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Metastatic involvement of the spine is a common complication of systemic cancer progres-
sion. Surgery and external beam radiotherapy are palliative treatment modalities aiming to 
preserve neurological function, control pain and maintain functional status. More recently, 
with development of image guidance and stereotactic delivery of high doses of conformal ra-
diation, local tumor control has improved; however recurrent or radiation refractory dis-
ease remains a significant clinical problem with limited treatment options. This manuscript 
represents a narrative overview of novel targeted molecular therapies, chemotherapies, and 
immunotherapy treatments for patients with breast, lung, melanoma, renal cell, prostate, 
and thyroid cancers, which resulted in improved responses compared to standard chemo-
therapy. We present clinical examples of excellent responses in spinal metastatic disease 
which have not been specifically documented in the literature, as most clinical trials evalu-
ate treatment response based on visceral disease. This review is useful for the spine surgeons 
treating patients with metastatic disease as knowledge of these responses could help with 
timing and planning of surgical interventions, as well as promote multidisciplinary discus-
sions, allowing development of an individualized treatment strategy to patients presenting 
with widespread multifocal progressive disease, where surgery could lead to suboptimal re-
sults.

Keywords: Spine metastases, Metastatic cancer, Targeted therapy, Mutation, Chemothera-
py, Immunotherapy

INTRODUCTION

Metastatic cancer to spine remains a debilitating consequence 
of uncontrolled cancer progression with a poor prognosis, that 
historically portended an overall survival (OS) of less than 6 
months from the time of diagnosis.1 The incidence of spinal 
metastases is increasing due to a variety of factors including 
early detection due to improvements in imaging modalities, 
enhanced response to first-line cancer therapies allowing longer 
survival and development of distant metastases as a late-stage 
manifestation of the disease progression, and the inherent poor 
response of spinal metastases to existing therapies as compared 
to visceral disease. The incidence of spinal metastases averages 

approximately 40% depending on the primary cancer and is es-
timated to exceed 100,000 new patients annually.2-4 Left unchecked, 
continued metastatic tumor growth within the spinal column 
ultimately leads to neurologic compromise, intractable pain, 
spinal deformity, instability, and significant limitation in the 
quality of life. The incidence of spine metastatic disease has 
been estimated to be 16%–74% in patients with lung cancer, 
65%–75% in patients with breast cancer, and 65%–90% in pros-
tate cancer patients.5 Conversely while looking at all spine me-
tastases diagnosed in the United States yearly, 14% are derived 
from breast, 16.3% from lung, 4.1% from melanoma, 13.1% 
from renal cell, 6.8% from prostate, and 2.3% from thyroid pri-
mary cancer.6 Mechanistically, metastatic spread to the spine 
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may occur via direct local invasion from neighboring tissues, 
migration along neural structures, or hematogenous spread of 
cancer cells from the site of origin into the bone of the spinal 
column.7,8

Several frameworks and scoring systems are available to aid 
with decision making while treating patients with spinal meta-
static disease, including the NOMS (neurologic, oncologic, me-
chanical stability and systemic disease) framework, Tomita score, 
SINS (spinal instability neoplastic score) score, and Tokuhashi 
score.9-13 These various algorithms were created to integrate 
multidisciplinary assessment, evidence-based medicine, and 
new technology to optimize patient care. At our institution, the 
overall philosophy for treating patients with metastatic spine 
disease includes in depth evaluation of their functional status, 
systemic disease burden and failure of prior treatments. Surgi-
cal interventions are performed to decompress the spinal cord 
in cases of neurological compromise, to allow clearance for spi-
nal stereotactic radiosurgery and to perform stabilization of 
symptomatic spinal fractures, however, the magnitude of sur-
gery needs to be adjusted on a case-by-case basis to be mini-
mally disruptive to oncological management as prolonged post-
surgical recovery can negatively impact performance status and 
survival. With the advent of genomic analysis, the identification 
of targetable mutations in an increasing percentage of patients 
across various tumor types has changed their oncologic man-
agement and outcomes. Examples include non-small cell lung 
cancer (NSCLC) with ALK rearrangements identified in 4%–
5% of patients and epidermal growth factor receptor (EGFR) 
mutations present in 10%–15% of lung cancer patients; ERBB2, 
CD340, and human epidermal growth factor receptor 2 (HER2)/ 
Neu alterations in breast cancer samples, with HER2 overex-
pression detected in 18%–25% patients; and BRAF V600E mu-
tation detectable in 33%-55% melanoma patients. Systemic 
cancer therapy is rapidly changing with the introduction of an-
tiangiogenic agents, immunotherapy, targeted therapy, and cell 
cycle inhibitors, although this may not be directly translatable 
to patients with spine metastases. This manuscript represents a 
narrative overview of the results of clinical trials. Our intention 
is to raise awareness of the effectiveness of modern chemother-
apy, targeted therapy, and immunotherapy for the treatment of 
patients with bulky spinal metastases derived from primary 
lung, breast, melanoma, renal cell, prostate, and thyroid cancers, 
where systemic treatment can be extremely effective in achiev-
ing local control within the spine in combination with surgery 
and/or radiation therapy.

