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Introduction

Lung cancer is one of the most common causes of cancer-
related death worldwide (1). The 5-year survival rates of 
lung cancer are 68–92% with clinical stage I, 53–60% with 
clinical stage II, 13–36% with clinical stage III, and 0–10% 
with clinical stage IV, respectively (2). 

Among non-small cell  lung cancers (NSCLCs), 

adenocarcinoma accounts for the largest proportion, with 
various studies and many reported preoperative prognostic 
factors (3-5). Suzuki et al. found that ground-glass opacity 
(GGO) on lung computed tomography (CT) predicts a 
favorable prognosis of adenocarcinoma (4); while Uehara 
et al. have identified a correlation between adenocarcinoma 
prognosis and the maximum standardized uptake value 
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(SUVmax) of the tumor (5). Thus, the prognosis of lung 
adenocarcinomas can be predicted preoperatively with 
relative ease and accuracy using imaging data.

Prognostic factors have also been analyzed for lung 
squamous cell carcinoma (SCC). Among patients with 
lymph node metastasis, Funai et al. found worse prognoses 
in those with peripheral-type lung SCCs than those with 
central-type nodules (6). In addition, tumor budding (7), 
lymphatic invasion (8), and spread through air spaces 
(STAS) (7,9) have been found to correlate with lung SCC 
prognosis. Thus, lung SCC prognosis can be predicted by 
postoperative pathology. However, no effective radiological 
means of preoperative prognosis prediction has yet been 
identified for this cancer. In this study, we examined the 
possibility use of tumor volume doubling time (VDT) for 
this purpose.

The VDT is known to indicate tumor activity (10), and 
the VDT has been reported to be useful in predicting the 
prognosis of lung cancer (11-13) and NSCLC (14).

In lung SCC, there is no preoperative factor to evaluate 
tumor aggressiveness, so we searched for a suitable 
predictor and investigated the association between VDT 
and prognosis. This study aimed to explore radiological 
preoperative prognostic factors in lung SCC. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-292/rc).

Methods

Ethical statement

This retrospective observational study was conducted on 

patients who underwent surgery for NSCLC at Yamagata 
Prefectural Central Hospital. This study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). Informed consent for surgical treatment was 
obtained from all patients, and further individual patient 
consent was waived owing to the retrospective analysis of 
this study. The study was approved by the Institutional 
Review Board of Yamagata Prefectural Central Hospital 
(IRB No. 4-62) on July 20, 2022.

Data collection

Using our institutional database, which is updated weekly, 
we identified patients meeting our inclusion criteria 
for enrollment in this study and gathered the required 
demographic and clinical data from their medical records. 
The variables used in this study were age, sex, performance 
status (PS), smoking status, respiratory function test 
(forced vital capacity and forced expiratory volume) scores, 
carcinoembryonic antigen (CEA) levels, cytokeratin 19 
fragment (CYFRA) levels, SCC antigen levels, radiological 
findings on CT, SUVmax on positron emission tomography/
CT (PET/CT), surgical procedure, surgery time, blood 
loss, pathological findings, and postoperative follow-up 
outcomes (including readmission dates, recurrence dates, 
recurrence sites, dates of death, and causes of death).

Study design and patients

The inclusion criteria for this study were: (I) clinical stage I 
lung SCC; (II) underwent lobectomy; and (III) peripherally 
located tumor (in the outer third of the lung parenchyma). 
Patients who underwent lobectomies between January 
2006 and April 2020 were identified in our medical records. 
Ninety-five patients were enrolled in this study.

The exclusion criteria were as follows: (I) only one 
preoperative CT or an interval of <20 days between the first 
CT and the preoperative CT (in most cases with this short 
interval between scans, it was because the surgeon judged 
it necessary to perform the pulmonary resection earlier 
than planned); (II) the presence of multiple lung cancers; 
(III) shrunken nodules; (IV) underwent induction therapy; 
(V) underwent segmentectomy or wedge resections. The 
latter exclusions were for the following reasons: (I) this 
demographic included many high-risk patients, including 
elderly patients and patients with cardiopulmonary 
complications; as such, this group tends to have poor 
prognoses; (II) mediastinal lymph node dissections are 
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not routinely performed in this type of surgery and the 
pathological staging is insufficient. One of the excluded cases 
is shown in Figure S1. After exclusions, a total of 51 patients 
were included in our analyses (Figure 1).

