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Introduction
• The spine is the 3rd most frequent site for cancer metastasis, accounting for 

about 70% of all osseous metastases

• Conventional MRI, including STIR and T1-weighted, and 18F-FDG PET/CT 

are standard imaging modalities



1. Guan et al. T1-weighted Dynamic Contrast-enhanced MR imaging to Differentiate Nonneoplastic and Malignant Vertebral Body Lesions in the Spine. Radiology. 2020

2. Saha et al. Magnetic resonance perfusion characteristics of hypervascular renal and hypovascular prostate spinal metastases. Spine. 2014​
3. Behar et al. T1-Weighted, Dynamic Contrast-Enhanced MR Perfusion Imaging Can Differentiate between Treatment Success and Failure in Spine Metastases Undergoing

Radiation Therapy. AJNR Am J Neuroradiol. 2023 Dec 11

DCE-MRI
• Dynamic contrast-enhanced MRI (DCE-MRI) is an advanced imaging 

technique, not as routinely utilized in spine imaging

• Can differentiate between metastatic and benign vertebral lesions,1 determine 

tumor characteristics,2 and detect recurrent disease and treatment response3



Research Gap

Vp from DCE-MRI SUVmax from PET

Marker of tumor 

viability 

Marker of tumor 

activity

No studies contain head-to-head 

comparisons of Vp and SUVmax for 

osseous spinal metastases



Hypothesis and Aim

Hypothesize that Vp can 

successfully identify biopsy-

proven, non-treated osseous 

spinal metastases and shows 

high agreement with SUVmax



Methods: Population



Population

• 85 non-treated osseous 

spinal metastases across 

70 patients

• Common primary cancers 

were breast, lung, and 

prostate

• Average time between 

DCE-MRI and 18F-FDG 

PET/CT was 1.38 days



1. Saha et al. Magnetic resonance perfusion characteristics of hypervascular renal and hypovascular prostate spinal metastases. Spine. 2014​

2. Mah K, Caldwell C. Biological Target Volume. In: PET-CT in Radiotherapy Treatment Planning. ; 2008.​

3. Mettle Jr. F, Guiberteau M. Inflammation and Infection Imaging. In: Essentials of Nuclear Medicine Imaging. Sixth Edition. ; 2012.

Methods

DCE-MRI 18F-FDG PET/CT

• Gadavist injection

• 1.5T or 3T scanner

• 18F-FDG injection

• GE D690 time of flight 

system

• NordicICE to calculate 

mean Ktrans and Vp

•  Visage to calculate            

ISUVmax

• Vp threshold of 2.10 1 • SUVmax thresholds of 

2.00, 2.50, and 4.00 
2,3



Results

6.18 ± 3.35 5.16 ± 5.230.25 ± 0.12



Results

Vp of 14.05 SUVmax of 

3.08



Results

Vp of 5.77 SUVmax of 

15.64



Results

81.18% 67.06% 48.24%



Results

84 68 59 40



Vp of 10.01 SUVmax of 

0.86

Results



Vp of 4.21 SUVmax of 

0.72

Results



Discussion

• At the most conservative threshold of 2.00 for SUVmax, Vp shows high 

agreement with SUVmax in detecting malignant tumors confirmed by biopsy.

• DCE-MRI's Vp outperforms PET SUVmax measurements in identifying the 

highest number of lesions.

• DCE-MRI’s ability to detect spinal metastases may reduce the need for 

radiotracer-based imaging, effectively decreasing costs and patient 

radiation exposure​
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• MRI were performed with either 3T or 1.5 T scanner (GE Healthcare, Milwaukee, WI) by using an eight-

channel cervical-thoracic-lumbar surface coil. 

• All patients underwent routine clinical MRI sequences including sagittal T1 (field of view [FOV], 32–36 cm; 

slice thickness, 3mm; repetition time [TR], 400–650 msec; flip angle [FA], 90°), sagittal T2 (FOV, 32–36 cm; 

slice thickness, 3 mm; TR, 3500–4000 msec; FA, 90°), sagittal STIR ((FOV, 32–36 cm; slice thickness, 3 mm; 

TR, 3500–6000 msec; FA, 90). 

