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Abstract An epidemic scale of the breast cancer (BC) prev-
alence is actually recognised as the reality of the early twenty-
first century. Particularly alarming is that the sporadic BC
(about 90% of all patients) creates currently unpredictable
subpopulations in terms of disease predisposition, develop-
ment and progression. Despite broad discussions run since
years in BC area, no any plausible approach has been sug-
gested so far to get the overall situation better controlled in the
populations. Here, we present highly innovative concepts con-
sidering investigation of specific syndromes and symptoms
underestimated till now in relationship with BC predisposition
and development. Consequently, the purpose of our pilot pro-
ject was to evaluate the prevalence of Flammer Syndrome
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(FS) in BC patient cohort. The results achieved here support
the main hypothesis of the project clearly demonstrating the
tendency of BC patients to the increased prevalence of FS symp-
toms compared to the disease-free individuals. Our study strong-
ly indicates the relevance of FS symptoms for BC pathology
such as feeling inadequately cold, deficient thermoregulation,
altered sensitivity to different stimuli, potential dehydration, al-
tered sleep patterns, tendency towards headache, migraine attacks
and dizziness. Moreover, the symptoms’ appearance is specifi-
cally linked to the individual BC subtypes. Potential mechanisms
interconnecting FS with BC pathology are discussed.
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Introduction

An epidemic scale of the breast cancer (BC) prevalence is actu-
ally recognised as the reality of the early twenty-first century [1].
Further, it has been demonstrated that more than 50% of all BC
cases are well preventable, where modifiable risk factors play
the major role in the disease predisposition and development
[1]. The “familial BC” cases characterised by the inherited ge-
netic component dominating in the disease aetiology, comprise
not more than 10% of the entire BC patient cohort that repre-
sents only the tip of the whole BC “iceberg”. In contrast, the
main body of this iceberg is represented by so-called “sporadic
BC” comprising about 90% of cases. Particularly alarming is
the actuality that specifically sporadic BC creates currently un-
predictable subpopulations in terms of all three factors, namely
disease predisposition, development and progression. Despite
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broad discussions run since years in BC area, no any plausible
approach has been suggested so far to get the overall situation
better controlled in the populations.

However, on a positive note, potential solutions start to be
crystallised at the multiprofessional level now [2], such as the
urgent necessity to introduce

— innovative screening programmes focused on the young
subpopulations (teenagers +) obligatory considering an
interplay between contributing internal and external risk
factors

— investigation of specific syndromes and symptoms
underestimated till now in relationship with BC predis-
position, development and progression

— new approaches for more precise/personalised patient
phenotyping and stratification

— creation of the pathology-specific individual patient pro-
files, multilevel diagnostics approaches, novel biomarker
patterns

— advanced educational measures for both professionals
and general population strongly focused on an effective
prevention of sporadic BC.

Actual research article follows the above-listed recommenda-
tions contributing specifically to the point “investigation of spe-
cific syndromes and symptoms underestimated till now in rela-
tionship with BC predisposition and development”. The facts
and hypotheses which motivate and justify this research work
have been recently presented in the review article “Feeling cold
and other underestimated symptoms in breast cancer: anecdotes
or individual profiles for advanced patient stratification?” [2]. In
brief, we summarise here the most issue-relevant considerations.
As it has been explained in detail in the above noted review
article, individual symptoms listed below have been described
in the literature in the context of BC, namely,

—  deficient thermoregulation

— feeling inadequately cold

— persistently cold extremities

— altered sensitivity to different stimuli: pain, thirst, smell,
light, stress provocation (including internal and external
stress factors)

—  dehydration

— altered circadian and sleep patterns

— tendency towards headache, migraine attacks and
dizziness

— tendency towards abnormal BMI

— altered endothelin-1 blood patterns

— local and systemic hypoxic effects.