Preoperative examination and preoperative (clinical) 
diagnosis

At their preoperative outpatient visits, all patients 
underwent physical examination, laboratory test, blood 
gas analysis, urinalysis, chest X-ray, thin-section CT, 
18F-fluorodeoxyglucose-positron emission tomography/
CT (FDG-PET/CT), pulmonary function tests, and 
electrocardiogram test. The clinical stage of each patient’s 
cancer was defined by the 8th TNM classification (2). The 
cases defined by the 7th TNM classification were restaged 
according to the 8th TNM classification.

The decision to perform either bronchoscopy or a 
CT-guided needle aspiration biopsy for the diagnosis of 
pulmonary nodules or mediastinal lymph nodes was made 
by a cancer treatment board, comprising a thoracic surgeon, 
a pulmonologist, and a radiologist.

Evaluation using thin-section computed tomography

All the patients underwent preoperative thin-section CT 
before surgery. Contrast-enhanced thin-section CT was 
performed in patients without iodine allergies or without 
severe renal dysfunction. A 320-row Aquilion ONE (Toshiba 
Medical Systems, Tochigi, Japan) or 64-row Light Speed 

VCT (GE Healthcare, Tokyo, Japan) scanner was used. The 
scanning conditions were 120 kV, auto mA, with a 35 cm 
field of view, slice thickness of 1–1.25 mm, a chest interval 
of 0.8–1.25 mm, 512×512 pixels, and a scan time of 0.5 s.

The tumor diameter was preoperatively measured in the 
following CT settings: lung window, window level: −670 to 
−600 Hounsfield units (HU), window width: 1,500–1,600 HU; 
mediastinal window, window level: 25–30 HU, window width: 
280 HU. One radiologist and at least three surgeons evaluated 
the radiological tumor findings of the thin-section CT.

Measurement of tumor volume doubling time

We have previously reported the VDT measurement in 
detail (15). At first, the long and short diameters of the 
tumor were measured on the axial image of the thin-section 
CT. Then, the tumor volume was measured using the 
following formula: 

( ) 3 2tumor volume V cm 1/ 6 X Yπ  = × × ×   [1]

where X (b or d) denotes the long diameter of the tumor 
and Y (a or c) denotes the short diameter of the tumor on 
CT (Figure 2).

VDT was then measured using the Schwartz formula (16):

[ ] ( ) ( )2 1 2 1VDT days T T log 2 / logV logV= − × −  [2]

where T1 denotes the date of the first pulmonary nodule 
detected; T2, the date of preoperative CT; V1, V at T1; and 
V2, V at T2. 

One doctor calculated and analyzed VDT retrospectively.

Excluded: 
• Only one preoperative CT/interval between preoperative 

CT and first CT is less than 20 days (n=30)
• Multiple lung cancer (n=7)
• Tumor shrinkage (n=5)
• Underwent induction chemotherapy (n=1)
• Data not available (n=1)

Patients underwent lobectomy for peripherally 
located clinical stage I squamous cell carcinoma 

of the lung (Jan. 2006–Apr. 2020) (n=95)

Study objectives (n=51)

Figure 1 Study profile. CT, computed tomography.
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Evaluations based on 18F-FDG-PET/CT

PET/CT is performed at other facilities because Yamagata 
Prefectural Central Hospital has no available equipment; 
the PET/CT equipment and protocols have also been 
previously reported (17). All PET/CT images were 
interpreted by specialized nuclear radiologists.

Surgical procedure

Pulmonary resection was performed using a minimally 
invasive open surgery approach (18). Patients with clinical 
T1c or advanced lung cancer underwent lobectomy and 
mediastinal lymph node dissection, and those with clinical 
T1b or early lung cancer underwent sublobar resection 
according to the JCOG0802 protocol (19). Patients who 
could not tolerate lobectomy underwent sublobar resection, 
and mediastinal lymph node dissection was not performed 
on patients who underwent sublobar resection. The 
mediastinal lymph node dissection is sometimes omitted 
in elderly patients, patients with serious cardiopulmonary 
complications, or patients with interstitial lung disease.

