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Background: Morphologic features yield low diagnostic accuracy to distinguish between diseased and
normal lymph nodes. The purpose of this study was to compare diseased lymphomatous and normal lymph
nodes using global apparent diffusion coefficient (gADC) histogram parameters derived from whole-body
diffusion-weighted MRI (WB-DWI).
Methods: 1.5 Tesla WB-DWI of 23 lymphoma patients and 20 healthy volunteers performed between
09/2010 and 07/2015 were retrospectively reviewed. All diseased nodal groups in the lymphoma cohort and
all nodes visible on b900 images in healthy volunteers were segmented from neck to groin to generate a
total diffusion volume (tDV). A connected component-labelling algorithm separated spatially distinct nodes.
Mean, median, skewness, kurtosis, minimum, maximum, interquartile range (IQR), standard deviation (SD),
10th and 90th centile of the gADC distribution were derived from the tDV of each patient/volunteer and from
spatially distinct nodes. gADC and regional nodal ADC parameters were compared between malignant and
normal nodes using t-tests and ROC curve analyses. A P value ≤0.05 was deemed statistically significant.
Results: Mean, median, IQR, 10th and 90th centiles of gADC and regional nodal ADC values were
significantly lower in diseased compared with normal lymph nodes. Skewness, kurtosis and tDV were
significantly higher in lymphoma. The SD, min and max gADC showed no significant difference between
the two groups (P>0.128). The diagnostic accuracies of gADC parameters by AUC from highest to lowest
were: 10th centile, mean, median, 90th centile, skewness, kurtosis and IQR. A 10th centile gADC threshold
of 0.68×10−3 mm2/s identified diseased lymphomatous nodes with 91% sensitivity and 95% specificity.
Conclusions: WB-DWI derived gADC histogram parameters can distinguish between malignant lymph
nodes of lymphoma patients and normal lymph nodes of healthy individuals.
Keywords: Whole-body diffusion-weighted MRI; lymphoma; lymph nodes; decision-making; histogram;
diffusion-weighted MRI
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Introduction
Malignant lymphoma is a common, systemic malignancy
that predominantly affects lymph nodes, but can occur
anywhere in the body (1-3). Accurate assessment of the
disease distribution, sites of involvement and tumour stage
is essential for management planning (4). Imaging is critical
and is usually performed with whole body coverage for
primary staging and disease follow-up (5).
Lymph node assessment by conventional CT or MRI
relies on size measurement thresholds and morphologic
features to discriminate between diseased and normal lymph
nodes. This method has limited diagnostic accuracy (6,7).
Fluorodeoxyglucose (FDG) PET/CT shows high diagnostic
accuracy for detecting nodal and extranodal disease and
is currently the imaging method of choice. However,
PET/CT comes with exposure to ionising radiation and
radioactivity (2,8). In addition, some patients, for example
diabetics with poorly controlled blood sugar, will not be
suitable for FDG-PET/CT, because of decreased sensitivity
for disease detection (9).
Whole body diffusion-weighted MRI (WB-DWI) is a
functional imaging technique, which can overcome some
of the shortcomings of PET/CT (10), and can be a fast
and safe alternative (11). DWI visualizes differences of
water mobility in the body. Cellular tissues (e.g., lymph
nodes) return high signal, while the signal of the less
cellular background tissues is suppressed. This results
in a high signal contrast between lymph nodes and the
surrounding tissues. The water mobility can be quantified
by calculating the apparent diffusion coefficient (ADC),
which was shown to inversely correlate with cellularity
with good measurement repeatability allowing for tissue
characterization (12-14). WB-DWI derived ADC is used
as a cancer biomarker for multiple tumour entities with
systemic, malignant disease manifestation such as multiple
myeloma, metastatic prostate and breast cancer (14,15).
WB-DWI was shown to be a feasible alternative for pretherapeutic staging and response evaluation in patients with
lymphoma (11,16-18). Superior diagnostic accuracy of WBDWI over PET/CT was exhibited in lymphoma subtypes
with variable FDG uptake (16). Significant differences were
observed in the mean ADC values between lymphoma
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and normal lymph nodes on a node-by-node comparison
basis (19). However, the deployment of mean ADC values
for clinical nodal assessment has been limited by the overlap
of these values between diseased and normal lymph nodes.
To date, no previous study has evaluated the DWI property
of lymph nodes on a global basis, by summating all the sites
of nodal disease across the body and measuring the global
disease ADC (gADC) value. Additional value of analysing
ADC distribution parameters such as the median, centiles,
standard deviation, skewness and kurtosis were shown to
improve lymph node characterisation (20,21). However,
data related to the gADC histogram differences between
normal lymph nodes and nodal disease in lymphoma from
WB-DWI is lacking. Knowledge of these WB-DWI gADC
histogram parameters may help with more accurate disease
diagnosis of malignant nodal groups.
The purpose of this study was to compare diseased
lymphomatous and normal lymph nodes using gADC
histogram parameters derived from WB-DWI.
Methods
Study design and patient population
The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The data
reported in this retrospective study was derived from two
prospective studies approved by the local research and
ethics committee of the Royal Marsden Hospital. Written
informed consent was obtained. In the first study, 23 patients
with histopathologically proven lymphoma underwent WBMRI before and 12 weeks after chemotherapy. Only the
baseline imaging of this patient cohort was reported as part
of this analysis. 18-FDG PET/CT was performed in all
patients, with a mean time interval between both modalities
of seven days. In the second study, 20 healthy volunteers
underwent WB-MRI as part of a protocol development
study to establish normal findings on WB-MRI. They
had to match the following inclusion criteria: no history
of malignancy, previous surgery, acute inflammation or
infection within four weeks prior to scanning and no shortor long-term medications. Informed written consent was
obtained from all patients and volunteers.
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Figure 1 Whole-body diffusion-weighted MRI Protocol, axial diffusion weighted b50 (A) and b900 (B) images and the calculated apparent
diffusion coefficient (ADC) map (C) show large left axillary mass (arrow head) and bilateral, hilar lymphadenopathy (arrows) with restricted
diffusion in a 62-year-old male lymphoma patient. A corresponding axial T1-weighted anatomical image (D) is presented in the bottomright panel.

