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Abstract

Background: Surgeons treating metastatic spine disease can use computed
tomography (CT) imaging to determine whether lesions are osteolytic, osteoblastic,
or mixed. This enables treatment that considers the structural integrity of the
vertebral body (VB), which is impaired with lytic lesions but not blastic lesions. The
authors analyzed CT imaging characteristics of spine metastasis from breast, lung,
prostate, and renal cell carcinomas (RCCs) to determine the metastasis patterns
of each of these common tumors.

Methods: The authors identified patients with metastatic spine disease treated during
a 3-year period. Variables studied included age, sex, and cancer type. Lesions from
breast, lung, prostate, and RCC primary lesions were selected for imaging analysis.
Results: Sixty-six patients were identified: 17 had breast metastasis, 14 prostate, 18
lung, and 17 RCC. Breast cancer metastasis involved 33% of VBs with 56%, 20%,
and 24% osteolytic, osteoblastic, and mixed, respectively. Prostate cancer metastasis
involved 35% of VBs with 14%, 62%, and 24% osteolytic, osteoblastic, and mixed,

respectively. Lung cancer metastasis involved 13% of VBs with 64%, 33%, and 3% Access this article online

osteolytic, osteoblastic, and mixed, respectively. RCC metastasis involved 11% of Website:

VBs with 91%, 7%, and 2% osteolytic, osteoblastic, and mixed lesions, respectively. www.surgicalneurologyint.com
DOI:

Conclusions: To improve surgical planning, we advocate the use of CT prior
to surgery to evaluate whether spine metastases are osteolytic or osteoblastic.
In cases of osteolytic lesions, the concern is of segmental instability requiring
reconstruction and the risk for screw pull out should instrumentation be considered.
In cases of osteoblastic lesions, surgeons should consider debulking dense bone.
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INTRODUCTION

The American Cancer Society recently estimated that
cancer affected approximately 1.7 million new patients
in the United States in 2013.%) Over the course of a
cancer patient’s discase, breast, prostate, lung, and
renal cell carcinoma (RCC) patients will experience
spine metastases in 73%, 68%, 36%, and 35% of the
time.*71 Over 20% will present with symptoms of
back pain, motor weakness, or paraplegia, and surgery
may restore the ability to walk and improve overall
survival.®) Metastatic spread to the spine is characterized
in three ways: Osteolytic (Iytic, destructive), osteoblastic
(blastic, constructive), or mixed (both lytic and blastic).
Computed tomography (CT) imaging can determine
whether lesions are osteolytic, osteoblastic, or mixed.
In lytic lesions, structural integrity is often impaired,
potentially warranting surgical reconstruction, while
blastic lesions incite bone formation and may contribute
to cord compression requiring decompression.

In this paper, we analyze the CT imaging characteristics
of spine metastasis from breast, lung, and prostate
cancers and RCC to determine whether the most
common cancers incite lytic, blastic, or mixed patterns of
vertebral body (VB) involvement.

METHODS

With institutional review board approval (2009-2012)
we retrospectively identified all patients (surgical and
nonsurgical) secen by orthopedic and neurosurgical
spine surgeons at our institution. Three International
Classification of Disease Ninth Edition codes were
used as the search criteria: 198.5 (secondary malignancy

neoplasm of bone and bone marrow), 733.13 (pathologic
fracture of vertebrae), and 238 (neoplasm of uncertain
behavior of other and unspecified sites and tissues).
Because of the high prevalence of breast, lung, prostate,
and RCC lesions, these cancer types were selected for CT
imaging analysis. Other clinical data were also recorded
(e.g., age, sex, and cancer type).

Radiographic review

CT and magnetic resonance imaging studies of the
cervical, thoracic, and lumbar spine were reviewed to count
the total number of VBs and the number of VBs involved
with metastatic tumor (reviewers were not blinded to
pathology). CT was used to determine whether the
metastatic lesion was lytic, blastic, or mixed. Lytic lesions
appeared destructive, showing loss of both cancellous
and cortical bone, and were usually well circumscribed
[Figure 1]. Blastic lesions appeared hyperdense, were
typically expansile, and had poorly defined borders
[Figure 2]. Mixed lesions showed both lytic and blastic
characteristics [Figure 3]. Multiple lesions of a similar
type in a single VB were counted as only one. When both
osteolytic and osteoblastic lesions were present in the same
VB in near-equal proportions (e.g., 40/60-50/50), they were
counted as one mixed lesion [Figure 3].

