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Introduction
Pulmonary nodules and masses (PNMs) are common findings 
on chest radiographies. Of the causes of cancer-related deaths, 
lung cancer is one of the high mortality in PNMs and its correct 
diagnosis is essential for all patients. 18-fluoro-2-deoxy-glucose 
positron emission tomography/computed tomography (FDG-
PET/CT) has become a recognized method for imaging 
PNMs. Its maximum standardized uptake value (SUVmax) 
means glucose metabolism and shows how aggressive the tumor 
is. The FDG-PET/CT is efficient for discriminating benign 
from malignant pulmonary nodules.1 However, FDG-PET/
CT is easy to express false-negative outcomes for small volumes 
of metabolic tumors,2 or well-differentiated adenocarcinoma,3 
and false-positive outcomes for inflammatory lesions.4

Partly due to the report of the Radiologic Diagnostic 
Oncology Group in 1991, magnetic resonance imaging (MRI) 
for lung cancer has only been narrowly used for over the past 
30 years for mediastinal invasion or chest wall invasion of lung 
cancer.5 Diffusion-weighted magnetic resonance imaging 
(DWI) uses the random motion of water molecules found in 
biological tissue to generate images. Creating a quantitative 
parameter of the diffusion of water molecules in biological tis-
sues will give us an apparent diffusion coefficient (ADC) 
value. As the ADC of malignant tumors is quite a bit lower 
than that of benign tissues, DWI can be an effective tool in the 
staging or the diagnosing of lung cancers.6 Its ADC value 
shows a quantitative parameter of the diffusion of water mol-
ecules in biological tissues and is usually significantly lower in 
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malignant tumors compared with normal tissues or benign 
lesions.

A meta-analysis showed that DWI is able to reliably diagnose 
malignant from benign pulmonary lesions.7 The DWI can dis-
tinguish benign from malignant lesions in the lung,7,8 in the tho-
rax,9 in the prostate,10 in the breast,11 and in the liver.12 Although 
DWI is able to diagnose benign from malignant lesions in the 
lung, it was difficult to differentiate pulmonary abscesses from 
lung cancers because pulmonary abscesses show strong restricted 
diffusion. Lung cancers show stronger diffusion in wall area of 
the tumor; on the contrary, pulmonary abscesses have stronger 
diffusion in central pus area of the lesion examined by DWI.13

The aim of this article is to conclude whether total ADC 
and inside/wall ADC ratio, which presents the ratio of the 
inside ADC of the lesion divided by the wall ADC of the 
lesion, are efficient in discriminating lung cancers from benign 
pulmonary nodules and masses (BPNMs), especially pulmo-
nary abscess.

Patients and Methods
Eligibility

The research protocol for examining DWI in patients with 
PNMs was approved by the ethical committee of Kanazawa 
Medical University (approval number: No. I302). After consult-
ing patients on the risks and benefits of the examinations, writ-
ten informed consent for MRI was obtained from each patient.

Patients

This was a retrospective research. In the patients who had a 
primary lung cancer or a BPNM and had DWI examination 
before pathological diagnosis or bacterial diagnosis from May 
2009 to April 2018, 91 patients who qualified for this research 
were collected (Figure 1). Out of the 91 patients, only 88 could 
get ADC and inside/wall ADC ratio after examinations and 
became our study group. All patients had not received prior 

treatment. Sixty patients were male and 28 were female. Their 
mean age was 68 years old (range: 46-85). There were 40 lung 
cancers and 48 BPNMs. The diagnosis was made pathological 
in 40 lung cancers and 26 BPNMs. Thirteen BPNMs were 
diagnosed as mycobacteria disease by a bacterial culture or 
resection, and remaining 9 BPNMs were diagnosed as pneu-
monia by decreased size or disappearance of the BPNMs.

