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Summary

Purpose: To compare the diagnostic value of 99Tcm-MI-
BI-SPECT and 18F-FDG-PET/CT in differentiating benign 
from malignant solitary pulmonary nodules (SPNs).

Methods: 170 SPNs were involved in this study (78 with 
99Tcm-MIBI-SPECT and 92 with 18F-FDG-PET/CT). Defi-
nite diagnosis of SPNs was determined by biopsy. The di-
agnostic efficiency of 99Tcm-MIBI-SPECT and 18F-FDG-
PET/CT in differentiating benign from malignant SPNs 
was analyzed and compared.

Results: Seventy-eight patients with SPNs were examined 
with 99Tcm-MIBI-SPECT (26 with malignant SPNs and 
52 with benign SPNs). The sensitivity, specificity and accu-
racy of 99Tcm-MIBI-SPECT were 92.31, 88.46 and 89.74%, 
respectively. The positive predictive value (PPV) and nega-
tive predictive value (NPV) were 80 and 95.83%, respective-
ly. Ninety-two individuals with SPNs were examined using 

18F-FDG-PET/CT (58 with malignant SPNs and 34 with 
benign SPNs). The sensitivity, specificity and accuracy of 
18F-FDG-PET/CT were 96.55, 76.47 and 89.13%, respec-
tively. The PPV and NPV were 87.50 and 92.86%, respec-
tively. Statistical significance was not detected in sensitiv-
ity, specificity, accuracy, PPV and NPV between these two 
methods.

Conclusion: 99Tcm-MIBI-SPECT has comparable di-
agnostic value with 18F-FDG-PET/CT in differentiating 
benign from malignant SPNs. Considering its easy avail-
ability and low-cost, 99Tcm-MIBI-SPECT could be an al-
ternative imaging modality in differentiating benign from 
malignant SPNs in areas with a backward economy.
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Introduction

 SPN is a common morphologic feature in the 
early stage of lung cancer [1]. About 1/3 SPNs 
could be differentiated by typical radiologic meth-
ods and 2/3 need to be further determined by in-
vasive methods [2,3]. It is of great clinical value 
to differentiate benign from malignant SPNs ac-
curately and timely. On one hand there will be no 
delay in the operation of patients with malignant 
tumors and on the other hand thoracic operations-
related complications in patients with benign tu-
mors could be avoided. Non-invasive diagnostic 
techniques currently used for evaluating SPN in-

clude sputum cytology, chest radiography, com-
puted tomography (CT) and positron emission to-
mography (PET). F-18 fluorodeoxyglucose (FDG) 
PET (18F-FDG PET) is becoming widely used for 
differentiating benign from malignant nodules 
[4,5]. PET performed with 18F-FDG is recognized 
as an imaging modality with a unique capability 
of differentiating malignant from normal tissue on 
the basis of the Warburg effect. 18F-FDG-PET/CT 
uses 18F-FDG as a marker of metabolism within 
lesions. The concentration of 18F-FDG localized in 
lesions is proportionate to their metabolic activity. 
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SPNs with higher activity of metabolism than the 
mediastinal blood pool are likely malignant SPNs. 
 In recent years, Tc-99m methoxyisobutyli-
sonitrile (MIBI) SPECT (99Tcm-MIBI SPECT) is 
widely applied as a kind of myocardial perfusion-
imaging [6]. Given that it can be accumulated in 
tumors, 99m Tcm-MIBI was widely used in tumor 
research and is well known to be useful in detect-
ing primary tumors and metastases [7]. 99Tcm-
MIBI SPECT has good imaging quality, and is also 
suitable for single photon emission computed to-
mography imaging (SPECT).
 We conducted this current study to compare 
the diagnostic efficiency of 99Tcm-MIBI SPECT 
and 18F-FDG-PET/CT for SPNs.