RESULTS

Of 1584 VBs counted, 349 (22%) were involved with
metastatic tumor with 166 (48%) lytic lesions, 120 (34%)
blastic lesions, and 63 (18%) mixed lesions [Table 1 and
Figure 4]. Of 66 patients identified, 17 had breast cancer
(133 VBs were metastatic, of 408 counted, 33%), 14 had
prostate cancer (117 of 336 metastatic VBs, 35%), 1§ had

Figure 1: Example of lytic vertebral body metastasis in a 78-year-old patient with renal cell carcinoma. (a) Sagittal computed tomography
image showing mid-thoracic lytic vertebral body metastasis (arrow). Lesion is hypointense on T |-weighted magnetic resonance imaging
(b), hyperintense on T2-weighted magnetic resonance imaging (c), and vividly enhances with contrast administration on T |-weighted

magnetic resonance imaging (d)

S362



SNI: Spine 2016,Vol 7, Suppl |3 - A Supplement to Surgical Neurology International

Figure 2: Example of blastic vertebral body metastasis in a 53-year-old male patient with prostate cancer. (a) Sagittal computed tomography
view depicting upper and mid-thoracic blastic vertebral body metastasis (arrows). Lesions are hypointense on Tl-weighted magnetic

resonance imaging (b), hypointense on T2-weighted magnetic resonance imaging (c), and have patchy contrast enhancement on Tl-
weighted magnetic resonance imaging (d). Note the blastic anterior and posterior vertebral body resulting in moderate thoracic spinal

cord compression

Figure 3: Sagittal views showing lytic, blastic, and mixed vertebral body metastasis in a 60-year-old patient with breast cancer. (a) Computed
tomography depicting upper and mid-thoracic lytic (small arrows), blastic (large arrows), and mixed (small and large arrow) vertebral body
metastasis. Lesions are mostly hypointense onT | -weighted magnetic resonance imaging (b), hypointense onT2-weighted magnetic resonance
imaging (c), with patchy contrast enhancement on T |-weighted magnetic resonance imaging (d)

lung cancer (55 of 432 metastatic VBs, 13%), and 17 had
RCC (44 of 408 metastatic VBs, 11%).

Osteolytic lesions were more common than osteoblastic
or mixed in breast cancer (56%; 75/133), lung cancer
(64%; 35/55), and especially RCC (91%; 40/44), whereas
osteoblastic lesions were more common in prostate cancer
(062%; 73/117) [Table 1]. Among the patients, the number
of those with purely osteolytic, purely osteoblastic, or
mixed lesions was more balanced in those with breast
cancer (41 vs. 47 vs. 12%) than in those with other cancer
types [Table 2]. The breakdown in RCC patients was

especially unbalanced, with 88% having purely osteolytic
lesions and just 6% cach having osteoblastic or mixed
lesions.

DISCUSSION

Surgical considerations: Osteolytic versus
osteoblastic

CT scans are used to evaluate whether lesions are
osteolytic or osteoblastic prior to surgery. I'rom a surgeon’s
perspective, lytic and blastic metastatic lesions must be
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Table 1: Computed tomography analysis of breast, prostate, lung, and renal cell cancer metastatic to the spine: lytic,

blastic, or mixed

Primary cancer Breast Prostate Lung Renal cell carcinoma Total

Patients (n) 17 14 18 17 66

VBs counted (n) 408 336 432 408 1584

Percentage VB metastasis (n) 33(133/408) 35(117/336) 13(55/432) 11 (44/408) 22 (349/1584)
% Osteolytic (n) 56 (75/133) 14 (16/117) 64 (35/55) 91 (41/44) 48 (167/349)
% Osteoblastic (n) 20 (26/133) 62 (73/117) 33 (18/55) 7(3/44) 34 (120/349)
% Mixed (n) 24 (32/133) 24 (28/117) 3 (2/55) 2(1/44) 18 (63/349)

% (n) Patients with all lytic metastasis 41 (7/17) 21 (3/14) 56 (10/18) 88 (15/17) 53 (35/66)

% (n) Patients with all blastic metastasis 47 (8/17) 43 (6/14) 22 (4/18) 6 (1/17) 29 (19/66)

% (n) Patients with all mixed metastasis 01(0/17) 0(0/14) 0(0/18) 01(0/17) 0 (0/66)

