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SURVIVAL PREDICTORS IN CANCER PATIENTS
WITH BONE METASTASIS: RETROSPECTIVE
COHORT SINGLE-CENTER STUDY

Background. Bone metastasis, a frequent complication in cancer patients, is associated with a significant decline in
quality of life and reduced survival. Overall survival prognosis is critical for selecting the optimal treatment strategy,
particularly for planning orthopedic surgery in patients with bone metastasis. The aim of the study was to delineate
prognostic factors for overall survival in patients with bone metastasis following orthopedic surgery. Materials and
Methods. 136 patients with bone metastasis treated at the National Cancer Institute (Ukraine) between 2006 and
2025 were included in a retrospective, single-center cohort study. The effects of the primary tumor type, number of
metastases, presence of a pathologic fracture, prior treatment, and type of surgery on overall survival were assessed.
Survival was analyzed using the Kaplan—Meier method, and the log-rank test was used for group comparisons.
Multivariate Cox regression was used to identify independent prognostic factors. Results. The median overall sur-
vival was 32.8 months. Patients with solitary metastases had significantly better survival than those with multiple
metastases (median 44.8 vs 18.4 months; p = 0.021). Pathologic fractures were associated with worse survival (me-
dian 25.4 vs 64.6 months; p = 0.014). In multivariate analysis, multiple metastases (HR 1.95; 95% CI 1.18—3.22;
p =0.009) and pathologic fractures (HR 1.82; 95% CI 1.05—3.17; p = 0.034) were identified as independent adverse
factors. Combined treatment was associated with a lower risk of death (HR 0.48; 95% CI 0.26—0.91; p = 0.023).
The type of surgery was not an independent factor affecting survival. Conclusion. The number of metastases and
the presence of a pathologic fracture are key prognostic factors affecting survival in patients with bone metastasis.
The results delineating prognostic factors in patients with bone metastasis may be useful for risk stratification and
personalized treatment.

Keywords: bone metastasis, survival, prognosis, Kaplan—Meier method, Cox regression, pathologic fracture, oncoor-
thopedics.

5.1% of all cancer patients have bone metastasis
(BM) at diagnosis. They occur frequently in breast
cancer (65%—70%), prostate cancer (65%—90%),
lung cancer (17%—64%), renal cell cancer (20%—
25%), and thyroid cancer (65%) [1]. The number
of patients with BM increases as advanced medical

management and radical surgery improve the ove-
rall survival (OS) of cancer patients. BM may be a
cause of skeletal-related events like pain syndrome
in bones (60%—84%), pathologic fractures (9%—
29%), spinal cord compression with neurological
disorders (15%—20%), and hypercalcemia (20%),
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which adversely affect the quality of life and worsen
the prognosis. The estimated one-year survival fol-
lowing orthopedic surgery is 36% [2]. In Ukraine,
late diagnosis and the lack of unified treatment al-
gorithms adversely affect treatment outcomes for
patients with BM. The differential diagnosis of BM
requires a thorough examination to exclude syn-
chronous or metachronous primary bone neo-
plasms [3]. The use of prognostic tools to assess the
general conditions and survival of patients, as well
as the selection of the appropriate treatment meth-
od, is considered an indispensable component of
the complex approach for the treatment of patients
with BM. The prognosis for survival in such pa-
tients is of great importance in selecting an optimal
treatment strategy to improve the patient’s quality
of life and decrease the risk of postoperative com-
plications [4]. As a method of choice for improving
the quality of life, in certain situations, orthopedic
interventions may even be unfavorable from a
prognostic view [5]. Opposed to surgical methods,
a broad armamentarium of non-surgical treatment
approaches is available depending on the localiza-
tion, size, and number of BM. The aim of the study
was to assess the associations between the type of
primary tumor, the number of BM, the type of sur-
gery, the presence of a pathologic fracture, and the
survival of cancer patients with BM.

Materials and Methods

The retrospective single-center cohort study in-
cluded patients treated at the National Cancer In-
stitute (Kyiv, Ukraine). The patients’ files covering
January 2006 to December 2025 were selected from
the National Cancer Registry. Adult patients
(=18 years) with metastatic bone lesions and the
following orthopedic interventions were included
in the study. The inclusion criteria were: age
>18 years, confirmed BM, orthopedic interventions
due to metastatic bone lesions, and availability of
follow-up data. The exclusion criteria were: age
<18 years, primary bone tumor without metastatic
lesions, incompleteness of clinical data, and surger-
ies unrelated to BM treatment.

