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Abstract
Background 99mTc-MAA accumulation within the tumor representing pulmonary arterial perfusion, which is 
variable and may have a clinical significance. We evaluated the prognostic significance of 99mTc-MAA distribution 
within the tumor in non-small cell lung cancer (NSCLC) patients in terms of detecting occult nodal metastasis and 
lymphovascular invasion, as well as predicting the recurrence-free survival (RFS).

Methods Two hundred thirty-nine NSCLC patients with clinical N0 status who underwent preoperative lung 
perfusion SPECT/CT were retrospectively evaluated and classified according to the visual grading of 99mTc-MAA 
accumulation in the tumor. Visual grade was compared with the quantitative parameter, standardized tumor to lung 
ratio (TLR). The predictive value of 99mTc-MAA accumulation with occult nodal metastasis, lymphovascular invasion, 
and RFS was assessed.

Results Eighty-nine (37.2%) patients showed 99mTc-MAA accumulation and 150 (62.8%) patients showed the defect 
on 99mTc-MAA SPECT/CT. Among the accumulation group, 45 (50.5%) were classified as grade 1, 40 (44.9%) were 
grade 2, and 4 (4.5%) were grade 3. TLR gradually and significantly increased from grade 0 (0.009 ± 0.005) to grade 1 
(0.021 ± 0.005, P < 0.05) and to grade 2–3 (0.033 ± 0.013, P < 0.05). The following factors were significant predictors for 
occult nodal metastasis in univariate analysis: central location, histology different from adenocarcinoma, tumor size 
greater than 3 cm representing clinical T2 or higher, and the absence of 99mTc-MAA accumulation within the tumor. 
Defect in the lung perfusion SPECT/CT remained significant at the multivariate analysis (Odd ratio 3.25, 95%CI [1.24 
to 8.48], p = 0.016). With a median follow-up of 31.5 months, the RFS was significantly shorter in the defect group 
(p = 0.008). Univariate analysis revealed that cell type of non-adenocarcinoma, clinical stage II-III, pathologic stage II-III, 
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Background
Lung perfusion scan with technetium-99  m-labeled 
macro-aggregates of albumin (99mTc-MAA) has been 
used for the evaluation of pulmonary regional perfu-
sion and to predict postoperative lung function [1]. 
99mTc-MAA particles are distributed in the pulmonary 
vasculature in direct proportion to local blood flow, and 
due to their size (in the range of 10–90  μm), they are 
trapped on the first pass in arterioles and perialveolar 
capillaries, which diameter is approximately 25  μm and 
10 μm respectively. A cold region in the scan represents 
decreased or absent pulmonary arterial perfusion in the 
parenchyma [2–4].

With the advent of single-photon emission tomography 
(SPECT)/computed tomography (CT), more precise and 
three-dimensional assessments are now possible [5–8]. 
Even though the purpose of SPECT/CT is prediction of 
postoperative lung function, the 99mTc-MAA particles 
could be variably distributed within the tumor because of 
a dual vascular blood supply [9–12]. This can be related 
to the aberrant architecture and dynamics of the tumor 
vasculature which have distinctive features compared to 
normal vasculature. Angiogenesis, promoted by differ-
ent factors produced by both the tumor and its micro-
environment, leads to the molding of new blood vessels 
mainly arising from small vessels or capillaries; but these 
new vessels are typically immature, tortuous, irregular, 
and hyperpermeable [13–15]. These characteristics are 
essential for tumor growth and, as this occurs, vascu-
lar remodeling also progresses, representing an essen-
tial factor for invasion and metastasis [16]. Of note, as 
99mTc-MAA distribution depends on pulmonary arterial 
perfusion, we have hypothesized that the 99mTc-MAA 
accumulation within the tumor can be used to evaluate 
the arteriolar-capillary bed architecture and functional 
status.

In this study, to find the clinical significance of 
99mTc-MAA within the tumor, we assessed the associa-
tion of 99mTc-MAA accumulation patterns with occult 
nodal metastasis and lymphovascular invasion, as well as 
recurrence-free survival (RFS) in clinically N0 non-small 
cell lung cancer (NSCLC).