Whole-body diffusion weighted imaging
Axial WB-DWI of lymphoma patients and healthy individuals
was performed on a 1.5T MRI scanner (MAGNETOM
Avanto, Siemens AG, Healthcare Sector, Erlangen, Germany)
in free-breathing using the following imaging parameters:
Matrix =150×144, Partial Fourier =6/8, TE =64.8 ms, TR
=14.6s, Receiver Bandwidth =1,961 Hz/px, b-values =50 and
900 s/mm2, three scan trace weighted diffusion encoding,
STIR fat suppression (TI =180 ms), Slice Thickness =5 mm,
Field of View =400×390 mm2. Parallel imaging GRAPPA
was applied to reduce distortion along the phase-encoding
direction (R=2). The number of signal averages was four for
each b-value. Images were acquired from vertex to midthigh
using four consecutive imaging stations comprising of
50 slices each. The DWI acquisition time was approximately
24 minutes.
To facilitate anatomical localization of lymph nodes,
breath-hold axial T1-weighted MR images, matched to
the same imaging field of view and slice thickness of the
WB-DWI were also acquired using the following imaging
parameters: T1 fast low angle shot, matrix =256×105, slice
thickness =5 mm, TR =386 ms, TE =4.8 ms, flip angle
=70°, number of averages =1. Figure 1 shows typical images
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obtained for a patient with lymphoma using the MRI study
protocol.
Image analyses and processing
Open-access software (OsiriX version 56, PixmeoSARL
Bernex, Switzerland) was used for analysis and postprocessing (22). Through visual comparison with the
anatomical T1-weighted images, lymph nodes were
identified on b900 images as discrete ovoid structures
demonstrating high signal intensity.
Global ADC (gADC) from the total disease volume
In histopathologically proven lymphoma patients, diseased
nodal groups were defined as containing nodes larger than
1 cm short axis diameter with visually increased 18F-FDG
tracer uptake. All lymph nodes of malignant nodal groups
visible on b900 images were included for subsequent
analyses of the global ADC (gADC) histogram. Volumes
of interest (VOIs) of involved lymph nodes were calculated
using a proprietary IDL-based post-processing software
(Exelis Visual Information Solutions, Inc.). The details for
this algorithm were described by Blackledge et al. (23).

