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Abstract

On oncology patients, the risk of developing a second tumor induced by radiation is justified by the treatment benefits. However, in Hodgkin’s lymphoma patients, if
any effectively radiation free methods are available, they should be preferred. We correlated WB-MRI/DWI and FDG-PET/CT findings in children, adolescents and
young adults with Hodgkin’s lymphoma, and evaluated whether the former can be used in patient’s staging and follow-up protocols as a surrogate of methods that use
ionizing radiation. The patients’ age at image acquisition was from 6.6 to 19.8 years (mean of 15.6 * 3.5 years). 21 studies (63.6%) were from male while 12 (36.4%)
were female patients. The WB-MRI/DWI and FDG-PET/CT imaging were performed on a mean of 7.6 + 4.9 days. We found r = 0.831 (p<0.001) for the number
of positive sites and r = 0.863 (p<0.001) for their largest diameters. Kappa concordance correlation coefficient demonstrated a sensitivity of 96% and a specificity of
95%, with 95.2% of concordance to FDG-PET/CT and Kappa index of 0.8004 (p <0.001). WB-MRI/DWI1 is a safe and valuable method, with very strong Pearson
correlation and almost perfect Kappa agreement with the FDG-PET/CT, which can be used as an alternative in the evaluation of children, adolescents and young

adults with Hodgkin’s lymphoma.

Introduction

The main therapy objective in children with Hodgkin’s Lymphoma
is to maximize cure rates while minimizing late toxicity, including the
risk of second neoplasia. Neoplasms induced by ionizing radiation,
especially in patients who may undergo to radiotherapy, should be
avoided [1].

The presence and tumor extension are crucial factors to guide an
excellence treatment and increase survival and cure rates. The detection
of metastases and/or tumoral recurrence is “sine qua non” condition to
these patients. However, whole-body exams in patients with Hodgkin’s
Lymphoma (HL) were discouraged from recommendations of Lugano,
2014, based on ionizing radiation exposure among other factors [2].

Computed tomography (CT) is the main responsible for radiation
exposure from unnatural source to humans [3]. However it is widely
used during several tumors staging. CT combined with 18F-fluoro-
2-deoxyglucose positron emission tomography (FDG-PET/CT), is
currently considered the gold standard method for the diagnosis,
staging and evaluation of therapeutic response in tumors such as
Hodgkin’s Lymphoma [4], allowing the anatomical CT evaluation
combined to functional information from the PET component.

There is a debate in the literature [5-10] on the effects of the
exposure to low dose ionizing radiation from imaging studies. The risk
of any procedure using ionizing radiation should be weighed against
its benefits. On oncology patients, the risk of developing a second
tumor is justified by the benefit of the treatment. However, in high cure
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rates tumors, as Hodgkins lymphoma, if any effectively radiation free
methods are available, they should be preferred.

During the last 10 years, in parallel with the development of
Magnetic Resonance Imaging (MRI) sequences, techniques and devices
that allow the acquisition of whole-body images from MRI (WB-
MRI), has been increasing its use in cancer patients and patients with
multifocal diseases [4,11-19].

The use of WR-MRI with coronal short-wave inversion recovery
(STIR), diffusion-imaging (DWI) sequences, and diffusion sequences
with background suppression (DWIBS), has been rising due to
the possibility of increasing of the MRI sensitivity and specificity,
maximized by the DWI capacity, analog to PET, to localize areas of the
high tumoral cellularity, developing its diagnostic performance.

High cellularity modifies Brownian motion by interacting with
macromolecules and tumor cell membranes, generating DWI and
DWIBS signal without promoting exposure to the inherent ionizing
radiation from other imaging techniques [15-21].
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We correlated WB-MRI/DWI and FDG-PET/CT findings in
children, adolescents and young adults with Hodgkin’s lymphoma,
and evaluated whether the former can be used in patient’s staging
and follow-up protocols as a surrogate of methods that use ionizing
radiation.

Methods

This study was conducted by the Diagnostic Imaging Department
of the Federal University of Sao Paulo (UNIFESP) at the Pediatric
Oncology Institute of the Adolescent and Children with Cancer
Support Group (IOP / GRAACC), after being accepted by the Research
Ethics Committee of UNIFESP (1439/2018).