However, all these phenomena are strongly

underinvestigated and consequently underestimated in the
overall BC management. On the other hand, the above-listed
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symptoms are characteristic for the Flammer Syndrome (FS)
phenotype extensively described in 2014 by the dedicated
research group [3]. FS is described for both healthy individ-
uals in suboptimal health condition and severely diseased pa-
tients [4, 5]. Consequently, our particular interest to FS in the
context of BC research and management may be formulated
as follows:

—  Onset of FS symptoms is observed early in life (puberty)

—  FS is more typical for young women

—  Systemic molecular events characteristic for FS are evi-
dently involved into effective BC cancer advancement
[5-8]

— Local and systemic hypoxic effects caused by vascular
dysregulation may strongly predispose FS-individuals to
the formation of “premetastatic niches” described as the
“fertile” microenvironment for particularly aggressive
BC subtypes characterised by quickly progressing meta-
static disease [1].

The actual article investigates the prevalence of FS in indi-
vidual subtypes of BC versus BC-free individuals.

Materials and methods
Flammer syndrome diagnostic approach

The Flammer Syndrome (FS) describes the phenotype of peo-
ple with a predisposition to an altered reaction of the blood
vessels towards different stimuli such as cold provocation and
emotional stress. Frequent symptoms are the following ones:
cold hands and/or feet; low blood pressure; prolonged sleep
onset time; reduced feeling of thirst and increased sensitivity
to odour, pain, vibration and certain drugs. Frequent signs are
altered gene expression, prolonged blood flow cessation mon-
itored by the nailfold-capillaroscopy after the cold provoca-
tion and reduced autoregulation of ocular blood flow. FS oc-
curs more often in females than in males, in thin than in obese
individuals, in young than in old people, in academics than in
blue collar workers and in subjects with indoor than outdoor
jobs [3]. FS influences the regulation of retinal venous pres-
sure [9] that is well described for the glaucoma pathology
[10]. FS has been functionally linked to the retinal vein occlu-
sion [11]. FS plays a role in the pathology of retinitis
pigmentosa [12]. Symptoms of FS have been described in
patients suffering from multiple sclerosis [13].

The FS questionnaire applied to the actual study has been
developed at the University Hospital Basel, Switzerland. It is
based on the knowledge currently available and collected
since the phenomenon has been described [3, 14, 15]. The
actual version of the FS questionnaire has been successfully
applied to study different populations [16], FS symptomatic in
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retinitis pigmentosa [17] as well as in multiple sclerosis [13]
and other clinically relevant patient cohorts [18, 19]. With the
permanently growing knowledge about the FS, the dedicated
questionnaire should be, further, adapted and improved.
Actually applied questionnaire comprises 15 questions al-
together describing the most relevant FS symptoms, namely,

1. Do you suffer from cold hands and/or feet?

2. Do you feel cold when you are sitting quietly for some
time or when you are not moving?

3. Do you have (or have earlier had) a low blood pressure?

Do you ever feel dizzy when you suddenly stand up from

a lying (or resting) position?

Do you need a relatively long time to fall asleep?

How is your feeling of thirst?

How often do you have headache?

In case you suffer from migraines, do you have accompa-

nying symptoms (e.g. visual disturbances, transient al-

tered sensation such as cribbling in your arms or in your
legs, etc.)?

9. If you have to take medications (other than painkillers),
do you have the feeling that you react strongly to them
and/or that you would feel better if you would take a
lower dose than that which is normally prescribed?

10. Do you suffer from any type of pain which you would

have to take pain killers for?

11. How well can you smell: can you smell things that other
people do not smell or that others smell to a lesser
extent?

12.  Were you slim at 20-30 years of age?

13. Ifyou have to judge yourself (e.g. in your work), would
you say that you are particularly reliable with a tendency
towards perfectionism?

14. Have you had phases in your life in which you had
ringing in your ears (tinnitus)?

15. Have you noticed reversible blotches (white or red) on
your skin when you were very excited or angry (e.g. in
stress)?

