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Pelvic Bone Metastases: Pattern and
Distribution of 151 Cases
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Istanbul, Turkey Purpose: The aim of this study is to examine the distribution properties of pelvic bone metastases according to primary

cancers and to reveal the properties of additional bone metastases that may accompany pelvic bone metastasis.

Methods and Materials: 151 patients with pelvic bone metastases and without visceral metastases were included in
the study. Clinical data, pathological diagnostic reports and PET-CT results of 151 patients were evaluated. The patients
were evaluated in terms of age, gender, number of pelvic bone metastases (single focus, multiple foci) and localization of
pelvic hone metastasis (sacroiliac joint, sacrum, ilium, ischium, pubis, acetabulum).

Results: Multiple pelvic metastasis frequency was significantly higher in the females (80.00%) than in the males
(61.46%) (p=0.030). The most common location of the metastasis was the ilium for both genders. The most common
location of the metastasis was ilium for the breast (61.76%), prostate (44.44%) and gynecologic (66.67%) cancers.
The most common locations of respiratory system cancer metastases were sacrum (54.29%) and ilium (54.29%). The
acetabulum was the most common metastatic location for gastrointestinal (72.73%) and urinary (58.33%) tract cancers.

Condlusion: As the result of this study, the ilium is the most common metastatic bone region of the pelvis. Primary
o cancers often tend to cause multiple metastases to the pelvic bone. Evaluating the metastases of the pelvic ring with a
Koray BASDELIOGLU, MD larger number of cases may provide clues in finding the tumors of unknown primary origins.

Keywords: Pelvis, Pelvic bone, Bone, Metastases, Cancer, Unkown origin

Pelvis Kemik Metastazi: 151 olgunun paterni ve dagilimi
0ZET

Amag: Pelvis kemik halka, kemik metastazinin en yaygin goriildiigii bolgelerinden biridir. Bu calismanin amaai pelvik
halkay! olusturan anatomik bélgelerin metastazlarini ve pelvis kemik metastazlaninin primer kanserlere gére dagilim
ozelliklerini incelemek ve pelvis kemik metastazina eslik edebilecek ek kemik metastazlarinin 6zelliklerini ortaya
koymaktr.

Yontem: 2015-2019 yillani arasinda istanbul Onkoloji Hastanesinde kanser tanisi ile takip edilen hastalann verileri
retrospektif olarak incelendi. Visseral organ metastazi olmadan pelvis kemik metastazi olan 151 hasta calismaya dahil
edilme ve calismadan dislanma kriterleri g6z dniinde bulundurularak calismaya dahil edildi. 151 hastanin klinik verileri,
patolojik tani raporlan ve PET-BT sonuglan degerlendirildi. Hastalar yas, cinsiyet, pelvis kemik metastaz sayisi (tek odak,
. coklu odak) ve pelvik kemik metastazinin (sakroiliak eklem, sakrum, ilium, ischium, pubis, asetabulum) lokalizasyonu
lletigim: Koray Bagdelioglu agisindan degerlendirildi.

Istanbul Oncology Hospital, rthopedics and Sonuglar: Calismaya dahil edilen 151 hastanin ortalama yas 65.16 & 12.01 (35-96)di. Coklu pelvis kemik metastaz sikligi

Traumatology, Istanbul, Turkey kadinlarda (% 80.00) erkeklere (% 61.46) gore anlamli derecede yiiksekti (p = 0.030). Metastazin en sik goriildiigi yer
Tel: +905534045337 heriki cinsiyeticin de ilium idi. Metastazin en sik yerlesim yeri meme (% 61.76), prostat (% 44.44) ve jinekolojik (% 66.67)
E-Posta: drkorayhasd@gmail.com kanserler icin ilium idi. Solunum sistemi kanseri metastazinin en sik goriildiigii yerler sakrum (% 54.29) ve ilium (% 54.29)

idi. Asetabulum gastrointestinal (% 72.73) ve iiriner (% 58.33) sistem kanserleri i¢in en yaygin metastaz balgesiydi.