We selected images of patients with Hodgkin’s Lymphoma (HL),
surveyed by the Hospital Information System (HIS) during the period
2015-2017, and submitted to the following inclusion and exclusion
criteria.

Were included in this study patients of up to 20-years old whose
presented FDG-PET/CT images performed for Hodgkin’s lymphoma
evaluation, as well as a WB-MRI/DWI, stored in the institution’s PACS
and acquired in a period of no more than 21 days from the first study,
from 2015 to 2017, with confirmed histopathological diagnosis of HL.

Patients who did not have a confirmed diagnosis by
hispopathological analysis, or incomplete exams stored to PACS, and
those who underwent for both examinations on a more period of
more than 21 days between the WB-MRI/DWI and FDG-PET/CT
acquisitions were excluded.

After the patients’ electronic data were submitted to these criteria,
the hospital registry of the eligible patients’ records was coded in
ascending ordinal numerical order, in order to preserve the identity of
the patients. Their images were then anonymized for the interpretation.

The FDG-PET/CT images were obtained from several institutions,
according to the internal protocols of these exam providers, after
requested by the assistant medical team, based on the HL protocols,
and made available to the IOP/GRAACC HIS/PACS and research.

The interpretation of the FDG-PET/CT images for this study
was performed independently from WB-MRI/DWI, at different and
random times.

The interpretation data found by this study were later verified
with the final report provided by the FDG-PET/CT exam provider,
so that possible relevant discrepancies in the clinical conduct of the
patient could be informed to the attending physician. Only the findings
reported by the physicians from this study were considered.

All the exams were reviewed by the two radiologists, with 40 and 8
years of experience in pediatric radiology. Differences of interpretation
among the evaluators were resolved in consensus, before access to any
other data present in the electronic medical records.

Findings considered positive by the WB-MRI/DWTI reviewers were
then tabulated for the comparative analysis in a structured report,
that allow counting of affected sites and also, the largest dimension, in
centimeters, of lymph node clusters. The FDG-PET/CT findings were
then given the same tabulations.

WB-MRI/DWI exams were obtained in a 1.5 T device (Achieva®,
Philips Healthcare, Best, The Netherlands) with integrated body coil
and a maximum gradient power of 28 mT/m.
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The patients were examined in the supine position, with arms to
the side, and images acquired independent of respiratory movements.

The T2 STIR sequence was performed, without administration of
paramagnetic, coronal contrast, following the following parameters:

- Repetition time (TR) / echo time (TE): 3133 / 30ms, inversion
time (TT): 160ms, matrix: 220x320, field of view (FOV): 480mm?, NEX:
4, thickness of: 5 mm, interval: 1 mm, duration: 35-40 min.

Subsequently, the diffusion weighted image with background
suppression (DWIBS) was obtained in the axial plane, following the
following parameters:

- Value b: 0 and 800s/mm? TR / TE: 8263 / 70 ms, TI: 150 ms,
matrix: 176 x 115, FOV: 530 mm?; NEX: 4, thickness: 6 mm; range: -1
mm; duration 10-15 min.

The sequences were post-processed and reconstructed in full body
with the Mobiview® software.

The obtained images were evaluated by the following criteria to be
classified as abnormal.

Presence of anomalous hyper signal in the STIR sequence, with
DWIBS abnormal signal, associated with the morphology or dimensions
considered unusual for topography. The lymph node analysis included
Table 1. Positive HL involvement count in lymph nodes or extranodal sites

Number of positive HL involvement sites

Phase Patient Study FDG-PET/CT 'WB-MRI/DWI
Follow-up 1 1 4 4
Follow-up 2 2 6 6
Follow-up 3 3 0 4
Follow-up 3 4 0 0
Follow-up 3 5 0 0

Staging 4 6 5 5
Follow-up 5 7 0 3
Follow-up 6 8 0 1

Staging 7 9 8 5
Follow-up 8 10 3 4
Follow-up 9 11 0 0

Staging 10 12 6 10
Follow-up 10 13 0 0
Follow-up 10 14 0 0
Follow-up 10 15 0 0
Follow-up 11 16 0 8

Staging 12 17 1 1
Follow-up 13 18 1 1

Staging 14 19 6 6
Follow-up 14 20 6 6

Staging 15 21 3 3
Follow-up 15 22 0 0
Follow-up 15 23 0 0
Follow-up 15 24 0 0
Follow-up 16 25 0 0

Staging 17 26 11 11
Follow-up 18 27 3 5
Follow-up 19 28 3 5

Staging 20 29 7 9
Follow-up 20 30 2 2
Follow-up 20 31 0 0
Follow-up 20 32 0 0
Follow-up 20 33 0 0

TOTAL 75 99

Volume 2: 2-6



Schiavon JL (2019) Whole body MRI with diffusion sequence Versus FDG-PET/CT: Correlation study on children, adolescents and young adults with Hodgkin

lymphoma

Table 2. Measurement of larger lymph node clusters considered positive for HL

The significance level adopted for all tests was p<0.05.