Methods

Imaging criteria for SPN

 Patients with SPNs which were detected by CT 
were selected. SPNs were defined as single, round or 
oval opaque lesions which were surrounded completely 
by lung parenchyma and less than 3 cm in diameter with 
no enlarged lymph nodes, atelectasis or pneumonia [8]. 
SPNs characterized by benign radiologic features (cen-
tral, diffuse or popcorn-like calcification) or malignant 
radiologic features (radiate corona, spotted or eccentric 
calcification) were excluded from the study [9].

99Tcm-MIBI SPECT group

 In this study enrolled were 78 patients (45 male 
and 33 female) showing SPNs on CT and having done 
99Tcm-MIBI SPECT between February, 2014 and Au-
gust, 2016. The age of patients ranged from 37 to 77 
years (mean±SD 55.34±10.09). The diameters of SPNs 
ranged from 0.57 to 2.89 cm (mean ± SD 1.77±0.75). 
Thirty-five, 10 and 33 SPNs were located in the upper, 
middle and lower lobe, respectively.

18F-FDG-PET/CT group

 Ninety-two patients (54 male and 38 female) show-
ing SPNs on CT and having done 18F-FDG-PET/CT be-
tween January, 2014 and September, 2016 were enrolled 
in this study. The age of patients ranged from 35 to 81 
years (mean±SD 56.72±12.03). The diameters of SPNs 
ranged from 0.61 to 3.03 cm (mean±SD 2.13±0.67). Of 
the SPNs 41, 6 and 45 were located in the upper, middle 
and lower lobe, respectively.
 All of the patients in the two groups were defi-
nitely diagnosed with postoperative biopsy. There was 

no statistical significance in gender (x2=2.189, p=0.153), 
age (t=0.067, p=0.971), locations of SPNs in the lung 
(x2=1.432, p=0.605) and diameters of SPNs ( t=1.731, 
p=0.138) between the two groups (Table1).

99Tcm-MIBI SPECT

 99Tcm and MIBI were provided by Beijing Atom 
Hitech Co. Ltd and Beijing Shihong Drug Develop-
ment Center, respectively. The radiochemical purity of 
99Tcm-MIBI was >95%. The SPECT-CT equipment was 
purchased from Infinia Vc HawKeye, (GE Healthcare, 
Little Chalfont, Buckinghamshire, UK). Before 99Tcm-
MIBI injection, the subjects were administered oxygen 
inhalation through nasal catheter with initial oxygen 
flow of 5 L/min that gradually increased to 10 L/min (2 
cases with high flow oxygen showed obvious discom-
fort and their maximum flow was 7 L/min). Patients 
received 740 MBq 99Tcm-MIBI by intravenous injec-
tion in the arm contralateral to the thoracic mass after 
they consistently inhaled oxygen with 10 L/min for 8 
min. Then they continued to inhale oxygen for 2 min 
[10]. Ten-min (early image) and 120-min (delayed im-
age) post-injection, SPECT constructed fusion imaging 
equipped with a low energy and high resolution paral-
lel hole collimator. The energy peak was centered at 
140 Kev with a 20% window, using a 128×128 matrix, 
at 30 s per view. Images were collected for 360° with 
magnification of 1.0 time. The whole lung images were 
obtained with scanning current of 2.5 mA, voltage of 
140 kV at a rotational speed of 2.6 r/min. Attenuation 
correction and reconstruction of SPECT were automati-
cally processed by ordered-subsets expectation maximi-
zation (OSEM) coming with the instrument. Volumetric 
for HawKeye was used to fuse images from SPECT and 
CT where the slice thickness of SPECT was 4.42 mm. 
Qualitative imaging diagnostic criteria included: (1) 
lesions detected by CT should have higher radioactiv-
ity than peripheral and contralateral pulmonary tissue; 
(2) Maximal intensity projection (MIP) should show 
the radioactive concentration of focal lesions that were 
consistent with the location of the lung lesions. Images 
with both (1) and (2) were determined as positive while 
they were considered as negative when the radioactiv-
ity of lung lesions was similar to that of peripheral and 
contralateral lung tissue. Manual regions of interest 
(ROI) were drawn over the tumor area with the highest 
radioactivity and another ROI of the same size over the 
symmetrical normal lung area on the contralateral side 
in transverse slices. Then, the mean early uptake ratios 
(EUR) and delayed uptake ratios (DUR) were calculated 
semi-quantitatively. The data for EUR and DUR were 
expressed as mean ±standard deviation and 95% confi-
dence interval (95% CI).