BREAST CANCER

Patients with breast cancer are typically treated with an alkyl-
ating agent (cyclophosphamide) and antimetabolites (metho-
trexate, 5-fluorouracil), doxorubicin containing combination of 
agents, or combinatorial regimens including platinum-based 
compounds (cisplatin) or taxanes (paclitaxel, docetaxel) as first-
line therapies (Table 1). According to the Surveillance, Epide-
miology, and End Results (SEER) Program of the National Can-
cer Institute, pati ents with breast cancer have 6% distant me-
tastases at the time of diagnosis, with 29% 5-year relative sur-
vival (SEER; Table 1).14 Up to 5% of patients with breast cancer 
have identifiable bone metastases at the time of diagnosis, with 
a median survival of less than 2 years.15 Amongst these patients, 
over 20,000 patients annually present with epidural compres-
sion.16 Patients with hormone receptor (HR)-positive breast 
cancer are treated with endocrine therapies including estrogen 
receptor antagonist tamoxifen irrespective of their HER2 status, 
which has led to improved disease-free survival with minimal 
toxicity as shown in several clinical trials HERA (78.6% 4-year 
disease-free survival vs. 72.2% in the control group), NSABP 
trial BP-31 (12% improvement in disease-free survival at 3 
years with 33% reduction in risk of death) and NCCTG N9831 
(37% improvement in OS, with 10 year survival increase from 
75.2% to 84%) (Table 1).17 Aromatase inhibitors, luteinizing 
hormone releasing hormone analogs and selective estrogen de-
graders are other classes of endocrine therapies used in HR+ 
breast cancer patients with improved progression free survival 
(PFS) (Table 1).17,18 In patients with HER2 amplification, use of 
humanized monoclonal antibodies including trastuzumab and 
pertuzumab or lapatinib improves patient outcomes; phase III 
randomized double blind CLEOPATRA trial initially evaluated 
a combination of these as first-line therapy with improvement 
in the median OS of 57.1 months (vs. 40.8 months) and 37% pa-
tients alive at 8 years (vs. 23%), with somewhat positive results 
reported in APHINITY trial, with 7.1% disease recurrence in 
the trial group (vs. 8.7%) and 94.1% patients invasive disease 
free at 3 years (vs. 93.2%) (Table 1).17,19,20 Anti-vascular endo-
thelial growth factor receptor (VEGFR) inhibitor bevacizumab 
has been trialed for treatment of patients with breast cancer 
with improvements in PFS but not OS: E2100 trial reported 
11.8 month PFS (vs. 5.9) with median OS of 26.7 months (vs. 
25.2), while AVADO trial reported 10.1 month PFS (vs. 8.2) with 
median OS of 30.2 months (vs. 31.9), and RIBBON2 reported 7.2 
month PFS (vs. 5.1) with median OS of 18 months (vs. 16.4).21 
Heat shock protein 90 inhibitors (including 17-allylamino 
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17-demethoxygel danamycin) have been trialed in breast carci-
noma spine metastases with some success in phase I trials.22

Several CDK4/6 inhibitors, including palbociclib, ribociclib 
and abemaciclib, have been used for treatment of metastatic 
HR+ HER2- breast cancer patients that develop hormone resis-
tant disease; PALOMA3 trial reported median PFS of 9.5 months 
(vs. 4.6) with palbociclib use, while MONARCH2 trial reported 
16.4 month PFS (vs. 9.3) with abemaciclib.17,23 Palbociclib has 
been FDA approved in 2015.17,23 Histone deacetylase inhibitors 
(entinostat, vorinostat), phosphatidylinositol 3 kinase (PI3K) 
inhibitors (buparlisib, pilaralisib) and mammalian target of ra-
pamycin (mTOR) inhibitors (everolimus, sirolimus) have also 
shown promising results in patients with hormone resistant 
and HER2+ metastatic breast as a part of combination therapy 
(Table 1).23,24 NCT00676663 reported 4.3 month PFS (vs. 2.3) 
with median OS of 28.1 months (vs. 19.8) with entinostat use.23 

Systematic categorization in The Cancer Genome Atlas 
(TCGA) helped identify other mutations that could be targeted 
in the future, including fibroblast growth factor receptor 
(FGFR), PTEN, TP53, AKT1/2, KRAS, and SRC (TCGA). Al-
though breast cancer had historically been considered less im-
munogenic, several clinical trials of anti-PD1 and anti-PDL1 in 
patients have been conducted with some success, including 
vaccinating patient with HER2-derived peptide; phase I/II trial 
reported 89.7% 5 year PFS (vs 80.2%), with PFS as high as 
94.6% 5 year PFS in optimally boosted patients (Tables 2, 3, 
Supplementary Table 1).17,25 Poly-ADP-ribose polymerase (PARP) 
inhibitors (olaparib, veliparib) with or without immunotherapy, 
EGFR inhibitors and monoclonal antibodies are being trialed 
in patients with most difficult to treat triple negative breast can-
cer; phase II trial reported median PFS of 3.7 months (vs. 1.5 
months) and median OS of 12.9 months (vs. 9.4 months) with 

Table 2. U.S. Food and Drug Administration approved immunotherapy treatments based on primary cancer

Cancer type ImmunoTx

Breast Triple negative breast cancer:
Atezolizumab+paclitaxel protein-bound PD-L1 > 1% as first line
Pembrolizumab, neoadjuvant and adjuvant, in combination with chemotherapy
Sacituzumab
HER2+ metastatic breast cancer:
Margetuximab
Pertuzumab + trastuzumab

Melanoma Adjuvant ipilimumab, nivolumab, or pembrolizumab
First-line therapy
   - Ipilimumab, nivolumab or pembrolizumab
   - Combination nivolumab+ipilimumab
Tebentafusp
Atezolizumab

