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Abstract

Purpose To evaluate the contributory value of Fluorine-

18 fluorodeoxyglucose (F-18 FDG) positron emission

tomography/computed tomography (PET/CT) in the pre-

diction of lymphovascular tumor invasion in patients with

lung adenocarcinoma.

Materials and methods We evaluated F-18 FDG-PET/CT

images in 84 patients with histopathologically proven lung

adenocarcinoma (37 men and 47 women, age range

39–83 years, mean age 67.0 ± 8.9 years). The maximum

standardized uptake values (SUVmax) of the carcinomas

were measured from the PET images. The Mann–Whitney

U test was conducted to compare the median SUVmax

between the tumor groups with and without lymphovas-

cular invasion. In the subgroup patients with no lymph-

node metastasis, we also compared the median SUVmax

between the tumor groups with and without lymphatic

invasion.

Results The tumors with lymphovascular invasion had a

significantly (P\ 0.0001) greater median SUVmax than

those without invasion. In the subgroup patients with no

lymph-node metastasis, the median SUVmax was higher in

tumors with lymphatic invasion than those without

(P = 0.0004). The sensitivity, specificity, and area under

the receiver operating characteristic curve for the detection

of tumors with lymphovascular invasion were 89, 75 %,

and 0.82, respectively, with a cutoff SUVmax value of

2.32.

Conclusion The SUVmax of lung adenocarcinoma is a

potential imaging biomarker for predicting tumor lym-

phovascular invasion.

Keywords F-18 FDG-PET/CT � Lung adenocarcinoma �
Lymphovascular invasion � SUVmax

Introduction

Lung cancer is the most common cause of cancer-related

death in men and women in the United States. For 2015,

the American Cancer Society has estimated approximately

221,200 new cases and 158,040 deaths due to this disease

[1]. Non-small cell lung cancer (NSCLC) accounts for

approximately 80 % of all cases of primary lung cancers

[2]. Surgical resection is the most effective treatment for

resectable NSCLCs; however, the postoperative survival

rate remains unsatisfactory, even when the tumor is

resected in stage IA [3]. Previous studies demonstrated that

pathological lymphovascular invasion is a poor prognostic

factor for recurrence-free and overall survival in NSCLC

patients [4–6].

Widely used in workups, fluorine-18 fluorodeoxyglu-

cose (F-18 FDG)-positron emission tomography/computed

tomography (PET/CT) contributes to the detection, differ-

ential diagnosis, staging and restaging, therapeutic deci-

sion-making, follow-up, and prediction of prognosis for

most malignancies [7, 8]. The efficacy of F-18 FDG PET

imaging is supported by the fact that cancer cells com-

monly exhibit increased glucose transporter (GLUT)

expression [9] as well as higher levels of hexokinase and
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phosphofructokinase activity that promotes glycolysis [10].

The increase in glucose uptake across cancer cell mem-

branes and/or increased glycolytic rates in cancer cells

results in a subsequent increase in F-18 FDG uptake in

tumors.

Previous studies have described the usefulness of F-18

FDG-PET/CT for evaluating of tumor staging, mediastinal

lymph-node metastasis, prognostic value in the patients

with lung cancer [11–13]. However, no published study has

evaluated the association between F-18 FDG uptake and

lymphovascular invasion. Lymphovascular invasion is one

of the worse prognostic factor in the patients with stage IA

NSCLC [14]. Generally, follow-up and surveillance with-

out adjuvant therapy are recommended after complete

resection; however, some cases which have worse prog-

nosis need more careful follow-up and/or adjuvant therapy

[15]. We postulate that imaging characteristics of F-18

FDG-PET/CT could be further exploited to help predict

lymphovascular invasion in patients with NSCLC. Thus,

the purpose of this study was to evaluate the contributory

value of F-18 FDG uptake on PET/CT in the prediction of

lymphovascular invasion in patients with lung

adenocarcinoma.

Materials and methods

Patients

This retrospective study was approved by our institutional

review board and written informed consent was waived.

