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Heab. M3yunTh MpuuynHbI U HPAKTOPHI prCKa pa3BUTHUSI OCIOXHEHUI, TPEOYIOUIUX BBIMOJIHEHUS] PEBU3MOH-
HBIX OTEpalMii TMOCIe MHTPAMENYJUIIPHOTO U HAKOCTHOTO OCTEOCHHTE3a JJIMHHBIX TPYOUaThIX KOCTEH, TTOpakeH-
HBIX MeTacTa3zaMH.

Marepuan 4 MeToabl. PeTpocreKTMBHO ObUTM MPOAHATU3UPOBAHBI PE3YIbTAThl XUPYPTrMUYE€CKOTO JIeUeHUS
44 mauyeHTOB IO MOBOJY METAacTa30B B JTMHHBIX TPyOUATHIX KOCTSIX. ¥ 12 MallMEHTOB MMEJIO MECTO COJIMUTApHOE
TopaxxeHue KocTeil ckenera, y 11 — MHOXecTBeHHOe, y 21 — KOCTHBIE METacTa3bl COYETAIUCh C METacTaTH-
YEeCKMM MOpPaXXeHWEM BHYTPEHHUX OpraHoB. Y 35 MmauuMeHTOB ObUI YCTAHOBJIEH ITaTOJOIMYECKMI MEpeIoM, Y
9 — yrposa matojiormyeckoro mnepeioMa. MHTpamMenyuIIpHbIA OCTEOCUHTE3 ObL1 BHIMOJHEH B 34 ciyyasix, Ha-
KOCTHBII OCTEOCHMHTE3 — B 3 CiIyyasix, MHTpaMedyJUIIPHbIl OCTEOCMHTE3 B KOMOMHALIMN C aJUIOTLIACTUKOW — B
12 ciyyasx.

Pesyabratel. [Ipumenenre OC mpu JleUeHUU METAcTa30B 3JI0KAYECTBEHHbBIX OIMyXOJeil B JJIMHHBIX TPYO-
YaThIX KOCTSIX TO3BOJIMJIO COXpAaHUTh (PYHKIMIO KOHeYHOCTH B 75,0% ciydaes, eie B 14,6% HaGmoneHuil Oblia
BBITIOJIHEHA PEBM3MOHHAS OPraHOCOXpaHSIONIAsl orepalus, He YAaJoCh BOCCTAHOBUTH (DYHKIIMIO KOHEYHOCTU B
10,4% cnydaeB. 13 ocnoxHeHUi MOTPeOOBAIM BHIITOJIHEHUS PEBU3MOHHOM onepalnu. MeauaHa BpeMeHU 10 pas-
BUTHS 3TUX OCJIOXHEHMI cocTaBuia 6 MecsieB (auamna3oH 1-12 Mecsues). [IpyunHaMu OCIOXHEHMIT CTald MECT-
HOE MPOTPecCUpOBaHUE OMYXOJH, OTCYTCTBME KOHCOJMAALMMU W HapYIIeHWe LEJOCTHOCTH KOHCTPYKIuu. MakTo-
PbI pUCKa Pa3BUTHUSI OCJOXHEHUM, TPEOYIOIIMX BBIOJHEHWS PEBU3MOHHON onepalyy: NaToJIOTMYeCKUi nepesioMm
(p=0,046), mponoxeHHBII pocT paka mouku (p=0,013) u aydeBast Tepamus, TPOBOAUMAST TIepe XUPYPTUIECKUM
seyeHueM (p=0,029). ¥ nmaumeHTOB ¢ JYYIIMM MPOTHO30M JUISI XKU3HU OCJIOXKHEHMUS, CBSI3aHHbBIE C HApyLIEHUEM
LIEJIOCTHOCTH METANTIOKOHCTPYKIIMU WM (DUKCAIIMU KOCTH, PAa3BUBAIOTCS MpHU Oojiee IMTENbHON U aKTUBHOM Ha-
rpy3Ke Ha KOHEYHOCTb.