NSCLC Unresectable stage III: chemoRT, then durvalumab
First-line therapies
   - Pembrolizumab TPS > 50%
   - Squamous NSCLC: pembrolizumab + carboplatin and nab- paclitaxel
   - �Nonsquamous NSCLC: pembrolizumab + pemetrexed/platinum vs atezolizumab + bevacizumab,  

paclitaxel and carboplatin
Second line therapies
   - Pembrolizumab TPS > 1%
   - Atezolizumab or nivolumab
Amivantamab
Cemiplimab
Ramucirumab + erlotinib
Nivolumab + ipilimumab, combined with platinum doublet

RCC Advanced RCC:
First-line therapy nivolumab + ipilimumab
Second line therapy anti-angiogenic therapy followed by nivolumab
Pembrolizumab
Nivolumab +cabozantinib

PD-L1, programmed death-ligand 1; HER2, human epidermal growth factor receptor 2; TPS, tumor proportion score; NSCLC, non-small cell 
lung cancer; RCC, renal cell carcinoma.
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Table 3. Indications for most common immunotherapy agents

Immunotherapy  
   agent Indication

CTLA4 inhibitor, 
ipilimumab, 
YERVOY

Stage III/IV surgically unresectable malignant melanoma regardless of BRAF status
BRAF V600wt unresectable or metastatic
Unresectable or metastatic melanoma, BRAF V600wt or BRAF V600mut, in combination with nivolumab
Cutaneous melanoma, stage IIIABC post resection including LN, adjuvant
First line, metastatic NSCLC PD-L1+, no EGFR/ALK aberrations, with nivolumab
First line, metastatic or recurrent NSCLC, no EGFR/ALK aberrations, with nivolumab and 2 cycles of platinum doublet  

chemotherapy
Untreated RCC, relapsed and stage IV intermediate and poor risk RCC regardless of PD-L1, combined with nivolumab
Relapsed and stage IV RCC failing TKI, VEGF or mTOR inhibitor use, with nivolumab

PD-1 inhibitor, 
nivolumab, 
OPDIVO

First-line failing systemic Tx or metastatic melanoma regardless of BRAF status
Unresectable or metastatic melanoma progressive on ipilimumab
Unresectable or metastatic BRAF V600Emut melanoma progressive on BRAF inhibitor
Unresectable or metastatic melanoma, nivolumab with ipilimumab
LN+ or metastatic melanoma post complete resection, adjuvant
First line, metastatic NSCLC PD-L1+, no EGFR/ALK aberrations, with ipilimumab
First line, metastatic or recurrent NSCLC, no EGFR/ALK aberrations, combined with ipilimumab and 2 cycles of platinum dou-

blet chemotherapy
Metastatic NSCLC, progressive on platinum chemotherapy, failed targeted inhibitors for EGFR/ALK aberrations
First line, RCC that is untreated, relapsed or stage IV, intermediate or poor risk RCC regardless PD-L1, combined with  

ipilimumab
First line, advanced RCC, combined with cabozantinib
RCC progressive on mTOR or VEGFR inhibitors

PD-1 inhibitor, 
Pembrolizum-
ab, KEYTRU-
DA

Triple negative breast cancer, early stage, high risk, combined with chemotherapy as neoadjuvant, then single agent adjuvant post 
resection

Triple negative breast cancer, locally recurrent unresectable or metastatic, PD-L1+, in combination with chemotherapy
Metastatic melanoma progressive on ipilimumab
Metastatic melanoma BRAFmut progressive on BRAF inhibitor
Previously untreated melanoma regardless of BRAF status
LN+ melanoma post complete resection
Metastatic melanoma, limited resectability, no residual, adjuvant
Unresectable or metastatic melanoma
First line in metastatic NSCLC with high PD-L1 > 50%, no EGFR/ALK mutation
First line w/pemetrexed and carboplatin for metastatic nonsquamous NSCLC, no EGFR/ALK mutation, any PD-L1 status
First line in metastatic squamous NSCLC in combination with carboplatin, paclitaxel or protein-bound paclitaxel, any PD-L1 sta-

tus
First line in stage III NSCLC patients that are not candidates for surgery, chemo, RT, and metastatic NSCLC patients with PD-L1 

> 1%, no EGFR/ALK aberrations
Metastatic NSCLC progressive on platinum chemotherapy, having failed targeted inhibitors for EGFR/ALK genomic aberrations, 

PD-L1+
First-line metastatic RCC, poor, intermediate, favorable, combined with Axitinib 

PD-L1 inhibitor, 
avelumab, 
BAVENCIO

First-line advanced RCC, together with Axitinib
Alternative to pembrolizumab

PD-L1 inhibitor, 
durvalumab, 
IMFINZI 

Stage III unresectable NSCLC, not progressing on concurrent platinum-based chemotherapy and radiation therapy

PD-L1 inhibitor, 
atezolizumab, 
TECENTRIQ

Triple negative breast cancer, unresectable locally advanced or metastatic, PD-L1+ expression, combined with paclitaxel
Melanoma, unresectable or metastatic, BRAF V600mut, combined with cobimetinib and vemurafenib
First line, metastatic NSCLC, high PD-L1++, no EGFR/ALK genomic aberrations
First line, metastatic nonsquamous NSCLC, no EGFR/ALK genomic aberrations, in combination with bevacizumab, paclitaxel, 

and carboplatin
First line, metastatic nonsquamous NSCLC, no EGFR/ALK genomic aberrations, with protein-bound paclitaxel and carboplatin
Stage II-IIIA NSCLC, PD-L1+, post resection and platinum chemotherapy, adjuvant
Metastatic NSCLC progressive on platinum chemotherapy
Metastatic NSCLC, EGFR/ALK genomic aberrations, progressive on targeted therapy