»

W

Patients’ recruitment and examinations

The patient database available at the Department of Obstetrics
and Gynaecology, Jessenius Faculty of Medicine, Martin
University Hospital, Martin, Slovak Republic has been
utilised for selecting the patients as potential responders for
the above noted FS questionnaire. The following diagnoses
have been chosen as the including criterion:

—  breast cancer (BC) main types stratified as luminal, Her2-
positive and triple-negative ones

—  benign breast fibro-adenoma (FIA), free of breast cancer
and any other malignancy

—  healthy individuals free of breast cancer and any other
malignancy.

Altogether, 155 patients have been recruited for the current
study divided into the following groups: 73 breast cancer-free
(21 FIA and 52 healthy) and 82 breast cancer-diseased indi-
viduals stratified as luminal (51), Her-2 positive (13) and
triple-negative (18) BC. All participants have been informed
about the purpose of and their rights as participants in the
study. All investigations conformed to the ethical principles
outlined in the Declaration of Helsinki. More details regarding
each group recruited and examined are provided below.

Healthy controls

All these individuals have been clinically examined attesting
an absence of gynaecological problems and interviewed per-
sonally for the study during their hospital outpatient visit. BC-
free condition has been confirmed either by breast sonography
or mammography or both imaging approaches. The examina-
tion reports used were not older than 6 months. Healthy con-
trols demonstrated no history of any previously diagnosed
breast pathology, no surgery performed due to breast lesions
and no history of any severe gynaecologic disease including
cancer other than breast malignancies or any systemic diseases
such as diabetes mellitus, rheumatic diseases and neurological
disorders.

Breast cancer and FIA patients

About 90% of these patients have been selected in the data-
base and then contacted telephonically by an authorised per-
son who have explained the meaning/rules of the study and
interviewed the responders through the entire questionnaire.
Ten per cent of these patients have been personally contacted
and interviewed during their stay at the clinic. Imaging tech-
nologies have been applied for the first choice of the entire
diagnostic procedure: digital mammography Hologic system,
2D + 3D sonography—Voluson USG system E8 and E10
machine, Birads 06 classification scoring system with double
reading of the radiologic approach. In case of positivity, the
affected patients have undergone the biopsy analysis (either
core needle or Mammotome’s vacuum-assisted).
Contextually, BC diagnosis has been confirmed by core nee-
dle biopsy prior to surgery or during surgery by frozen section
in cases with non-palpable lesions, non-reachable lesions for
biopsy prior to surgery and small lesions not indicated to core
biopsy (stereotactic, core needle or Mammotome). The preop-
erative diagnosis of breast cancer was a part of the surgery and
management planning. The diagnosis has been finalised by
the molecular biological classification of the breast cancer
subtype. Histopathological analysis (see below) has, further,
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allowed for distinguishing between BC malignancy and FIA
benignancy.

Histopathological analysis

Tumour and lymph node specimens have been fixed in for-
malin and embedded in paraffin. Basic histological examina-
tion has been performed on 4-5-pm-thin slides stained with
haematoxylin and eosin. In selected cases, lymph nodes have
been stained immunohistochemically to detect potentially dis-
seminated tumour cells or local micrometastases in the tu-
mour’s surrounding area. Classical morphological indicators,
such as type and histological grade, have been evaluated ac-
cording to WHO criteria and Nottingham grading modifica-
tion [20, 21]. The disease graduation and staging (tumour size
and lymph node status) have been assessed according to the
criteria of the latest TNM classification [22]. BC-specific bi-
ological parameters (oestrogen receptors (ER), progesterone
receptors (PR) and HER-2 positive status) have been evaluat-
ed immunohistochemically; the result interpretation have been
performed based on ASCO/CAP criteria released in the years
2010 and 2013 [23-25]. Tumours have been considered as
being ER and PR positive, if at least 1% of neoplastic cells
have stained positively. Her-2-positive tumours had to express
3+ reaction in at least 10% of neoplastic cells. Cases with 2+
reaction of Her-2 staining were considered as equivocal and
have been analysed by fluorescent in situ hybridisation (FISH)
to confirm or exclude Her-2 gene amplification. Conclusive
positivity of Her-2 status in tumours has been defined as HER-
2/CEP17 ratio >2.0 or average HER-2 copy number >6.0 sig-
nals per cell [24, 25]. The molecular biological classification
of breast cancer and consequent patient categorisation utilises
the following system of the pathology-specific parameters:

a/ER + PR + HER2-Ki67low—Iluminal A
b/ER+/—PR+/~HER2-Ki67high—Iluminal B

¢/ ER+/~PR+/~HER2+/Ki67 any—Iluminal C
d/ER-PR-HER?2 + Ki67high—Her2-positive
e/ER-PR-HER2-Ki67high—Triple-negative breast
cancer

Statistical analysis

For analytical and statistical evaluations, the data have been
transferred to Microsoft Excel. SPSS Statistics v20.0.0 soft-
ware (IBM, Armonk, New York, USA) has been applied.
The prevalence of individual symptoms in groups of compar-
ison has been evaluated and expressed in percentages.
Pearson’s chi-square test of associations has been applied. P
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values equal or below 0.05 have been considered as statisti-
cally significant.

Results
Age and menopausal status statistics

Table 1 presents statistics provided for individual breast can-
cer subgroups and the group of comparison comprising breast
cancer (BC)-free individuals. The latter demonstrates the par-
ity in menopausal status. Amongst BC patients, the youngest
is the “triple-negative” subgroup presenting 39% of premen-
opausal women. In contrast, the “luminal” and “Her2-
positive” subgroups both comprise over 90% postmenopausal
women.

Evaluation of the prevalence of individual FS symptoms

In Fig. 1, results achieved are summarised demonstrating the
prevalence of individual Flammer syndrome symptoms (1—
15) in two main groups of comparison—“BC total” patients
versus “BC-free” individuals as well as in individual sub-
groups of breast cancer. Higher prevalence in BC total (red)
has been demonstrated for altogether 11 from 15 symptoms at
the level of difference ranging between 5 and 19%. The level
of significance varies correspondingly with the most signifi-
cant differences demonstrated for the symptoms “Pain”
(p =0.01), “Skin blotches” (p = 0.06), “Low blood pressure”
(p =0.11), and “Feeling cold” (p = 0.15).

Noteworthy, substantial differences have been recorded be-
tween individual BC subtypes, even in cases when the
resulting BC total prevalence was non-significantly higher
compared to BC-free. Hence, in case of the symptom 2

Table1 Age and menopausal status statistics; the data are provided for
individual breast cancer subgroups (LUMINAL, HER2-positive and
TN—triple-negative) and the group comprising breast cancer-free indi-
viduals; age mean differences are statistically non-significant

Menopausal BC subtype BC-free,
status patient
LUMINAL, HER2, TN, number
patient patient patient
number number number
Premenopausal 5 2 7 38
Postmenopausal 46 11 11 35
Patients’ age 61.84 61.85 54.11 50.19
mean (36-85) (46-85) 33-77)  (19-89)
(min-max)
years
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Fig. 1 Evaluation of the prevalence of individual symptoms (1-15) of >

the “Flammer syndrome” phenotype in two groups of comparison:
“breast cancer-diseased” (BC total) versus “breast cancer-free” (BC-
free). Therein, the entire breast cancer patient pool (“BC total”) has
been additionally analysed in subgroups stratified according to the
individual BC subtypes as “LUMINAL”, “HER2” positive and TN
(triple negative) breast cancer. For more details regarding the patient
stratification, see the “Materials and methods” section. The prevalence
in each individual group is presented by percentage of individuals who
have responded to the corresponding question with “frequently” and
“sometimes” pooled together. Responders answering with “I do not
know” have been excluded from the overall numbers/calculations.
Question-specific notes: Question 6—the ratio between “I do not feel
thirsty and drink little” and “I feel much thirsty and drink a lot” has been
calculated and expressed in X times; Question 12—answers “very slim”
and “slim” have been pooled together and presented in %

(“Feeling cold”), the difference between both main groups
comprises 10% (p = 0.159); however, the prevalence in lumi-
nal BC is two times compared with Her-2.