3akmoyenne. OCTeOCHHTE3 SIBJISIETCS ONTUMAJIBHBIM METOIOM XUPYPTMYECKOTO JICUEHUS KOCTHBIX MeTa-
CTa30B B ONpPEACICHHBIX KITMHUYECKUX cuTyanusx. [Ipn oMMHOYHBIX MeTacTa3ax paarope3VCTEHTHBIX OIyXOoJie 1
KOHTPOJIMPYEMOM OITyXOJIEBOM Tpoliecce Oosiee 000CHOBAHHBIM SIBJISIETCSI paAMKAIbHOE XUPYPrUUecKoe ylajeHue
MeTacTasa ¢ ycTpaHeHueM JedekTa KOCTH aJlJIOTPaHCIIIAHTaTOM WK 3HAOMPOTE30M.

Karouesvie crosa: memacmaswl, Orunnbie mpyouamole KOCMU, 0CIEOCUHme3, paoukaisHoe Xupypeuueckoe yoane-
Hue, HapyuleHue Yes0CMHOCMU KOHCIMPYKUUU, OCAONCHEHUS, CMEPMHOCb

Objectives. This study was designed to investigate the causes and risk factors of complications requiring
revision surgeries after intramedullary and plate osteosynthesis of the long tubular bones affected by metastases.

Methods. Surgical treatment outcomes of patients with long tubular bones metastases (n=44) were analyzed
retrospectively. Twelve patients had solitary skeletal metastasis, eleven — multiple, twenty one — bone metastases
combined with visceral metastases. The pathological fracture was diagnosed in 35 patients and the threat of the
pathological fracture — in 9. Intramedullary osteosynthesis was carried out in 34 cases, plate osteosynthesis — in 3
cases, intramedullary osteosynthesis with alloplasty — in 12 cases.

Results. Application of OS in the metastatic treatment of malignant tumors in long tubular bones have allowed
saving the extremity function in 75% cases; the revision organ-saving surgery was carried out in 14,6% observations;
restoration of the extremity function was failed in 10,4% cases. Thirteen complications caused by bone metastases
required the revision surgery. Median time was 6 months (range of 1-12 months). The causes of complications
included local tumor progression, the absence of osseous consolidation and violation of the structural integrity. Risk
factors of complications development which require the revision surgeries were the following: pathologic fracture
(p=0,046), progressive renal cell carcinoma (p=0,013) and radiation therapy before surgery (p=0,029). In patients
with the best life prognosis the complications related with violation of the metal construction integrity or bone
fixation failure have developed in longer and active load on the extremity.

Conclusion. Osteosynthesis appears to be an efficient method in the treatment of metastatic bone disease
in the specific clinical cases. Radical surgical removal of the metastases with the elimination of the bone defect by
allograft or endoprosthesis is more reasonable in case of solitary metastases of radio-resistant tumors and controlled
tumor process.

Keywords: metastases, long tubular bones, osteosynthesis, radical surgical removal, bone fixation failure,
complications, mortality
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Introduction

Witnin recent years advances in modern
oncology have led to the prolonged survival of
more patients with cancer which has resulted in
increasing numbers of individuals with metastatic
bone disease. Skeleton is the third most common
site of metastatic disease behind lung and liver [1].

The skeleton is the most common site to be
affected by metastatic cancer of breast, kidney,
prostate, lung and thyroid gland. Thus, at
necropsy of prostate and brest cancer patients
the metastases in bones are detected in more than
70%; in the lung cancer, kidney cancer and thyroid
cancer — in 35-42% of cases [2].

To underline the importance of the problem
of bone metastases demonstrates the amount of
funds allocated for the treatment. For example,
overall management of metastatic bone disease is
estimated to result as much as 17% of the total
direct medical costs of cancer treatment in the
United States [3].

The treatment of choice of metastatic
lesions of long tubular bones should be based
on a location of metastatic focus, extent of bone
destruction, the presence of pathologic fracture,
nosological form of a tumor as well as the degree
of functional limb impairment and the patient’s
expectations. Nowadays there have been only
a few reports concerning the development of
surgical treatment options for management of bone
metastasis [4, 5]. In this regard, surgical treatment
of metastatic bone disease is performed on the
general principles underlying the management
of oncology and traumatology and often - on
surgeon’s preference.

Surgical treatment of skeletal metastatic
lesions has performed through use of both
methods: endoprosthesis and osteosynthesis.