CTLA4, cytotoxic T-lymphocyte antigen 4; NSCLC, non-small cell lung cancer; PD-L1, programmed death-ligand 1; EGFR, epidermal growth 
factor receptor; ALK, anaplastic lymphoma kinase; RCC, renal cell carcinoma; TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial growth 
factor; mTOR, mammalian target of rapamycin; PD-1, programmed-death 1; TX, treatment; LN, lymph node; VEGFR, vascular endothelial 
growth factor receptor.
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anti-EGFR inhibitor cetuximab.17 Combined use of atezolizum-
ab and paclitaxel has been FDA approved for patients with tri-
ple negative breast cancer (Tables 1–3; Supplementary Table 1). 
In our hands, we had notable responses in breast cancer patients 
treated with CDK4/6 inhibitors in combination with standard 
systemic treatment. To illustrate bone specific responses, we 
present in Fig. 1 a case of a 61-year-old patient with a lytic C2 
lesion successfully treated using CDK4/6 inhibitor palbociclib 
in combination with letrozole (Fig. 1). Currently, her OS is 41 
months since the time of surgery, and she had been progression 
free for 31 months while on that regimen.

MELANOMA

Survival in patients with metastatic melanoma has historical-
ly been poor, with 16% 5-year survival rates and median OS of 

Fig. 1. Successful use of CDK4/6 inhibitor palbociclib and le-
trozole in a patient with advanced breast cancer. Patient is a 
61-year-old female who presented with 6/10 neck pain, found 
to have a non-surgical lytic C2 lesion. Per discussion with med-
ical oncology team, the consensus was for systemic treatment 
and restaging. Sagittal and axial computed tomography cervi-
cal and thoracic spine views prior to initiation of treatment 
(A, B) and 3 months after treatment with letrozole and Palbo-
ciclib (C, D), showing resolution of the lesion.

Figure 1. Successful use of CDK4/6 inhibitor Palbociclib 
and letrozole in a patient with advanced breast cancer. 
Patient is a 61yoF who presented with 6/10 neck pain, 
found to have a lytic C2 lesion. Sagittal and axial CT C/T-
spine views prior to initiation of treatment (A,B) and 3 
months after treatment with letrozole and Palbociclib 
(C,D), showing resolution of the lesion.

Figure 1. Successful use of CDK4/6 inhibitor Palbociclib 
and letrozole in a patient with advanced breast cancer. 
Patient is a 61yoF who presented with 6/10 neck pain, 
found to have a lytic C2 lesion. Sagittal and axial CT C/T-
spine views prior to initiation of treatment (A,B) and 3 
months after treatment with letrozole and Palbociclib 
(C,D), showing resolution of the lesion.

Figure 1. Successful use of CDK4/6 inhibitor Palbociclib 
and letrozole in a patient with advanced breast cancer. 
Patient is a 61yoF who presented with 6/10 neck pain, 
found to have a lytic C2 lesion. Sagittal and axial CT C/T-
spine views prior to initiation of treatment (A,B) and 3 
months after treatment with letrozole and Palbociclib 
(C,D), showing resolution of the lesion.

Figure 1. Successful use of CDK4/6 inhibitor Palbociclib 
and letrozole in a patient with advanced breast cancer. 
Patient is a 61yoF who presented with 6/10 neck pain, 
found to have a lytic C2 lesion. Sagittal and axial CT C/T-
spine views prior to initiation of treatment (A,B) and 3 
months after treatment with letrozole and Palbociclib 
(C,D), showing resolution of the lesion.

A C

B D

6–9 months.26 Moreover, those patient with spinal metastases 
fare even worse with a median survival of 4 months.26 Accord-
ing to SEER, patients with skin melanoma have 4% distant me-
tastases at the time of presentation, with 29.8% 5-year relative 
survival.14 BRAF inhibitors, including dabrafenib and vemu-
rafenib, are used in up to 50%–65% of metastatic melanoma 
patients who carry targetable BRAF mutation. The emergence 
of these agents had resulted in an improved OS of 13.6 months 
as compared to systemic dacarbazine, with median PFS of 5.1 
months (vs. 2.7 months) when treated with dabrafenib (Table 1, 
Supplementary Table 1).27 In patients with BRAF V600E muta-
tions, the use of MEK inhibitors including trametinib, selumetinib, 
cobimetinib, and MEK162 have similarly resulted in improved 
PFS and OS; COLUMBUS trial reported median PFS of 14.9 
months versus 7.3 months comparing encorafenib plus binimetinib 
versus vemurafenib, with the corresponding median OS of 33.6 
versus 16.9 months.28