Quant Imaging Med Surg 2021;11(8):3549-3561 | http://dx.doi.org/10.21037/qims-21-50

3552

Donners et al. Whole-body DWI ADC parameters in lymphoma and normal nodes

In the volunteers, all lymph nodes visible on the b900
images were included for gADC histogram analyses. The
propriety segmentation software used in lymphoma patients
was not used in the volunteers, as it had not been verified
for use in healthy patients. VOIs were manually generated
by a board-certified radiologist using a semi-automated
segmentation software employing the “GrowCUT”
algorithm (24) integrated in OsiriX. VOIs were manually
adjusted to include as much of the nodal parenchyma as
possible, excluding non-lymphatic tissue.
The generated VOIs were summarized as the total
diffusion volume (tDV) representing the total lymph node
volume of each patient/volunteer and were transferred
onto the corresponding ADC maps. The gADC histogram
parameters mean, median, interquartile range (IQR),
standard deviation (SD), 10th and 90th percentile,
minimum (min) and maximum (max), skewness and kurtosis
were calculated and recorded for each patient. The naturallogarithm of tDV, ln(tDV), was calculated as an additional
parameter (logarithm used to normalize the distribution of
volumes).
ADC from individual nodal regions
A connected component-labelling algorithm was employed
to separate spatially distinct nodal regions from the tDV in
lymphoma patients and healthy volunteers. The same ADC
histogram parameters described above as well as the natural
logarithm of tDV, ln(tDV), were derived from each of the
spatially distinct regional nodal volumes identified using
this algorithm.
Statistical analyses
Statistical analyses were performed using commercially
available software (IBM SPSS Statistics Version 22, IBM
Corp. Armonk, New York, USA and MedCalc Version
19.0.7, MedCalc Software bvba, Ostend, Belgium) and
freeware (and RStudio, Version 1.2.1335, RStudio,
Inc, Boston, USA). Unpaired t-tests (assuming unequal
variance) were performed to compare ln(tDV) and gADC
parameters between lymph nodes of lymphoma patients
and healthy volunteers. A P value <0.05 was deemed
statistically significant. When a parameter demonstrated
statistical significance, receiver operator curves (ROCs)
were generated to determine optimal parameter threshold
values discriminating malignant from benign lymph nodes.
Calculation of the Youden index for each point on the
ROC plot allowed optimal choice of threshold values. The
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ROC area under the curve (AUC) as an index of diagnostic
accuracy of the test was calculated. ROC statistics were
compared for ADC distribution parameters derived within
the entire tDV and for the spatially distinct nodal volumes
and a Benjamini-Hochberg procedure was used to correct
for multiple comparisons. Multivariate analyses with
Bonferroni corrections were performed to explore ADC
differences between lymphoma subtypes.
Literature review
The PubMed database was searched for studies describing
quantitative imaging analyses of lymph nodes applying
ADC values.
Results
Participants
In total, 43 consecutive WB-DWI studies performed
between 09/2010 and 07/2015 were included: pre-treatment
WB-DWI of 23 patients with histopathologically verified
lymphoma (12 females, 11 males) with a mean age of
59.5 years (range 24–87 years) and WB-DWI of 20 healthy
individuals (7 female, 13 male) with a mean age of 34.8 years
(range 22–60 years). Lymphoma subtypes in order of
declining frequency were: diffuse large b-cell [10], follicular
[7], mantle cell [3], angioimmunoblastic T cell [2] and
marginal cell lymphoma [1]. A total number of 1309 distinct
regional nodal volumes identified on b900 images was
analysed.
Test results—global ADC
The mean values and SD of tDV and gADC parameters
calculated for each patient are shown in Table 1. We found
that the mean, median, 10th and 90th centiles gADC values
were significantly lower in malignant than in normal lymph
nodes. By contrast, ln(tDV), gADC skewness and kurtosis
were significantly larger in lymphoma. The gADC SD,
IQR, minimum and maximum gADC showed no significant
difference between malignant and normal lymph nodes (each
P>0.052).
Table 2 shows the performance of the significant gADC
discriminators. The order of the diagnostic accuracies of
gADC parameters by AUC performance from highest
to lowest was: 10 th centile, mean, median, 90 th centile,
skewness and kurtosis. Figure 2 visualises the overlap
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Table 1 Total diffusion volume and global ADC histogram comparison between lymphoma patients and healty individuals
Lymphoma