The apparent advantage of endoprosthesis
consists in the radical excision of metastases
with simultaneous restoration of supporting
gait abilities in lower limbs regardless of the
volume of bone destruction and presence of
soft tissue tumor component; and also there is a
low risk of structural integrity violations. These
procedures have many disadvantages, such as
increasing hospitalization and traumatic character
of the surgery (the resection of articular bone
division results in abundant blood loss, muscles
cut-off which are repaired with sutures to the
endoprosthesis). It should be also mentined about
a high cost of implants [6].

The use of intramedullary osteosynthesis
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(IOS) with reconstructive nails has a number
of advantages. As a rule, the introduction of
intramedullary nail is closed, which greatly reduces
a surgical trauma and the blood loss [7]. However,
the full restoration of supporting ability of the limb
in this case depends much on the consolidation
in the fracture zone — if consolidation does not
occur a fracture or migration of the device is
almost inevitable [7]. Furthermore, the use of
I0S for a pathological fracture fixation due to
metastasis as a rule does not imply the removal
of the tumor focus.

The advantage of the plate extramedullary
osteosynthesis (EOS) is the ability to perform
curettage of a metastasis and to consolidate
adequately the bone fragments under visual
control. Disadvantages of this method include
a greater volume and duration of the surgical
intervention, less reliability of the entire bone
fixation [8].

The present study analyzes the results of
osteosynthesis of long tubular bones affected by
metastasis, to identify the clinical situations in
which OS is considered to be the best method of
bone stabilization, as well as the situations when
the other methods of reconstruction should be
choosed.

Objectives. To study the causes and risk factors
of complications development, requiring revision
surgeries after intramedullary and extramedullary
osteosynthesis of the long tubular bones affected
by metastases.

Methods

Surgical treatment results of patients
(n=44, 17 men and 27 women, 2003-2016 yrs.)
with metastatic long tubular bone tumors
underwent osteosynthesis in SE “N.N. Alexandrov
National Cancer Centre of Belarus for Oncology
and Medical Radiology” were retrospectively
analyzed. The average age of patients was 58
years. A total of 49 surgeries were performed, 40 —
due to pathological fractures, 9 — due to the
threat of pathologic fracture. The information
concerning location of metastases and methods
of osteosynthesis in patients with different
morphological forms of tumors are presented in
Tables 1, 2.

Tumor process manifested by bone metastasis
occurred in 18 patients.

In other observations, the median time of
bone metastases development after identifying the
primary tumor made up 20 months (the range of
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Table 1
Structure of surgical interventions
Nosology Method of reconstruction Total
10S EOS Alloplasty +10S
Renal cancer (RC) 10 1 8 19
Breast cancer (BC) 15 1 - 16
Lung cancer (LC) 5 1 1 7
Colon cancer (CC) 2 - 1 3
Sarcoma of soft tissues 2 - - 2
Melanoma - - 1 1
Uterine carcinosarcoma - - 1 1
Total 34 3 12 49

3-215 months). In 21 cases bone metastases were
combined with visceral metastases. A solitary lesion
of skeletal bones occured in 12 patients, multiple —
in 11.

In 12 of 40 cases, a pathological fracture
developed against conservative management; in
the rest cases it was the first manifestation of a
tumor process or the first manifestation of disease
progression.

Radiotherapy (RT) for bone metastases was
performed in 20 (45,5%) patients, prior to surgery —
in 9 (20,5%) of patients, after osteosynthesis —
in 11 (25,0%) of patients. Systemic treatment in
the incisional period depended on histological
forms of cancer, the prevalence of tumor and the
patient’s general condition. The starting point for
assessing the results of study was the date of instal-
lation of the metal device and the final event — the
date of death and date of complications leading to
loss of limb function, requiring the reoperation.

The Test x> Pearson or Fisher’s exact test
(depending on the requirements of each test)
were used for statistical analysis to identify the
factors influencing the final result. The analysis
of differences in the course of survival was made
by a Kaplan-Meier survival plot. Differences at
the level of p<0,05 were considered statistically
significant.

The performance of osteosynthesis allowed
maintaining or restoring the function of limbs in
75.0% of cases.

Local postoperative complications developed
in 17 (34,7%) cases after OS. The revision
surgery was required in 13 (26,5%) cases. The
complications associated with healing of surgical
wounds were treated effectively with nonsurgical
modalities in 4 patients.

The causes for reoperations: further
growth of the tumor in the area of the fracture
(n=5), suppuration in the allograft area (n=2),
pathological bone fracture in the distal portion of
the intramedullary nail (n=1), failure of fixation
against the absence of osseous consolidation
(n=3), and against the tumor progression (n=2).
The median time was 6.6 months (range of 1-12
months).