Larger dimensions of HL lymph nodes (in cm)

Phase Patient Study FDG-PET/CT | WB-MRI/DWI Results
Follow-up 1 1 12 13.1 72 studies which met the initial prerequisites with both FDG-
Follow-up 2 2 10 15 PET/CT and WB-MRI/DWI were found. 39 were excluded since 23
Follow-up 3 3 0 10 have undergone examinations in a time interval of more than 21 days,
Follow-up 3 4 0 0 and 16 that had incomplete MRI sequences.

Follow-up 3 5 0 0

Staging 4 6 16.5 172 The total of 33 studies from 20 different patients was included.
Follow-up 3 7 0 13 8 (24.2%) were acquired during staging and 25 on disease follow-up
Follow-up 6 8 0 5 (75.8%).

Staging 7 ? 1.3 10 The patients’ age at image acquisition was from 6.6 to 19.8 years
Follow-up 8 10 23 31 (mean of 15.6 + 3.5 years). 21 studies (63.6%) were from male while 12
Follow-up ? 1 0 0 (36.4%) were female patients. The WB-MRI/DWI and FDG-PET/CT

Staging 10 12 18 20 imaging were performed on a mean of 7.6 + 4.9 days.

Follow-up 10 13 0 0

Follow-up 10 14 0 0 A total of 75 sites were considered positive on FDG-PET/CT, while
Follow-up 10 15 0 0 WB-MRI/DWI observed 99 positive sites (Table 1).

Follow-up 11 16 0 10

Staging 12 17 11 12.6
Follow-up 13 18 43 43 12

Staging 14 19 7.8 5.9
Follow-up 14 20 7.8 5.9 PET—CT o

Staging 15 21 15 16.9 101
Follow-up 15 22 0 0
Follow-up 15 23 0 0
Follow-up 15 24 0 0 ] °
Follow-up 16 25 0 0 =]

Staging 17 26 213 213 o o o
Follow-up 18 27 35 4.8
Follow-up 19 28 3.5 48 ©

Staging 20 29 9 9 4 ©
Follow-up 20 30 9 8 o o o
Follow-up 20 31 0 0
Follow-up 20 kP 0 0 & °
Follow-up 20 33 0 0 & WBMRI—dW

4 © o ] o o)
Table 3. Comparative analysis of abnormal signal suggestive of HL involvement on WB- - - : - : - -
MRI/DWI and FDG-PET/CT 0 2 4 6 8 10 12
. Graph 1. Distribution of body sites considered positive for HL involvement
HL volvement FDG-PETICT ’ ’ ’
sites HL involvement sites
YES NO TOTAL 25,00
YES 72 27 929
NO 3 526 529 P ET—CT o
TOTAL 75 553 628 20,00
Concordance 95,22% Kappa 0,8004 p<0,001 o
o
a dimension larger than 1.0 cm in its smaller axial plane diameter as 15.00- 5
involvement criteria.
All data obtained were then submitted to statistical analysis by o 5
commercial software SPSS® for Windows version 17.0 (Tables 1 and 2). 10007 o o °
Descriptive analyzes such as the mean patients’ age, gender ?
percentile and the examination time (staging or follow-up) were 500+
tabulated. %o
[+]
Pearson’s correlation test was selected after assessing the WB MRI' dW
distribution data curve for the sites’ number and largest lymph node © ° ° ° °
clusters diameter in each method. A comparative table (Table 3) of ) 500 1000 1500 2000 2500

Kappa concordance coefficient was also generated considering FDG-
PET/CT as gold standard.
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Graph 2. Distribution of the largest dimensions of the lymph node clusters considered
affected by HL
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The largest lymph node dimensions considered positive for HL was
21.3 cm in both methods, with a mean of 4.9 + 6.4 cm in FDG-PET/CT
and 6.4 £ 6.7 cm in WB-MRI / DWI (Table 2).