Between February 2012 and December 2013, 119 patients

with histopathologically proven lung adenocarcinoma

underwent F-18 FDG-PET/CT imaging for preoperative

tumor staging. Thirty-five of the 119 patients were excluded

because they lacked histopathological evaluation in terms of

lymphovascular invasion. Thus, the remaining 84 patients

(mean age 67.0 ± 8.9 years, age range 39–83 years),

included 37 men (mean age 65.0 ± 8.9 years, age range

39–78 years) and 47 women (mean age 68.6 ± 8.6 years,

age range 43–83 years) were including in our study. Ninety-

one lung adenocarcinomas (maximal diameter range

3–65 mm, mean 18.1 ± 10.9 mm) were identified in these

84 patients.

F-18 FDG-PET/CT imaging

Patients were instructed to fast for at least 5 h prior to F-18

FDG-PET/CT acquisition. Blood glucose levels measured

before scanning were lower than 200 mg/dl in all patients.

All imaging was performed with a 16-section PET/CT

scanner (Biograph Sensation 16; Siemens Medical Solu-

tions, Erlangen, Germany) that comprised a 16-section

high-performance multi-detector low CT scanner with a

lutetium oxyorthosilicate-based PET scanner. Sixty min-

utes after the administration of 200.0 MBq of F-18 FDG,

whole-body CT, covering the vertex to the pelvis, was

performed during breath holding at the midexpiration

phase. The parameters were as follows: section width,

5 mm; table feed per rotation, 18 mm; time per table

rotation, 0.5 s; tube voltage, 120 kVp; quality referenced

mAs, 100mAs in CARE Dose 4D; and field of view,

70 cm. After CT scan, the emission scan was followed by a

2-min transmission scan per bed position in 3-D mode.

Image of seven to nine bed positions (16.2 cm of axial field

of view), 2 min each, were acquired. The attenuation-cor-

rected PET images were reconstructed from the CT data

using a 3-D ordered subset expectation maximization

algorithm (8 subsets, 3 iterations).

PET image analysis

A nuclear medicine physician (with 8 years of experience

in the interpretation of PET images), who was unaware of

patient clinical information, retrospectively reviewed all

F-18 FDG-PET/CT images on a commercially available

dedicated Digital Imaging and Communications in Medi-

cine (DICOM) viewer. First, lesion borders of the lung

adenocarcinomas were identified on the axial CT images.

Then, the nuclear medicine physician measured a maxi-

mum standardized uptake value (SUVmax) of the identi-

fied lung adenocarcinoma by drawing a region-of-interest

(ROI) encompassing the entire lesion on the axial PET

images.

Standard of reference

All histopathological specimens were obtained from sur-

gery. The standard of reference was based on the

histopathological evaluation using hematoxylin–eosin

staining of tissues obtained from each patient. Lympho-

vascular invasion was reported when tumor cells were

observed within lymphatic channels or veins on the

histopathologic examination.

Statistical analysis

Statistical analyses except for stepwise logistic regression

analysis were performed using MedCalc Software for

Windows (version 13.1.1). Stepwise logistic regression

analysis was performed SPSS software (version 21, IBM).

Patient age, height, weight and gender were compared

between the patient groups with and without lymphovas-

cular invasion using the Mann–Whitney U and Chi-square

tests, respectively. Before Mann–Whitney U test, F test

was performed to evaluate equal variances. The median
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maximum diameter and SUVmax were compared between

the tumor groups with and without lymphovascular inva-

sion using Mann–Whitney U test. Stepwise logistic

regression analysis was performed for the discrimination of

tumors with lymphovascular invasion using the following

parameters: patient age, gender, tumor maximum diameter,

and tumor SUVmax. In a subgroup of patients who had no

lymph-node metastasis, we also compared the patient age,

height, weight and gender between the patient groups with

or without lymphatic invasion, and compared tumor max-

imum diameter and SUVmax between the lesion groups

with or without lymphatic invasion.

Receiver operating characteristic (ROC) curves were

fitted to compute the sensitivity, specificity, and area under

the ROC curve (AUC) in the detection of tumors with

lymphovascular invasion. An optimal cutoff value that

yielded the maximal sensitivity and specificity in the

detection of tumors with lymphovascular invasion was

determined using the ROC curves. In the subgroup patients

with no lymph-node metastasis, we also computed the

sensitivity, specificity, and AUC for the detection of

tumors with lymphatic invasion. A P value less than 0.05

was considered to be significant.