The clinical data were retrieved from the cancer
registry and the patients’ records. The following data
were taken into account: the demographic charac-
teristics of the patients, type of primary tumor,
the number of metastases (solitary or multiple),
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localization of metastases, presence of a patholog-
ical fracture or impending fracture, type of sur-
gery, prior cancer treatment, postoperative com-
plications, and dates of surgery and last follow-up
or date of death. The surgery was attributed to one
of the two major types — endoprosthetics and os-
teosynthesis. In the survival analysis of the pre-
sent study, cases of plate fixation and interlocking
intramedullary nailing were combined into a sin-
gle osteosynthesis group. The follow-up period
was calculated from the surgery date to the date
of the last visit or the date of death. The patients
alive at the end of the present study were consi-
dered censored in the survival analysis. The pri-
mary endpoint for the analysis was the OS. The
postoperative complications, such as implant fai-
lure, local tumor progression, metal-associated in-
fection, or endoprosthesis dislocation, were con-
sidered secondary endpoints.

The data were loaded and analyzed in Microsoft
Excel. For statistical processing, Python (3.x ver-
sion) was used with pandas, numpy, lifelines, and
matplotlib libraries. Survival was assessed by the
Kaplan-Meier method, with survival curves com-
pared by the log-rank test. The effects of prognos-
tic factors were evaluated by the Cox proportional
hazards model. The multivariate analysis included
the following independent OS predictors: the type
of primary tumor, number of metastases (solitary
or multiple), presence of a pathological fracture
or impending fracture, type of surgery, and prior
cancer treatment. The results were presented as a
hazard ratio (HR) with a 95% confidence interval
(CI). The assumption of hazard proportionality
was checked graphically. The difference was con-
sidered significant at p < 0.05.

Results

Of the 187 patients with orthopedic surgery due to
metastatic bone lesions, 136 patients were included
in this study. The most frequent primary tumor in
our study was renal cancer (39.7%), followed by
breast cancer (23.5%), bone cancer/sarcoma (8.1%),
and lung cancer (3.7%). Other cancers (prostate,
uterine, colorectal, thyroid cancers, and CNS tu-
mors, etc.) accounted for the rest of 25% of the cas-
es. In 82 patients (60.3%), BMs were solitary, and
in 52 (38.2%) — multiple. In two cases, the BM
number was not recorded in the files. 93 patients
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Fig. 1. The Kaplan—Meier analysis of OS in patients who un-
derwent orthopedic surgery due to metastatic bone lesions
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Fig. 2. The Kaplan—Meier curves for comparison of OS for
patients with solitary and multiple metastases (p = 0.021)
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Fig. 3. The Kaplan—Meier curves demonstrating OS de-
pending on fracture status (pathological fracture vs im-
pending fracture). p = 0.014

(68.4%) were hospitalized due to pathological frac-
tures, while 43 patients (31.6%) were treated be-
cause of the risk of pathological fractures. The fol-
lowing types of surgery were performed to treat
metastatic bone lesions: plate fixation (50.7%), en-
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doprosthetics (35.5%), and interlocking intrame-
dullary nailing (5.9%). In 8.1% of cases, other tech-
niques were utilized. 64.7% of surgical interven-
tions were radical and 34.3% palliative.

The OS median in patients who underwent or-
thopedic surgery for metastatic bone lesions was
32.8 months (Fig. 1). Patients with solitary metas-
tases had significantly better OS than those with
multiple metastases (median 44.8 vs 18.4 months,
p=0.021) (Fig. 2).

The presence of a pathologic fracture was as-
sociated with a significant decrease in OS. The OS
median in patients with pathologic fractures was
significantly less compared to patients with im-
pending fractures (25.4 months vs 64.6 months,
p =0.014) (Fig. 3).

OS varied significantly in patients with diffe-
rent types of primary tumors, with the longest
median (41.2 months) in breast cancer and the
shortest median (18.1 months) in lung cancer
(Fig. 4). Among the studied patients, in 40 cases
(29.4%), surgery was the only modality of the pre-
vious treatment of the underlying disease, while
in 96 patients (70.6%), a combined treatment was
employed. Although there was no significant dif-
ference in OS depending on the previous treat-
ment (single modality vs combined modality,
p = 0.505) (Fig. 5), in the multivariate analysis,
combined treatment was identified as an indepen-
dent factor associated with a decreased risk of
death. This discrepancy may be explained by the
non-homogeneous distribution of prognostically
unfavorable factors among the groups.