Findings were then correlated by the Pearson Correlation method
(-1 to 1) after the evaluation of the distribution curve (Graphs 1 and 2).

We found r = 0.831 (p <0.001) for the number of positive sites
(Graph 1) and r = 0.863 (p <0.001) for their largest diameters (Graph 2).

A comparative table for Kappa concordance correlation
coefficient with FDG-PET/CT as gold standard demonstrated a
sensitivity of 96% and a specificity of 95%, with 95.2% of concordance
and Kappa index of 0.8004 (p <0.001).

Discussion

FDG-PET/CT images infer cellularity from tumoral lesions by its
glucose consumption that can be assessed from its standard uptake
value (SUV). This study did not use neither the SUV nor the apparent
diffusion coefficient (ADC) for DWI restriction measuring, as both can
vary from different acquisition sites, and a quantitative index does not
influence in HL conduction.

The development of MRI techniques, especially water-sensitive
series, such as STIR and DWIBS, allowed a good evolution in the
evaluation of inflammatory sites, as DWI sequences create images
demonstrating the restriction to the random water movement by the
increase of cellularity and membrane changes, which promote a phasic
restricted dispersion of the proton spin.

Huang et al. in 2009 estimated that the effective dose of FDG-
PET/CT ranged from 13.45 to 31.91 mSy, equivalent to up to 320
chest radiographs for a single exam, associated with an assigned risk
of life-time cancer development estimated between 2.31%o and 5.14%o
for American women aged 20 at the time of exposure, and 1.63 %o to
3.23 %o for American men in the same age group [11]. Another study
published in 2016 showed that, even on modern devices, the effective
exposure dose for FDG-PET/CT remained in the order of 5.89 + 1.46
mSv for the PET the radioisotope (18F-fluoro- 2-deoxyglucose) and
6.26 + 3.06 mSv from its CT component [12].

Magnetic Resonance Imaging (MRI) exempts patients from
any risk related to ionizing radiation. The advent of new acquisition
sequences, as DWI, first described under MRI in 1965 by Steiskel and
Tanner [13], allows us to determine the tumoral therapeutic response
by its membrane and cellularity modifications.

The change of Brownian motion, applied to the human body, by
diffusion, effectively represents the movement of free water in the
intracellular and extracellular spaces [14]. It can be used as an analog
to the consumption of the glucose characterized by FDG-PET/CT, with
viability already described in some pediatric patients with Hodgkin’s
lymphoma [15,16].

A meta-analysis of 1239 adult patients comparing WB-MRI/
DWI and FDG-PET/CT showed similarity between those methods,
however, this study is a sum of several small heterogeneous studies in its
methodology of an adult population, and of different neoplasms [22].

In HL the use of FDG-PET/CT, or only CT when the first is not
available, is recommended by protocols for staging and follow-up
[16,23,24], but WB-MRI/DWI has been proving comparable ability
to detect involvement by HL, with demonstrated agreement [15-16]
sometimes put in questionable [25].
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Hodgkin’s lymphomas modified Ann Arbor staging classification
[26] and Lugano [2] are based, in addition to other factors, on
the tumoral involvement sites, conferring the imaging studies a
fundamental role in the therapeutic protocol [4,27].

The evaluation of WB-MRI/DWI staging and follow-up on
Hodgkin’s lymphoma protocols in children and adolescents requires
publications [27-33], in order obtain sufficient data to establish WB-
MRI/DWTI as a reliable alternative to FDG-PET/CT.

The main findings in WB-MRI/DWI related to Hodgkin’s
lymphoma also characterized in our study are: hyper signal mass in
STIR (Figure 1A) and hyper cellular DWI abnormal signal (Figure 1B).
Hodgkin’s Lymphoma FDG-PET/CT findings were mass with high
18F-FDG uptake, as shown in Figures 2A and 2B.

Studies in adults and children [4,15-19] determined that both
methods have similar accuracy, and additional sequences that can
be performed during MRI scans can increase the its diagnostic
performance [22].

