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Abstract

With more than one million new diseases per year breast cancer is the most common malignancy in women.
Metastatic breast cancer remains an incurable disease and the spinal column is most likely affected by metastases. A
significantly prolonged patient survival is the consequence of modern oncologic treatment options in the last decade.
Surgical treatment of vertebral metastases has become an increasing focus for spine surgeons. With the turn of the
millennium it was possible to classify breast cancer into four intrinsic phenotypes with various survival rates. Well
known scoring systems help surgeons to evaluate the patient’s prognosis and to choose adequate treatment options.
However, tumor entities are differentiated without regard to the molecular subtypes. In this article we describe
surgical treatment options in metastatic lesions to the spine with regard to molecular phenotypes of breast cancer
malignancy. It is crucial to correctly estimate the expected survival time to plan invasiveness of therapy regarding
metastatic spine surgery.
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INTRODUCTION

Breast cancer is one of the most common cancer diseases metastasizing to the spine and the second
leading cause of deaths in woman related to cancer'. Modern treatment and diagnostic concepts
including bisphosphonates go along with considerable longer survival times and a reduced rate of skeletal
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complications”” ", Until 2015 mean survival times of 27 months were described, actual studies report
mean survival times of 55 months with a 85% incidence of spinal metastases” ", An increased need for
surgical treatment of complications related to spinal metastases is the consequence. Due to mortality and
morbidity rates related to metastatic breast cancer every surgical treatment should be considered carefully.
Well evaluated scoring systems (revised Tokuhashi-or Tomita score, revised Bauer score, Van-der-Linden-
score, Karnofsky index) help surgeons to individually chose optimal treatment methods and to predict life
expectancies in cancer patients. But these scores only differentiate between tumor entities whereas respective
tumor phenotypes are not taken into account"*". With the turn of the millennium five different intrinsic
subtypes of breast cancer were reported by means of gene expression profiles[“’n]. Four phenotypes are
decisive in daily clinical routine: luminal A, luminal B, HER2-enriched and basal like/triple-negative. With
an accordance of 70%-80%"" these phenotypes are assessed with immunohistochemical pathologic markers
(e.g., ER, PgR, HER2, KI-67/grading) as standardized gene expression profiling is available with partial
coverage[“]. In this article we describe the molecular parameters of metastatic breast cancer to predict
survival time more precisely and to adequately calculate surgical therapies.

ASSESSMENT OF PROGNOSIS

The development of oncologic treatment options in primary breast cancer (in particular medical therapy) led
to considerable improved survival rates in the last decade'”"*"***” Immunohistochemical diagnostic tools
provide a sufficient molecular phenotyping in breast cancer [Table 1].

Visceral, skeletal or cervical spine metastases, surgical complications and advanced patient’s age are reported
with different data in literature and therefore are not recommended as negative predictors"”. In contrast,
unimodal postoperative therapies, a disease-free interval less than 24 months, a high number of axillary
lymph node metastases and progress after first-line therapy mark assured predictors of shorter survival ",
Furthermore, patients’ wishes and preferences, symptoms, biological age, intrinsic breast cancer subtype,

tumor burden (number of metastasized organs) and prior therapies have to be taken into account™,

MOLECULAR PREDICTORS

Around the turn of the millennium, Serlie und Perou published fundamental studies to classify breast
cancer at the molecular level with relevance to clinical course of disease. As tumor-biological classifications
increasingly become more complex, modern oncologic diagnostic and therapy options interact with highly
specialized regulatory mechanisms of cells and cell cycles[s’zs]. The actual breast cancer classification [Table 1]
is based on histopathological examinations of a biopsy from the breast. Classifying breast cancer' ™"
by estrogen receptor (ER), progesterone receptor (PgR), human epidermal growth factor 2 (HER-2)
and a proliferation marker (KI-67) is global standard®****** With these molecular genetic parameters
breast cancer is differentiated into the four intrinsic phenotypes, which are clinically relevant [Table 1].
Hormone receptor status comprises the combination of ER and PgR status™*'?. Furthermore, endocrine
responsive subtypes (Luminal A and-B), triple negative and HER-2 over expressing immunophenotypes are
differentiated™*******|. Luminal-A and Luminal-B phenotypes are clinically distinguished by proliferation
rate (e.g., KI-67), grading or a multigen signature[2’3’5_9’15’24’3[’].