% (n) Patients with combination of Iytic, 12 (2/17) 36 (5/14) 22 (4/18) 6 (1/17) 18 (12/66)

blastic, and/or mixed metastasis

VB:Vertebral body

Table 2: Patients with metastatic spine cancer: phenotypic computed tomography (CT) analysis of all lytic, all blastic,

all mixed, or combination (lytic, blastic and/or mixed)

Primary cancer Breast Prostate Lung RCC Total

No. patients 17 14 18 17 66

% (n) patients with all lytic metastasis 41 (7/17) 21 (3/14) 56 (10/18) 88 (15/17) 53 (35/66)

% (n) patients with all blastic metastasis 47 (8/17) 43 (6/14) 22 (4/18) 6 (1/17) 29 (19/66)

% (n) patients with all mixed metastasis 0(0/17) 0(0/14) 0(0/18) 01(0/17) 0 (0/66)

% (n) patients with combination of lytic, 12 (217) 36 (5/14) 22 (4/18) 6 (1/17) 18 (12/66)

blastic and/or mixed metastasis

managed in dramatically different ways. Lytic lesions are — ]

associated with loss of bone and structural integrity with - Mlxe(_l

a 1isk of pathologic fracture, necessitating preoperative - Blas.tlc

consideration for stabilization (e.g., graft reconstruction - B Lyt

and planning fixation for screws).P’! In contrast, blastic g -

lesions incite bone formation and instrumentation will &

likely not loosen or fail. The importance of knowing

the bone quality of the metastatic lesion is further

underscored by studies on osteolytic spine metastasis o

showing just a 213% risk Qf Pathologlc fracture xvh§n & ® & ¢ &

<50% of the cortical bone is involved, but an 80% risk & & % < &

of pathologic fracture when >75% of the cortical bone is

involved." Cancer Type

Bone and spine metastases: Osteolytic,
osteoblastic, and mixed lesion rates

Cancer metastasizes to the spine via hematogenous,
lymphatic, or direct bone invasion. In general, a
patient’s primary cancer can predict the prevalence of
cither osteolytic or osteoblastic lesions, but this has
not previously been specifically evaluated in metastases
to the spine. In the metastatic spine series we present,
breast cancer showed a tendency toward osteolytic lesions
(56%), with nearly equal lower distribution of osteoblastic
and mixed (20% and 24%, respectively) [Table 1]. These
results mirror whole-skeleton metastatic studies showing
a predominance of lytic lesions (75-90%) with 10-25%
blastic and 15% mixed activity.!"!
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Figure 4: Bar graph depicting proportion of vertebral body
metastasis that are lytic, blastic, or mixed for breast, prostrate,
lung, renal cell cancer, and all analyzed cancers combined (total)

The prostate metastasis spine findings show a lower
rate of osteoblastic lesions (62%) and higher proportion
of mixed lesions (24%) compared with whole-body
surveys (90-100% osteoblastic),” although combining
our 24% mixed and 62% blastic lesion rates yielded
a total 86% ostecoblastic response rate, which more
closely mirrors the higher osteoblastic rate stated by
others.I”%)

The patients in our study with lung cancer showed a
significant tendency toward osteolytic lesions (64%),
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with 33% lytic, and with a very small number of mixed
lesions (3%). Although there is not much by way of
lesion statistics for lung cancer in the literature, this
appears to correspond with the notation of “preference
for” and “tending towards osteolytic activity” in other
studies.”!

Patients with RCC demonstrated a 91% osteolytic, 7%
blastic, and 2% mixed rates, which are consistent with
whole-body studies showing osteolytic rates of 71-90%,
osteoblastic rates of 10-18%, and mixed rates of 11%.8

Surgeons making management decisions with patients
who have metastatic lesions to the spine from distant
sites benefit from recognizing the form of metastasis,
which can have a significant effect on the structural
integrity of the VBs. As blastic lesions tend to stimulate
bone formation that can add to cord compression,
decompression may be the key surgical goal. In contrast,
with lytic lesions, surgical reconstruction may be most
important to manage bone loss and potential for
pathologic fracture.

CONCLUSIONS

Surgeons  treating metastatic  spine  disease  can
radiographically assess the spine with CT imaging to
determine whether lesions are osteolytic, osteoblastic,
or mixed. We advocate the use of CT scans prior to
surgery so the surgeon can plan accordingly. We believe

the findings we present will enable surgeons to improve
surgical planning decisions.
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