Methods
Patient enrollment
A total of 298 NSCLC patients who underwent preopera-
tive lung perfusion SPECT/CT and surgery from January 
2015 to December 2019 in our institution were retrospec-
tively enrolled. Fifty-nine patients were excluded from 
the study: 46 patients with clinical nodal stage of N1 or 
higher, 10 patients with confirmed distant metastases, 
and 3 patients in which the complete information on the 
pathology or follow-up was not available. Finally, 239 
patients with clinically N0 status were retrospectively 
evaluated. None of the patients received any treatment 
prior to the imaging study or surgery. The clinical and 
pathological TNM classifications were assigned accord-
ing to the TNM eighth edition [17].

Image acquisition
Lung perfusion scan and SPECT/CT were acquired 
using a SPECT/CT scanner (NM/CT670; GE Healthcare, 
USA) equipped with low-energy high-resolution col-
limators. Planar scans were obtained 3–5  min after the 
intravenous administration of 99mTc-MAA with a dose 
of 185 MBq. Immediately after the planar scan acquisi-
tion, SPECT/CT images were acquired. CT images were 
obtained using the following parameters: tube voltage of 
120 kV, tube current of 40 mA with autoMa function, and 
matrix of 512 × 512. Then, SPECT images were acquired 
using the following parameters: energy peak of 140.5 KeV 
with 10% window, step-and-shoot mode acquisition 15 s/
frame (16  s/step and 60 steps/detector) with 3° angular 
increment, and body contour scanning option. Extra-
window for scatter correction was set at 120 KeV with 
a 10% window. SPECT images were reconstructed using 
an iterative ordered subset expectation maximization 
(OSEM) algorithm (two iterations and ten subsets) with 
CT-based attenuation correction, scatter correction and 
resolution recovery. Reconstructed images were set at the 
matrix of 128 × 128 with a slice thickness of 3.87 mm and 
a zoom factor of 1.5.

Image analysis and 99mTc-MAA distribution classification
The images were reviewed on the vendor-supplied soft-
ware (Volumetric MI™; GE Healthcare). All scans were 
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reviewed separately by two nuclear medicine physi-
cians (VM, MS), masked to the patient medical history. 
99mTc-MAA distribution in the tumor was determined 
based on visual assessment and classified into 4 grades 
(Fig.  1) after the consensus of both readers. Grade 0 
uptake shows complete absence with a defect in the 
tumor. On the contrary, the presence of 99mTc-MAA par-
ticles within the tumor was considered as accumulation 
and defined as grade 1 when the uptake was less than that 
of the adjacent parenchyma, grade 2 to be equal to that of 
the adjacent parenchyma, and grade 3 when greater than 
that of the adjacent parenchyma. Patients with grade 0 
uptake were assigned to the “defect” group, and those 
with grade 1–3 uptake were classified into the “accumu-
lation” group (Fig. 1).

For the quantitative analysis, standardized tumor to 
lung ratio (TLR) was defined and calculated as follows:

 

TLR(%/ml) =
Tumorcount(cps)/Tumorvolume(ml)

Totallungcount(cps) × 100

Using the MIM software (MIM Encore™, MIM Soft-
ware Inc., Cleveland, OH), lung and tumor were seg-
mented. Total lung was automatically segmented by the 
MIM software and the count was measured. The region 
of interest for the tumor was drawn manually based on 
the CT images on every image slice and interpolated to 
acquire a single volume of interest (VOI) for the tumor. 
Tumor count and tumor volume was generated from the 
VOI.

Statistical analysis
The differences in the visual grades according to the 
quantitative parameter were analyzed by using the 
Anova test and subsequent post hoc analyses. Demo-
graphic variables (age, sex and, smoking status), clinical 
variables (smoking habit, tumor size, and nodal involve-
ment), and pathological variables (histologic type, tumor 

size, nodal involvement, lymphatic invasion, and vascular 
invasion) were compared between the groups defined by 
99mTc-MAA uptake. Statistical analyses were performed 
using the MedCalc statistical packages version 14.8 
(MedCalc Statistical Software, Mariakerke, Belgium). A 
chi-squared test and Student’s t-test were used to show 
group differences. Univariate and multivariate logistic 
regression analyses were performed to determine the 
impact in postoperative nodal upstaging. Additionally, 
the Kaplan–Meier product-limit method was used to 
estimate survival times, and differences were estimated 
using a log-rank test. The influence of parameters on 
recurrence-free survival was analyzed using a Cox regres-
sion analysis. A p-value of < 0.05 was considered statisti-
cally significant.