Cikarim: Bu calismanin sonucu olarak ilium, pelvisin en yaygin metastatik kemik bolgesidir. Primer kanserler genellikle
pelvik halkaya coklu metastaz yapma egilimindedir. Pelvik halkanin metastazlarinin daha fazla sayida vaka ile
degerlendirilmesi primeri bilinmeyen timorlerin bulunmasinda ipuglari saglayabilir.
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Pelvic Bone Metastases

he skeletal system is the most common distant me-

tastasis region for malignant tumors (1,2). In additi-

on, bone metastasis is the most common cancer of
bone (3). Lung, breast and prostate cancers are responsib-
le for more than 80% of bone metastases (4). Bone metas-
tasis can cause significant morbidity and affect progno-
sis (5,6). The prognosis of patients with bone metastases
varies depending on the primary cancer type, localization
of the lesion and the presence of advanced metastasis
(7). Severe bone pain, pathological fractures, spinal cord
compression and hypercalcemia are important complica-
tions of bone metastases, and therefore bone metastasis
is a threat to patients’ well-being and quality of life (8-11).

The most common site of bone metastasis is the spine,
followed by the pelvic bone. (7,12). As with all bones, ana-
tomical areas with high stress in the pelvis are particularly
prone to pathological fractures (7). Enneking divided the
pelvic ring into 4 parts according to the areas of the pelvis
exposed to mechanical load (Figure 1) (13). Zone 1 and 3
are relatively non-weight bearing zone and zone 2 is ex-
posed to high loads. Periacetabular (zone 2) lesions are at
great risk for mechanical failure with progressive destruc-
tion of the hip joint. Metastatic lesions in zones 1 and 3 do
not affect the mechanical stability of the pelvic ring, even
if they are osteolytic (7). Although it is the 2nd most com-
mon area of bone metastasis, to date there is no officially
defined treatment algorithm for pelvic metastases (7,12).

In the literature review, there was no study investigating
the distribution pattern of pelvic bone metastases accor-
ding to features of primary cancers. In this study, it was
aimed to examine the metastases of the anatomical re-
gions that make up the pelvic ring, to examine the dist-
ribution properties of pelvic bone metastases according
to primary cancers and to reveal the properties of additi-
onal bone metastases that may accompany pelvic bone
metastasis.

Materials and Methods

The data of patients who were followed up with the di-
agnosis of cancer in Istanbul Oncology Hospital bet-
ween 2015-2019 were analyzed retrospectively. While
18F-fluoro-2-deoxyglucose (FDG) PET / CT performed,
pelvic bone metastases, having complete data and con-
tact information were determined as inclusion criteria,
exclusion criteria were determined as the presence of

more than one primary cancer, primary bone cancer and
visceral metastases. Considering inclusion and exclusion
criteria, 151 patients were included in the study.

Demographic features (age, gender), pathology reports of
primary cancers and PET-CT results of 151 patients inclu-
ded in the study were retrospectively evaluated. Primary
cancers were divided into 6 groups as respiratory system
cancers (lung cancer, nasopharyngeal cancer), breast can-
cer, gastrointestinal tract cancers (gastric cancer, panc-
reatic cancer, colon cancer, rectum cancer), urinary tract
cancers (renal cancer, bladder cancer), prostate cancer
and gynecological cancers (endometrial cancer, cervical
cancer, vagina cancer) (Table 1). The groups were evalua-
ted in terms of age, gender, number of pelvic bone metas-
tases (single focus, multiple foci) and localization of pelvic
bone metastases. Pelvic bone metastases localization was
categorized as sacroiliac joint, sacrum, ilium, ischium, pu-
bis, acetabulum. In addition, additional bone metastases
accompanying pelvic bone metastases were evaluated.
Additional bone metastases were classified into six regi-
ons as the skull (cerebral cranium and facial cranium), spi-
ne (cervical spine, thoracic spine, lumbar spine), limb (hu-
merus, radius, ulna, wrist, hand, femur, tibia, ankle, foot)
and thoracic bones (ribs, sternum, clavicula, scapula). PET
/ CT results of 151 patients were analyzed for distribution
and pattern of pelvic bone metastases and features of ad-
ditional bone metastases of pelvic bone metastases.

All patients underwent FDG injection after 4-6 hours of
fasting. PET / CT examination was performed 1 hour after
FDG injection. General Electric Discovery IQ Gen 2 PET /
CT device was used for the PET / CT of all patients. FDG
uptake of lesions was evaluated as maximum standardi-
zed uptake value (SUVmax) in the images evaluated by 2
different nuclear medicine doctors who did not know the
clinical features of the patients. Increased standardized
uptake value (SUV) and osteoblastic lesions, osteolytic
lesions, mixed osteoblastic/osteolytic lesions and without
any significant anatomical changes in the CT image were
evaluated as metastases.