The post hoc power analyses were performed in terms of

the type II error and effect size using commercially

available software (G*Power, version 3.1.2, University of

Duesseldorf, Germany).

Results

Patient background factors and tumor

characteristics

Table 1 summarizes both the patient demographics and

histopathological findings of the 91 lung adenocarcinomas.

First, the variances of each parameter between the two

groups were assumed to be equal (P = 0.13–0.69). We did

not find any significant differences in terms of age

(P = 0.72), height (P = 0.77), weight (P = 0.69) or gen-

der (P = 0.23) between the patient groups with (n = 27)

Table 1 Patient demographics and pathological stages

Characteristics

Age (year)a 67.0 ± 1.0 (39–83)

Gender (male:female) 37:47

Maximum diameter (mm)a 18.1 ± 1.1 (3–65)

Pathologic stage (n = 91)

IA 61 (67 %)

IB 12 (13 %)

IIA 5 (6 %)

IIB 0 (0 %)

IIIA 12 (13 %)

IIIB 0 (0 %)

IV 1 (1 %)

a Data are means ± 1 standard deviation with ranges in parentheses

Table 2 Patient age, gender, maximum diameter, and SUVmax

Characteristics Positive Negative P value

Lymphovascular invasion with 91 tumors in overall 84 patients

No. of tumors 27 (30 %) 64 (70 %)

Age (year)* 67.5 ± 7.3 (45–76) 66.8 ± 9.5 (39–83) 0.72

Male:female 14:11 23:36 0.23

Height 157.9 ± 10.4 (140.7–175.8) 159.3 ± 7.9 (142.2–173.0) 0.77

Weight 55.3 ± 11.0 (35.4–75.4, 95 % CI 50.8–60.2) 56.5 ± 10.3 (37.8–83.0, 95 % CI 52.8–59.6) 0.69

Maximum diameter (mm)* 23.6 ± 12.1 (9–65) 15.9 ± 9.7 (3–45) 0.0005*

SUVmax* 6.3 ± 4.1 (1.4–18.5) 2.0 ± 2.0 (0.4–11.0) \0.0001*

Lymphatic invasion in subgroup 62 patients with 70 tumors without lymph-node metastasis

No. of tumors 7 (10 %) 63 (90 %)

Age (year)* 66.3 ± 11.0 (45–76) 66.9 ± 9.8 (39–83) 0.90

Male:female 5:1 21:35 0.08

Height 166.1 ± 3.5 (162.5–169.2) 158.9 ± 8.0 (142.2–173.0) 0.07

Weight 59.7 ± 9.4 (50.9–73.0, 95 % CI 50.9–65.6) 56.0 ± 10.3 (37.8–83.0, 95 % CI 51.8–58.9) 0.53

Maximum diameter (mm)* 18.6 ± 9.3 (9–35) 15.5 ± 9.1 (3–45) 0.35

SUVmax* 5.9 ± 3.2 (1.6–11.0) 1.8 ± 1.6 (0.4–11.0) 0.0004*

Data are means ±1 standard deviation with ranges in parentheses

95 % CI 95 percentile confidence level interval

* P\ 0.05, significant difference
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and without (n = 64) lymphovascular invasion (Table 2).

However, the tumors with lymphovascular invasion had

statistically significantly greater maximal diameters (range

9.0–65.0, mean 23.6 ± 12.1) than those without invasion

(range 3.0–45.0, mean 13.9 ± 9.7) (P = 0.0005) (Table 2).

Correlation between tumor SUVmax

and histopathological lymphovascular invasion

We next evaluated the SUVmax of tumors from the different

groups. The tumors with lymphovascular invasion had sig-

nificantly greater median SUVmax values (range 1.4–18.5,

mean 6.3 ± 4.1) than those without (range 0.4–11.0, mean

2.0 ± 2.0) (P\ 0.0001) (Figs. 1, 2, 3). Stepwise logistic

regression analysis demonstrated that only the tumor

SUVmax could be used to discriminate between tumors with

and without lymphovascular invasion (P = 0.001)

(Table 3). In the detection of tumors with lymphovascular

invasion, a cutoff SUVmax of 2.32 yielded the sensitivity,

specificity, and AUC of 89, 78 %, and 0.88, respectively

(Table 4). The post hoc power analysis showed that we had

67.1 % power to detect a 5 % difference between the tumors

with and without lymphovascular invasion.