Results
Comparison of visual grade according to quantitative 
parameter
Of the 239 patients, 150 (62.8%) were allocated in the 
defect group and 89 (37.2%) in the accumulation group. 
Among the accumulation group, 45 (50.5%) were classi-
fied as grade 1, 40 (44.9%) were grade 2, and 4 (4.5%) were 
grade 3. In 4 patients (3 grade 0 and 1 grade 1), TLR could 
not be obtained due to the absence of the DICOM file, so 
a comparison of visual grade and quantitative parameters 
was performed for 235 patients. TLR gradually and sig-
nificantly increased from grade 0 (0.009 ± 0.005) to grade 
1 (0.021 ± 0.005, P < 0.05 compared with grade 0) and to 
grade 2–3 (0.033 ± 0.013, P < 0.05 compared with grade 2; 
P < 0.001 with the Anova test; Fig. 2).

99mTc-MAA uptake in the tumor associated with 
clinicopathologic features of NSCLC
The patients’ clinicopathologic characteristics for each 
group are summarized in Table 1. Compared to the accu-
mulation group, defect group had significantly higher 
proportion of male gender (69.3% vs. 51.7%, p = 0.007), 

Fig. 1 Lung perfusion SPECT/CT visual assessment of 99mTc-MAA distribution within the tumor. The complete absence of 99mTc-MAA in the tumor was 
considered a defect (0). The presence of 99mTc-MAA particles within the tumor was considered as accumulation, which was correlated with the degree of 
distribution in the adjacent normal parenchyma: (1) less than that, (2) equal to, and (3) greater than
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central location of tumor (44.7% vs. 28.1%, p = 0.011), 
tumor cell type of non-adenocarcinoma (54.0% vs. 
21.4%, p < 0.001), and tumor size bigger than 3 cm (74.7% 
vs. 48.3%, p < 0.001). No significant differences were 
observed among adenocarcinoma subtypes. Propor-
tion of clinical stage II & III as well as pathologic stage 
II & III, was also significantly higher in the defect group 
(36.6% vs. 10.1%, p < 0.001, and 54.7% vs. 21.4%, p < 0.001, 
respectively).

99mTc-MAA accumulation associated with occult nodal 
metastasis
Occult nodal metastases were found in a total of 53 
patients corresponding to 22.2% of the all patients, and 
the majority of patients with nodal upstage was allocated 
in the defect group (88.7%) (Fig. 3). TLR was significantly 
lower in patients with nodal upstage (0.010 ± 0.008 vs. 
0.018 ± 0.012, P < 0.001). Univariate analysis identified the 
following factors as significant predictors for occult nodal 
metastasis: central location, histology different from ade-
nocarcinoma, tumor size greater than 3  cm represent-
ing clinical T2 or higher, and the absence of 99mTc-MAA 
accumulation within the tumor. Defect in the lung perfu-
sion SPECT/CT remained significant at the multivariate 
analysis (Odd ratio 3.19, 95%CI [1.22 to 8.34], p = 0.018) 
(Table 2).

Prognosis and 99mTc-MAA accumulation
The prognostic significance of 99mTc-MAA distribu-
tion within the tumor was evaluated. Compared to the 
accumulation group, the defect group showed a signifi-
cantly higher rate of lymphovascular invasion (44.7% vs. 
20.2%, p < 0.001) (Supplementary Fig. 1). RFS was evalu-
ated with a median follow-up of 31.5 months. In Fig. 4, 
Kaplan-Meier curve was shown of RFS stratified by the 

tumor 99mTc-MAA uptake. The difference between the 
two groups was significant (p = 0.008). When pairwise 
comparison was performed by stratifying with visual 
grade, there was a significant difference between grade 
1 and grade 2–3 (P < 0.05), and grade 0 and grade 2–3 
(P < 0.01), but no statistically significant difference was 
observed between grade 0 and grade 1 (Supplementary 
Fig.  2). Univariate analysis identified the following fac-
tors as significant predictors for shorter RFS: cell type 
of non-adenocarcinoma, clinical stage II-III, pathologic 
stage II-III, age greater than 65 years, and the absence of 
99mTc-MAA accumulation within the tumor. In multivar-
iate analysis, only the pathologic stage remained statisti-
cally significant (Table 3).

Discussion
We evaluated the clinical significance of 99mTc-MAA 
particles distribution within lung tumors, finding that 
the absence of 99mTc-MAA accumulation represents an 
independent risk factor for the presence of occult nodal 
metastases and is relevant as a poor prognostic factor 
in NSCLC patients.99mTc-MAA accumulation could be 
used as a noninvasive imaging method to assess biologi-
cal factors of NSCLC in terms of tumor vasculature.