Healthy individuals

P value

Mean

SD

Mean

SD

4.98*

1.25

3.18*

0.38

0.004

0.83*

0.17

1.15*

0.13

<0.001

SD (×10 mm /s)

0.28

0.09

0.31

0.05

0.170

Skewness

1.37*

0.92

0.61*

0.42

0.001

3.76*

4.13

1.31*

1.33

0.012

0.78*

0.19

1.10*

0.12

<0.001

0.32

0.13

0.38

0.08

0.052

10th centile (×10 mm /s)

0.55*

0.10

0.80*

0.09

<0.001

90th centile (×10−3 mm2/s)

1.19*

0.26

1.57*

0.21

<0.001

-0.05

0.47

−0.03

0.39

0.863

2.44

0.60

2.54

0.33

0.492

ln(tDV) (mL)
−3

2

Mean (×10 mm /s)
−3

2

Kurtosis
−3

2

Median (×10 mm /s)
−3

2

IQR (×10 mm /s)
−3

−3

2

2

Minimum (×10 mm /s)
−3

2

Maximum (×10 mm /s)

SD, standard deviation; IQR, interquartile range. For any parameters in which a significant difference is found between lymphoma and
healthy nodes (P<0.05), the mean is indicated with an asterisk (*).

Table 2 Diagnostic performance of global ADC histogram parameters in distinguishing lymphoma from healthy lymph nodes

−3

2

Mean ×10 mm /s
Median ×10−3 mm2/s

AUC

95% CI

Threshold

Sensitivity

Specificity

0.92

0.82–0.99

0.95

0.81

0.95

0.91

0.79–1.00

0.91

0.87

0.95

th

−3

2

0.95

0.86–1.00

0.67

0.91

0.95

th

−3

2

90 centile ×10 mm /s

0.88

0.76–0.97

1.42

0.87

0.80

Skewness

0.79

0.63–0.92

1.03

0.65

0.95

Kurtosis

0.71

0.55–0.86

2.04

0.57

0.95

10 centile ×10 mm /s

Diagnostic descriptors are generated for apparent diffusion coeffient (ADC) parameters calculated over the entire total diffusion volume,
Threshold parameter values with corresponding sensitivity and specificity are given. SD, standard deviation; IQR, interquartile range; AUC,
area unter the receiver operating characteristics curve; CI, confidence interval.