In patients with advanced metastatic disease, the use of im-
mune checkpoint inhibitors has changed the treatment approach 
for these patients. These novel agents target immune regulatory 
molecules including ipilimumab targeting cytotoxic T-lympho-
cyte antigen 4 (CTLA4), nivolumab and pembrolizumab tar-
geting PD-1 and the combined inhibition of CTLA-4 and PD-1 
(Tables 2, 3). With this approach, significant clinical improve-
ments have been achieved in patients with advanced melano-
ma, with 5 year OS of 18.2% (vs. 8.8%) reported by the NCT00- 
324155 trial.29 Moreover, recent studies showed 82% 1-year sur-
vival and 75% 2-year survival in patients receiving a combina-
tion of nivolumab and ipilimumab; CheckMate067 reported 
median OS of 72.1 months versus 36.9 with nivolumab alone 
versus 19.9 with ipilimumab alone, with 6.5 year OS rates of 
57% versus 43% versus 25% with BRAF mutant tumors, and 
46% versus 42% versus 22% with BRAF wild type tumors, re-
spectively.30 Despite these impressive results, immune check-
point inhibitors can be associated with a significant toxicity pro-
file related to autoimmune manifestations and must be moni-
tored closely.31,32 In patients without BRAF V600E mutations, 
immune checkpoint inhibition is considered first-line therapy 
(Tables 2, 3). Amongst patients with the targetable BRAF V600E 
mutation, targeted inhibitors are typically given up-front, fol-
lowed by immune checkpoint inhibition.31,32

Additional focus has been directed on modulating the im-
mune system towards an antitumor state. For example, recent 
studies have focused on applications of HSV-1 based oncolytic 
viruses (e.g., talimogene laherparepvec [T-VEC]) to induce ly-
sis of melanoma cells in patients, with resulting antigen release 
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Fig. 2. Successful use of pembrolizumab in a patient with widely metastatic melanoma. Patient is 61-year-old with widely meta-
static melanoma refractory to several lines of systemic treatment. Per discussion with medical oncology team, the consensus was 
for systemic treatment. Panel A demonstrates several sites of bulky metastatic disease (arrows) and a large spinal metastasis at 
T11 (circle) treated with spinal stereotactic radiosurgery 3 months prior to starting anti-programmed-death 1 therapy. Panel B 
demonstrates complete resolution of the bulky metastatic disease including the epidural spinal cord compression 8 months after 
treatment with pembrolizumab. The patient currently remains disease free with a follow-up of 90 months.

Before treatment 8 months after treatmentA BA BBefore treatment 8 Months after treatment

and immune response when combined with granulocyte-
monocyte colony-stimulating factor (GM-CSF) and immuno-
therapy and median OS of 23.3 months with T-VEC and 18.9 
months with GM-CSF, with the corresponding durable re-
sponse rates of 16.3% versus 2.1%.33 T-VEC is the first FDA ap-
proved oncolytic virus and is additionally being studied in 
combination with immune checkpoint inhibitors. Other onco-
lytic viruses and dendritic cell vaccines are being investigated 
for treating melanoma patients. Several studies are focused on 
understanding the mechanisms of immune resistance in mela-
noma patients, exploring prognostic features of response to im-
munotherapy, and explore ways to reverse immune evasion.34,35 
Fig. 2 demonstrate an example of successful use of immuno-
therapy in a 61-year-old patient with widely metastatic melano-
ma refractory to several lines of treatment, who presented com-
plete resolution of bulky metastatic disease and remains disease 
free for more than 90 months after starting treatment anti-
PD-1 inhibitor pembrolizumab.

NON-SMALL CELL LUNG CANCER

NSCLC is likewise associated with poor prognosis with an 
OS of 8 to 11 months due to rapid lung progression and distant 
metastatic progression. Skeletal metastasis in common in NSCLC, 
occurring in 30% of patients and roughly half of skeletal metas-
tases are in the spinal column.36 According to SEER, 56% pa-
tients with lung cancer have distant metastases at the time of 
diagnosis, with 6.3% 5-year relative survival (Table 1).14 Pacli-
taxel and kanglaite are commonly used chemotherapeutic agents 
in patients with lung cancer that has metastasized to bone.37 Ad-
ditionally, up to 80% of patients with squamous cell lung ade-
nocarcinomas and nearly 60% of patients with lung adenocar-
cinomas contain targetable mutations in membrane growth 
factor receptors (EGFR, VEGFR) or protein kinases (RAS, RAF, 
MEK).38

Immune checkpoint inhibitor use has been trialed in patients 
with NSCLC as well (Tables 2, 3; Supplementary Table 1). The 
CTLA4 inhibitor ipilimumab resulted in marginal improvement 
in patients with advanced NSCLC in a phase II clinical trial, with 
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Fig. 3. Successful use of epidermal growth factor receptor (EG
FR) inhibitor osimertinib in a patient with advanced untreated 
EGFR mutated non-small cell lung cancer. Patient is a 60-year- 
old female who presented with thoracic pain, found to have a 
midthoracic pathologic compression fracture. Per discussion 
with medical oncology team, the consensus was for systemic 
treatment after a percutaneous spine fusion. Sagittal and axial 
magnetic resonance imaging cervical and thoracic spine prior 
to the initiation of treatment (A, B) and 4 months after treat-
ment with osimertinib (C, D) showing resolution of the lesion.
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thoracic pain, found to have a mid thoracic pathologic 
compression fracture. Sagittal and axial MRI C/T-spine prior to 
initiation of treatment (A,B) and 4 months after treatment 
with Osimertinib (C,D), showing resolution of the lesion.
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no benefit shown in phase III trial, with median OS of 13.4 mon
ths (vs. 12.4 months) and median PFS of 5.6 months (vs. 5.6 
months) with combined use of chemotherapy with immuno-
therapy.39 Another CTLA4 inhibitor tremelimumab has been 
studied in phase II trial as a maintenance therapy; CCTG BR34 
trial reported median OS of 16.6 months (vs. 14.1 months) and 
median PFS of 7.7 months (vs. 3.2 months) in patients with met-
astatic NSCLC when combined with durvalumab and platinum-
based chemotherapy versus immunotherapy, with no signifi-
cant improvement.40 In contrast, anti-PD1 inhibitors nivolumab 
and pembrolizumab as well as PDL1 inhibitors MEDI4736, 
MPDL3280A and BMS-936559 show much more promising 
results; Checkmate017 and Checkmate057 phase III trials show 
improved survival in NSCLC patients who failed platinum-based 
chemotherapy of 23% (vs. 8%) 2-year OS in squamous and 29% 
(vs. 16%) in nonsquamous NSCLC patients when treated with 
nivolumab vs docetaxel, with pembrolizumab currently approved 
as first-line treatment in patients with PD-L1 overexpression 
(Table 3).41,42