The most significant risk factors for
complications (Table 4) were a pathological
fracture (p=0,046), the tumor progression
associated with non-radical removal of renal
carcinoma metastasis (P=0,013), the radiation
therapy prior to the development of pathological
fracture (breast cancer) (p=0,029).

In comparing the survival rate of patients,
depending on the complications, requiring re-
operations, significant differences were established

Results (plog-rank=0.004). (Fig.) Survival median time for
Table 2
Location of metastasis
Location Number, %

Upper third of the femur 18 (37,5%)
Intertrochanteric region, neckand head of the femur 8 (16,7)
Subtrochanteric region of the femur 10 (20,8)

Femoral shaft 13 (27,1)
Lower third of the femur 4 (8,3)
Upper third of the humerus 1(2,1)
Middle third of the humerus 9 (18,7)
Upper third of the tibia 1(2,1)
Middle third of the tibia 2 (4,2)
Total 48 (100%)

157



A.l. Radchenko et al. Osteosynthesis in treatment of bone metastases

Table 3

Characteristics of patients requiring reoperation

Ne  Primary Location of Type of Indications for Surgical Time till the
tumor metastasis osteosynthesis reoperation interventions revision,
months
1 Renal upper third of the intramedullary  Continued growth endoprosthesis 12
cancer humerus
2 Renal middle/lower intramedullary  Continued growth endoprosthesis 12
cancer third of the femur
3 Breast lower third of the extramedullary Fracture of plate + Nothing due to 1
cancer femur (with plate) absence of fracture  disease progression
consolidation
4 Breast middle/lower intramedullary  Fracture of nail + endoprosthesis 5
cancer third of the femur absence of fracture
consolidation
5 Melanoma  middle third of  intramedullary suppuration Autoplasty with 2,5
the humerus + resection + diaphysis of the
alloplasty fibula
6 Breast upper/middle intramedullary Pathological fracture =~ Nothing due to 8
cancer third of the femur in the lower third disease progression
of the femur (2
metastasis)
7 Lung upper/middle extramedullary  Continued growth Resection + 6
cancer third of the femur  (with plate) alloplasty + EOS
8 Lung upper/middle Intramedullary suppuration disarticulation of 5
cancer third of the femur + resection + the limb
alloplasty
9 Breast middle third of  intramedullary  absence of fracture Nothing due to 12
cancer the tibia consolidation disease progression
+fracture of screws
10 Renal upper third of the extramedullary = Continued growth endoprosthesis 10
cancer femur (with plate) +fracture of plate
11 Colon upper third of the intramedullary Continued growth + endoprosthesis 3
cancer femur fracture
12 Renal upper third of the intramedullary = Continued growth endoprosthesis 4
cancer femur
13 Renal upper third of the intramedullary  Continued growth Nothing due to 11
cancer femur disease progression

patients with recurrent impairment of the function
of a limb was 39,8 months and for patients without
this kind of complications — 13,8 months (plog-
rank=0,004). This indicates that the complications
associated with failure of fixation in the patients
with a better life prognosis, develop in the case of
longer and more active load on the limb.

Discussion

The main objective of palliative surgical
treatment of metastases in the long tubular
bones is to stabilize bone that is weak or broken,
limb function restoring and the creation of the
possibility of continuing adequate anti-tumor
therapy. In total the results of surgical treatment
of patients with bone metastases using OS are
considered to be satisfactory and acceptable in
the case to preserve or to restore the integrity
of the bone in short terms favorably affected
the quality of patients’ life. The use of different
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options for osteosynthesis is more preferable
in patients with lesion usually occurs in the
metaphyseal or diaphyseal regions of the long
bones. A complication rate requiring replacement
of the fixing construction in those patients was

Fig. Survival rate of patients, depending on the presence
of complications, requiring reoperation
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Table 4

Risk factors for the development of local complications

Factor Number Valup p () — Pearson /
No revision required  Revision required Fisher’s exacttest)
Sex
Men 6 0,22
Women 7
Age
Average (range) 59,3 57 0,82
Median 58,0 (9,7) 58,5 (11,0)
Location

Upper limb 8 2 0,6

Lower limb 28 11
Nosology
Renal cancer 14 5 0,68
Breast cancer 12 4 0,24
Lung cancer 5 2 0,16
Others 5 2 0,16
Pathological fracture
Yes 27 13 0,046*
No 9 0
Metastasis removal
Yes 13 1 0,052
Her 23 12
BC + radiotherapy before
Yes 2 3 0,029*
No 10 1
Radiotherapy after surgery

Yes 8 3 0,84
No 41 10

RC without metastasis removal 5 5 0,013*

Note: * — statistically significant effect — (p<0,05).