• For DCE perfusion MRI, Gadavist® (Bayer, Barmen, Germany) was administered at 0.1 mmol/kg body weight 

and a rate of 2–3 mL/sec. 10 phases for pre-injection delay were set and the contrast was administrated 

after the delay. Kinetic enhancement of the tissue during and after injection of the contrast was highlighted by 

using a three-dimensional T1-weighted fast spoiled-gradient recalled (SPGR) echo sequence (TR/TE, 4–

5ms/1–2ms; slice thickness, 5 mm; field of view, 32 cm; phase temporal resolution, 5~6 seconds; and flip 

angle, 20°) and acquired in the sagittal plane. 

• The duration of the DCE sequence was 4-5 minutes. Post-contrast sagittal and axial T1-weighted images 

were acquired after DCE perfusion MRI.

Supplemental Methods



Supplemental Methods

1. Park J, Chang KJ, Seo YS, et al. Tumor SUVmax Normalized to Liver Uptake on (18)F-FDG PET/CT Predicts the Pathologic Complete Response After Neoadjuvant 

Chemoradiotherapy in Locally Advanced Rectal Cancer. Nucl Med Mol Imaging. 2014;48(4):295-302. doi:10.1007/s13139-014-0289-x

2. Lee JW, Paeng JC, Kang KW, et al. Prediction of tumor recurrence by 18F-FDG PET in liver transplantation for hepatocellular carcinoma. J Nucl Med. 2009;50(5):682-687. 

• 18F-FDG PET/CT was performed using a GE D690 time of flight system, featuring a 64-slice state-ot-the-art 

design with a dedicated full ring LYSO crystal PET. 

• Patients fasted at least 6 hours before the exam and underwent whole-body PT/CT conventional imaging 

60 minutes after injection of 390 ± 14MBq/Kg 18F-FDG. 

• Scans were acquired with an axial field of view from the vertex to the toes and PET/CT images were 

reconstructed using an ordered-subset expectation maximization algorithm and a gaussian filter using the 

standard manufacture-supplied reconstruction software The CT protocol was designed for attenuation 

correction and anatomic localization of PET abnormalities. 

• For each lesion, a region of interest (ROI) was manually placed on the area of high uptake in the PET-CT 

scan to measure the maximum standardized uptake values (SUVmax), selected for its higher reproducibility.

• Standardized uptake values (SUV) were normalized to the patient’s body weight and normal liver 

parenchyma, reflecting the highest activity concentration (SUVmax) at each specific disease site. 



Results

• 29 y/o M with a pathologically confirmed T11 metastasis from pulmonary 

carcinoid cancer.

• Ktrans and Vp maps show high qualitative enhancement at the lesions with 

a Ktrans value of 0.3520 and a Vp value of 10.01. 

• Corresponding PET/CT is non-avid at T11 with a SUVmax of 0.86 



Results

• 46 y/o F with thyroid cancer with pathologically proven metastasis to T7. 

• Ktrans map shows qualitative enhancement at the anterior aspect of T7 body with 

a Ktrans of 0.2600 and Vp map shows perfusion in those regions with a noted 

value of 5.77. 

• PET/CT imaging shows a lack of avidity at the T7 body with an SUVmax of 0.72.



Conclusion, Limitations, and Future 

Directions

• DCE-MRI perfusion plays an important role in detecting malignant spinal tumors 

when PET or biopsy are not available, and that DCE-MRI perfusion imaging 

should be performed in addition to PET/CT to improve the detection of spinal 

metastases that are not non-FDG avid and have SUVmax values below accepted 

diagnostic thresholds.

• Future directions include conducting analysis on more samples and incorporating 

the clinical judgment involved in assessing PET/CT imaging. 