The BC-free (green) group demonstrates higher prevalence
only for one symptom (8. “Accompanying symptoms™); further
three symptoms (11. “Smell perception™, 12. “Low body weight
in early adulthood”, and 13. “Perfectionism”) demonstrate sim-
ilar prevalence in both groups of comparison. However, in case
of these four (8, 11, 12, 13) symptoms, remarkable differences
have been demonstrated for the prevalence, when individual BC
subgroups have been compared against each other. There are two
most representative examples for that, namely,

1. Although symptom 8 (“Accompanying symptoms”)
demonstrates slightly lower (8%) prevalence in BC total,
Her2-postive BC subtypes suffer from this symptom
more frequently than do BC free and demonstrates two
times higher prevalence compared to the Luminal BC
subtype.

2. Symptom 12 (“Low body weight in early adulthood”) is
in average equal for both main groups of comparison.
However, across the panel, while luminal BC subtype
demonstrates the lowest prevalence by 47%, obviously
low body weight in early adulthood is highly prevalent
in both Her2-positive and triple-negative BC subtypes by
69 and 72%, respectively.

Concluding Table 2 shows four basic clusters of symptoms,
where

—  Cluster A (marked in green colour) represents the group
of symptoms with higher prevalence in BC in general as
well as all individual subgroups.

—  Cluster B (marked in blue colour) represents the group of
symptoms with higher prevalence in BC, in general, but
differential prevalence in individual BC subgroups.
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1.Do you suffer from cold hands and/or feet?

LUMINAL HER2 TN BC total BC-free

2. Do you feel cold when you sit down quietly for some time or
when you are not moving?
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30.8%

LUMINAL HER2 TN BC total BC-free

3. Do you have (have you had earlier) a low blood pressure?
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LUMINAL HER2 ™ BC total BC-free
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4. Do you ever feel dizzy when you suddenly stand up from a 7. How often do you have headache?
lying (or resting) position?

72.5%

73.0%
73.5%
75.0%
72.0%
69.2% 69.6%
20.0% 71.0%
70.0%
63.4%
65.0%
69.0%
0
60.0% 68.0%
67.0%
55.0%
66.0%
N 65.0%
200 LUMINAL HER2 ™ BC total BC-free LUMINAL HER2 ™ BC total BC-free
5. Do vou need a relatively long time to fall a sleep? 8. In case you suffer from migraines, do you have accompanying
: y y 9 p: symptoms (e.g. visual disturbances, transient altered sensation
(e.g. cribbling) in your arms or in your legs etc.)?
55.0%
10,
a R 35.0% 30.8%
28.8%
o
50.0% 30.0%
25.0% -
45.0% /
20.0% 15.7%
40.0% 15.0% -
10.0%
35.0%
5.0%
30.0% 0.0%
LUMINAL HER2 TN BC total BC-free LUMINAL HER2 TN BC total BC-free
6. How is your feeling of thirst? 9. If you have to take medications (other than painkillers), do
you have the feeling that you react strongly to them and/or that
- you would feel better, if you would take a lower dosis than that
050 which is normally prescribed?
30.0%
30.0%
2.00
25.0%
1.50
20.0%
1.00
15.0%
0.50 10.0%
LUMINAL HER2 ™ BC total BC-free LUMINAL HER2 ™ BC total BC-free
Fig. 1 (continued) Fig. 1 (continued)

@ Springer



EPMA Journal (2017) 8:129-140

135

10. Do you suffer from any type of pain which you would have to
take pain killers for?
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11. How well can you smell: Can you smell things that other

people don’t smell or that others smell to a lesser extent?
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12. Were you slim at 20-30 years of age?
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Fig. 1 (continued)