26,5%, which is comparable with the results of
other authors [9]. Tumor control is generally
accomplished by postoperative radiation therapy,
which is also effective in treating pain caused by
bone metastasis [10].

The main reasons requiring reoperation
after the OS is appeared to be a further growth
of metastatic tumor, an absence of osseous
consolidation of a fracture, a failure of fixation. [9].

Further growth of the tumor was the cause
of re-intervention in 5 patients with renal cancer
(RC), and in 1 — with lung cancer (LC). It
is known that RC metastases are chemo- and
radioresistant and often do not stopping metastases
at their source, despite the performed treatment
[11]. Use of targeted therapy in the treatment of
disseminated RC can significantly extend the life
of a considerable number of patients; however,
its efficacy in the bone metastasis is slightly lower
in comparison with visceral metastases [12]. In
this regard, use of OS in this group of patients is
more justified to preserve the quality of life in this
disease progression.

Complications were not observed after the
preventive surgery, indicating the negative effect
of a pathological fracture on the final functional
outcome. The frequency rate of pathological

fractures after irradiation varies from 8% to 11%
and successful surgical treatment requires radical
resection of the irradiated bone segment [13].

In this study in patients with breast cancer
(n=35), when a pathological fracture was preceded
by radiotherapy (RT), complications requiring the
revision surgery developed in 3 cases.

Thus, in case of detection of metastatic
lesions in long tubular bones before decision to
include radiation therapy is necessary to assess the
probability of a fracture, particularly in patients
with a controlled tumor process.

It is necessary to use greater the special
scales (Mirels’ classification for impending
pathological fracture and Harrington criteria)
at high risk of pathological fracture and should
undergo prophylactic internal fixation (surgical
stabilization of bone) prior to radiotherapy
conduction [14].

The other of the major complications of OS
is the failure of fracture consolidation significantly
increasing the risk of fixation device fracture
against the sustained load [15]. In this study, there
were 2 cases of fractures of the intramedullary
nail and 2 cases of fractures of the extramedullary
plate. Failure of fixation was observed in 5 (10.2%)
cases: in case of further growth of the tumor
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(2 cases of RC), and failure fracture consolidation
against the preoperative radiotherapy (3 cases
of BC). According to the literature data, the
frequency of these complications varies from 2.2
to 10.8% |8, 9].

Most often the failure of consolidation after
the OS with intramedullary nail or extramedullary
plate is observed in radio- and chemoresistant
tumors.

The suppuration (16,7%) in the allograft area
was a singe complication in this case. In total, the
frequency rate of this complication is observed
from 16,7% to 63,7% of cases [16, 17].

Currently, the preferred method of treatment
of metastatic lesions of long bones use segmental
resection with endoprosthetics, intramedullary
osteosynthesis by means of locking reconstruction
nail.

Thus, osteosynthesis is thought to be the
best method of surgical treatment of metastatic
lesions of long tubular bones. It is difficult to
overestimate a simple, minimally invasive method
of treatment of bone metastases in the advanced
cancer. However, in case of massive bone and soft
tissue lesion as well as in metastases location in
the metaepiphyseal zones, OS is not considered
to be an optimal reconstruction method.

Conclusions

1. Using methods of osteosynthesis in
metastatic lesions of long bones restored the
function of support ability of the limbs in 75,0%
of cases; the revision organ-saving surgery was
performed in 14,6% of cases; failure to restore
limb function — in 10,4% of cases.

2. The main factors affecting the frequency
rate of reoperations after osteosynthesis are as
follows: the presence of a pathological fracture
(p=0,046), further growth of the tumor due to
non-radical removal of renal cancer metastasis
(P=0,013) and conducting the radiation therapy
prior to the development of a pathological fracture
(p=0,029).