EGFR mutations are most common in Asian patients, females 
and patients with NSCLC.43 EGFR inhibitors including erlotinib 
and gefitinib have been shown to improve the OS in NSCLC 
patients with metastatic spine disease for up to 24 to 36 months 
(Table 1).40 Afatinib is another EGFR inhibitor targeting EGFR/
HER2/HER4 and has been trialed in lung cancer patients; phase 
III trial reported with median PFS of 11.1 months (vs. 6.9 months) 
with afatinib use, with 13.6 month median PFS in patients with 
exon 19 deletions and L858R EGFR mutations.44 Significant 
improvement in OS and PFS has been noted in patients with 
NSCLC treated with bevacizumab; phase III BEYOND trial re-
ported median PFS of 12.4 months (vs. 7.9 months) in patients 
with EGFR mutant tumors, median PFS of 8.3 months (vs. 5.6 
months) in wild type tumors and OS of 24.3 months (vs. 17.7 
months) when treated with bevacizumab in addition to carbo-
platin and paclitaxel.45,46 In patients with targetable EGFR mu-
tations including T790M, osimertinib has been shown to pro-
long survival and is first-line therapy, with median PFS of 10.1 
months (vs. 4.4 months) as compared to platinum and peme-
trexed.47 In patients with EML4-ALK fusion commonly present 
in younger patients and never smokers, a phase II trial with crizo-
tinib has shown promising results; studies report 24.1 month 
PFS.38 Buparlisib, which is a PI3K inhibitor, is a potential thera-
py which may result in antitumor activity by inhibiting osteo-
clast formation.48 Other targeted inhibitors including BRAF, 
MAP2K and HER2 inhibitors are being studied.23 As an exam-
ple of effectiveness of targeted therapies, Fig. 3 describes the suc-

cessful use of erlotinib in a 60-year-old patient with advanced 
EGFR mutant NSCLC, she had complete response of all her 
epidural disease without adjuvant radiotherapy for 16 months. 
Unfortunately, she progressed with brain, lung and spinal me-
tastasis before could be switched to second generation EGFR 
inhibitors.

RENAL CELL CARCINOMA

Renal cell carcinoma (RCC) is diagnosed in approximately 
75,000 people yearly, with approximately 30% of patients devel-
oping bone metastases. According to SEER, 16% patients with 
RCC present with distant metastatic disease, with 5-year rela-
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Fig. 4. Successful use of a multitargeted tyrosine kinase inhibitor cabozantinib in a patient with advanced clear cell renal cell can-
cer. Patient is a 51-year-old male with progressive clear cell renal cell carcinoma. Per discussion with medical oncology team, the 
consensus was for systemic treatment and restaging, as patient was not a candidate for surgery. Sagittal and axial magnetic reso-
nance imaging of thoracic and lumbar spine prior to initiation of treatment showing significant compression of the thecal sac 
(A,B) and 3 months after treatment with cabozantinib (C, D) showing resolution of the lesion and significant improvement in 
cord compression and disease burden.
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with Cabozantinib (C,D), showing resolution of the lesion and significant improvement in cord compression and disease 
burden.
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tive survival of 13.9%.14 RCC is poorly responsive to hormonal 
and cytotoxic chemotherapies, with anti-VEGFR tyrosine ki-
nase inhibitors (TKIs), immune checkpoint inhibitors, and oth-
er TKIs being the mainstay of treatment (Table 1, Supplemen-
tary Table 1). Multiple histologic and molecular RCC subtypes 
have been described with the most frequent subtype being clear 
cell, a subtype seen in approximately 70% of patients that is as-
sociated with VHL mutation and resulting downstream activa-
tion of angiogenesis via VEGFR, with additional mutations in 
PBRM1, SETD2, and BAP1 described by TCGA, as well as al-
terations of the mTOR pathway components. In contrast, papil-
lary RCC has been associated with alterations in Met and NRF2. 
Other RCC subtypes harbor mutations in TP53 and PTEN, show 
loss of CDKN2A and SMARKB1, as well as TFE3-TFEB fusions. 
Miller et al.49 studied 100 advanced RCC patients and reported 
improved OS with combined stereotactic radiosurgery (SRS)/TKI 
as compared to SRS alone, reporting lower levels of local failure; 
at 12 months, local failure occurred in 4% patients treated with 
first-line TKI, as compared to 19%–27% in therapy naïve pa-
tients or patients undergoing SRS w/wo TKI post failing first-
line therapy. After nephrectomy with or without resection of 
metastatic disease, RCC patients usually undergo treatment 
with first-line systemic therapy including bevacizumab/IFN al-
pha, high dose IL2, pazopanib, sunitinib or temsirolimus. Sec-
ond line therapies include axitinib, cabozantinib, lenvatinib/
everolimus and nivolumab; other options include everolimus 

and sorafenib (Tables 1-3).
Some of the commonly used targeted inhibitors include VE