of gADC parameters between lymphoma and healthy
individuals. There was no significant difference of AUC
between mean and median gADC, 10 th and 90 th centile
gADC (each P>0.131). Mean gADC AUC was significantly
larger than gADC skewness AUC (P=0.032) and gADC
kurtosis (P=0.004). 10th centile and median gADC AUC
were significantly larger than for gADC kurtosis (each
P<0.010). Median and 90 th centile gADC AUC were
significantly larger than for gADC skewness (each P<0.043).
In correspondence to the AUC, the highest Youden index
among gADC histogram parameters was calculated for the
10th centile gADC at a threshold of 0.67×10−3 mm2/s, smaller
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values identifying disease with 91% sensitivity and 95%
specificity. A median gADC value less than 0.91×10−3 mm2/s
identified disease with 87% sensitivity and 95% specificity.
81% sensitivity and 95% specificity was shown for a
threshold mean ADC value of 0.95×10−3 mm2/s. Sensitivity
of the 10th centile cut-off was significantly larger than for
the mean gADC cut-off (P=0.046). Exemplar maximum
intensity projections delineating lymph nodes of a
lymphoma patient and a healthy volunteer are demonstrated
in Figure 3. Figure 4 visualises the corresponding gADC
histograms of lymphoma and healthy nodes of this
particular patient (A) as well as the ADC distribution across
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Diagnosis
Lymphoma
Healthy volunteers

4.0

3.5

Global ADC parameter value

3.0

2.5

2.0

1.5

1.0

0.5

0.0

mean

median

10th centile 90th centile skewness

kurtosis

Global ADC parameter

Figure 2 Global apparent diffusion coefficient (ADC) boxplots to distinguish between lymphoma and lymph node volumes of healthy
volunteers. ADC values are given as 10−3 mm2/s.

all study subjects in both groups (B). No gADC parameter
showed significant difference between different lymphoma
subtypes (each P>0.324).
Regional nodal volumes
In total 307 diseased nodal volumes were identified in the
lymphoma patients and 1,002 healthy individual nodes
were identified in the volunteer group by the connected
component labelling algorithm. Table 3 shows the
diagnostic performance of the ADC parameters derived
from distinct nodal volumes, which differed significantly
between the two groups. In contrast to the corresponding
gADC parameters, distinct nodal min and max ADC were
significantly lower in lymphoma. The order of diagnostic
accuracies of the parameters as indicated by the AUC from
highest to lowest was: median and 10th centile, mean, min,
90th centile, skewness, kurtosis and max ADC. Violin plots
demonstrating the distribution of parameters calculated
for individual diseased/healthy distinct nodal volumes are
compared in Figure 5. The natural logarithm of nodal
volume, ln(tDV), showed the highest Youden index—a
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threshold of 0.08 (representing a 1.08 mL nodal volume),
resulting in 75% sensitivity and 91% specificity.
Literature review
The ADC values and respective threshold values for
differentiation derived from single-slice ROI measurements
on small field of view head and neck MRI and other WBDWI studies are presented in Table 4.
Discussion
WB-DWI was deemed a highly sensitive imaging technique
for lymphoma showing high levels of agreement with PET/
CT (17,18,30,31,34-37). However, quantitative ADC
thresholds for lymph node characterization are rarely
applied (17). Thus, the potential of WB-DWI has not
been fully exploited, in part due to the lack of established
and reliable ADC threshold values discriminating between
diseased and normal lymph nodes.
Our study applies an algorithm to identify and segment
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B

C
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F

Lymphoma patient

Healthy volunteer

A

Figure 3 Volumes of interest delineating lymph nodes in a healthy volunteer and a lymphoma patient, Top: 30-year-old healthy volunteer.
Maximum intensity projection (MIP) derived from the inverted b900 images (A), the superimposed red regions (B) indicate the total
diffusion volume (tDV) generated by the “GrowCut” algorithm; these regions are separated using a connected component labelling
algorithm and superimposed in separate colours (C). Bottom: Male 62-year-old lymphoma patient. An in-house developed algorithm was
used to semi-automatically define the tDV in lymphoma patients (red regions, E). Individual nodes were segmented using the connected
component labelling (multi-colour regions, F).