The pulmonary lesions were divided into 3 groups (lung 
cancer, inflammatory, and noninflammatory BPNM) based on 
the cause (malignant, benign with inflammation causes, benign 
without inflammation causes) (Figure 1, Table 1). For 40 lung 
cancers, there were 28 adenocarcinomas, 10 squamous cell car-
cinomas, 1 large-cell neuroendocrine carcinoma, and 1 large 
cell carcinoma. For 48 BPNMs, there were 41 inflammatory 
BPNMs (pulmonary abscess 10, mycobacteria disease 13 
[tuberculosis 5, nontuberculous mycobacteriosis 8], pneumonia 
12, organized pneumonia 2, pulmonary scar 2, pneumoconiosis 
1, and pulmonary granuloma 1), and 7 noninflammatory 
BPNMs (hamartoma 3, pulmonary sequestration 2, inflamma-
tory myofibroblastic tumor 1, and encapsulated pleural effusion 
1). The new definitions in UICC 8 were applied for TNM 
classification and the lymph node stations of lung cancer.14

MR imaging

For all MR images, a 1.5 T superconducting magnetic scanner 
(Magnetom Avanto; Siemens, Erlangen, Germany) was used. 
For the conventional MR images, a coronal T1-weighted spin-
echo sequence and coronal and axial T2-weighted fast spin-
echo sequences were taken. For DWIs, a single-shot 
echo-planar method were applied with slice thickness of 6 mm 
under SPAIR (spectral attenuated inversion recovery) and res-
piratory triggered scan with the following parameter: TR 4000 
to 6000 ms, TE 65 ms, tridimensional gradients with b values 
of 0 and 800 s/mm2; diffusion gradient encoding in 3 orthogo-
nal directions; matrix size, 128 × 128; field of view, 350 mm. 
After image reconstruction, region of interest (ROI) for the 

Primary lung cancers or benign pulmonary nodules and masses (BPNMs)
Diffusion-weighted magnetic resonance imaging

n = 91 

Insufficient data
n = 3

Enrolled patients of lung cancers and BPNMs
n = 88

Lung cancers
n = 40

BPNMs
n = 48

Inflammatory benignity
n = 41

Non-inflammatory benignity
n = 7

Figure 1.  The flowchart of patient selection. Three patients were excluded due to insufficient data.
BPNM indicates benign pulmonary nodules and masses.
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ADC was set up as follows (Figure 2): Total ADC was calcu-
lated as a total ADC value of the whole area of the lesion with-
out excluding necrosis by free-hand ROIs on lesions which 
were detected visually on the ADC maps. Wall ADC was 
defined as the ADC value measured in the outer one-third of 
the lesion. Inside ADC was defined as the ADC value meas-
ured in the central two-thirds of the lesion. Inside/wall ADC 
ratio was the ratio of inside ADC divided by the wall ADC 
(Figure 3). These ADC values were obtained by drawing round, 
elliptical or free-hand ROIs on lesions which were identified 
by sight on the ADC map with reference to T2-weighted or 
CT image. A radiologist (M.D.) with 25 years of MRI experi-
ence, who was not informed of the patients’ clinical data and a 

pulmonologist (K.U.), who has 30 years of experience, analyzed 
the MRI data. They eventually had the same conclusion.

Statistical analysis

The data obtained are reported as the mean ± standard devia-
tion. A 2-tailed Student t test was performed for comparison of 
several values of 2 groups and analysis of variance was per-
formed for comparison of several values of 3 or more groups in 
several factors. Using GraphPad Prism (Version 5.02, 
GraphPad Software, Inc. La Jolla, CA, USA) receiver operat-
ing characteristic (ROC) curves were obtained and optimal 
cutoff values of the ADC and the inside/wall ADC ratio in 
terms of discrimination of lung cancers from BPNMs were 
determined. The statistical analyses were performed using the 
computer software StatView for Windows (Version 5.0; SAS 
Institute Inc. Cary, NC, USA). A P value of <.05 was decided 
statistically significant.

Results
In ROC curve of total ADC for distinguishing BPNM from 
lung cancer for all the 88 PNMs (Figure 4A), the area under 
the ROC curve was 71%. When the cutoff value of total ADC 
was set as 1.270 × 10−3 mm2/s, the sensitivity was 75.6% and 
the specificity was 60.4%. In ROC curve of the inside/wall 
ADC ratio for distinguishing BPNMs from lung cancer 
(Figure 4B), area under the ROC curve was 87.1%. When the 
cutoff value of the inside/wall ADC ratio was set as 0.9695, the 
sensitivity was 87.5%, specificity 81.3%.