[14,22]

The common classification is based on the ubiquitous availability of these diagnostic methods, which
enable comparable studies and therapy concepts. With regard to metastatic breast cancer mean survival
times of 60 months are reported in the current literature™™'**" in case of endocrine responsive phenotypes
(Luminal-A and-B) compared to 26 months until the year 2015”**". Compared to PGR positive (PgR+)
status, patients with PgR negative (PgR-) status have a 59% higher mortality risk"". In patients with hormone
receptor negative (HR-) status the mean survival time is reduced by 11 months and mortality risk is 52%
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Table 1. Molecular phenotypes of metastatic breast cancer with related survival times™®

Molecular Phenotype Luminal A Luminal B HER2-enriched Triple-negative-status
ER and PR positive ER and/or PR positive HER2-positive  ER and PR and HER2-negative
Low Proliferation Rate (Ki-67)  High Proliferation Rate (Ki-67) (Basal-like)

Mean survival time 60 months 60 months 56.5 months 15-19 months

Table 2. Karnowsky Performance Scale from 1949%*

Score Parameter

100 Normal; no complaints; no evidence of disease

90 Able to carry on normal activity; minor signs or symptoms of disease

80 Normal activity with effort; some signs or symptoms of disease

70 Cares for self; unable to carry on normal activity or to do active work

60 Requires occasional assistance, but is able to care for most of their personal needs
50 Requires considerable assistance and frequent medical care

40 Disabled; requires special care and assistance

30 Severely disabled; hospital admission is indicated although death not imminent
20 Very sick; hospital admission necessary; active supportive treatment necessary
10 Moribund; fatal processes progressing rapidly

0 Dead

higher compared to hormone receptor positive (HR+) status'®. Biggest progress regarding survival times

and therapy options was achieved in HER-2 enriched phenotypes in the last decade. Until some years a HER-2

positive status was associated as a negative predictor with a mean survival time of 5-9 months. After the

introduction of new Anti-Her-2 therapeutics (Trastuzumab, Pertuzumab, T-DMI) the mean survival time is
. [2-4,10,34,36]

reported with 56.5 months .

Whereas triple negative phenotypes (ER-, PgR-, HER-2-) were reported with a mean survival time of 6-9 months
until the year 2015, actual data show a prolonged survival

[2-6,9,10,13-15,26-28,34,35,37,38]

time of 15-19 months

SCORE SYSTEMS

Life expectancy in metastasized tumor diseases is estimated with well known and evaluated score systems.
The Karnofsky-Index [Table 2] dating from 1948 describes patients’ general condition and physical
resilience”*"*”
revised Tokuhashi score, Oswestry Disability Index, Van-der-Linden-Score)'
pain with the numeric or visual analogue scale (NAS/VAS)™". Vertebral stability is estimated by the Spinal
Instability Neoplastic Score (SINS) [Tables 3 and 4][21’42], Harrington Score™* or Taneichi score™™. The
revised Tokuhashi score [Tables 5 and 6][18’“] ][19]
to determine individual life expectancy in malignancy and to plan optimal treatment options. The modified

Bauer score[m], Van-der-Linden score™ and Oswestry-risk index"™ are named for the sake of completeness.

. Furthermore, the Karnofsky-Index is part of different score systems (Tokuhashi and

18,20,21,39,40]

. Patients describe

and Tomita score [Tables 7 and 8] are worldwide accepted

The revised Tokuhashi"® and Tomita score'”

merely discern tumor entities (breast, prostate, lung, thyroid)
and in both scores breast cancer is assessed with a favorable prognosis. The four different phenotypes
of breast cancer are not included. A life expectancy limited to 5 to 9 months was published until 2015
concerning HER-2 enriched and triple negative phenotypes' **'***'#*¢***#%%%] Therefore, modifications
in the revised Tokuhashi® and Tomita score"” were suggested™ and highly invasive anterior-posterior
spine surgery should be evaluated critically. Based on present-day knowledge we can no longer emphasize
these recommendations. Due to better oncologic treatment options actual studies estimate mean survival
times of 15-19 months with regard to the triple negative and 56.5 months concerning HER-2 enriched

phenotypes**”"*"**!_ A mean survival time of 15-19 months implies that several patients live longer and
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Table 3. Spinal Instability Neoplastic Score for the determination of vertebral body stability from 2010"*