GFR inhibitors and TKI, including bevacizumab targeting VE
GFR, lenvatinib targeting FGFR/VEGFR and Cabozantinib 
targeting VEGFR/AXL/cMet, with their benefits documented 
in several phase III clinical trials including CABOSUN, which 
reported improved PFS of 8.2 months (vs. 5.6 months) as com-
pared to sunitinib with 34% reduction in rate of progression or 
death.50,51 In our hands, cabozantinib has resulted in robust re-
sponse in bulky spinal involvement as illustrated in Fig. 4 where 
complete resolution of severe spinal cord compression is dem-
onstrated.

Axitinib, pazopanib, sorafenib, sunitinib targeting VEGFR/
PDGFR had likewise shown promising results in patients with 
metastatic RCC; median PFS was reported as high as 15.7 months 
with median OS of 29.9 months, with median PFS of 7.4 months 
and median OS of 13.6 months in sorafenib refractory patients.52 
PD-1/PD-L1 (nivolumab, ipilimumab) and mTOR inhibitors 
(everolimus, temsirolimus) have additionally been trialed for 
treatment of metastatic RCC with promising results (Tables 1-3). 
Multiple phase 3 clinical trials are ongoing including CLEAR 
(pembrolizumab-lenvatinib vs. everolimus-lenvatinib vs. suni-
tinib with PFS of 23.9 months vs. 9.2 months), CheckMate214 
(nivolumab-ipilimimab vs. sunitinib with median OS not reach
ed vs. 38.4 months), IMmotion151 (atezolizumab-bevacizumab 
vs. sunitinib with final OS 36.1 months vs. 38.7 months), JAVE-
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LIN Renal 101 (avelumab-axitinib vs. sunitinib with median PFS 
of 13.3 months and 5.6 months), KEYNOTE-426 (pembroli-
zumab-axitinib vs. sunitinib with median PFS of 20.6 months 
vs. 11.3 months), and ADAPT (DC immunotherapy/sunitinib 
vs. sunitinib with median OS of 27.7 months vs. 32.4 months, 
and PFS of 6 months vs. 7.83 months) (cinicaltrials.org) for pa-
tients with metastatic RCC (Supplementary Table 1).

PROSTATE CANCER

Prostate cancer will commonly metastasize to bone and OS 
in patients with spine metastases is roughly 2.5 years.53 Accord-
ing to SEER, 7% patients diagnosed with prostate cancer have 
distant metastases at presentation, with 30.6% 5-year relative 
survival.14 Androgen receptor antagonists including flutamide, 
bicalutamide and abiraterone are commonly used as first-line 
androgen deprivation agents resulting in improvement in pa-
tient outcomes; as reported by STAMPEDE trial median OS 
was not reached with addition of zoledronic acid, 81 months 
with addition of docetaxel, 76 months with addition of both, 
and 71 months with standard of care (Table 1).54 Other andro-
gen deprivation therapies include ketoconazole or abiraterone 
that inhibit CYP17 with resulting androgen synthesis blockade, 
and use of LHRH agonists/antagonists including leuproline, gos-
erelin, degarelix with resulting downregulation in LHRH recep-
tor signaling, with degarelix inducing and maintaining andro-
gen deprivation for up to 1 year (Table 1).55,56

In patients with androgen resistant prostate cancer, a variety 
of other therapies have been utilized (Table 1). Small TKIs gefi-
tinib, erlotinib targeting EGFR and lapatinib targeting EGFR/
HER2 had shown some success with improvement in prostate-
specific antigen (PSA) levels; phase II trial of lapatinib resulted 
in no radiologic evidence of metastatic disease in 7 of twenty 
nine patients.57,58 Monoclonal EGFR antibody cetuximab has 
been used alone and in combination with various chemothera-
py agents including doxorubicin, docetaxel, and mitoxantrone 
with some improvement in PSA levels and/or median survival; 
combination of cetuximab with doxorubicin resulted in stable 
disease in 65% patients with castration resistant prostate cancer 
with bone disease (Table 1).59,60 MET/VEGFR2 inhibitor cabo-
zantinib has likewise been trialed in patients with metastatic 
prostate cancer in several phase III trials including COMET-1/2, 
with no significant improvement in OS, with 15% (vs. 17%) re-
sponders and median OS of 11 months (vs. 9.8 months).61 PARP 
inhibitors including olaparib have been used in patients with 
androgen resistant prostate cancer, where phase II TOPARP-A 

trial showed an overall 33% response rate, especially in patients 
with underlying mutations in DNA damage repair pathways or 
BRCA1/2, while TOPARP-B trial reported 54.3% composite re-
sponse, with radiographic response in 24.2% and PSA response 
in 37%.62