Gender Age (y) Diameter (cm) Location of the single nodules

Male Female Total Range Mean ± SD Range Mean ± SD Upper 
lobe

Middle 
lobe

Lower 
lobe

99Tcm-MIBI SPECT 45 33 78 37-77 55.34 ± 10.09 0.57-2.89 1.77 ± 0.75 35 10 33

18F-FDG-PET/CT 54 38 92 35-81 56.72 ± 12.03 0.61-3.03 2.13 ± 0.67 41 6 45

Table 1. Demographic data of the patients in the two groups
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18F-FDG-PET/CT

 Patients were injected with 18F-FDG (5.55 MBq/
kg) intravenously after fasting more than 6 hrs and a 
rest for 15-20 min. Then, they rested on bed away from 
light. PET/CT scanning (Siemens Biograph 16, Berlin, 
Germany) was performed 50-60 min after injection. The 
images obtained ranged from vertex to mid-thigh. 3D 
mode was utilized to collect images with 6-7 beds and 
1.5 min/bed. The voltage and current were 120 kV and 
200 mA, respectively. Raw CT data was reconstructed 
using B20f smooth with 1.5 mm slice thickness and 
3.0 mm increment. CT data was used for attenuation 
correction of PET images and OSEM for PET images 
reconstruction. 18F-FDG with radiochemical purity of 
>95% was produced by cyclotron (HM10 Sumitomo 
Corporation, Tokyo, Japan) and automatic chemical 
synthesis module in our center. Combining images of 
CT and PET, we diagnosed qualitatively through the 
uptake degree of 18F-FDG, locations and morphology 
of lesions. Manual ROI were drawn over the tumor area 
with highest radioactivity which included all pixels 
with radioactivity >90%. To decrease the influence of 
ROI on standardized uptake value (SUV), the maximum 
SUV (SUVmax) was used as standard in which SUVmax 
≥2.5 was defined as positive and <2.5 as negative [11].

Statistics 

 Sensitivity, specificity, accuracy, PPV and NPV 
were used in the qualitative analysis. Statistical analy-
ses were performed using SPSS Version 18.0 (Chicago: 
SPSS Inc). Chi-square test was used for qualitative data. 
Two independent sample t-test was used for EUR, DUR 
and SUVmax. The diagnostic efficiency of EUR, DUR 
and SUVmax were analyzed using receiver operating 
characteristic (ROC) method. P value <0.05 was consid-
ered statistically significant.

Results 

99Tcm-MIBI SPECT

 Among the 78 SPNs, 26 cases (13 lung ade-
nocarcinoma, 7 lung squamous cell carcinoma, 2 
lung small cell carcinoma, 2 metastasis of laryn-
geal cancer and 2 breast malignant fibrous histio-
cytoma) were confirmed as malignant tumors by 
biopsy. Fifty-two cases (15 tuberculosis, 13 lung 
inflammation, 4 fibroplasia, 2 hamartoma and 1 
chronic purulent inflammation and 17 cases of 
undefined SPNs whose diameters did not change 

for more than 2 years) were diagnosed as benign 
lesions by biopsy. Thirty positive (24 true posi-
tive and 6 false positive) and 48 negative (46 true 
negative and 2 false negative) cases were defined 
by 99Tcm-MIBI SPECT (Table 2).