In the 10 patients with pulmonary abscesses, 2 patients 
showed coughing, 1 cough with blood sputum, and 1 chest 
pain. The remaining 6 patients showed no symptoms. No 

Lung cancer BPNM 
(benign pulmonary nodule and mass)

Inside/wall ADC ratio = Inside ADC / Wall ADC

Wall ADC

Inside ADC

Figure 2.  Schemas of ADC map for lung cancer and BPNM. Wall ADC 

was defined as the ADC value measured in the outer one-third of the 

lesion. Inside ADC was defined as the ADC value measured in the central 

two-thirds of the lesion. Inside/wall ADC ratio was the ratio of inside ADC 

divided by the wall ADC.
ADC indicates apparent diffusion coefficient; BPNM, benign pulmonary nodules 
and masses.

DWI ADC map

DWI ADC map

A

B

Figure 3.  (A) Adenocarcinoma. Total ADC value: 1.21 × 10−3 mm2/s. Wall ADC: 1.18 × 10−3 mm2/s. Inside ADC: 1.25 × 10−3 mm2/s. Wall/Inside ADC ratio 

1.11. (B) Pulmonary abscess. Total ADC: 1.40 × 10−3 mm2/s. Wall ADC: 2.00 × 10−3 mm2/s. Inside ADC: 1.13 × 10−3 mm2/s. Inside/Wall ADC ratio 0.57.
ADC indicates apparent diffusion coefficient. 



Usuda et al	 5

patients had a fever. No patients had an elevated white cell 
count, or a neutrophil shift. For CRP, there was 1 patient above 
3.0 mg/dL, 5 patients below 1.0 mg/mL, and the remaining 4 
patients showed below 0.1 mg/dL.

The mean lesion size (43.4 ± 18.3 mm) of the lung cancers 
was remarkably higher than that (23.7 ± 13.8 mm) of the 
BPNMs (P < .0001). The mean total ADC value (1.26 ± 0.32 
× 10−3 mm2/s) of the lung cancers was remarkably lower than 
that (1.53 ± 0.53 × 10−3 mm2/s) of the BPNMs (P = .0072) 
(Figure 5A, Table 1). Total ADC values based on detailed diag-
nosis of PNMs were presented (Figure 5B). Although pulmo-
nary abscesses were benign, the total ADC value (1.26 ± 0.50 × 
10−3 mm2/s) of the pulmonary abscesses was almost same as that 
(1.26 ± 0.32 × 10−3 mm2/s) of the lung cancers, which could not 
be distinguished from lung cancers (Figure 5B, Table 1).

When the pulmonary lesions were divided into 3 groups 
(lung cancer, inflammatory, and noninflammatory BPNM), the 
mean total ADC values were 1.26 ± 0.32 × 10−3 mm2/s in 
lung cancer, 1.45 ± 0.47 × 10−3 mm2/s in inflammatory 
BPNM, and 2.04 ± 0.63 × 10−3 mm2/s in noninflammatory 

BPNM (Figure 6, Table 1). There were notable differences 
among 3 groups (P < .01). The mean wall ADC values were 
1.15 ± 0.33 × 10−3 mm2/s in lung cancer, 1.61 ± 0.63 × 10−3 
mm2/s in inflammatory BPNM, and 1.87 ± 0.37 × 10−3 
mm2/s in noninflammatory BPNM. The mean wall ADC 
value of the lung cancers was remarkably lower than that of the 
inflammatory BPNM (P < .0001) and than that of the nonin-
flammatory BPNM (P = .0007). The mean inside ADC val-
ues were 1.33 ± 0.32 × 10−3 mm2/s in the lung cancer, 1.26 ± 
0.51 × 10−3 mm2/s in the inflammatory BPNM, and 2.13 ± 
0.82 × 10−3 mm2/s in the noninflammatory BPNM. The mean 
inside ADC value of the lung cancer was as same as that of the 
inflammatory BPNM and remarkably lower than that of the 
noninflammatory BPNM (P < .0001). The mean inside/wall 
ADC ratios were 1.20 ± 0.28 in the lung cancers, 0.80 ± 0.46 
in inflammatory BPNMs, and 1.14 ± 0.40 in noninflamma-
tory BPNMs. The mean inside/wall ADC ratio of the inflam-
matory BPNMs was remarkably lower than that of the lung 
cancers (P < .0001) and remarkably lower than that of the 
noninflammatory BPNMs (P = .0007).

