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Introduction 
FDG-PET has shown prognostic value in both Hodgkins lymphoma (HL) and aggressive Non-Hodgkins lymphoma (NHL). The need for repeated examinations during 
surveillance in lymphoma, which often occurs in younger patients, portends potential radiation risk.  Integrated PET/MRI offers the opportunity of equivalent metabolic 
and superior atomic information with reduced radiation exposure and potential noninvasive, added value through DWI and ADC. The goals of this study were to 
evaluate the diagnostic performance of FDG-PET/MR compared to FDG-PET/CT in lymphoma patients in a single injection, dual modality imaging study, and to 
examine the correlation between FDG SUV and ADC. 
Materials and Methods 
Subject Population   This study was approved by the local IRB.  Inclusion criteria included all patients with lymphoma, between 18 and 80 years old  not meeting 
exclusion criteria for MRI.  In order to better assess sources of bias, patients’ diagnoses were divided into histologic subtype including (B cell, Hodgkin’s, Mantle Cell, 
Marginal, and Follicular).  In addition, patients’ scans were categorized on their phase of treatment (e.g. initial staging, mid-cycle, end of cycle, restaging and 
relapse)PET/CT Protocol All patients underwent a routine hybrid PET/CT, including 4-6hr. fast,  on a Siemens Biograph 64 (Siemens Healthcare, Germany). 
Approximately sixty minutes after FDG administration, a whole body emission PET scan was performed in 6-8 bed positions (3-6 min acquisition time per bed position 
based on BMI), covering the region from base of skull to upper thighs. Non-contrast-enhanced CT with 120-KVP, 11-100-mAs (based on BMI), 5-mm collimation and 
pitch of 1.5 was performed for attenuation correction. The datasets were reconstructed using the ordered subsets expectation maximization (OSEM) algorithm with 2 
iterations (BMI < 31) or 3 iterations (BMI ≥ 31), 8 subsets, and 5 mm gaussian filter was applied post reconstruction. PET/MRI Protocol:  Simultaneous PET/MR 
imaging was performed with the Biograph mMR 3T scanner (Siemens Healthcare, Erlangen, Germany). PET-compatible phased array coils (6-channel) were used to 
acquire the MR data. A 2-point Dixon 3D VIBE breath-hold T1-weighted sequence (iPAT factor 2, TR 3.6ms, TE1=1.225ms, TE2=2.45ms, matrix size79x192, 
NEX=1, FOV=500mm, slice thickness 5.5mm, flip 10) was used to derive the attenuation correction map. PET data were acquired using shallow free breathing from 
the upper thighs cephalad to the level of the mid-skull. Four to five bed positions were required to cover the entire abdomen and pelvis with ~10 minute data acquisition 
per bed position .  PET images were reconstructed using a 3D attenuation-weighted OSEM algorithm, with 3 iterations and 21 subsets, zoom=1, and Gaussian 
smoothing of 4mm FWHM was applied post-reconstruction.  SUV Image Analysis was performed using OsiriX. ROI definition was performed by consensus between a 
staff radiologist (AG) and a senior nuclear medicine technician (GA) on FDG-PET data fused with either CT or MRI.  FDG avidity was defined as SUV above liver.  
Effective Radiation Dose  The calculation of radiation dose received from whole-body CT and PET is based on methodology published elsewhere.1-3  ADC parametric 
maps were generated online on the Siemens mMR post-processing platform using a mono-exponential fit of the DWI raw data (b-values =0,50,800 sec/mm2). ROI 
analysis was performed using FDG-PET data fused with axial DWI data in 
OsiriX. Analysis included visibility of lesion on DWI data at b=50 and 
b=800 sec/mm2 and calculation of ADCmin and ADCmean in each ROI.   
Statistical Analysis  The Pearson correlation coefficient (rp) was calculated 
to examine the correlation between the SUVmax derived from FDG-
PET/MR and FDG-PET/CT, as well as the correlation between ADC and 
SUV using GraphPad Prism 6 (GraphPad Software, La Jolla, CA).  