Osteosynthesis (plate fixation and interlocking
intramedullary nailing) was performed in 77 pa-
tients, while endoprosthetics — in 48 patients. In
the osteosynthesis group, the OS median was
32.3 months, and in the endoprosthetics group —
41.2 months. Nevertheless, despite the trend of bet-
ter survival in the endoprosthetics group, the dif-
ference was not significant (p = 0.386) (Fig. 6).

Multivariate logistic regression was used to find
out independent unfavorable predictors (Table).
The following factors were identified as the most
significant independent unfavorable predictors:
multiple metastases (HR 2.13;95% CI 1.30—3.50;
p =0.003) and the presence of a pathological frac-
ture (HR 1.81; 95% CI 1.04—3.14; p = 0.036). The
combined previous treatment (surgery + other
modalities) was significantly associated with a de-
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Fig. 4. The Kaplan—Meier curves demonstrating OS de-
pending on the tumor type
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Fig. 6. The Kaplan—Meier curves demonstrating OS of
patients with BM in groups of osteosynthesis and endo-
prosthetics (p = 0.386)

crease in the risk of death compared to surgery
only (HR 0.47; 95% CI 0.25—0.90; p = 0.023). Nei-
ther the type of cancer nor the type of surgery was
an independent OS predictor (Table, Fig. 7).

Complications were registered in 18 patients of
136 (13.2%). The most frequent type of complica-
tions was the fracture of the metal plate (9 cases).
In 5 cases, local tumor progression at the resection
site occurred. There were three cases of metal-as-
sociated infection and one case of dislocation of the
endoprosthesis head.

Discussion

We have analyzed factors affecting the survival of
patients with BM after orthopedic surgery. The
number of metastases, the presence of a pathologi-
cal fracture, and the type of previous treatment
were identified as the most significant predictors
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Fig. 5. The Kaplan—Meier curves demonstrating OS de-
pending on the modality of the previous treatment for pri-
mary tumor (surgery alone vs combined treatment). The
OS difference is not significant (p = 0.505)
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Fig. 7. The forest plot of multivariate logistic Cox regres-
sion analysis of OS

Risk factors associated with OS
(multivariate logistic regression analysis)

Variables HR 95% CI p
Renal cancer vs breast 0.77 | 0.40—1.48 | 0.429
cancer
Lung cancer vs breast 2.39 | 0.78—7.34 | 0.127
cancer
Bone cancer vs breast 0.64 | 0.27—1.54 | 0.320
cancer
Other cancers vs breast | 1.25 | 0.65—2.37 | 0.506
cancer
Multiple metastases vs 2.13 | 1.30—3.50 | 0.003
solitary metastases
Pathological fracturevs | 1.81 | 1.04—3.14 | 0.036
impending fracture
Combined treatmentvs | 0.47 | 0.25—0.90 | 0.023
surgery only
Endoprosthetics vs 0.94 | 0.57—1.56 | 0.812
osteosynthesis
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of OS. In our study, OS was slightly higher than in
several international clinical studies [1, 6—10].
This may be explained by the peculiarities of pa-
tient selection, particularly the inclusion of patients
with a more favorable prognosis and predominant-
ly solitary metastases. Our results confirmed that
the number of metastatic lesions is a key prognostic
factor. This aligns with the literature, which reports
worse survival in patients with multiple metastases
[7,9]. The pathological fracture identified as an in-
dependent unfavorable prognostic factor in our
study is consistent with the data from Raschka et
al. [10] and the conclusions of the current meta-
analysis [11]. Unadjusted Cox proportional hazards
regression analysis did not reveal a significant dif-
ference by the modality of the previous treatment
for the primary tumor (surgery alone vs combined
treatment). Nevertheless, the multivariate analysis
demonstrated a significant decrease in the risk of
death in patients who received combined treat-
ment. This may be explained by the effect of con-
founding factors [1, 6]. The OS varied depending
on the type of primary tumor, as shown earlier in
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MNPEOVMKTOPHU BVDKVIBAHOCTI ITALIIEHTIB