18F-FDG-PET/CT

 Among the 92 SPNs, 58 cases (41 lung adeno-
carcinoma, 13 lung squamous cell carcinoma, 2 
lung small cell carcinoma, 2 lung adenosquamous 
carcinoma) were confirmed as malignant tumors 
by biopsy. Thirty-four cases (5 tuberculosis, 6 in-
flammatory pseudotumor, 8 inflammatory granu-
loma, 2 chronic purulent inflammation and 13 un-
defined SPNs whose diameters did not change for 
more than 2 years) were diagnosed with benign 
lesions. Sixty positive (56 true positive and 8 false 
positive) and 28 negative (26 true negative and 2 
false negative) cases were defined by 18F-FDG-
PET/CT (Table 3).

Comparison of diagnostic efficiency between 99Tcm-
MIBI SPECT and 18F-FDG-PET/CT in SPNs

 According to Table 2, the sensitivity, specifici-
ty and accuracy of 99Tcm-MIBI SPECT were 92.31 
(24/26), 88.46 (46/52) and 89.74% (70/78), respec-
tively. PPV and NPV were 80 (24/30) and 95.83% 
(46/48), respectively.

Sensitivity Specificity Accuracy PPV NPV

99Tcm-MIBI SPECT 24/26 46/52 70/78 24/30 46/48

18F-FDG-PET/CT 28/29 26/ 34 82/92 56/64 26/28

x2 0.356 1.084 0.008 0.453 0.157

p 0.55 0.298 0.927 0.501 0.692
PPV: positive predictive value, NPV: negative predictive value

Table 4. Comparison of diagnostic efficiency between 99Tcm-MIBI SPECT and 18F-FDG-PET/CT in single pulmonary 
nodules

Biopsy Total

+ -

99Tcm-MIBI SPECT + 24 6 30

- 2 46 48

Total 26 52 78

Table 2. Diagnostic results of 99Tcm-MIBI-SPECT in sin-
gle pulmonary nodules

Biopsy Total

+ -

99Tcm-MIBI SPECT + 56 8 64

- 2 26 28

Total 58 34 92

Table 3. Diagnostic results of 18F-FDG-PET/CT in single 
pulmonary nodules
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 According to Table 3, the sensitivity, specific-
ity and accuracy of 18F-FDG-PET/CT were 96.55 
(28/29), 76.47 (26/34) and 89.13% (82/92), respec-
tively. The PPV and NPV were 87.50 (56/64) and 
92.86% (26/28, respectively). Statistical difference 
was not detected in sensitivity, specificity, accu-
racy, PPV and NPV between these two methods 
(Table 4).

Discussion 

 Because of the increase of transmembrane 
potential difference of tumor cells and potential 
gradient of the inner and outer membrane of the 
mitochondria caused by gene mutation, the con-
centration of 99Tcm-MIBI in malignant tumor 
cells is about 10-fold higher than that in normal 
cells [12]. In addition, active tumor cells’ 99Tcm-
MIBI uptake is more owing to fast growth, higher 
metabolism level and abnormal membrane poten-
tial [12]. Mitochondria are the major site of energy 
metabolism. Just as the aggregation of 18F-FDG 
in cells reflects glucose metabolism, the degree 
of aggregation of 99Tcm-MIBI in cells may partly 
reflect the energy metabolism of the cells [13]. 
The current study indicated that 99Tcm-MIBI can 
be used as a tracer to differentiate benign from 
malignant SPNs. A study has shown that the sen-
sitivity, specificity, accuracy, PPV and NPV of 
99Tcm-MIBI SPECT/CT in diagnosing SPNs were 
all more than 90% [14]. On the basis of reported 
studies [13,15,16], we analyzed the diagnostic 
value of 99Tcm-MIBI SPECT in differentiating 
SPNs. Also, this is the first study to compare the 
diagnostic efficiency of 99Tcm-MIBI SPECT and 
18F-FDG-PET/CT in differentiating benign from 
malignant SPNs.
 In this study, the diagnostic efficiency of 
99Tcm-MIBI SPECT was similar to that of 18F-
FDG-PET/CT and was in accordance with the 
Sergiacomi et al. [17] and Kim et al. reports [18], 
respectively. Santini et al. [19] reported that both 