SINS parameter Description Score
Location Junctional (C0O-2, C7-T2, T11-L1, L5-ST) 3
Mobile spine (C3-6, L2-4) 2
Semirigid segments (T3-10) 1
Rigid segments (S2-5) 0
Mechanical pain Yes 3
Sometimes 1
No 0
Bone lesion Lytic 2
Lytic/blastic (mixed) 1
Blastic 0
Spinal alignment Subluxation/translation present 4
De-novo-deformity (Kyphosis/Scoliosis) 2
Normal alignment 0
Vertebral body collapse >50% collapse 3
<50% collapse 2
No collapse with >50% body involved 1
None of the above 0
Posterolateral involvement Bilateral 3
Unilateral 1
None of the above 0
Table 4. Interpretation of Spinal Instability Neoplastic Score™”
Score Stability
0-6 Stable
7-12 Potentially unstable
13-18 Unstable
Table 5. Revised Tokuhashi-Score parameter™*®!
Score 1) 1 2 3 4 5
Karnofsky-score (%) 10-40 50-70 80-100
Extraspinal bone metastases 3 or more 1-2 0
Spinal metastases 3 or more 2 1
Frankel Frankel A/B Frankel C/D Frankel E
Visceral metastases Unremovable Removable None
Primary site of cancer Lung Liver, Gall Bladder Others Kidney Rectum Breast
Stomach Unidentified Uterus Thyroid
Bladder Prostata Carzinoid
Esophagus Pancreas
Osteosarcoma
Table 6. Iterpretation of the revised Tokuhashi-Score™®!
Score Prognosis of survival Recommendation
0-8 85% of patients survive up to 6 months Conservative therapy or palliative surgery
9-1 73% of patients survive > 6 months; 30% > 12 Monate Palliative surgery or in exceptions tumor excision
12-15 95% of patients survive > 12 Monate Tumor excision

these patients have to be filtered out. According to Tomita et al."” and Tokuhashi et al." anterior spine

surgery is indicated with a life expectancy of 12 months or more. If the patient is in good general condition

and asks for surgery, we therefore recommend anterior-posterior techniques after critical evaluation.

Furt}?e]rmore, in 2012 Majeed"**' evaluated 55 patients according to the revised Tokuhashi"* and Tomita
19

score  and reported continuously longer survival times than initially estimated. Majeed[m concluded, that
prognosis of survival times is not reliable with the current scoring systems.
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Table 7. Tomita-Score™®

Prognostic factor Score
Tumor growth
Slow (Breast, Prostata, Thyroid) 1
Moderate (Kidney, Uterus) 2

Rapid (Lung, Liver, Stomach, Colon, CUP)

Viscerale metastases
None
Treatable 2
Not treatable

Bone metastases
Solitary 1
Multiple 2

Table 8. Interpretation of the Tomita-Score™"!

Score Mean survival time (months) Treatment goal Recommendation

2-3 50 Local long-term monitoring Wide or marginal excision

4-5 235 Local mid-term monitoring Tumor bordering or intralesional excision

6-7 15 Local short-term monitoring Palliative surgery

8-10 6 Terminal supply phase Limited palliative surgery or no operative intervention

THERAPEUTIC OPTIONS REGARDING SPINAL METASTASES

With an incidence of 85% breast cancer metastases to the spine may lead to instability with pain, pathologic
fractures and neurologic deficits in up to 10% *"***)_ Furthermore, there are severe socioeconomic aspects
with 50% of woman have to change the working environment and 37% of woman involved can temporarily
or permanently work no longerm. The primary therapy of painful metastases to the spine without relevant
loss of stability is radiation and spine surgeons are not necessarily involved. Potentially unstable and painful
lesions with a SIN Score > 7" (+/-neurological deficits) are demonstrated to the consulting spine surgeons.
Mandatory in every patient is a critical individual evaluation of prognosis to choose correct therapy
options! **1 ] Improving or maintaining the quality of life is the decisive therapeutic target in an
incurable palliative situation. Wishes and priorities of these patients beside the status of metastases, previous
therapy lines and general condition mainly influence the appropriate treatment'”.

Beside local radiation orthotic devices are the main conservative treatment tools to stabilize the spinal
column and reduce pain. Concomitantly as systemic osteoprotective therapy a bisphosphonate in
combination with calcium and Vitamin D or Denosumab (monoclonal antibody) mark the standard additive
medication in advanced breast cancer with bone metastases. With the best response in diverse tumor entities
up to 62% of recalcification post radiatio is described in breast cancer spinal metastases """,

Various surgical treatment options can reduce pain and stabilize the spine. Bilateral, percutaneous balloon
kyphoplasty as a minimal invasive treatment )0 At may not restore vertebral height but
correlates with pain reduction. Thermal ablation of vertebral metastases with radio frequency ablation
(RFA)"™*****) may be combined with kyphoplasty to reduce the likelihood of tumor recurrence. Posterior
instrumentation with a screw and rod system is the gold standard in spine surgery to stabilize unstable
tumor lesions. In case of spinal stenosis due to tumor the decompression of neural structures is reached via
laminectomy and tumor debulking[”’29’43’46’47’50’52’55]. According to Tomita et al."™ palliative anterior surgery
with vertebral body replacement (VBR) [Figures 1-3] can be recommended in patients with a life expectancy
> 12 months"***”***"' Highly invasive surgical options like en-bloc spondylectomy in Tomita technique or
vertebral column resection with a mandatory 360 reconstruction [Figure 4] mark curative treatment options
in case of solitary spinal metastases ">,
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Figure 1. 73-year-old female patient with multiple metastatic breast cancer ER: 95%; PgR: 0%; HER2-Score 1+; Ki-67: 20%. Sagittal and
axial section of a total spine CT scan: unstable metastatic destruction of L3