13. If you have to judge yourself (e.g. in your work), would you
say that you are particularly reliable with a tendency towards
perfectionism?
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70.0%
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14. Have you had phases in your life in which you had ringing in
your ears (tinnitus)?
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15. Have you noticed reversible blotches (white or red) on your

skin when you were very excited or angry (e.g. in stress)?
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Table 2. Symptoms of the "Flammer syndrome" recorded in breast
cancer-diseased versus breast cancer-free groups of comparison; the table
summarises the results demonstrated in Fig. 1 by utilising the following
system: with “+”, the group is noted which demonstrates higher preva-
lence of the corresponding symptom (above the lowest average of the
groups of comparison); with “—”, the group is noted which demonstrates
lower prevalence of the corresponding symptom (lowest average and

below it); “=" means both groups of comparison demonstrate similar
prevalence of the corresponding symptom; “++” means values sufficient-
ly over the highest average; “—” means values sufficiently below the
highest average; ellipses mark the symptoms which are more prevalent
in individual subgroups; } criteria summarise the number of symptoms
which are more (+) or less (-) prevalent in corresponding sub/groups

Nr. | Symptoms Breast cancer diseased Breast
cancer
free
Total Luminal Her2 TN
1 | Cold hands + + + + -
6 | Thirst + ++ + + -
7 | Headache + + + + -
9 | Drug sensitivity + + + + -
14 | Tinnitus + + + + -
15 | Skin blotches + ++ + ++ -
2 Feeling cold + ++ - + -
3 | Low blood + ++ ++ = -
pressure
4 | Dizziness + + + - -
5 | Sleep onset + + + = -
10 | Pain + + - -- -
11 | Smell perception = - @ = =
12 | Low body weight = -- I+ =) =
in early adulthood
13 | Perfectionism = @ - - =
8 | Accompanying - -- <F > +
symptoms
2 criteria 11+ 12+ 12+ 9+ 1+
(8+ & 4++) | (10+ & 2++) | (7+ & 2++)
3= 2-- 3- 3= 3=
1- 1- 1-- 11-
2-

Cluster C (marked in yellow colour) represents the group

of symptoms with the prevalence which, in general, is
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similar for both, BC diseased and BC-free individuals,
but varies between individual BC subgroups.
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—  Cluster D (marked in red colour) represents a symp-
tom with the prevalence which, in general, is lower
for BC-diseased patients, however, varies between
individual BC subgroups.

Cluster A represents a consolidate group of symptoms rel-
evant for all BC patients investigated in this study. In contrast,
clusters B, C and D demonstrate high level of plurality regard-
ing their prevalence in BC patients investigated.

Discussion

Here, we present highly innovative concepts considering in-
vestigation of specific syndromes and symptoms
underestimated till now in relationship with BC predisposition
and development. Consequently, the purpose of our pilot pro-
ject was to evaluate potential trends in prevalence of the
“Flammer syndrome” (FS) in breast cancer (BC) patient co-
hort as justified above. For this very first pilot project per-
formed in the field of FS/BC, relatively modest patient num-
bers have been recruited, which, however, are big enough to
estimate potential relevance of FS for BC. A great advantage
of the study design is that all participating patients and indi-
viduals have been thoroughly examined utilising conventional
methodology of medical imaging and laboratory medicine
and, consequently, selected for the study strictly according to
the including and excluding criteria chosen, namely

—  breast cancer-free health condition

— Dbreast cancer malignancies stratified according to the
globally accepted classification

— no history of any severe gynaecologic disease including
cancer other than breast malignancies

— no history of any systemic disease such as diabetes
mellitus, rheumatic diseases and neurological disorders.