I3 KICTKOBMMIM METACTA3AMM 3JTOAKICHUX
HOBOYTBOPEHDb: PETPOCIIEKTVIBHE KOTOPTHE
MOHOLEHTPOBE HOCII>KEHHA

Cran nutanHA. MeTacTaTnyHe ypaXkeHHsA KiCTOK € 4acTUM YCK/IaJHEHHAM 37I0AKiCHMX HOBOYTBOPEHbD, acolliiloBa-
HIUM 3i 3HAYHMM 3HVDKEHHAM AKOCTI XKUTTA 1 BYDKMBAHOCTI HanieHTiB. IIporHosyBaHHA BVOKMBAHOCTI MAlli€HTIiB €
K/IIOYOBMM JJIs1 BUOOPY ONTUMA/IbHOI TAKTUKIY TiKYBaHHS, 30KpeMa OPTOIESIIHNX BTPyIaHb. MeTOI0 KOCTimKeHH A
Oy/10 BUBHAYNTY IPOTHOCTUYHI (PaKTOPI 3ara/IbHOI BIDKMBAHOCTI B TAIIEHTIB i3 MeTacTa3aMM B KiCTKH, SIKUM BUKO-
HaHO OPTOIENNYHI XipypriuHi BTpy4aHHA. MaTepianu 1a meropu. [IpoBeneHO peTpOCIeKTMBHE KOTOPTHE MOHOLEH-
TPOB€ HOCTi[KeHHA 136 MalieHTiB i3 KICTKOBMMM MeTacTasaMy, IIpoorneposanux y HalionanbHOMY IHCTUTYTI paKky
(Kuis, YkpaiHa) B epion Bif 2006 5o 2025 poky. AHami3yBanu BIUIMB TUITY IePBUHHOI IYXJIMHY, KiIbKOCT] MeTacTasiB,
HasABHOCTI ITATOIOTIYHOTO IIEPEIOMY, BUY ITONEPENHBOrO AiKyBaHHA Ta TUILY OIEPaTMBHOIO BTPYYaHHA Ha 3arajb-
Hy BIDKMBaHiCTh. BipkmBaHIcTh oniHoBanyu MeronoM Kammana—Meriepa, MOpiBHAHHA IPYI — 3a JOIMOMOTIOI0 JIOT-
paHroBoro Kpurepito. [l BU3HAYeHHA He3aJIeXKHMUX IIPOTHOCTUYHUX (HAKTOPiB BUKOPUCTOBYBaIU 6araTopakToOpHy
perpecito Kokca. PesynbraTn. Mepiana 3arajpbHOi BIDKMBaHOCTI cTaHOBMIA 32,8 Mican. [TanienTn i3 comitapammm Me-
TacTasaMy MajIii JOCTOBIPHO Kpallly BYDKMBAHICTb HOPIBHAHO 3 MAlliEHTaMM 3 MHOXXMHHVMI MeTacTasaMu (MefiaHa
44,8 nporu 18,4 micans; p = 0,021). HaABHICTb IaTONOTiYHOTO IIepeoMy acolifoBanacs 3i SHIDKEHHAM BIDKMBAHOCTI
(25,4 mpoTn 64,6 Micar; p = 0,014). Y 6araTopakTOpHOMY aHaIi31 He3aIeKHIMY HeCIPUATINBIMY paKkTopamiu 6ymm
muoxnHHI Metactasu (HR 1,95;95% I1I 1,18—3,22; p = 0,009) ta matonoriunmit mepenom (HR 1,82;95% [I1 1,05—3,17;
p = 0,034). KombiHoBaHe TiKyBaHHA acoLil0BaoCs 3i sHIDKeHHAM pusuky cMmeprti (HR 0,48; 95% I 0,26—0,91; p =
=0,023). BucHoBku. OTpuMaHi pe3ynbTaTyi MOXYTb OyTI BUKOPUCTaH] 1A cTpaTudikanii pusuky ra nepconanmisanii
MiKyBaHHA y ITALIIEHTIB i3 MeTacTasaMy B KiCTKM, AKMM BMKOHAHO OPTOIEAMYHI XipypriuyHi BTPy4aHHs.

KrrouoBi croBa: KicTKOBI MeTacTasy, BIDKMBaHICTb, MeTofi Kammana—Meiiepa, perpecisa Kokca, maronoriuauii nepe-
JIOM, OHKOOPTOIIENIifl.
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