Results: 
Demographics & Clinical Parameters 
18 subjects participated, 6 (33.3%) had a confirmed diagnosis of HL and 12 
(66.7%) had a confirmed diagnosis of NHL. The median age was 51 ±14.8 
years (range: 30-80 years). The mean time delay between PET/CT and 
PET/MR examinations was 151.7±42.8 min. PET/MR PET/CT SUV 
correlation  Qualitative analysis of the images demonstrated no significant 
quality differences between the PET/CT and PET/MR images.  All FDG 
avid lesions were visible with comparable contrast, and therefore initial and 
follow-up staging was identical between both examinations (Figure 1a,b).  
Quantitative analysis included 65 FDG-avid lesions amongst the subjects.  
Pearson correlation analysis comparing PET/MR SUVmax to PET/CT 
SUVmax showed a strong correlation, which was statistically significant 
(rp=0.98 (0.96, 0.99), p<0.0001; Figure 1c), and PET/MR SUVmean to 
PET/CT SUVmean showed a strong correlation, which was statistically 
significant (rp=0.97 (0.95, 0.98), p<0.0001; Figure 1d).   Radiation Dose 
analysis suggests there would be approximately a 60% reduction in whole 
body irradiation from PET/MR as compared to PET/CT including a 
diagnostic CT within the calculation.  Ignoring the diagnostic CT, there 
would be approximately a 20% reduction in dose (Fig 1e).    ADC 
correlation to PET/MR SUV  Fifty three of the 65 FDG-avid lesions also 
exhibited restricted diffusion on DWI, whereas there was discordance in 
11 lesions  An example is shown in Fig. 1f,g in an 80 year old with NHL 
showing a concordant perinephric FDG avid, restricted diffusion mass 
(green arrow), and discordant aortocaval lymph node (yellow arrow)  Although not a high number, there was no trend observed in missed lesions (e.g. size, location, 
scan timing, or lymphoma subtype).  Pearson correlation analysis comparing ADCmin to PET/MR SUVmax showed no significant correlation with a downward trend (r=-
0.17), while the correlation of ADCmean to PET/MR SUVmean demonstrated a similar, poor correlation that trended towards, but did not achieve statistical significance 
(r=0.2).   
Conclusion 
We demonstrate that PET/MR identifies the same number of FDG-avid lesions as traditional PET/CT, but with substantially less radiation exposure to patients (nearly 
60%), suggesting that PET/MR would be similarly effective as PET/CT in the staging, prognositication, and treatment selection for lymphoma patients.  Furthermore, 
the Pearson correlation coefficient was rp=0.98 (p<0.0001) which indicates a strong positive correlation between the SUV derived from the two imaging modalities.  
The data presented in our study using co-registered PET/MR support no significant between ADC and SUV suggesting possible synergy, but lack of synchrony of these 
two biomarkers.  Lymphoma patients stand to benefit directly from the availability of clinical PET/MR scanners due to the reduced levels of ionizing radiation 
compared to PET/CT, and thus, may benefit from a lowered lifetime risk of cancer. 

Figure 1: Whole body attenuated corrected FDG PET MIP images obtained on a 23 year old male with Hodgkin’s 
Lymphoma (1a PET/CT and 1b PET/MRI). Note the concordance in staging this patient, including the supraclavicular FDG 
avid lymph node (arrow).  Figure 1c,d represent linear least squares analysis of PET/CT SUVmax vs. PET/MRI SUVmax ((c) 
r2=0.95, p<0.001) and PET/CT SUVmean vs. PET/MRI SUVmean ((d) r2=0.95, p<0.001).  Fig. 1e Represents radiation dose 
analysis comparing FDG PET/CT and dose reduction in obtaining PET data alone as would be performed with a PET/MRI 
examination  Fig. 1(f,g) demonstrate black/white inverse maps of (f) SUV (FDG), (g) DWI (trace), at the level of the upper 
abdomen in an 80 year old with NHL.  Note the concordance in left perirenal disease (green arrow) and discordance in this 
aorto-caval lymph node (yellow arrow).   Figure 2 (g,h)  demonstrate the poor correlation between ADCmean and SUVmean (h) 
and ADCmin and SUVmax (i).   
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