A B
Figure 4.  Receiver operating characteristic (ROC) curve shows the diagnostic performance of total ADC (A) for distinguishing benign pulmonary nodule 

and mass (BPNM) from lung cancer and of inside/wall ADC ratio (B) for distinguishing pulmonary abscess from lung cancer. (A) Area under the ROC 

curve 71%, ADC = 1.270, sensitivity 75.6%, specificity 60.4%. (B) Area under the ROC curve 87.1%, inside/wall ADC ratio = 0.9695, sensitivity 87.5%, 

specificity 81.3%.
ADC indicates apparent diffusion coefficient; BPNM, benign pulmonary nodules and masses; ROC, receiver operating characteristic.

Lung cancer BPNM

1.53 0.55

10-3 mm2/sec

A

B

10-3 mm2/sec

1.27 1.26
1.43

1.60

1.90

1.16

2.37 2.17

1.27 0.32

1.53 0.53

1.26 0.32

1.53 0.53

1.11 1.11

1.37

3.11

1.26 1.26
1.44

1.60

1.90

1.16

2.03

2.17

p = 0.0072

Figure 5.  Total ADC value based on lung cancer or benign pulmonary nodules and mass (BPNM): (A) diagnosis and (B) detailed diagnosis.
ADC indicates apparent diffusion coefficient; BPNM, benign pulmonary nodules and masses.
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Comparisons between the lung cancers and the pulmo-
nary abscesses were done (Figure 7). The mean total ADC 
value (1.26 ± 0.32 × 10−3 mm2/s) of the lung cancers was 
same as that (1.26 ± 0.50 × 10−3 mm2/s) of the pulmonary 

abscesses (P = .406). The mean wall ADC value (1.15 ± 
0.33 × 10−3 mm2/s) of the lung cancers was not significantly 
lower than that (1.28 ± 0.53 × 10−3 mm2/s) of the pulmo-
nary abscesses (P = .325). The mean inside ADC value (1.33 

Total
ADC

10-3 mm2/sec

Lung 
cancer

Inflammatory
BPNM 

Non-inflammatory
BPNM

1.26 0.32

1.45 0.47

2.04 0.63

p = 0.053

p < 0.0001

p = 0.001

Inside
ADC

10-3 mm2/sec

1.33 0.32 1.26 0.51

2.13 0.82

Lung
Cancer

Non-inflammatory
BPNM

Inflammatory
BPNM

p < 0.0001
p < 0.0001

Wall
ADC

10-3 mm2/sec

Lung
Cancer

1.15 0.33

1.61 0.63

1.87 0.37

p <0.0001
p =0.21

Non-inflammatory
BPNM

Inflammatory
BPNM

p =0.0007

Lung
Cancer

Non-inflammatory
BPNM

p =0.645

p =0.0007
p <0.0001

Inside/wall
ADC ratio

Inflammatory
BPNM

1.20 0.28

0.80 0.46

1.14 0.40

Figure 6.  Total ADC, wall ADC, inside ADC, inside/wall ADC ratio based on lung cancer, inflammatory, or noninflammatory BPNM.
ADC indicates apparent diffusion coefficient; BPNM, benign pulmonary nodules and masses.

Total
ADC

Lung Cancer Pulmonary Abscess

1.26 0.32 1.26 0.50

p = 0.406

10-3 mm2/sec

Wall
ADC

1.15 0.33 1.28 0.53

Lung Cancer Pulmonary Abscess

p = 0.325

10-3 mm2/sec

10-3 mm2/sec

Insid
e

ADC

1.33 0.32

0.94 0.42

Lung Cancer Pulmonary Abscess

p = 0.0019

Inside/wall
ADC ratio

Lung Cancer Pulmonary Abscess

1.20 0.28

0.74 0.14

p <0.0001

Figure 7.  Total ADC, ADC wall, ADC inside, inside/wall ADC ratio based on lung cancer or pulmonary abscess.
ADC indicates apparent diffusion coefficient.
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± 0.32 × 10−3 mm2/s) of the lung cancers was remarkably 
higher than that (0.94 ± 0.42 × 10−3 mm2/s) of the pulmo-
nary abscesses (P = .0019). The mean inside/wall ADC ratio 
(1.20 ± 0.28) of the lung cancers was remarkably higher 
than that (0.74 ± 0.14) of the pulmonary abscesses (P < 
.0001).