• Currently, the study measures the quantitative measures in DCE-MRI and PET 

and relates these measurements to the enhancement seen on corresponding 

imaging. In the clinical setting, there may be cases where SUVmax values may 

be below the accepted diagnostic thresholds of 2.5 and 4.0 reported in the 

literature but may possess enough qualitative avidity on a PET scan to alert a 

radiologist of suspicious metastases. Future studies can incorporate having 

multiple radiologists look at DCE-MRI and PET scans, observe for any intra-

observer variability, and see how the quantitative guidelines for Vp and 

SUVmax seen in this study improve the detection of spinal metastases.  
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Developing a Circle of Protection for the Cancer Patient: The Importance of Vaccination 
There are approximately four million cases of severe illness and up to 500,000 deaths yearly worldwide related to influenza.  
Streptococcal Pneumoniae is also a leading cause of global morbidity and mortality. In the United States influenza and 

pneumonia caused almost 57,000 deaths in 2013. Immunosuppressed patients are at increased risk of serious influenza and 
pneumonia related complications. Hospitalization rates related to influenza are four times higher and mortality ten times higher 

among cancer patients than the general population. Influenza and infections  cause delays or cancellations of chemotherapy, 
with possible consequences for cancer control. Oncology nurses need to understand the importance of vaccination in this 
vulnerable population.  At highest risk are those patients with impaired immunity and low number of B and T lymphocytes 

including patients who have undergone hematopoietic transplant. Health care providers are frequently reluctant to administer 
vaccinations to cancer patients.  This presentation will review the recommended immunization schedules, vaccination laws, 

patient safety and related nursing interventions to ensure maximum vaccine protection and risk reduction. Nurses need to 
understand the importance of vaccination, and how vaccines work. Published guidelines exist that include who should be 
vaccinated, when, and with what vaccines. Recommendations for cancer patients include aggressive influenza and 

pneumococcal protection.  Notwithstanding influenza and pneumococcal, other vaccines, including cancer preventing hepatitis 
B and HPV are also emphasized.  Patients unable to develop vaccine immunity may be indirectly protected by vaccinating 
members of their household and healthcare contacts to provide a “circle of protection”.  Increased number of persons 

vaccinated equals increased protective effect of herd immunity. Reduction of exposure to vaccine-preventable infections is also 
important for risk reduction. Vaccines are one of the safest measures in disease protection.  Vaccination guidelines and laws 

have existed since 1855 and continue now to ensure special groups are recognized, vaccinated or have a plan to receive. 
Knowledge of state laws and CDC recommendations is vital to ensure safety and vaccination delivery. Oncology nurses’ goal of 
maintaining health, preventing hospitalizations and treatment interruptions offer the greatest opportunity for continued survival.  

From the first small pox inoculation in the year 1000, to the development of the cancer- preventing HPV vaccine, vaccination 
promotion and acceptance remains a challenge for patients and health care providers. 

 

  Why Immunize? 
àReduce or eliminate many Infectious Diseases 
àPrevention of Bacterial and Viral diseases : preventing/reducing spread to those 

persons where vaccination is contra indicated:ie: Varicella/Polio/Pertussis 
 

à Re immunization due to deceased/waning immunity caused by length of time from 
date of vaccination or health conditions leading to immune suppression 

àVaccines work with the body’s natural defenses to safely develop immunity to a 

disease and reduce the opportunity of their complications: 
 -Hepatitis B protection-reduce risk of HCC 

 -HPV vaccine –reduce risk of Cervical/Anal/Head and Neck Cancers 

 -Pneumococcal vaccines: reduce risk of pneumonia caused by streptococcus 
 pneumonia 

 -Influenza vaccine-reduce risk of many associated complications  

Yearly: >200,000 hospitalizations and deaths due to Influenza and 

Pneumococcal disease complications: Invasive Pneumococcal disease: IPD 
84 % of IPD cases and nearly all deaths occur in adult patients with high risk 

conditions 
Leading cause of pneumonia and meningitis 

Cancer (current or within past 5 years) is associated with mortality in patients 

with IPD  
 

 

Vaccination/Immunization 
• 17 vaccine preventable disease 

• Obtaining Optimal response:  
• Immune status/Vaccine type 

• May require >1 dose for adequate antibody response 
• Unconjugated vaccine: no T-cell memory 

• Live attenuated: cell mediated immunity and longer antibody protection 

 
 

Vaccine Schedules/Special Groups 
Based on immune function: 