99Tcm-MIBI SPECT and 18F-FDG-PET had simi-
lar diagnostic value for undefined SPNs. The cur-
rent study focused on SPNs which were confined 
to lung tissue. The early detection and differen-
tiation of SPNs is valuable for patients with ma-
lignant tumors because they could be subjected 
to operation early. Although SPNs enrolled in our 
study did not show any typical benign or malig-
nant CT imaging features, CT images can not only 
locate lesions in the lung exactly to avoid mis-
judging radioactivity accumulation in normal tis-
sue as lesions but also to correct attenuation of 
SPECT or PET [19]. What’s more, the sensitivity of 
99Tcm-MIBI SPECT and 18F-FDG-PET/CT in our 
study in diagnosing SPNs was higher than that 
in another report [19] (92.31 vs 83.30%, and 96.55 
vs 88.80%). The high NPV of 99Tcm-MIBI SPECT 
and 18F-FDG-PET/CT was consistent with the re-
ports of other authors [17,18]. In the two groups 2 
FN cases (both were lung adenocarcinomas) were 
detected, respectively. Most negative patients can 
be excluded by 99Tcm-MIBI SPECT or 18F-FDG-
PET/CT, thereby avoiding thoracic operations. 
With different uptake mechanisms of MIBI and 
FDG by tumor cells, the combination and comple-
mentation of these two tracers may provide more 
biological information of tumors [20].
 We were not able to notice any statistical 
difference in sensitivity and specificity between 
these two methods in diagnosing SPNs. In the 
99Tcm-MIBI SPECT group, pulmonary hilar ra-
dioactive concentration was found in 6 cases 
with malignant tumors which were confirmed as 
metastatic lymph node lesions by pathology (Fig-
ure 1). In the 18F-FDG-PET/CT group, pulmonary 
hilar and/or mediastinum radioactive concentra-
tion were found in 27 cases which were confirmed 
as metastatic lymph node lesions by pathology 
(Figure 2). In addition, 99Tcm-MIBI SPECT and 
18F-FDG-PET/CT can not only be used in differ-
entiating benign from malignant SPNs, but also 
in evaluating and predicting chemotherapeutic 

Figure 1. Imaging findings using 99Tcm-MIBI SPECT of a 49-year-old female patient with malignancy. The lesion was 
pathologically diagnosed as metastatic lymph node.

CT Transaxials 99Tcm-MIBI-SPECT Fused

  
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response. Cecchin et al. [21] reported that 99Tcm-
MIBI has been used in evaluating multi-drug re-
sistance (MDR) and predicting chemotherapeutic 
response. Ambrosini et al. [22] indicated that sev-
eral times examination of PET were significant 
to evaluating chemotherapeutic response of post 
chemotherapeutic patients with small cell lung 
cancer.
 Some limitations in the current study should 
be acknowledged. Firstly, the number of patients 
enrolled in our study was rather small. Secondly, 
the data of whether pulmonary hilar and/or me-
diastinal lymph nodes were invaded was incom-
plete, which is very important to staging ma-
lignant SPNs. As a result, we could not come to 
any definite conclusions. The diagnostic value of 
99Tcm-MIBI SPECT in recognizing metastatic 

pulmonary hilar and/or mediastinal lymph nodes 
will be the focus in future studies.
 In conclusion, 99Tcm-MIBI SPECT had com-
parable diagnostic value with 18F-FDG-PET/CT 
in differentiating benign and malignant SPNs in 
our study. 99Tcm-MIBI SPECT is a kind of inex-
pensive, noninvasive modality and also a valuable 
diagnostic method for SPNs. Considering its easy 
availability and low-cost, 99Tcm-MIBI SPECT 
could be an alternative imaging modality in dif-
ferentiating benign from malignant SPNs in areas 
with a backward economy where 18F-FDG-PET/
CT is not available.
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