3. Improvement of osteosynthesis functional
outcome is anable in the case of preventive
operations performance prior to radiotherapy
considering risk factors of pathological fracture
development, especially in the location of
metastases in the long tubular bones of the lower
limbs.

4. In case of solitary metastases of radio-
resistant tumors and controlled tumor process
the treatment of metastatic lesions of long bones
use segmental resection with an allograft or
endoprosthetics.

The work was performed in accordance with the
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Research Plan of SE “N.N. Alexandrov National
Cancer Centre of Belarus for Oncology and
Medical Radiology”.

JHUTEPATYPA

1. Weber KL, Randall RL, Grossman S, Parvizi J.
Management of lower-extremity bone metastasis. J
Bone Joint Surg Am. 2006 Dec;88(Suppl 4):11-9.

2. Coleman RE. Clinical features of metastatic bone
disease and risk of skeletal morbidity. Clin Cancer Res.
2006 Oct 15;12(20 Pt 2):6243s-49s.

3. Schulman KL, Kohles J. Economic burden of
metastatic bone disease in the U.S. Cancer. 2007 Jun
1;109(11):2334-42.

4. Ruggieri P, Mavrogenis AF, Casadei R, Errani
C, Angelini A, Calabrr T, et al. Protocol of sur-
gical treatment of long bone pathological fractures.
Injury. 2010 Nov;41(11):1161-67. doi: 10.1016/j.in-
jury.2010.09.018.

5. Willeumier JJ, van der Linden YM, van de Sande
MAJ, Dijkstra PDS. Treatment of pathological
fractures of the long bones. EFORT Open Rev. 2016
May;1:136-45. doi: 10.1302/2058-5241.1.000008.

6. Wedin R, Bauer HC. Surgical treatment of skel-
etal metastatic lesions of the proximal femur: endo-
prosthesis or reconstruction nail? J Bone Joint Surg Br.
2005 Dec;87(12):1653-57.

7. Sarahrudi K, Hora K, Heinz T, Millington S,
Viicsei V. Treatment results of pathological frac-
tures of the long bones: a retrospective analysis of
88 patients. Int Orthop. 2006 Dec; 30(6):519-24. doi:
10.1007/s00264-006-0205-9.

8. Hunt KJ, Gollogly S, Randall RL. Surgical fixa-
tion of pathologic fractures: an evaluation of evolving
treatment methods. Bull Hosp Jt Dis. 2006;63(3-4):77-
82.

9. Miller BJ, Soni EE, Gibbs CP, Scarborough MT.
Intramedullary nails for long bone metastases: why do
they fail? Orthopedics. 2011 Apr 11;34(4):274. doi:
10.3928/01477447-20110228-12.

10. Janjan NA. Radiation for bone metastases:
conventional techniques and the role of systemic ra-
diopharmaceuticals. Cancer. 1997 Oct 15;80(8 Sup-
pl):1628-45.

11. Althausen P, Althausen A, Jennings LC, Mankin
HJ. Prognostic factors and surgical treatment of os-
seous metastases secondary to renal cell carcinoma.
Cancer. 1997 Sep 15;80(6):1103-9. doi: 10.1002/
(SICI)1097-0142(19970915)80:6<1103.

12. ZotnierekJ, Nurzynski P, Langiewicz P, Oborska
S, Wasko-Grabowska A, Kuszatal E, et al. Efficacy
of targeted therapy in patients with renal cell carci-
noma with pre-existing or new bone metastases. J
Cancer Res Clin Oncol. 2010 Mar;136(3):371-78. doi:
10.1007/s00432-009-0664-7.

13. Frassica DA. General principles of external beam
radiation therapy for skeletal metastases. Clin Orthop
Relat Res. 2003 Oct;(415 Suppl):S158-64.

14. Mirels H. Metastatic disease in long bones. A
proposed scoring system for diagnosing impending
pathologic fractures. Clin Orthop Relat Res. 1989
Dec;(249):256-64.

15. Brumback RJ, Toal TR Jr, Murphy-Zane MS,
Novak VP, Belkoff SM. Immediate weight-bearing af-
ter treatment of a comminuted fracture of the femo-
ral shaft with a statically locked intramedullary nail.



© Novosti Khirurgii Vol. 25* No 1 * 2017

J Bone Joint Surg Am. 1999 Nov;81(11):1538-44.