Since our current project is a pioneer one in the field of FS/
BC, the study has been performed in a hypothesis-free way
regarding potential influence of the specific biological param-
eters such as age, menopausal status and breast cancer-related
risk factors (such as a genetic component, smoking, inappro-
priate alcohol consumption, breast feeding, prolonged menar-
che, etc.) that represents the main limitation of the current study
and requests much higher numbers of the study participants for
statistically relevant patient collectives of comparison. In our
pilot study, the resulting groups recruited reflect usual profiles
of the breast cancer patient cohorts, namely the prevalence of
the luminal subtype is significantly higher in BC total com-
pared to both Her2-positive and triple-negative BC; the luminal
subgroup is older and about 90% of the patients in luminal
and Her2-positive subgroups are postmenopausal in contrast

to the triple-negative BC subgroup comprising about 40% of
premenopausal women (see Table 1). Potential influence of
those unmatched parameters on FS prevalence in individual
BC subtypes should be investigated additionally by the goal-
dedicated projects. Consequently, the main goal of our pilot
study was to verify the main hypothesis proposing the rele-
vance of FS for BC appearance and to estimate potential trends
in correlation individual FS symptoms with BC pathology.

The results achieved here support the main hypothesis of
the project clearly demonstrating the tendency of BC patients
to an increased prevalence of FS symptoms compared to the
disease-free individuals. As summarised in Table 2, the prev-
alence of 11 symptoms is higher in breast cancer patients,
while only one symptom (8. “Accompanying symptoms”)
was demonstrated to be more prevalent in BC-free individ-
uals. Furthermore, even in this case as well as in further three
cases of the neutral prevalence (11. “Smell perception”, 12.
“Low body weight in early adulthood” and 13.
“Perfectionism”), remarkable differences have been demon-
strated, when individual BC subgroups have been compared
against each other. This actuality emphasises an extremely
strong heterogeneity of the patients within the entire BC co-
hort. Obviously, FS prevalence does not create any exception
regarding BC heterogeneity and therefore motivates follow-
up studies investigating statistically significant correlations
between single FS symptoms and specific BC patient profiles.
To this end, cluster A (Table 2) as the best consolidate group
of symptoms relevant for all BC patients investigated in this
study, is expected to be more close to its potential application
in daily medical practice by primary care units and family
doctors and innovative screening programmes. In contrast,
more research efforts are still needed to interpret the
symptoms’ plurality in clusters B, C and D that might
lead to novel approaches in BC patient stratification and
more clear discrimination between individual BC
subtypes.

What are the main “take-home messages” of this
study?

Concluding remarks and outlook
Breast cancer is a systemic disease

All individual parameters (1—15), the prevalence of which has
been evaluated in the study, are functionally well linked to
each other and altogether demonstrate systemic alterations of
the affected person. Although individual BC subtypes differ
from each other in the prevalence distribution, all of them
demonstrate systemic alterations compared to the disease-
free individuals.
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Crucial role of the cardiovascular component in the BC
pathology

The great advantage of the evaluation system utilising the FS-
questionnaire is that several symptoms are used as a condition-
specific biomarker panel being functionally linked to each other
and, therefore, eliminate any contingency usually handicapping
single biomarkers. Hence, symptoms 1 (“Cold extremities”), 2
(“Feeling cold”), 3 (“Low blood pressure”), 4 (“Dizziness”), 8
(“Accompanying symptoms”) and 15 (“Skin blotches
appearing under stress conditions™) create highly specific bio-
marker panel demonstrating great synergies in a complex eval-
uation of impacts by the cardiovascular component. All BC
subgroups responded to this panel, although differing by
subgroup-specific accents. For instance, whereas luminal BC
patients have been recorded as the strongest responders towards
“Feeling cold” and “Low blood pressure”, Her-2-positive pa-
tients responded strongly towards “Low blood pressure” but
mildly towards “Feeling cold”. The meaning of those
subgroup-specific differences should be further investigated.

Local and systemic hypoxic effects in BC and metastatic
disease

Strong impacts by the above discussed cardiovascular bio-
marker panel lead to a conclusion about local and systemic
hypoxic effects to be expected in BC patients responding to
this panel of FS symptoms. The role of these effects in the BC
pathology and related metastatic disease emerges deep
investigations.