WB-MRI/DWI was also considered as reliable as other
conventional studies in the initial staging of small cell tumors by
several authors and presents promising results in positive findings
in the study of bone marrow involvement in Hodgkin’s lymphoma
compared to FDG-PET/CT [4,15-19].

Our study, in children, adolescents and young adults, found similar
findings among those methods, with a very strong Pearson correlation

Figure 1. (A) WB-MRI/DWI coronal STIR image, demonstrating mass in the
supraclavicular, mediastinal, bone marrow, right humerus, splenic and pelvis sites,
with greater lesion in the right mediastinum. (B) WB-MRI DWIBS MIP reconstruction
measuring the largest positive site

Figure 2. (A) Axial FDG-PET/CT fusion at the mid-thorax demonstration mediastinal
mass with high SUV on the right (arrow). (B) PET image obtained from the FDG-PET/CT
examination with 3D-MIP total body reconstruction
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B

Figure 3. (A) FDG-PET/CT image showing right peri-hilar residual opacity on axial post-
fusion without anomalous 18F-fluoro-2-deoxyglucose uptake. Whole body reconstruction
(B) also did not reveal other areas of anomalous uptake

Figure 4. (A) Image of WB-MRI/DWI showing residual hyperintense STIR signal in the
middle third of the right lung. The MIP DWI reconstruction of the whole body (B) does not
show hypersignal, being compatible with residual mass without disease, in agreement with
previous FDG-PET/CT

Figure 5. Image from FDG-PET/CT (left) and WB-MRI/DWI (right). Arrows indicating
single patient with discrepant sites, present on the first study and not in the WB-MRI/DWI

(above 0.7) and a calculated agreement of 95.22%, Kappa index of
0.8004.

In post-treatment follow up, both methods performed similar on its
findings, with maintenance of a residual CT mass without pathological
uptake on FDG-PET/CT (Figures 3A and 3B) or a hyper signal STIR
signal without abnormal DWIBS on WB-MRI/DWI (Figures 4A and
4B).
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All follow-up examinations that had an MRI DWTI signal loss
occurred were also accompanied by an FDG uptake reduction on FDG-
PET/CT (Figure 5).

A more significant correlation between those methods was
restricted by a greater detection of bone marrow infiltration on WB-
MRI/DWI during staging examinations, also described in the literature
(4,15-19] (Figure 5).

Studies conducted with marrow biopsy as a gold standard for
evaluation of bone marrow infiltration showed that WBMRI-DWI
did not underestimate any patient, with a higher sensitivity than the
conventional methods [16]. That has been assigned for the 27 sites of
lesions that were found in the WB-MRI/DWI and not in the FDG-PET/
CT, and clinically followed, with consistent clinical evolution.

It is important to notice that WB-MRI/DWI is an ionizing
radiation free study without any related late toxicity, which is
known to be as high as younger is the patient exposed [6,7]. Thus, the
evaluation of this population by WB-MRI/DWI reduces the risk of
second neoplasia from its stochastic effect, attributed to FDG-PET/CT.
This risk is remarkable when we treat pathology with high cure rate and
survival indexes that can also be exposed to radiotherapy.

In all cases where it was possible to obtain the comparative
analysis of the methods in the same patient staging and follow-up,
patients 10, 14, 15 and 20, there was no follow-up disagreement
between the methods in the follow-up examinations.

The ability to detect early response to the treatment without
exposure to ionizing radiation is one of the WB-MRI/DWI main
advantages, in addition to the possibility to perform multiple scans
during patients’ treatment, with an early response assessment, without
radiations exposure worries, as well as, being more availability on
imaging centers [4,15,19].

The latest World Health Organization on European Union
members available data from 2014 indicate an availability of 0.61
FDG-PET/CT equipment per 100,000 inhabitants and 1.41 MRI
equipment for this same population [34,35]. Newer equipment such
as FDG-PET/MRI, which can perform WB-MRI/DWI with the PET
component, are even less worldwide available.

The available number of patients retrospectively studied, and
consensual exam reading may limit those findings. More expressive
data may be obtained in multicenter, prospective, and inter-observer
analysis.

Conclusion

From our data obtained, we concluded that WB-MRI/DWT is a safe
and valuable method, with very strong Pearson correlation, and almost
perfect Kappa agreement with the FDG-PET/CT gold standard, that
can be used as an alternative in the evaluation of children, adolescents
and young adults with Hodgkin’s lymphoma.
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