16. Qu Huayi, Guo Wei, Yang Rongli, Li Dasen,
Tang Shun, Yang Yi, et al. Reconstruction of seg-
mental bone defect of long bones after tumor resec-
tion by devitalized tumor-bearing bone. World J Surg
Oncol. 2015;13:282. doi: 10.1186/s12957-015-0694-
3

17. Ahlmann ER, Menendez LR. Intercalary endo-
prosthetic reconstruction for diaphyseal bone tumours.
J Bone Joint Surg [Br]. 2006 Nov;88-B(11):1487-91.
doi:10.1302/0301-620X.88B11.

REFERENCES

1. Weber KL, Randall RL, Grossman S, Parvizi J.
Management of lower-extremity bone metastasis. J
Bone Joint Surg Am. 2006 Dec;88(Suppl 4):11-9.

2. Coleman RE. Clinical features of metastatic bone
disease and risk of skeletal morbidity. Clin Cancer Res.
2006 Oct 15;12(20 Pt 2):6243s-49s.

3. Schulman KL, Kohles J. Economic burden of
metastatic bone disease in the U.S. Cancer. 2007 Jun
1;109(11):2334-42.

4. Ruggieri P, Mavrogenis AF, Casadei R, Errani
C, Angelini A, Calabrr T, et al. Protocol of sur-
gical treatment of long bone pathological fractures.
Injury. 2010 Nov;41(11):1161-67. doi: 10.1016/j.in-
jury.2010.09.018.

5. Willeumier JJ, van der Linden YM, van de Sande
MAJ, Dijkstra PDS. Treatment of pathological
fractures of the long bones. EFORT Open Rev. 2016
May;1:136-45. doi: 10.1302/2058-5241.1.000008.

6. Wedin R, Bauer HC. Surgical treatment of skel-
etal metastatic lesions of the proximal femur: endo-
prosthesis or reconstruction nail? J Bone Joint Surg Br.
2005 Dec;87(12):1653-57.

7. Sarahrudi K, Hora K, Heinz T, Millington S,
Viicsei V. Treatment results of pathological frac-
tures of the long bones: a retrospective analysis of
88 patients. Int Orthop. 2006 Dec; 30(6):519-24. doi:
10.1007/s00264-006-0205-9.

8. Hunt KJ, Gollogly S, Randall RL. Surgical fixa-
tion of pathologic fractures: an evaluation of evolving

Anpec Ui KOppecTOHIeHIH

223040, Pecniyonnka benapyce,

MuHckuit paiioH, moc. JlecHoi,

I'Y «Pecny0inKaHCKUIT HayYHO-TIPaKTUYECKUI
LIEHTP OHKOJIOTUM U MEIMLMHCKOMN
paguonoruu uMm. H.H. Anekcanaposa»,
J1abopaToprsi OHKOTIATOJIOTUH
LICHTPaJbHOU HEPBHOU CHUCTEMBbI

C TPYIINON OHKOMATOJIOTMU TOJIOBBI U 1IEH,
TeJ1.M00.: +375447724255,

e-mail: Aradchenko@mail.ru,

Pamuenko Aptem Uropesuy

Csenenus 00 aBTopax

Paguenko A.W., HaydyHBI COTPYOIHUK JabopaTopuu
OHKOTIATOJIOTUU LIEHTPAJIbHOW HEPBHOW CHCTEMBI C
IPYMION OHKOMATOJIOTMU roJjioBbl U 1ien 'Y «Pecmy-
OJIMKAHCKUIT HAYIHO-TIPAKTUYECKUI LIEHTP OHKOJIOTUU
U MeauimHcKou paguonoruu uM. H.H. Anekcannposa».
Kykopenr A.I'., K.M.H., pyKOBOAUTEJb J1abopaToOpuu
OHKOIIaTOJIOTUM LIEHTPAJIbHONH HEPBHON CUCTEMBI C

treatment methods. Bull Hosp Jt Dis. 2006;63(3-4):77-
82.

9. Miller BJ, Soni EE, Gibbs CP, Scarborough MT.
Intramedullary nails for long bone metastases: why do
they fail? Orthopedics. 2011 Apr 11;34(4):274. doi:
10.3928/01477447-20110228-12.

10. Janjan NA. Radiation for bone metastases:
conventional techniques and the role of systemic ra-
diopharmaceuticals. Cancer. 1997 Oct 15;80(8 Sup-
pl):1628-45.