The study protocol was approved by the Yeditepe
University Ethics Committee. The study was carried out in
accordance with the principles of the Helsinki Declaration.
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Statistical Analysis

All analyses were performed on SPSS v21 (SPSS Inc,,
Chicago, IL, USA).For the normality check, the Kolmogorov-
Smirnov test was used. Data are given as mean + standard
deviation for continuous variables and frequency (percen-
tage) for categorical variables. Normally distributed vari-
ables were analyzed with the independent samples t-test
or one-way analysis of variances (ANOVA) depending on
the count of groups. Pairwise comparisons were perfor-
med with the Tamhane test. Categorical variables were
evaluated by using the Chi-square tests or Fisher’s exact
tests. p<0.05 values accepted as statistically significant
results.

Results

We included 151 patients (55 females and 96 males) in our
study, the mean age was 65.16 + 12.01 (35 — 96). Males
were significantly older than the females (p=0.009). The
most common primer tumor type was respiratory system
(46.36%) tumors among all patients. The most common
primer tumors of the females were breast (56.36%), respi-
ratory system (27.27%) and gynecologic (10.91%) tumors
while the most common primer tumors of the males were
respiratory system (57.29%), prostate (18.75%) and uri-
nary tract (11.46%) tumors (p<0.001).

Multiple pelvic metastasis frequency was significantly
higher in the females (80.00%) than in the males (61.46%)
(p=0.030). The most common location of the metastasis
was the ilium for both genders. There were no significant
differences between genders with regard to the location
of metastasis (Figure 1). Fifty-two (94.55%) female pati-
ents had other bone metastasis while 86 (89.58%) male
patients had other bone metastasis. The most common
region of accompanying bone metastasis was the spine
for both genders. There were no significant differences
between genders with regard to accompanying other
bone metastasis (Table 1).
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Female(’)
 Male(%)
# Total(%)

Table 1. Summary of patients and metastasis characteristics with

regard to gender

TsSSa 5")3 Male (n=96) Total p
Age 61.82+13.17 | 67.07 £10.90 | 65.16 +12.01 | 0.009
Primary Cancer
Breast 31(56.36%) | 3(3.13%) | 34(22.52%)
E;:t"e‘;?mry 15(27.27%) | 55(57.29%) | 70 (46.36%)
Lung 15(27.27%) | 53(55.21%) | 68 (45.03%)
Nasopharyngeal | 0 (0.00%) 1(1.04%) 1(0.66%)
Mesothelioma 0 (0.00%) 1(1.04%) 1 (0.66%)
gastrointestinal |3 (3.64%) 9(938%) | 11(7.28%)
Gastric 2 (3.64%) 4(4.17%) 6 (3.97%)
Pancreatic 0 (0.00%) 1 (1.04%) 1 (0.66%)
Colonic 0 (0.00%) 2 (2.08%) 2032%) |
Rectal 0 (0.00%) 2 (2.08%) 2(1.32%)
Urinary Tract 1(1.82%) 11 (11.46%) 12 (7.95%)
Renal 1(1.82%) 2 (2.08%) 3(1.99%)
Urinary Bladder | 0 (0.00%) 9 (9.38%) 9 (5.96%)
Prostate 0 (0.00%) 18 (18.75%) 18 (11.92%)
Gynecologic 6(10.91%) 0 (0.00%) 6 (3.97%)
Ovarian 2 (3.64%) 0 (0.00%) 2(1.32%)
Endometrial 1(1.82%) 0 (0.00%) 1 (0.66%)
Cervical 2 (3.64%) 0 (0.00%) 2(1.32%)
Vaginal 1(1.82%) 0 (0.00%) 1(0.66%)
Pelvic Metastasis
Single 11(20.00%) | 37 (38.54%) | 48(31.79%)
Multiple 44(80.00%) | 59(61.46%) | 103 (68.21%) 00%0
Location
Sacroiliac joint 24 (43.64%) 8 (39.58%) 2 (41.06%) 0.626
Sacrum 30 (54.55%) | 45(46.88%) | 75(49.67%) | 0364
ilium 32 (58.18%) 50 (52.08%) 2 (54.30%) | 0.469
Ischium 22 (40.00%) | 31(3229%) | 53(35.10%) | 0.340
Pubis 21(38.18%) | 24(25.00%) | 45(29.80%) | 0.088
Acetabulum 28(50.91%) | 48(50.00%) | 76(50.33%) | 0.914
Q‘ect‘;rs‘:s;zymg 52(94.55%) | 86(89.58%) | 138(91.39%) | 0.376
Spine 48 (87.27%) | 76 (79.17%) | 124 (82.12%) | 0.303
Extremity 35(63.64%) | 48(50.00%) | 83(54.97%) | 0.105
Thorax 40 (72.73%) | 58(60.42%) | 98 (64.90%) | 0.178
panum & 9(1636%) | 11(11.46%) | 20(13.25%) | 0544