Correlation between tumor SUVmax and lymphatic

invasion in subgroup patients

In a subgroup of 62 patients with 70 tumors (maximal

diameter range 3–45 mm, mean 15.8 mm ± 9.1 mm) that

manifested no lymph-node metastasis, 7 tumors had

histopathological lymphatic invasion whereas 63 tumors

had no invasion. We found no significant difference in the

maximum tumor diameter of tumors between these two

groups (P = 0.35). We did find that the tumors with

lymphatic invasion had a significantly greater median

SUVmax (range 1.6–11.0, mean 5.9 ± 3.2) than those

without (range 0.4–11.0, mean 1.8 ± 1.6) (P = 0.0004)

(Figs. 4, 5, 6). Again, stepwise logistic regression analysis

demonstrated that the only parameter that could differen-

tiate between tumors with and without lymphatic invasion

was the tumor SUVmax (P = 0.024) (Table 3). In the

detection of tumors with lymphatic invasion, a cutoff

SUVmax of 3.26 yielded the sensitivity, specificity, and

AUC of 86, 89 %, and 0.91, respectively (Table 4).

Fig. 1 Box plot showing the tumor SUVmax for tumors with and

without lymphovascular (LV) invasion. The median SUVmax of the

tumors with lymphovascular invasion was significantly greater than

those without invasion (P\ 0.0001). Boundaries of boxes closest to

zero are the 25th percentile, lines in boxes are the medians,

boundaries of boxes farthest from zero are the 75th percentile, error

bars are the smallest and largest values in 1.5 box lengths of 25th and

75th percentiles, and dots indicate the outliers, and significant

difference found by the Mann–Whitney U test (P\ 0.0001)

Fig. 2 Axial a F-18 positron emission tomography and b fused PET/

CT images in a 52-year-old woman showing low F-18 FDG uptake

(tumor SUVmax: 1.78) in a 17-mm lung adenocarcinoma in the right

upper lobe without lymphovascular invasion
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Discussion

F-18 FDG-PET/CT is a functional imaging modality to

detect various malignant tumors on the basis of increased

glucose uptake. It appears that a correlation exists between

the degree of F-18 FDG uptake and tumor aggressiveness

for various malignancies [16–18]. Indeed, previous studies

demonstrated the usefulness of F-18 FDG-PET/CT to

predict the prognosis of patients with NSCLC [19, 20].

There are several prognostic factors associated with

NSCLC patients, including lymph-node metastasis that is

the most commonly recognized prognostic factor for poor

outcome. For patients without lymph-node metastasis who

are in stage IA NSCLC, Goldstein et al. [14] demonstrated

that the lymphovascular invasion was the strongest poor

prognostic factor. Funai et al. [21] reported that the patients

with lymphovascular invasion (5-year survival rate: 71 %)

had a significantly worse prognosis than those without (5-

Fig. 3 Axial a F-18 positron emission tomography and b fused PET/

CT images in a 76-year-old woman showing high F-18 FDG uptake

(tumor SUVmax: 5.27) in a 40-mm lung adenocarcinoma in the right

upper lobe with lymphovascular invasion

Table 3 Results of stepwise logistic regression analysis

P value Odds ratio 95 % CI

Lymphovascular invasion with 91 tumors in overall 84 patients

Patient age 0.52 1.47 0.46–4.71

Gender 0.71 1.01 0.94–1.09

Tumor maximum diameter 0.41 1.03 0.96–1.10

Tumor SUVmax 0.001* 1.53 1.19–1.97

Lymphatic invasion in subgroup 62 patients with 70 tumors without lymph-

node metastasis

Patient age 0.12 0.14 0.012–1.66

Gender 0.35 0.93 0.80–1.08

Tumor maximum diameter 0.55 0.97 0.86–1.09

Tumor SUVmax 0.024* 0.61 0.40–0.94

95 % CI 95 percentile confidence level interval

* P\ 0.05, significant difference

Table 4 Sensitivity, specificity, and AUC for the evaluation of tumor

lymphovascular or lymphatic invasion

Sensitivity

(%)