In addition, anti-CTLA4 immunotherapy including ipilim-
umab has been trialed in patients with prostate cancer in phase 
III trials with improvement in PFS of 5.6 months (vs. 3.8 months) 
and measured PSA levels (Tables 2, 3).63 Some success was noted 
with use of PD1/PD-L1 inhibitors, including nivolumab, pembro-
lizumab, and atezolizumab, especially in patients with mismatch 
repair impairment, hypermutated prostate cancer lesions and 
those with microsatellite instability; in CheckMate 9KD trial, 
combination of nivolumab with docetaxel resulted in 9-month 
radiographic PFS and OS of 18.2 months (Tables 2, 3).64 Several 
tumor vaccines including an autologous Sipuleucel-T vaccine 
comprised of antigen presenting cells co-cultured with PA2024 
prostatic acid phosphatase linked to GM-CSF have been suc-
cessfully used to treat prostate cancer, with significant improve-
ment in the reported OS in patients of up to 13 months in sev-
eral phase III trials including IMPACT trial.65 Another area of 
investigation focuses on the development of chimeric antigen 
receptor T cells (CAR-T cells) for treating patients with meta-
static prostate cancer, which had been previously tested and suc-
cessfully applied for treatment of patients with hematologic ma-
lignancies.66,67

THYROID CANCER

Although the percentage of patients with spine metastases 
arising from primary thyroid cancer, including differentiated 
thyroid carcinoma, anaplastic carcinoma and medullary thyroid 
carcinoma is not high, it is a common endocrine malignancy, 
and up to 30% patients will develop resistance to standard ther-
apy and progress to metastatic disease (Table 1). According to 
SEER, 3% patients with thyroid cancer have distant metastases 
at the time of diagnosis, with 53.3% 5-year relative survival.14 
Targeted inhibitors for the mitogen‑activated protein kinase path-
way have been trialed in patients with metastatic thyroid can-
cer. Sorafenib targeting VEGFR/Flt3/RET/cKIT/BRAF and len-
vatinib targeting VEGFR/FGFR/PDGFR/KIT/RET have been 
trialed in patients with differentiated thyroid carcinoma with 
improvement in PFS and OS, respectively, by several phase II 
trials, as well as DECISION and SELECT phase III trials, the 
former of which reported median PFS of 10.8 months (vs. 5.8 
months) with sorafenib use in radioactive iodine-refractory lo-
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cally advanced or metastatic differentiated thyroid cancer, while 
the latter reported median OS of 52.2 months in lenvatinib re-
sponders veruss 19 months in nonresponders (Table 1; Supple-
mentary Table 1).68,69 We have seen robust results using lenva-
tinib in patients with bulky metastasis of follicular thyroid car-
cinoma in the spine. We would like to present a 70-year-old pa-
tient who had rapid recurrence of multilevel cervical spine me-
tastasis after treatment with radioactive iodine and maximal 
doses of targeted radiation but had remained progression free 
for 36 months since starting lenvatinib (Fig. 5). Vandetanib, tar-
geting VEGFR/EGFR/RET, and cabozantinib, targeting VEG-
FR2/cMet/AXL/RET, have been trialed in patients with medul-
lary thyroid carcinoma with improvement in PFS in phase II 
and phase III trials, with 30.5 months (vs. 19.3 months) median 

OS with vandetanib use, with 26.6 (vs. 21.1) median OS with 
cabozantinib use, including 44.3 months (vs. 18.9 months) me-
dian OS in patients with RET M918T positive disease.70,71 More 
recent studies focus on targeting PI3K pathway, ALK transloca-
tions, as well as HER2/3 receptors (Supplementary Table 1).72 
Panebianco et al reported ELM4-ALK and STRN-ALK fusions 
in patients with papillary and poorly differentiated thyroid car-
cinomas.73 Other studies are investigating the effects of immu-
notherapy including anti-CTLA4 and anti-PD1, and vaccine 
use (Table 3; Supplementary Table 1).74,75

CONCLUSION

The number of patients with metastatic spine disease contin-
ues to rise. Moreover, even the most extensive surgical resection 
and aggressive radiation therapies are frequently insufficient to 
control the disease without adjunct medical therapy, which can 
successfully address residual microscopic disease and prevent 
recurrence, specifically within the bone environment. Histori-
cally, the ultimate demise in patients with metastatic spine dis-
ease is due to a combination of their extensive systemic disease 
burden and aggressive spine disease resulting in neurologic com-
promise. In the recent years, development of individualized, tar-
geted therapies and novel treatment protocols had heavily de-
pended on the identification of novel mutations and improved 
understanding of the biology of many cancers, giving hope to 
patients with spinal metastases to prevent disease progression, 
avert neurologic deficit and improve their quality of life. How-
ever, there remains a large void with developing therapeutic agents 
that can specifically target cancer within the unique bone mi-
lieu. Current literature is lacking in safety, efficacy, and estimates 
of overall response rates from the use of many of the new treat-
ment agents when administered to patients with spine meta-
static disease, however robust response can be achieved in se-
lect cases as described in this manuscript. Identification of pre-
dictors of favorable response to targeted inhibition, chemother-
apy or immunotherapy of spine metastases derived from vari-
ous primary cancers is a necessary next step.

NOTES

Supplementary Materials: Supplementary Table 1 can be 
found via https://doi.org/10.14245/ns.2244290.145.

Supplementary Table 1. Targeted therapies and immuno-
therapies approved by the U.S. Food and Drug Administration 
in the last 2 years
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with significant progression of her disease shortly thereafter. 
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the lesion and significant improvement in cord compression.
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