     * Severe immune deficiency 
 -Congenital 

 -Leukemia/Lymphoma 
 -Generalized Malignancy 

 -Cancer treatments or increased doses of cortic0steroids 

 -Cancer with HIV infection 
 -Hematopoietic Stem Cell Transplant (HSCT) Recipients 

                                     
     *Conditions causing limited immune deficits 

                             -Asplenia 

 
 

  

Altered Immune Competence with Cancer 
Secondary immunodeficiency: acquired loss  or qualitative deficiency in cellular or 

humoral immune components  
• hematopoietic malignancies 

• radiation treatment 
• immunosuppressive drugs 

**Knowledge of degree of immune suppression is key 

      Incidence of vaccine preventable diseases is higher 
**Inactivated Influenza and Pneumococcal vaccines are recommended 

 
 

Vaccine Schedules/Special Groups 
Based on immune function: 

     * Severe immune deficiency 
 -Congenital 

 -Leukemia/Lymphoma 
 -Generalized Malignancy 

 -Cancer treatments or increased doses of cortic0steroids 

 -Cancer with HIV infection 
 -Hematopoietic Stem Cell Transplant (HSCT) Recipients 

                                     
     *Conditions causing limited immune deficits 

                             -Asplenia 

 
 

  

Nursing Considerations/Power of Knowledge 
Recognize  patients in need 

Vaccine administration 
Patient and their contacts education 

Patient safety: allergy information/vaccine preservatives/patient considerations 
Evidence resources: CDC etc. 

Federal recommendations: documentation, patient education, patient records 

 
 

  Asplenia - Responsibilities of the Spleen   
• Production of protective humeral antibodies 

• Production and maturation of B cells, T cells and plasma cells 
***Known for major role in antibody production against 

             -Streptococcus pneumoniae (pneumococcus) 
Leading cause of serious illness: bacteremia, meningitis and pneumonia 

      Follow post splenectomy vaccination guidelines 

 
  

Influenza 
Serious Public Health Dilemma  

                      Acute respiratory infection circulating worldwide 
            Immunity alterations                  increase morbidity and mortality 

 
Yearly vaccine development for types A and B most effective defense 

Immunogenicity impaired in Cancer patient 

Vaccine choice based on age, immune competence and allergy profile 
High mutation rate of virus- vaccine protection up to 2 years 

Disease burden: 3-5 million with severe illness, 250,000 to 500,000 deaths 
             Cancer patients are at high risk  

                     bacterial pneumonia - opportunistic respiratory infections 

                                          
 

 
 

 

 
  

Epidemiology of Pneumococcal Infection in 

Immunocompromised Adults 
Ø Streptococcus pneumoniae (pneumococcus) 

• Leading cause of serious illness: bacteremia, meningitis and pneumonia 

• Incidence of invasive pneumococcal disease (IPD) 3.8 per 100,000 aged 
18-34 yrs, 36.4 per 100,000 aged > 65 yrs. 

*Adults 18-64 yrs with hematologic Cancer, 186/100,00 
• *Adults 18-64 yrs with HIV, 173/100,000 

*Disease rates in both groups – 20x higher with high-risk conditions. 
                                          
 

 
 

 

 
  

 Household Contacts – Prevent vaccine 

preventable infections 
• Administer prior to planned immunosuppression  

 • Live Vaccines: should be administered >/= to 4 weeks prior to and avoided 

    within 2 weeks of immune suppression 
 • Inactivated :administered ≥2 weeks prior to immunosuppression 

 • Influenza vaccine for all contacts >6months old 
• **Avoid Live Influenza vaccine 

• *If a household contact does receive: avoid contact with patient for 7 days 

 • Oral Polio Vaccine (OPV) should not be administered to any house   
   hold contacts 

 • Varicella Vaccine(VAR), Zoster Vaccine(ZOS): Patient should avoid   
   contact with persons who develop skin lesions until lesions are clear 

 • Rotavirus Vaccine (given to infants 2-7 months) 

•  Patients should avoid handling diapers for 4 weeks post vaccination 
 immunization in immunocompromised IDSA guidelines.docx 

 
 Herd Immunity 

 • Indirect protection of the immunized individuals including persons 

    that cannot be vaccinated and those who do not develop immunity 
    from the vaccine 

 • Increased number of person’s vaccinated =increased protective    
   effect of herd immunity 

 

 
 

                                          
 

 
 

 

 
  

Protection Surrounding Travel  
• Cancer diagnosis/treatment schedule 

• Immune status: optimal vaccine response 
 •> 3 months post treatment and Cancer in remission.  

