhile to develop better tools for retrospective data
analysis:1) personalized medicine, and 2) shared decision
making (43). The first concept means that each treatment
decision should be governed by more patient data than those
contained in the TNM system and the biological prognosis
factors. The second concept means that the patient should be
part of the decision making approach, which makes it
necessary to provide the patient with more information about
her possible disease outcome. One patient with breast cancer
may ask whether she should have a distinct additional
treatment such as ML-I. The use of a database with a given
number of similar cases, some with the additional treatment
and most without, will help to answer this question. For the
concept of shared decision making, we have to provide data
enabling the patient (with assistance of her physician) to make
better treatment decisions, not based on the belief of either the
patient, the physician, or both in a situation where no high
standard prospective studies are available covering the
individual situation of a given patient. Our method of similar
case analysis delivers data-driven decision support.
Before drawing any conclusions from our data, the
shortcomings of our approach have to be underlined. Patients
with reported ML-I treatment are very infrequent in our
study. Data from publications estimate that the proportion of
complementary treatment in breast cancer is as high as
48.7% to 53%, with ML-I treatment being one of the most
preferred options (46%) (10, 44, 45, 46). This means that up
to 22% of all breast cancer patients choose a complementary
ML-I treatment of their breast cancer. A further disadvantage
of our study may be that our selection method for similar
cases is not optimal. Three fundamental arguments should be
considered in addition: (1) our CBR procedure match the
control cases with replacement, (2) control cases and cases
with additional ML-I treatment cases were compared by ttest or chi square test, a method being criticized by Imai and
coworkers (47), and (3) the interactions of the covariables
are not taken into consideration. For all three restrictions of
the CBR model improvement are currently under work.
For the hypothesis tested, analysis of our data using the
similar case method did not hint towards a survival or life
quality benefit or harm in the ML-I patients and their nonML-1 treated counterparts. However, the ongoing discussion
about the benefits of additional ML-I treatment against the
background of the undisputed biological effects of this
substance (48-50, for review 50) can probably not be
resolved by classical study approaches as shown by many
different approaches in the past (51-52). Therefore, our
approach can be considered as a data-driven hint, when a
patient asks for a complementary ML-I treatment.
From our data analysis a patient or physician cannot
conclude, that an additional ML treatment of breast cancer
provides harm or benefit in disease outcome (RS or OVS) or
life quality. Our analysis is in accordance with a recent
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patient cohort study of Tröger and coworkers (53) where
ML-I treatment did not influence RFS.
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