Data are given as mean + standard deviation for continuous variables and as
frequency (percentage) for categorical variables

Figure 1- Pelvic ring metastasis rates according to gender
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Patients with prostate tumors were significantly older
than patients with breast, respiratory system, gastrointes-
tinal tract and gynecologic tumors (p<0.001). There were
no significant differences between other tumor types
with regard to age. Patients with breast tumors (82.35%)
and gynecologic tumors (83.33%) had higher multiple
metastasis percentages than the others, but this result
was not found as significant (p=0.238) (Figure 2) (Table 2).
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Figure 2- Number of pelvic bone metastasis according to primary
cancer types

The most common location of the metastasis was the
ilium for breast (61.76%), prostate (44.44%) and gyneco-
logic (66.67%) tumors. The most common locations of
respiratory system tumor metastases were the sacrum
(54.29%) and ilium (54.29%). The acetabulum was the
most common metastasis location for gastrointestinal
(72.73%) and urinary (58.33%) tract tumors.

Pubis metastasis percentage was significantly higher in
the gastrointestinal tract (54.55%) tumors than in the
urinary tract (8.33%) and respiratory system (21.43%)
tumors, additionally was significantly higher in the gyne-
cologic (50.00%) tumors than in the urinary tract (8.33%)
tumors (p=0.047) (Table 2) (Figure 3).
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Figure 3- Pelvic ring metastasis rates according to primary cancer
types

There were no significant differences between groups
with regard to the location of metastasis. The spine was
the most common accompanying other bone metastasis
area for all tumor types except gynecologic tumors. All
gynecologic tumors had metastases to the thorax. There
were no significant differences between tumor types with
regard to accompanying other bone metastasis (Table 2).

Table 2. Summary of age and metastasis characteristics with regard to cancer types

seasioesey | Jopmon | Gutobieial | i tac | oses | Greceic |
Age 62.85+14712| 64.27+10.092 5836+12312 72.25+9.09% | 74.78+9.01° | 58.00+8.152 <0.001
Pelvic Metastasis
Single 6 (17.65%) 24 (34.29%) 5 (45.45%) 6 (50.00%) 6(33.33%) 1(16.67%)
Multiple 28 (82.35%) 46 (65.71%) 6 (54.55%) 6 (50.00%) 12 (66.67%) 5(83.33%) 0238
Location
Sacroiliac joint 16 (47.06%) 30 (42.86%) 4 (36.36%) 4(33.33%) 7 (38.89%) 1(16.67%) 0.776
Sacrum 16 (47.06%) 38 (54.29%) 6 (54.55%) 5(41.67%) 7 (38.89%) 3 (50.00%) 0.858
llium 21(61.76%) 38 (54.29%) 7 (63.64%) 4(33.33%) 8 (44.44%) 4 (66.67%) 0.500
Ischium 18 (52.94%) 21 (30.00%) 4 (36.36%) 4(33.33%) 4(22.22%) 2(33.33%) 0.229
Pubis 13 (38.24%) ®< | 15 (21.43%) *° 6 (54.55%) © 1(8.33%) 2 7 (38.89%) *< | 3 (50.00%) " 0.047
Acetabulum 18 (52.94%) 34 (48.57%) 8(72.73%) 7 (58.33%) 6(33.33%) 3 (50.00%) 0.444
Accompanying Metastasis 33(97.06%) 62 (88.57%) 10 (90.91%) 11(91.67%) 16 (88.89%) 6 (100.00%) 0.730
Spine 29 (85.29%) 59 (84.29%) 8(72.73%) 9 (75.00%) 15 (83.33%) 4 (66.67%) 0.773
Extremity 23 (67.65%) 33 (47.14%) 6 (54.55%) 5(41.67%) 11(61.11%) 5(83.33%) 0.219
Thorax 23 (67.65%) 43 (61.43%) 7 (63.64%) 5(41.67%) 14 (77.78%) 6 (100.00%) 0.162
Cranium & Maxillofacial 6 (17.65%) 7 (10.00%) 2(18.18%) 1(8.33%) 3(16.67%) 1(16.67%) 0.857
Data are given as mean + standard deviation for continuous variables and as frequency (percentage) for categorical variables
Same letters denote the lack of statistically significant difference between groups.
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Discussion