•> 2 years post HSCT and off immune suppressive medications 
• Destination                                                                                

• CDC travel recommendations 

• Vaccination requirements 
• Risk/benefit from live vaccines 

https://wwwnc.cdc.gov/travel/destinations/list/ 

                                          

 
 

 
 

 

  

Vaccines Preventing Cancer 
                                          

 
 

 
 

 

  

Power of Hepatitis B Vaccine  
•  Two billion infected worldwide with Hepatitis B 

•  Established cause of hepatitis and cirrhosis 
•  Cause of 50% of hepatocellular carcinomas: HCC 

•  Vaccine licensed 1981 
•  3 doses provide 20+ years of immunity 

                                          

 
 

 
 

 

  

Treating Cancer 
• Targeting cancer with generically engineered Viruses 

 • PVS-RIPO: polio virus disease causing ability is removed 
 • Naturally infects cancer cells 

 • Receptor for polio virus (used for cell entry) is present on most tumor cells 
 • Normal cells are not killed 

 • Now in trials for BGM 

                                          
 

 
 

 

 
  

Treating Bladder Cancer 

Vaccine Administration/Documentation 
•  ttp://www.cdc.gov/vaccines/pubs/pinkbook/vac-admin.html 

•  http://www.immunize.org/catg.d/p2020.pdf 
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Vaccination Endorsed 1802 
                                          

• 1855 
• Vaccination Law Passes 

• Massachusetts passed the first U.S. law  
  mandating vaccination for schoolchildren. 

 

1881 
• Pneumococcal: Bacterium Discovered 

Louis Pasteur and U.S. Army physician George Miller Sternberg both 
independently discovered the Streptococcus pneumoniae bacterium that is 

responsible for cases of pneumonia and meningitis, as well as other illnesses. 

 
1908: Poliovirus Identified – 8/24/1960 Sabin’s Polio Vaccine Licensed 

 
1918: Flu Pandemic 

1933: Isolation of Influenza virus 

1936: Smorodintseff (USSR)-1st attempt with live attenuated Flu vaccine 
1945:Influenza Vaccine Approved 

1906:whooping cough bacteria isolated 
1948:Whooping Cough: Vaccine Combined with Tetanus, Diphtheria 

9/10/1859Pasteur's Daughter Dies of Typhoid 

1971:MMR Combination Vaccine Debuts 
 

1911: Whole cell Pneumococcal vaccine tested 
1957:Asian Influenza Pandemic 

1974:Meningococcal vaccine licensed 

1976:Swine Flu vaccine 
1982: HPV 16 and 18 discovered: vaccine 2008 licensed 

1986:Recommant Hepatitis  B vaccine licensed 

 
 

 

 
 

  

• Hospital Patient Vaccination Requirements: Flu and Pneumococcal  
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Experimental evaluation of MR-guided HIFU for ablation of  

sacroiliac joint using a model of human sacrum 
Kathleen Jedruszczuk1, Amitabh Gulati2, Stephen Solomon3, Elena Kaye1 
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Background 

Chronic low back pain (CLBP) is a leading cause of work 

disability. In 15-30% of CLBP patients, the source is the 

dysfunction of the Sacroiliac Joint (SIJ) (1). One method 

providing therapeutic effectiveness is radiofrequency 

ablation (RFA) (Fig. 1), which is invasive and laborious 

procedure, limiting effective treatments for SIJ pain (2-3). 

HIFU could provide a non-invasive alternative by creating 

a continuous lesion lateral to the sacral foramina (Fig.

1C). The main risk of using HIFU for SI joint ablation is 

damaging sacral ventral nerve roots. A pilot study in 

swine demonstrated that MR-guided HIFU (MRgHIFU) 

ablation of SIJ is feasible, and lateral branch nerves can 

be ablated without damaging adjacent nerve roots (4). 