In the total ADC analysis, the sensitivity was 67.5% (27/40), 
the specificity was 62.5% (30/48), and the accuracy was 64.8% 
(57/88). The positive predictive value (PPV) was 60.0% 
(27/45) and the negative predictive value (NPV) was 70.0% 
(30/43). In the inside/wall ADC ratio analysis, the sensitivity 
was 92.5% (37/40), the specificity was 77.1% (37/48), and the 
accuracy was 84.1% (74/88). The PPV was 77.1% (37/48) and 
the NPV was 92.5% (37/40).

Discussion
Although total ADC is valuable for differential diagnosis 
between lung cancers and BPNMs, differential diagnosis 
between lung cancers and pulmonary abscess was difficult due 
to lower ADC value. In that situation, inside/wall ADC ratio 
and inside ADC are valuable for differential diagnosis between 
lung cancers and pulmonary abscesses. The investigation of 2 
steps (ADC and inside/wall ADC ratio) is effective for an 
accurate diagnosis of PNMs. The originality of our study is 
based on the DWI comparison of the wall and the inside of 
the pulmonary nodule and mass. There were no published 
researches available on PNMs.

To show the efficacy of DWI for differentiation of lung 
cancers from BPNMs,7,15,16 3 meta-analyses were conducted. 
After reviewing the results of all the meta-analyses, we reached 
the conclusion that DWI could differentiate lung cancers from 
BPNMs. The evidence was proven in this article: total ADC 
was useful for differential diagnosis between lung cancer and 
BPNM.

However, it was difficult to differentiate a pulmonary 
abscess from a lung cancer because a pulmonary abscess showed 
strong restricted diffusion in DWI: the total ADC value (1.26 
± 0.50 × 10−3 mm2/s) of the pulmonary abscesses was same as 
that (1.26 ± 0.32 × 10−3 mm2/s) of the lung cancers, which 
could not be distinguished from lung cancers. Pathologic pro-
cesses, such as pulmonary tuberculosis, nontuberculous myco-
bacteriosis, sarcoidosis, lung abscess, chronic pneumonia, scars, 
and other infectious or inflammatory conditions, could look 
like malignant lesions by presenting diffusion restriction.17-19 
The ADC value of abscesses is low and median ADC value 
(0.877 × 10−3 mm2/s) of abscesses was remarkably lower than 
that (2.118 × 10−3 mm2/s) of phlegmon (P < .001), and that 
(3.008 × 10−3 mm2/s) of edema (P < .01).20 There were several 
reasons for restricted diffusion of a pulmonary abscess or 
inflammatory lesions. The thickness and decreased mobility of 
pus can be caused by its high viscosity and cellularity, and 
exhibit the low ADC values.21 Abscesses and thrombi decrease 
the diffusivity of water molecules because they have 

a hyperviscous nature.22,23 Low ADC value of necrosis was 
connected to the organized abscess environment containing 
microorganisms, intact inflammatory cells, and macromole-
cules.24 The possible reasons for this have been attributed to 
necrotic debris, viscosity, and macromolecules in the pus.21,23 
Most brain abscesses have low ADC values, whereas nonab-
scess (tumor) groups have high ADC values.25 However, carci-
nomas would show restricted diffusion and low ADC value 
because the wall of carcinomas shows a high cellular prolifera-
tion rate, high nucleus-cytoplasm rate, intracellular macromol-
ecules, cells with a large size nucleus, and limited size of the 
extracellular matrix.26,27

Using DWI, larger masses without diffusion decrease could 
be confirmed benign due to their higher ADC value.