11. Althausen P, Althausen A, Jennings LC, Mankin
HJ. Prognostic factors and surgical treatment of os-
seous metastases secondary to renal cell carcinoma.
Cancer. 1997 Sep 15;80(6):1103-9. doi: 10.1002/
(SICI)1097-0142(19970915)80:6<1103.

12. ZotnierekJ, Nurzynski P, Langiewicz P, Oborska
S, Wasko-Grabowska A, Kuszatal E, et al. Efficacy
of targeted therapy in patients with renal cell carci-
noma with pre-existing or new bone metastases. J
Cancer Res Clin Oncol. 2010 Mar;136(3):371-78. doi:
10.1007/s00432-009-0664-7.

13. Frassica DA. General principles of external beam
radiation therapy for skeletal metastases. Clin Orthop
Relat Res. 2003 Oct;(415 Suppl):S158-64.

14. Mirels H. Metastatic disease in long bones. A
proposed scoring system for diagnosing impending
pathologic fractures. Clin Orthop Relat Res. 1989
Dec;(249):256-64.

15. Brumback RJ, Toal TR Jr, Murphy-Zane MS,
Novak VP, Belkoff SM. Immediate weight-bearing af-
ter treatment of a comminuted fracture of the femo-
ral shaft with a statically locked intramedullary nail.
J Bone Joint Surg Am. 1999 Nov;81(11):1538-44.

16. Qu Huayi, Guo Wei, Yang Rongli, Li Dasen,
Tang Shun, Yang Yi, et al. Reconstruction of seg-
mental bone defect of long bones after tumor re-
section by devitalized tumor-bearing bone. World J
Surg Oncol. 2015;13:282. doi: 10.1186/s12957-015-
0694-3.

17. Ahlmann ER, Menendez LR. Intercalary endo-
prosthetic reconstruction for diaphyseal bone tumours.
J Bone Joint Surg [Br]. 2006 Nov;88-B(11):1487-91.
doi:10.1302/0301-620X.88B11.

Address for correspondence

223040, Republic of Belarus, Minsk

region, Lesnoy settl.,

EE «N.N. Alexandrov National Cancer Centre
of Belarus for Oncology and Medical Radiology».
Laboratory of oncological pathology

of the central nervous system with a group

of oncological pathology of the head and neck,
Tel.: 375447724255

e-mail: Aradchenko@mail.ru

Artem I. Radchenko

Information about the authors

Radchenko A.I. Researcher of laboratory of
oncopathology of the central nervous system with the
group of oncopathology of the head and neck, SE
«N.N. Alexandrov National Cancer Centre of Belarus
for Oncology and Medical Radiology».

Zhukovec A.G. PhD, Head of laboratory of
oncopathology of the central nervous system with the

161



A.l. Radchenko et al. Osteosynthesis in treatment of bone metastases

TPYMIION OHKOMATOJOrMK rojioBbl U 1en 'Y «Pecry-
OJIMKAHCKUM HayYHO-MPAKTUIECKUM LIEHTP OHKOJIOTUM
Y MeIUIMHCKOM paguonoruu uM. H.H. AnexcanapoBa».
bormaes K0.M., K.M.H., 3aBeAyIOILIUI OTAEJIEHUEM
PEKOHCTPYKTUBHO-BOCCTAHOBUTEJIBHONW XMPYPrUU
I'Y «Pecny6iMKaHCKMII HaydYHO-TIpaKTUYECKUN
LIEHTP OHKOJIOTMM U MEAULMHCKON PajuoJIOTUU WM.
H.H. AnexcanopoBa».

HNndopmanus o cratse

Tlocmynuna 18 nosbps 2016 e.
Ilpunsama ¢ newamo 9 aneaps 2017 e.
Jocmynna na cavime 28 mapma 2017

group of oncopathology of the head and neck, SE
«N.N. Alexandrov National Cancer Centre of Belarus
for Oncology and Medical Radiology».

Bogdaev Y.M. PhD, Head of department of reconstructive
and restorative surgery, SE «N.N. Alexandrov National
Cancer Centre of Belarus for Oncology and Medical
Radiology».

Article history

Recieved 18 November 2016
Accepted 9 January 2017
Available online 28 March 2017

162