The various techniques mentioned above can be combined as required. Additional measures like (partial-)
resection of soft tissue, thoracic wall or pelvis with potential correction or reconstruction of deformity
complete the port folio"”. Modern adjuvant oncologic concepts comprise radio-, chemo- or hormone
therapy[g’“’sol.

Due to the wide range of therapy options mentioned above it is impossible for a sole attending physician to
determine the individual therapeutical regimes. Such complex decision making demands an interdisciplinary
setting like a tumor conference or board". The spine surgeon determines the individual therapy of
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Figure 2. Sagittal section (T2-weighted) of a total spine MRI with contrast agent: metastatic destruction of L3 and multiple metastases

spinal metastases in breast cancer patients. An improved quality of life results of preserved mobility and
autonomy with less pain. If possible, pathologic fractures and neurologic deficits up to paraplegia should be
avoided[z,s,s,l8,19,29,42,43,47,50]

SPECIAL CASE: SOLITARY METASTASIS

Prognostic statements are especially important in case of a solitary, locally curable metastasis (principle of
limited metastasis'”') and a treatable primary tumor in a curative way. For us the question was, if solitary
metastasis with any phenotype is always to be treated the same way [Figure 5].

Either a Ct-controlled or an open biopsy finally ensures the histopathological phenotype. Until the year 2015
the curative therapeutic approach with en-bloc spondylectomy according to Tokuhashi et al™ and Tomita et al."™”
was only recommended in hormone positive receptor status (luminal A and B) with a median survival time
of 26 months™"”". In triple-negative or Her-2 enriched phenotypes with an estimated survival time of 5-9 months,
a limited posterior instrumentation (screw and rod system) and decompression of neural structures was
indicated™"”. Modern oncologic treatment concepts provide clearly longer survival times and therefore,
according to Tokuhashi et all"”, curative treatment options (mean survival time > 12 months) can principally
be applied to all phenotypes in breast cancer with solitary metastasis. In the worst case (triple-negative

[2-4,10,34,35]

phenotype) the mean survival time is actually reported with 15-19 months

Indicating en-bloc spondylectomy will never be an automatism and controversial discussions in tumor
boards can be expected. Critically evaluation of the individual wish, priorities, general condition,
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Figure 3. Postoperative sagittal total spine radiograph: posterior instrumentation L1-L5 with a screw and rod system, decompression via
laminectomy, anterior stabilization with an insitu distractable vertebral body replacement of L3

comorbidities, previous lines of treatment and the biological age must influence the decision. In tumor
conferences a (neo-)adjuvant systemic therapy (endocrine therapy, Anti-HER-2 therapy, chemotherapy,
osteoprotective therapy) is determined according to tumor load (TNM system) and biology. An adjuvant
loco r[e]gional radiation therapy is mandatory in case of short edges of the resected areas in preparation
slides™.
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Figure 4. Two plane full spine radiographs of a 65 year old female patient with metastatic breast cancer(A, B). En-bloc spondylectomy in
Tomita technique at the Th9 and L1 level with a time interval of 10 years. Anterior in situ distractible cage at the Th9 level and Harms cage
at the L1 level, posterior 4-rod instrumentation Th6-L3

CONCLUSION

Evaluating prognosis by means of molecular tumor typing, previous course of disease and actual status of
metastases is mandatory prior to elective surgery of breast cancer spine metastases.

Mean survival times of 60 months in endocrine responsive (Luminal A and B) phenotypes, 50 months
in HER-2 enriched phenotypes and 15-19 months in triple negative phenotypes are described in actual
literature.

The patients’s general condition, biological age, intrinsic breast cancer subtype, comorbidities, tumor burden
(number of metastases to organs) and previous therapies influence decision making.

Regardless of molecular phenotype solitary spinal metastases may be treated with a curative therapeutic
approach.

Close cooperation of all experts participating interdisciplinary tumor boards are essential to determine
adequate therapy strategies.
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Therapy of solitary metastasis
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Adjuvant Therapy
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Figure 5. Heidelberg Spine Research Group Therapeutic Algorithm of Solitary Spine Metastasis in Breast Cancer
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