In this article, we focus on lung cancers showing stronger 
diffusion in wall area, but a pulmonary abscess has stronger dif-
fusion in central pus area when examined by DWI.13 The 
necrosis/wall ADC ratio would be more efficient for malig-
nant-benign differentiation in necrotic breast lesions than for 
measuring only ADC of the wall.28 Our article presented that 
the mean inside/wall ADC ratio (1.20 ± 0.28) of the lung can-
cers was remarkably higher than that (0.74 ± 0.14) of the pul-
monary abscesses (P < .0001). Furthermore, the mean inside 
ADC value (1.33 ± 0.32 × 10−3 mm2/s) of the lung cancers 
was remarkably higher than that (0.94 ± 0.42 × 10−3 mm2/s) 
of the pulmonary abscesses (P = .0019).

If a PNM shows restrictive diffusion in DWI, and its inside/
wall ADC ratio is higher than the cutoff value (0.9695), the 
lesion can be a lung cancer. However, if a PNM shows restric-
tive diffusion in DWI, and its inside/wall ADC ratio is lower 
than the cutoff value (0.9695), that is to say the inside ADC 
showing lower than the wall ADC, the PNM can be a pulmo-
nary abscess. The necrosis/wall ADC ratio appears to be a reli-
able and a promising tool for differentiating lung carcinoma 
from benign necrotic lung lesions, more so than by just measur-
ing the wall alone.13 As far as I searched the literature of the 
inside/wall ADC ratio, there were 2 articles which were cited 
in this study. The deficiency in the literature was how to dis-
criminate abscess from carcinoma.

There is some worry about absence of standardization in 
ROI selection for ADC assessment. Many researchers sug-
gested that areas of necrosis should be avoided from the assess-
ment of ADC. Based on our analysis, conversely, areas of 
necrosis should be included for the ADC assessment for 
PNMs. The ADC (1.11 × 10−3 mm2/s) of lung cancer with 
necrosis was reported to be remarkably lower than that (1.32 × 
10−3 mm2/s) of lung cancer without necrosis (P = .0001).29 It 
may be better to not discard the necrosis from the assessment 
when evaluating the necrosis/wall ADC ratio.13 In the situa-
tion of lung cancer with necrosis, careful assessment would be 
necessary because wall ADC means an ADC of cancer, but 
inside ADC means sometimes an ADC of necrosis but other 
times an ADC of cancer. In the end, the combination of total 
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ADC, wall ADC, inside ADC and inside/wall ADC ratio 
would present the true characteristics of the lung cancer. This 
information will be useful for future analysis of lung cancer.

Two papers were reported for comparison of diagnostic effi-
cacy between DWI and FDG-PET/CT for PNMs.8,19 Both 
the sensitivity and the accuracy of DWI were reported to be 
remarkably higher in one paper,8 whereas the other paper only 
reported on the sensitivity of DWI being remarkably higher19 
than those of FDG-PET/CT. The DWI could possess higher 
diagnostic ability than FDG-PET/CT in assessing PNMs.

Magnetic resonance imaging involves no contrast mediums, 
and as there is no radiation involved, it is superbly suited for the 
examination of people that cannot be exposed to radiation such 
as children and pregnant women.

Both DWI and FDG-PET/CT have their own strengths:30 
DWI uses quantitative information regarding tissue cellularity 
and the diffusion of water molecules, whereas FDG-PET/CT 
uses glucose metabolism and presents the aggressiveness of the 
lesion. Gallivanone et al31 mentioned FDG-PET/CT expected 
patient prognosis and DWI respected response to neoadjuvant 
chemotherapy, and both examinations are useful for biological 
characterization and neoadjuvant chemotherapy response in 
breast cancer.

This research had 2 limitations. First, it was a retrospective 
study at a single institution and dealt small number of patients. 
Second, in some cases image quality was not enough to calcu-
late the true ADC. This might be a limitation of DWI com-
pared with FDG-PET/CT. Further studies are needed for 
accurate evaluation of inside/wall ADC ratio.

Conclusions
Although ADC of DWI could differentiate lung cancer from 
BPNM, the inside/wall ADC ratio of DWI would be efficient 
for differentiation between lung cancer and lung abscess. The 
inside/wall ADC ratio of DWI strengthens a weak point of 
DWI. The investigation of 2 steps (ADC and inside/wall 
ADC ratio) is effective for an accurate diagnosis of PNMs. 
Further studies are essential to evaluate diagnostic performance 
of the total ADC and the inside/wall ADC ratio for lung can-
cers and BPNMs including pulmonary abscesses.
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