Through this study, we confirmed that the distribution 
of 99mTc-MAA particles within the tumor was variable. 
This can be largely explained because in initial stages of 
tumor proliferation, when the vascular architecture and 
dynamics are not altered, the perfusion within the tumor 
will remain almost the same as the perfusion of the adja-
cent parenchyma. On the contrary, when the tumor pro-
gresses and/or increases in size, vascular remodeling 
with disruption of the normal capillary bed and increased 
resistance due to irregular and tortuous vessels leads to 
impaired blood flow, which in the images would manifest 
as a cold region. However, in addition to the hypothesis 
of vascular remodeling associated with 99mTc-MAA dis-
tribution, various clinicopathologic factors may influence 
the intratumoral uptake of 99mTc-MAA particles.

Firstly, the insufficient blood supply from the pul-
monary artery may decrease MAA particle uptake. It 
is known that lung cancer has a dual blood supply both 
originating from the pulmonary and the bronchial arter-
ies [18]. The blood flow that supplies the tumor arises 
in greater proportion from the bronchial arteries, but 
it has been reported to be related to various factors 
[9–12]. Previous studies showed that the proportion 
of dual perfusion was dependent on the location of the 
tumor, pointing that centrally located tumors have a sig-
nificantly lower supply from the pulmonary artery [9, 10]. 
Nakano et al. also reported that tumor size had a nega-
tive correlation with the proportion of pulmonary per-
fusion [10]. In line with the previous studies, we found 
larger and centrally located tumors at a significantly 

Fig. 2 Comparisons of visual grade according to quantitative parameter
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Table 1 Summary table, 99mTc-MAA uptake in the tumor associated with clinicopathologic features of NSCLC.
Variable Defect group [n(%)] Accumulation group [n(%)] P-value
Total 150 (62.8) 89 (37.2)

Grade 1: 39 (43.8)

Grade 2: 45 (50.6)

Grade 3: 5 (5.6)

Age n/s

≤ 65 years 45 (30.0) 32 (35.9)

> 65 years 105 (70.0) 57 (64.1)

Sex 0.007

Female 46 (30.7) 43 (48.3)

Male 104 (69.3) 46 (51.7)

Smoking n/s

No 50 (33.3) 25 (28.1)

Current or previous 100 (66.7) 64 (71.9)

Tumor location 0.011

Central 67 (44.7) 25 (28.1)

Peripheral 83 (55.3) 64 (71.9)

Cell type
Adenocarcinoma 69 (46.0) 70 (78.6) ADC & non-ADC

 Lepidic 2 3 < 0.001

 Acinar 30 37

 Papillary 14 17

 Micropapillary 2 1

 Solid 11 5

 Adenocarcinoma variants 10 7

Non-adenocarcinoma 81 (54.0) 19 (21.4)

Tumor size < 0.001

≤ 3cm 38 (25.3) 46 (51.7)

> 3cm 112 (74.7) 43 (48.3)

Clinical stage
I 95 (63.4) 80 (89.9) I & II, III

 T1 38 46 < 0.001

 T2a 57 34

II 47 (31.3) 6 (6.7)

 T2b 22 1

 T3 25 5

III 8 (5.3) 3 (3.4)

 T4 8 3

Pathologic stage I & II, III

I 68 (45.3) 70 (78.6) < 0.001

II 49 (32.7) 12 (13.5)

III 33 (22.0) 7 (7.9)

T stage T1 & T2-4

T1 37 (24.7) 43 (48.3) < 0.001

T2a 55 (36.7) 32 (36.0)

T2b 21 (14.0) 5 (5.6)

T3 27 (18.0) 6 (6.7)

T4 10 (6.7) 3 (3.4)

N stage
N0

103 (68.7) 83 (93.3) N0 & N1-2
< 0.001

N1 27 (18.0) 2 (2.2)