diseased nodal regions across the body, which allows the
gADC of all lymphomatous nodes to be characterised
compared with a large population of benign lymph nodes
in normal volunteers. We found that gADC histogram
parameters were able to distinguish between diseased
lymphomatous nodes and those of healthy volunteers.
The former showed significantly lower gADC values.
The gADC 10th centile performed best for discriminating
between lymphoma patients and healthy volunteers. For
discriminating individual nodal volumes as diseased or
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healthy, we found the 10 th centile value to be of good
discriminatory value. Although, diagnostic performance was
not significantly superior to mean ADC, this could have
diagnostic implications. Previous works on different entities
have described the merits of the 10th centile ADC as an
oncologic imaging biomarker, which warrants prospective
performance comparison of 10th centile, mean and median
ADC (38).
In contrast to the reviewed small field of view and
WB-DWI literature on quantitative DWI for lymph
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Individual patient/volunteer
ADC statistics
Lymphoma
Healthy nodes

2.5

Volume-normalised frequency density

Normalised frequency density

3.0

2.0
1.5
1.0
0.5
0.0
0.0

0.5

1.0
1.5
2.0
ADC (×10−3 mm2/s)

2.5

Population ADC statistics

3.0

Lymphoma
Healthy nodes

2.0

1.5

1.0

0.5

0.0
0.0

0.5

1.0
1.5
2.0
ADC (×10−3 mm2/s)

2.5

3.0

Figure 4 Global apparent diffusion coefficient (ADC) histograms. A: The healthy volunteer and the lymphoma patient whose total diffusion
volumes (tDV) are presented in Figure 3. Note the visual increase in skewness and kurtosis of the gADC distribution in lymphoma. B:
Population histograms of gADC values within the tDV of all lymphoma patients (red) and healthy volunteers (green). To remove volume
bias, histograms are composed of the weighted sum of gADC histograms for each individual patient/volunteer (weighted by the inverse of
the tDV for each individual). Note the visual increase in skewness and kurtosis of the gADC distribution in lymphoma.

Table 3 Diagnostic performance of distinct nodal volume ADC histogram parameters in distinguishing lymphoma from healthy lymph nodes

−3

2

Mean ×10 mm /s
Median ×10−3 mm2/s

AUC

95% CI

Threshold

Sensitivity

Specificity

0.85

0.83–0.88

0.92

0.71

0.85

0.86

0.84–0.89

0.90

0.73

0.85

th

−3

2

0.86

0.83–0.88

0.70

0.73

0.86

th

−3

2

90 centile ×10 mm /s

0.81

0.78–0.84

1.14

0.67

0.82

Skewness

0.64

0.60–0.67

0.86

0.41

0.80

Kurtosis

0.64

0.61–0.68

0.52

0.57

0.66

10 centile ×10 mm /s

Diagnostic descriptors are generated for apparent diffusion coeffient (ADC) parameters calculated from spatially distinct nodal volumes
generated by the connected component labelling algortithm. Threshold parameter values with corresponding sensitivity and specificity
are given. SD, standard deviation; IQR, interquartile range; AUC, area unter the receiver operating characteristics curve; CI, confidence
interval.

node characterisation, we evaluated ADC measurements
derived from a semi-automatic segmentation of lymph
node volumes. In metastatic bone disease this approach was
shown to offer good reproducibility (39). The calculated
gADC and ADC values of normal and diseased nodes are
comparable with ADC measurements recorded in previous
studies.
Kwee et al. published the only prior study comparing
malignant nodes with normal nodes of healthy patients
employing WB-DWI in lymphoma patients and extended
field of view DWI in healthy individuals. ADC measurements
were derived from manually placed single slice ROIs.
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ROIs were placed in FDG-PET/CT positive lymph nodes
in lymphoma patients and in the largest lymph node of
healthy patients (19). DWI of the thorax and abdomen were
not included in healthy patients compared to a true WBDWI protocol employed in our volunteers. This may have
contributed to a higher mean nodal gADC in our healthy
volunteers, as well as a higher gADC threshold in our study
compared with those reported by Kwee et al. Lymph nodes
of the thorax and abdomen are prone to be affected by bulk
motion, which can increase ADC values due to partial volume
effects.It needs to be noted that our measured gADC values
were within the standard deviation of the ADC measurements
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Figure 5 Violin plots for apparent diffusion coefficient (ADC) distributions derived within nodes from lymphoma patients and healthyvolunteers. In each case the shaded region demonstrates (vertically) the distribution of each statistic amongst the individual nodes (307
diseased nodes and 1002 healthy nodes). The whiskers represent (in order from bottom to top) the minimum, the median, and the maximum
of the statistic.