Interpretation of headache, migraine and dizziness in BC

“Headache” and “migraine™ are frequently discussed for breast
cancer patient cohorts with highly controversial study outcomes
and conclusions. The reason for that might be a missing con-
text, which should obligatory include specific biomarker panels
by FS symptoms, such as cardiovascular component (see
above), altered regulation of pain and thirst (see below).

Altered sense regulation in BC aetiology?

Our study makes it obvious that BC patients may suffer from
altered systems of the sense regulation and relevant receptors,
due to their response to the biomarker panel comprising the
following symptoms: 6 (“Thirst regulation™), 7 (“Headache”),
10 (“Pain”) and 11 (“Smell perception”). Functional links be-
tween these symptoms make a good sense for potential inter-
pretations. Hence, underrepresented feeling of thirst may result
in strong body dehydration and disturbed detoxification path-
ways, which in turn may cause significant toxic effects increas-
ing BC risks as discussed in the recently published article
“Feeling cold and other underestimated symptoms in breast
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cancer: anecdotes or individual profiles for advanced patient
stratification?” [2]. Body dehydration and insufficient detoxi-
fication may synergistically lead to increased frequency of
headache which is a very useful indicator of impaired systemic
regulations. Contextually, pain (e.g. headache) plays a crucial
role indicating systemically impaired processes. To this end,
symptom 10 (“Pain”) provides very important information re-
cording, on one side, the highest responder rates in the luminal
(78.4%), and on the other side, the lowest rates in the triple-
negative BC (38.9%). This is a very strong indication to
investigate pain regulation specifically in the triple-
negative BC patients who might be potentially pain re-
sistant and, therefore, inadequately reacting towards cor-
responding stimuli.

Drug sensitivity may be potentially altered in BC

Symptom 9 has recorded the highest responder rates in the
Her-2-positive BC. This may potentially indicate altered drug
sensitivity in BC patients suffering from FS. Altered drug
sensitivity has been demonstrated for FS individuals and glau-
coma patients with FS [3, 7, 26].

Thermoregulation symptoms in BC pathology

The symptom 1 (“Cold extremities”) is clearly linked to the
disturbed microcirculation and consequently to the local and
systemic hypoxic effects discussed above. However, the
meaning of “Feeling cold” (symptom 2) may have different
interpretations. Therefore, the prevalence of both symptoms is
not obligatory correlating completely in the same groups of
comparison as it has been demonstrated in our study. Indeed,
BC patients complain more frequently about deficits in
achieving thermal comfort: they feel excessively hot or cold
even in situations when disease-free attendees are well com-
fortable with ambient temperature conditions [27]. “Feeling
inadequately cold” may be interpreted in two ways. First, the
heat production is not effective enough to maintain the phys-
iologic body temperature, and the systemic mitochondrial
dysfunction and DNA damage/misguided repair have been
proposed as implemented in the BC pathology [28, 29]. The
second interpretation is the fever or fever-like conditions with
excessive chill attacks regulated by proinflammatory cyto-
kines, the expression profiles of which are frequently altered
in cancer patients [30]. More detailed discussion on the matter
is presented in the recently published article [2].

Body shape impacts BC

Evaluation of the symptom 12 has revealed the strong sub-
group specificity in BC regarding body weight in early adult-
hood: while luminal BC subtype demonstrates the lowest
prevalence by 47%, obviously low body weight in early
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adulthood is highly prevalent in both Her2-positive and triple-
negative BC subtypes by 69% and 72%, respectively. This
actuality creates questions regarding body shape impacts in
BC pathology as discussed earlier [1].

The role of psychological factors in BC pathology

Psychological factors play a role in BC predisposition, pro-
gression and individual outcomes. The biomarker panel com-
prising symptoms 5 (“Sleep onset™), 11 (“Smell perception”)
and 13 (“Perfectionism”) strongly promote this concept and
motivate additional studies estimating the impacts of psycho-
logical factors and concomitantly regulated patho/
physiological process in BC pathology.
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