N2 20 (13.3) 4 (4.5)
 N/S, not significant; ADC, adenocarcinoma
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higher rate in the defect group than in the accumulation 
group. However, some studies showed partly different 
results. Nguyen-Kim et al. reported that the dual blood 
supply of non-small cell lung cancer depends on tumor 
size and the subtype of the NSCLC [11]. They concluded 
that tumor with larger volume (> 3.5 cm3) and histologi-
cal type of squamous-cell carcinoma showed significantly 
higher pulmonary blood supply compared with smaller 
tumors and adenocarcinoma, respectively. In our study, 
non-adenocarcinoma including squamous cell carcinoma 
was observed at a larger proportion in the defect group. 
These different results could be related to the character-
istics of 99mTc-MAA. 99mTc-MAA distribution may not 
be solely explained by pulmonary supply due to collater-
als and abnormal vasculatures in lung tumors. Therefore, 

tumors with high vascularity identified on contrast CT 
could be different from 99mTc-MAA accumulation. Fur-
ther studies using 99mTc-MAA SPECT/CT and perfusion 
CT for evaluating dual supply of lung tumors may clarify 
this controversy.

Another factor of 99mTc-MAA uptake in the tumor 
could be the size of tumor, particularly considering 
spill-over from surrounding normal lung parenchymal 
99mTc-MAA distribution. In our study as well, the spill-
over effect cannot be neglected considering that the 
ratio of small tumors (≤ 3 cm) in the accumulation group 
was higher and vice versa in the defect group. How-
ever, no significant correlation was observed between 
visual assessment grade and tumor size in the subgroup 
analysis of the accumulation group (Supplementary 

Table 2 99mTc-MAA accumulation associated with occult nodal metastasis
Variables Univariate Multivariate

Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Central location 3.55 1.88 to 6.70 < 0.001 2.77 1.39 to 5.51 0.004

Non-ADC 3.94 2.06 to 7.56 < 0.001 2.26 1.10 to 4.63 0.026

Size (> 3 cm) 5.66 2.30 to 13.89 < 0.001 3.54 1.37 to 9.17 0.009

Defect group 6.31 2.57 to 15.49 < 0.001 3.19 1.22 to 8.34 0.018

Smoking 5.42 2.88 to 10.90 0.123
ADC, adenocarcinoma

Table 3 Prognosis and 99mTc-MAA accumulation
Variables Univariate Multivariate

Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Non-ADC 2.04 1.26 to 3.31 0.004 1.30 0.76 to 2.20 0.339

cStage II & III 2.37 1.45 to 3.86 0.001 1.33 0.75 to 2.36 0.334

pStage II & III 2.63 1.61 to 4.29 < 0.001 1.91 1.06 to 3.42 0.032

Defect group 2.08 1.20 to 3.61 0.006 1.41 0.78 to 2.56 0.251

Age (> 65) 1.72 0.99 to 3.03 0.048 1.63 0.92 to 2.89 0.094

Central location 1.47 0.91 to 2.40 0.121

Smoking 1.34 0.78 to 2.30 0.286
ADC, adenocarcinoma

Fig. 4 Recurrence-free survival according to 99mTc-MAA distribution

 

Fig. 3 99mTc-MAA accumulation according to nodal upstaging
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Fig.  3). Lastly, the major histologic subtype may influ-
ence 99mTc-MAA tumor uptake, as it reflects the struc-
tural characteristics of cancer [19]. From the subgroup 
analysis of patients with adenocarcinoma, we observed 
that the proportion of solid type was higher in the defect 
group, whereas a higher proportion of lepidic and aci-
nar types were observed in the accumulation group, but 
fail to meet the statistical significance (Table 1). Overall, 
the distribution of 99mTc-MAA distribution within the 
tumor is relevant to various factors, but there is a limit to 
a causal interpretation with a single factor, thus, it is nec-
essary to elucidate the mechanism through future study.