Demographic features (age, sex), pathology reports of pri-
mary cancer and PET-CT results of 151 patients with pelvic
bone metastasis without visceral organ metastasis were
retrospectively analyzed. The pelvic ring was examined in
anatomical regions as the sacroiliac joint, sacrum, ilium,
ischium, pubis and acetabulum. Metastasis and distribu-
tion of primary cancers to the anatomical regions of the
pelvic ring were examined. In addition, distribution cha-
racteristics of primary cancers in terms of pelvic bone me-
tastasis focal number (single focus / multiple foci) were
investigated.

In general, the most common involvement of the pelvic
bone ring was the ilium, although it was not statistically
significant, the ilium was the most common metastatic
region in breast cancer (61.76%), prostate cancer (44.44%)
and gynecological cancers (66.67%); the sacrum (54.29 %)
and ilium (54.29%) were the most common metastatic re-
gions in respiratory system cancers, acetabulum was the
most common metastatic region in the gastrointestinal
tract (72.73%) and urinary tract cancers (58.33%). While
68.21% of pelvic bone metastases constitute multiple
metastatic foci, the rate of multiple metastatic foci in fe-
males was statistically significantly higher than in males
(p:0.030). This may be due to the high incidence of breast
cancers in women, and the gynecological cancers seen as
a result of the study tend to have multiple metastases to
the pelvic bone. When additional bone metastases were
evaluated for pelvic bone metastases, the most common
metastasis was the spine (82.12%). The role of the verteb-
ral venous plexus extending from the cranium to the spi-
ne and pelvis in the pathophysiology of metastasis may
have caused this situation.

There are studies in the literature on general bone me-
tastases and bone metastases of some cancers (14-18).
However, there is no study examining the distribution
and features of primary cancers in detailed in the ana-
tomical areas of the pelvis. This study is the first study to
reveal the metastasis and distribution of primary cancers
into the pelvic bone ring by a detailed examination of
the anatomy of the pelvis. Kakhki et al., in their study, 160
cancer patients were examined for general bone metas-
tases and they emphasized that the region with the most
common bone metastasis was the spine and the region
with the second most common metastasis was the ribs
and pelvis (14). In the study of Wang et al, they evalua-
ted bone metastases of pulmonary and prostate cancer
patients. They reported that pelvic, vertebral and thoracic

bone involvements differ between the two cancers accor-
ding to their metastasis. They stated that prostate cancer
tends to metastasize to the vertebrae in the early stages
and then to the thoracic bones, while pulmonary cancer is
mostly random metastases (15). As the result of the study
of Kawamura et al., the spine was the most common bone
metastasis region in colorectal cancers. They also repor-
ted that right colon cancers tend to metastasize to long
bones and left colon cancers to the spine mostly (16). In
their studies evaluating the data of lung cancer patients,
Zhang et al stated that the spine was the most common
metastatic region in lung cancers, the second most com-
mon region was the scapula and ribs, and the third most
common region was the pelvic bones (17). Wang et al.
Also reported that prostate cancer most frequently me-
tastasizes to the spine and pelvis in their study on pati-
ents with prostate cancer (17). The difference and unique
feature of this study from other studies in the literature
is that it reveals the distribution and properties of pelvic
bone metastases made by primary cancers according to
the detailed anatomical structure of the pelvic ring.

The most important limitation of the study is its retrospec-
tive structure. A greater number of breast and respiratory
system cancers than other cancers can be considered as
a limitation. It should be kept in mind that these cancers
may be the most common cancers in the society. It sho-
uld be taken into consideration that these cancers are the
most common cancers in the society and can cause this
condition. In addition, data on pathological fractures and
the need for surgery could be added to the study. The ef-
fects of pelvic bone metastases on survival could be anot-
her criterion that can be evaluated. However, studies with
a higher number of patients are needed for more objecti-
ve results.

Conclusion

Although it varies according to the primary cancer type,
in general, the ilium is the most common metastatic bone
region of the pelvis. Primary cancers often tend to cause
multiple metastases to the pelvic bone. Detailed examina-
tion of regions with complex anatomy such as the pelvic
ring and spine in terms of metastasis features may provi-
de important clues in the investigation of tumors of unk-
nown primary origins.
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