(Fig. 2) 

Results 

Materials and Methods 
Phantom: Images from an anonymized 67 yr. old female adult pelvic CT 

scan were used to segment the sacrum bone from adjacent muscle 

tissue. The segmented model was manufactured in a 3-D printer using 

(Acrylonitrile Butadiene Styrene) ABS plastic (5). The muscle tissue 

was mimicked by a high-temperature hydrogel matrix (gellan gum) 

combined with different sizes of aluminum oxide particles and other 

chemicals (6).  
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Take Home Message 

Figure 3. A. 3D printed sacrum model with 

relevant sacral spine segments labeled.  

B. MRI image of 3D printed sacrum in gel 

phantom with foramina labeled. 

Acknowledgments 

In order to safely apply this method in a clinical setting, 

the strategy of maintaining control over damage in the 

lateral to medial range needs to be optimized. Preventing 

heating of sacral foramina and minimizing muscle 

damage is crucial to the safety of this procedure. 

Discussion 

Experiment: MRgHIFU experiment was performed using ExAblate 

2000, a clinical HIFU system (InSightec, Ltd., Israel) installed in a 1.5 

Tesla MRI scanner (GE Healthcare, USA). HIFU beam was applied as 

shown in Figure 3. All sonications were performed for 10 seconds at 

1.00 MHz. Individual sonication parameters are listed in Table 1. 

 

 

A B 

A B 

Figure 4. Visualization of placing focal point on bone vs. behind bone (near-field 

approach) A. Sonication #2 B. Sonication #5 C. Sonication #7 D. Sonication #8 

A and B both display the effect of placing the focal point on the bone, creating long lesions. 

C and D both display the effect of placing the focal point behind the bone, creating larger 

and wider lesions.  

The sacrum phantom, presented here, enabled 

preliminary evaluation of MRgHIFU application for non-

invasive treatment of SIJ low back pain. While this 

phantom does not model the effects of perfusion, which 

would reduce the temperature rise that was observed 

here, it provides realistic geometry and dimensions of the 

sacrum that can help optimize the targeting strategy.  

Positioning of the HIFU focus in relation to the sacral 

foramina and sacral bone need to be studied to 

determine a protocol which delivers lethal thermal dose to 

the target location between the SIJ and the foramen, 

while preventing undesired heating inside the foramen 

and minimizing the damage of adjacent muscle.  

Figure 4 shows representative examples of temperature rise and 

thermal dose during sonications targeting the approximate location of 

the lateral branch nerves, lateral to the foramina. Table 1 summarizes 

the maximum temperatures that were measured in the target location 

and at the opening of the dorsal foramina.  In 2 out of 9 locations, 

elevated temperature in the foramina resulted in lethal thermal dose 

extending into foramina. These regions were always immediately 

adjacent to the bone, and did not propagate beyond the posterior part 

of the foramina.  

HIFU 

Sacroiliac Joint RF Ablation Proposed HIFU Ablation 

Figure 1. A. Sacroiliac joint is shown with an arrow. B. RF ablation 

of the lateral branches of the SIJ. C. Proposed noninvasive HIFU 

ablation of the lateral branch nerves.  

The anatomy of human sacral foramina, however, is not 

identical to that of swine (Fig. 2). Hence, translating 

preclinical safety results into human patients may be 

prone to risk and further evaluation is needed.  

 

THE PURPOSE of this study was to evaluate MRgHIFU 

ablation of SIJ in a model of human sacrum, specifically 

focusing on monitoring heating in the dorsal foramina. 

A B C D 

Figure 2. A. MR-guided HIFU of the SIJ in swine, the HIFU beam is 

shown in blue, muscle-bone interface (dashed line). E. Gross pathology 

showing the ablated zone (arrows) and the position of ablated nerve 

encompassed by it. C-D. Cropped CT images showing the difference 

between porcine and human sacra (same scale). Arrows point to dorsal 

foramina. 

C 

Thermal Dose Temperature Map 

37°C >70°C CEM43 ≥ 240 min 

Thermal Dose Temperature Map 

A B 

C D 
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