We showed that the absence of 99mTc-MAA accumu-
lation was associated with the central location of the 
tumor, the tumor cell type of the non-adenocarcinoma, 
and the larger tumor size. These factors are known to be 
associated with a poor prognosis of lung cancer. Corre-
spondingly, in this study, the relevance between occult 
nodal metastasis, lymphovascular invasion, and RFS 
and MAA tumor uptake was observed. The presence of 
lymph node metastasis is crucial in determining the type 
and extent of lung cancer surgery. Multiple studies have 
documented a non-negligible rate of pathological N1 or 
N2 disease in patients with clinical N0 disease, ranging 
from 15 to 26%, which is known as “nodal upstaging” or 
“occult nodal metastases” [20–22]. Multiple predictive 
factors for occult nodal metastasis have been studied, 
since it has a negative impact on survival, and the most 
relevant with statistical significance include: male sex, 
tumor size, tumor grade, histology, and centrally located 
tumor [22]. We observed consistent results, that large 
tumor size, tumor cell type of non-adenocarcinoma, 
and central location of tumor were independent factors 
in predicting occult nodal metastasis. Though relevance 
with the above-mentioned factors exists, the absence of 
99mTc-MAA accumulation in the tumor remained as an 
independent predictor for occult nodal metastases. A 
plausible explanation of the association of 99mTc-MAA 
and nodal metastasis is abnormal vasculature affect-
ing 99mTc-MAA accumulation patterns. In particular, 
angiogenesis is accompanied by the lymphangiogene-
sis process, promoted by proteins such as VEGF-C and 
VEGF-D, which leads to the development of large and 
tortuous lymphatic vessels that also facilitates metastatic 
spread [23]. This may explain why the absence of tracer 
accumulation in the tumor behaves as an independent 
risk factor for the presence of occult nodal metastasis 
and also shorter RFS. Further mechanism studies related 
to lymphangiogenesis and 99mTc-MAA accumulation 
are needed to support this hypothesis. Nonetheless, this 
is the first study to observe the diversity of 99mTc-MAA 
accumulation within the tumors and to evaluate its clini-
cal significance.

Conclusion
Our findings demonstrate that 99mTc-MAA particles dis-
tribution in preoperative lung perfusion SPECT/CT is 
an important finding and that the absence of accumula-
tion or defect, represents an independent risk factor for 
occult nodal metastases, lymphovascular invasion, and 
shorter RFS. 99mTc-MAA distribution may then serve as 
an imaging biomarker, representing the arteriolar-capil-
lary bed architecture and functional status of the tumor, 
for determining the extent of surgery and adjuvant treat-
ment strategy in clinically N0 NSCLC patients.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-023-10846-x.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
None.

Author Contribution
All authors contributed to the study conception and design. Material 
preparation, data collection and analysis were performed by Minseok Suh and 
Vanessa Murad. The first draft of the manuscript was written by [Minseok Suh 
and Vanessa Murad] and all authors commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding
This research was supported by the National Research Foundation of Korea 
(NRF) and funded by the Korean government (MSIT) (No.2020M3A9B6038086). 

Data Availability
All data generated or analysed during this study are included in this published 
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
All procedures performed in studies were in accordance with the ethical 
standards of the institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments or comparable 
ethical standards. The study was approved for retrospective analysis and the 
requirement of informed consent was waived by the institutional review 
board (IRB) of Seoul National Univeristy Hospital (IRB No. 2109-015-1252).

Consent for publication
Not applicable.

Competing interests
H.C. and K.J.N. are co-founders of Portrai, Inc. The remaining authors have no 
competing interests.

Author details
1Department of Nuclear Medicine, Seoul National University Hospital, 
Seoul, Republic of Korea
2Department of Nuclear Medicine, Seoul National University College of 
Medicine, Seoul National University, Seoul, Republic of Korea
3Department of Thoracic and Cardiovascular Surgery, Seoul National 
University Hospital, Seoul, Republic of Korea
4Department of Molecular Medicine and Biopharmaceutical Sciences, 
Graduate School of Convergence Science and Technology, Seoul National 
University, Seoul, Republic of Korea

http://dx.doi.org/10.1186/s12885-023-10846-x
http://dx.doi.org/10.1186/s12885-023-10846-x


Page 8 of 8Murad et al. BMC Cancer          (2023) 23:381 

5Cancer Research Institute, Seoul National University College of Medicine, 
Seoul National University, Seoul, Republic of Korea
6Institute of Radiation Medicine, Medical Research Center, Seoul National 
University, Seoul, Republic of Korea

Received: 10 March 2022 / Accepted: 13 April 2023

References
1. Bria WF, Kanarek DJ, Kazemi H. Prediction of postoperative pulmonary func-

tion following thoracic operations. Value of ventilation-perfusion scanning. J 
Thorac Cardiovasc Surg. 1983;86:186–92.

2. Hull RD, Raskob GE, Coates G, Panju AA. Clinical validity of a normal perfu-
sion lung scan in patients with suspected pulmonary embolism. Chest. 
1990;97:23–6. https://doi.org/10.1378/chest.97.1.23.