reported by Kwee et al. Moreover, ADC values are known to
have a variability of 5–12%, increasing with smaller volume
measurements (40,41). The general agreement of gADC
measurements of lymph nodes with previous literature using
regional ADC measurements shows that a volume based
approach is feasible and reliable while allowing to include a
larger disease volume. In a future prospective scenario, the
software could allow for whole-body lymph node region
delineation and automated identification of suspicious nodal
regions according to their ADC histogram characteristics and
verify the derived ADC cut-off values of this study.
This study has several limitations. First, it needs to be

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

emphasized, that within our study individual nodal volumes
in lymphoma patients do not represent individual nodes, but
rather the smallest individual nodal volume, as identified by
the segmentation algorithm. Yet to be developed, advanced,
automated segmentation tools may allow for improved
identification of individual nodes and true per nodal
analyses. Second, only 23 lymphoma patients were included.
Consequently, ADC differences between lymphoma
subtypes could not be adequately assessed. However, current
literature suggests little difference in the ADC values
between malignant lymph nodes of different lymphoma
subtypes, which is in keeping with the presented findings
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Table 4 Literature on quantitative ADC analyses of malignant lymph nodes
Authors

Mean ADC lymphoma

Mean ADC normal

Threshold ADC

Sens. in %

Spec. in %

Head and neck DWI
King et al. (25)

0.66±0.07

Abdel et al. (26)

0.97±0.27

1.64±0.16†

1.38

98

88

Holzapfel et al. (27)

0.64±0.09

†

1.24±0.16

1.02

100

87

Perrone et al. (28)

0.85±0.17

1.45

1.03

100

93

Whole body DWI
Chen et al. (29)

0.60±0.11

Lin et al. (30)

0.66±0.15

Wu et al. (31)

0.71*

Wu et al. (32)

0.68±0.18; 1.04 (0.63–3.22)

1.37 (0.7–2.67)†

1.11

58

74

0.70±0.22

1.00±0.15

0.8

78

100

0.87±0.17

†

1.08

88

91

1.11

58

74

Kwee et al. (19)
Li et al. (33)
De Paepe (21)

1.04 (0.63–3.22)

1.20±0.10

†

1.37 (0.7–2.67)

The mean apparent diffusion coefficient (ADC) of malignant nodes in lymphoma and normal nodes; and theshold values for differentiation
with corresponding sensitivity (sens) and specificity (spec) are given. †indicates that normal measurements are derived from lymph nodes
deemed normal on the basis of other imaging modalities in lymphoma patients. *no standard deviation or range provided.

(16,42). Third, differences in diffusion characteristics of
different anatomical regions were not assessed. Fourth, we
were unable to obtain pathological verification of all nodes
that were segmented by DWI. However, the nodal groups
segmented were verified to be FDG avid. Fifth, DWI may
be subject to a number of artefacts, which affect image
quality and ADC calculation. Moreover attention should be
paid on the choice of b-values for ADC calculation, as low
b-value (<150 s/mm2) imaging is subject to perfusion effects,
which may bias subsequent ADC calculation towards
higher values. This can also have implications for ADC
comparison. However, the choice of the paired b-values of
b=50 and 900 s/mm2 are widely employed in whole body
MRI studies. Lastly, two different segmentation methods
were applied, as there was no automated segmentation tool
available for normal lymph nodes at the time of the study.
However, segmentation was performed by an experienced
radiologist with more than 5-year experience in MRI.
In conclusion, WB-DWI derived gADC histogram
parameters can distinguish between malignant lymph
nodes of lymphoma patients and normal lymph nodes of
healthy individuals. The 10th centile gADC showed superior
sensitivity over the mean gADC. Parameters describing
the gADC histogram may serve as valuable biomarkers for

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

lymphoma disease assessment.
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