Specificity

(%)

AUC (95 % CI)

Lymphovascular

invasion (n = 91)

89 78 0.88 (0.80–0.94)

Lymphatic invasion

(n = 70)

86 89 0.91 (0.82–0.97)

AUC area under the ROC curve

Fig. 4 Box plot showing the SUVmax for 70 tumors with no lymph-

node metastasis. The median SUVmax of tumors with lymphatic

invasion was significantly greater than that without (P = 0.0004).

Boundaries of boxes closest to zero are the 25th percentile, lines in

boxes are the medians, boundaries of boxes farthest from zero are the

75th percentile, error bars are the smallest and largest values in 1.5

box lengths of 25th and 75th percentiles, and dots indicate the

outliers, and significant difference found by the Mann–Whitney U test

(P = 0.0004)
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year survival rate: 95 %). Moreover, in patients with no

lymph-node metastasis, the patients with lymphatic inva-

sion (overall survival: 85 %) had a significantly worse

prognosis than those without (overall survival: 97 %) [6].

Thus, the presence of lymphovascular or lymphatic inva-

sion appears to serve as an important prognostic factor for

distant metastases and decreased long-term survival.

The tumor cells are often exposed to hypoxic states due

to radiation therapy or other cancer treatments. The

increases in malignant progression and treatments resis-

tance are common manifestations of hypoxia-induced

proteomic and genomic changes within the tumor cells.

One of the major promoters of tumor cell adaptation to

hypoxic states is the transcription hypoxia-inducible tran-

scription factor (HIF-1). HIF-1 activates not only GLUT-1

and hexokinase to increase F-18 FDG uptake, but also

vascular endothelial growth factor, other processes essen-

tial to tumor cell survival, propagation, and spread [22, 23].

We believe that tumor glucose metabolism is related to the

local invasion or metastatic potential. In our results, the

tumors with lymphovascular or lymphatic invasion pre-

sented with greater SUVmax than those without invasion.

Moreover, in stepwise logistic analysis, the SUVmax was

the only significant parameter to discriminate tumors with

lymphovascular or lymphatic invasion. Our data suggested

the SUVmax cutoff value of 2.32 appears to be a valuable

index in the detection of tumors with lymphovascular

invasion. This cutoff value was comparable with that

published in a previous study: Higuchi et al. [24] reported

that the SUVmax cutoff value of 2.5 could be used to

predict for 5-year disease-free survival.

Fig. 5 Axial a F-18 positron emission tomography and b fused PET/

CT images in an 80-year-old woman with no lymph-node metastasis

showing low F-18 FDG uptake (tumor SUVmax: 0.93) in a 26-mm

lung adenocarcinoma in the right lower lobe without lymphatic

invasion

Fig. 6 Axial a F-18 positron emission tomography and b fused PET/

CT images in a 65-year-old man with no lymph-node metastasis

showing high F-18 FDG uptake (tumor SUVmax: 11.04) in a 23-mm

lung adenocarcinoma in the right upper lobe with lymphatic invasion

16 Ann Nucl Med (2016) 30:11–17
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Our study had several limitations. First, this study was a

retrospective study with a relatively small sample size.

Further clinical studies with larger sample sizes may be

necessary to validate our quantitative data. Second, we

evaluated only lung adenocarcinoma. It will be helpful to

consider and evaluate other histological subtypes of

NSCLC. Finally, we administered 200.0 MBq of F-18

FDG in all patients regardless of patient height or weight,

however, patient height and/or weight were statistically

comparable in variance between the two groups. So, we

believe that the results were little affected by the difference

of F-18 FDG dose.

In summary, our study demonstrated a significant

association between the SUVmax of lung adenocarcinoma

and tumor lymphovascular invasion. The SUVmax appears

to be a potential imaging biomarker for predicting the

presence of tumor lymphovascular invasion in patients

with lung adenocarcinoma.
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