3. Gottschalk A, Sostman HD, Coleman RE, Juni JE, Thrall J, McKusick KA, et al. 
Ventilation-perfusion scintigraphy in the PIOPED study. Part II. Evaluation of 
the scintigraphic criteria and interpretations. J Nucl Med. 1993;34:1119–26.

4. Bajc M, Neilly JB, Miniati M, Schuemichen C, Meignan M, Jonson B, et al. 
EANM guidelines for ventilation/perfusion scintigraphy: part 1. Pulmonary 
imaging with ventilation/perfusion single photon emission tomography. 
Eur J Nucl Med Mol Imaging. 2009;36:1356–70. https://doi.org/10.1007/
s00259-009-1170-5.

5. Na KJ, Park S, Lee HJ, Park IK, Kang CH, Kim YT. Comparison between lung 
perfusion scan and single-photon emission computed tomography/com-
puted tomography for predicting postoperative lung function after pulmo-
nary resection in patients with borderline lung function. Eur J Cardiothorac 
Surg. 2020;58:1228–35. https://doi.org/10.1093/ejcts/ezaa211.

6. Suh M, Kang YK, Ha S, Kim YI, Paeng JC, Cheon GJ, et al. Comparison of 
two different segmentation methods on Planar Lung Perfusion scan with 
reference to quantitative value on SPECT/CT. Nucl Med Mol Imaging. 
2017;51:161–8. https://doi.org/10.1007/s13139-016-0448-3.

7. Collart JP, Roelants V, Vanpee D, Lacrosse M, Trigaux JP, Delaunois L, et 
al. Is a lung perfusion scan obtained by using single photon emission 
computed tomography able to improve the radionuclide diagnosis of 
pulmonary embolism? Nucl Med Commun. 2002;23:1107–13. https://doi.
org/10.1097/00006231-200211000-00011.

8. Bajc M, Schumichen C, Gruning T, Lindqvist A, Le Roux PY, Alatri A, et al. 
EANM guideline for ventilation/perfusion single-photon emission computed 
tomography (SPECT) for diagnosis of pulmonary embolism and beyond. 
Eur J Nucl Med Mol Imaging. 2019;46:2429–51. https://doi.org/10.1007/
s00259-019-04450-0.

9. Kang EJ, Lee K, Han J, Roh MS, Son C. Evaluation of dual-input perfusion in 
Lung Cancer using a 320-Detector CT: its correlation with tumor size, loca-
tion, and Presence of Metastasis. J Korean Soc Radiol. 2016;75:354–62.

10. Nakano S, Gibo J, Fukushima Y, Kaira K, Sunaga N, Taketomi-Takahashi A, et al. 
Perfusion evaluation of lung cancer: assessment using dual-input perfusion 
computed tomography. J Thorac Imaging. 2013;28:253–62. https://doi.
org/10.1097/RTI.0b013e318281dcee.

11. Nguyen-Kim TD, Frauenfelder T, Strobel K, Veit-Haibach P, Huellner MW. 
Assessment of bronchial and pulmonary blood supply in non-small cell 
lung cancer subtypes using computed tomography perfusion. Invest Radiol. 
2015;50:179–86. https://doi.org/10.1097/RLI.0000000000000124.

12. Yuan X, Zhang J, Ao G, Quan C, Tian Y, Li H. Lung cancer perfusion: can we 
measure pulmonary and bronchial circulation simultaneously? Eur Radiol. 
2012;22:1665–71. https://doi.org/10.1007/s00330-012-2414-5.

13. Carmeliet P, Jain RK. Principles and mechanisms of vessel normalization for 
cancer and other angiogenic diseases. Nat Rev Drug Discov. 2011;10:417–27. 
https://doi.org/10.1038/nrd3455.

14. Nagy JA, Dvorak HF. Heterogeneity of the tumor vasculature: the need 
for new tumor blood vessel type-specific targets. Clin Exp Metastasis. 
2012;29:657–62. https://doi.org/10.1007/s10585-012-9500-6.

15. Farnsworth RH, Lackmann M, Achen MG, Stacker SA. Vascular remodeling in 
cancer. Oncogene. 2014;33:3496–505. https://doi.org/10.1038/onc.2013.304.

16. Konerding MAFE, Gaumann A. 3D microvascular architecture of pre-
cancerous lesions and invasive carcinomas of the colon. Br J Cancer. 
2001;84:1354–62.

17. Amin MBES, Greene F, Byrd DR, Brookland RK, Washington MK, Gershenwald 
JE, Compton CC, Hess KR et al. AJCC Cancer Staging Manual (8th edition). 
Springer International Publishing; 2017.

18. Milne EN. Circulation of primary and metastatic pulmonary neoplasms. A 
postmortem microarteriographic study. Am J Roentgenol Radium Ther Nucl 
Med. 1967;100:603–19. https://doi.org/10.2214/ajr.100.3.603.

19. Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, Yatabe Y, et 
al. International association for the study of lung cancer/american thoracic 
society/european respiratory society international multidisciplinary classifica-
tion of lung adenocarcinoma. J Thorac Oncol. 2011;6:244–85. https://doi.
org/10.1097/JTO.0b013e318206a221.

20. Park HK, Jeon K, Koh WJ, Suh GY, Kim H, Kwon OJ, et al. Occult 
nodal metastasis in patients with non-small cell lung cancer at 
clinical stage IA by PET/CT. Respirology. 2010;15:1179–84. https://doi.
org/10.1111/j.1440-1843.2010.01793.x.

21. Veeramachaneni NK, Battafarano RJ, Meyers BF, Zoole JB, Patterson GA. Risk 
factors for occult nodal metastasis in clinical T1N0 lung cancer: a negative 
impact on survival. Eur J Cardiothorac Surg. 2008;33:466–9. https://doi.
org/10.1016/j.ejcts.2007.12.015.

22. Marulli G, Faccioli E, Mammana M, Nicotra S, Comacchio G, Verderi E, et al. 
Predictors of nodal upstaging in patients with cT1-3N0 non-small cell lung 
cancer (NSCLC): results from the italian VATS Group Registry. Surg Today. 
2020;50:711–8. https://doi.org/10.1007/s00595-019-01939-x.

23. Karnezis T, Shayan R, Caesar C, Roufail S, Harris NC, Ardipradja K, et al. VEGF-D 
promotes tumor metastasis by regulating prostaglandins produced by the 
collecting lymphatic endothelium. Cancer Cell. 2012;21:181–95. https://doi.
org/10.1016/j.ccr.2011.12.026.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1378/chest.97.1.23
http://dx.doi.org/10.1007/s00259-009-1170-5
http://dx.doi.org/10.1007/s00259-009-1170-5
http://dx.doi.org/10.1093/ejcts/ezaa211
http://dx.doi.org/10.1007/s13139-016-0448-3
http://dx.doi.org/10.1097/00006231-200211000-00011
http://dx.doi.org/10.1097/00006231-200211000-00011
http://dx.doi.org/10.1007/s00259-019-04450-0
http://dx.doi.org/10.1007/s00259-019-04450-0
http://dx.doi.org/10.1097/RTI.0b013e318281dcee
http://dx.doi.org/10.1097/RTI.0b013e318281dcee
http://dx.doi.org/10.1097/RLI.0000000000000124
http://dx.doi.org/10.1007/s00330-012-2414-5
http://dx.doi.org/10.1038/nrd3455
http://dx.doi.org/10.1007/s10585-012-9500-6
http://dx.doi.org/10.1038/onc.2013.304
http://dx.doi.org/10.2214/ajr.100.3.603
http://dx.doi.org/10.1097/JTO.0b013e318206a221
http://dx.doi.org/10.1097/JTO.0b013e318206a221
http://dx.doi.org/10.1111/j.1440-1843.2010.01793.x
http://dx.doi.org/10.1111/j.1440-1843.2010.01793.x
http://dx.doi.org/10.1016/j.ejcts.2007.12.015
http://dx.doi.org/10.1016/j.ejcts.2007.12.015
http://dx.doi.org/10.1007/s00595-019-01939-x
http://dx.doi.org/10.1016/j.ccr.2011.12.026
http://dx.doi.org/10.1016/j.ccr.2011.12.026

	99mTc-MAA accumulation within tumor in preoperative lung perfusion SPECT/CT associated with occult lymph node metastasis in patients with clinically N0 non-small cell lung cancer
	Abstract
	Background
	Methods
	Patient enrollment
	Image acquisition
	Image analysis and 99mTc-MAA distribution classification
	Statistical analysis

	Results
	Comparison of visual grade according to quantitative parameter
	99mTc-MAA uptake in the tumor associated with clinicopathologic features of NSCLC
	99mTc-MAA accumulation associated with occult nodal metastasis
	Prognosis and 99mTc-MAA accumulation

	Discussion
	Conclusion
	References