Postoperative treatment and follow-up

Regarding non-elderly patients with no severe diseases 
or complications, those with pathological stage IA3 or IB 
(8th TNM classification) were recommended to receive 
uracil–tegafur orally. For patients with completely resected 
pathological stage II–IIIA cancer, cisplatin-based adjuvant 
chemotherapy was recommended.

All patients who underwent pulmonary resection were 
postoperatively followed up: (I) patients with pathological 
stage I NSCLC underwent blood test of tumor markers and 
chest CT every 6 months until the second postoperative 
year as well as blood test every 6 months and chest CT every 
6 months alternating with X-ray and CT after the third 
postoperative year. (II) Patients with pathological stage II 
or more advanced NSCLC underwent blood test of tumor 
markers every 3 months and chest CT every 6 months 
until the third postoperative year as well as blood test every  
6 months and alternating X-ray and CT every 6 months 
from the fourth postoperative year. All patients underwent 
chest CT annually after the sixth postoperative year.

Types of recurrence

The types of recurrences were classified into the following 
two categories according to the recurrent lesions when it 
was first determined as a recurrence postoperatively.

Locoregional recurrence
Locoregional recurrence includes recurrence of the 
primary tumor, resected margins (parenchymal or bronchial 
margins), hilar and mediastinal lymph node metastases, 
intrapulmonary metastases, ipsilateral pleural effusion, and 
ipsilateral pleura.

Distant recurrence
Distant recurrence includes contralateral intrapulmonary 
metastases, contralateral pleural effusion, and recurrence 
of contralateral pleura, brain, bone, adrenal gland, liver, 
supraclavicular lymph nodes, pericardium, pericardial 
effusion, and other distant organs.

Histological confirmation of recurrence was not 
mandatory. In cases where recurrence was diagnosed by 
biopsy, the date of recurrence was recorded as the date of 
the biopsy procedure. When no biopsy was performed, 
recurrence was diagnosed based on the identification of 
known indicators of recurrence (e.g., enlarged lymph 
nodes or lesions with high levels of accumulated FDG) 
on imaging scans, such as CT or PET/CT. In these cases, 
the recurrence date was recorded as the date on which the 
imaging was performed.

Statistical analysis

Categorical variables between the two groups were 
compared with the chi-squared or Fisher’s exact tests. 

A B

a
b

c

d

Figure 2 Computed tomography in a patient (A) at the time of 
pulmonary nodule detection (B) just before surgery. (a,c) Tumors 
with short diameters (b,d) tumors with long diameters.
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Continuous variables between the two groups were 
compared with the Mann-Whitney U test. 

PS was classified as 0 or 1. Forced expiratory volume 

(FEV) 1% was classified as greater or less than 70% 
according to the GOLD classification. Tumor markers were 
divided into two categories according to abnormal values.

After demonstrating that VDT correlated with survival, 
the cut-off value of VDT using the Youden index was 
defined by receiver operating characteristic (ROC) curve 
analysis on survival. Univariable and multivariable analyses 
for overall survival (OS) and recurrence-free survival (RFS) 
were conducted using the Cox proportional-hazards model. 
OS was defined as the duration between the date of surgery 
and either the date of death or the date of the final follow-
up. RFS was defined as the duration between the date of 
surgery and the date of locoregional or distant recurrence 
diagnosis, the date of death, or the date of the final follow-
up. The Kaplan-Meier method was used to estimate the OS 
and RFS curves and to determine the statistical significance 
of the results.

All analyses were conducted using the JMP® 13 software 
(SAS Institute Inc., Cary, NC, USA). A P value of <0.05 was 
considered statistically significant.

Results

The median age of all patients was 73 years (range, 70–79), 
and detailed patient characteristics are listed in Table 1. All 
the eligible patients were smokers. The median duration 
between the date of CT for pulmonary nodule detection 
and the date of preoperative CT before pulmonary 
resection was 50 days (range, 20–995). The median VDT 
was 263 days (range, 91–375).

Table 2 presents the results of our univariable and 
multivariable analyses of the preoperative clinical and 
demographic patient variables assessed for their relationships 
to prognosis, with OS as the prognostic measure. The 
univariable analysis identified age, performance status (1), 
CYFRA (>3.5 ng/mL), and VDT as independent prognostic 
factors for OS. The multivariable analysis identified only 
VDT as an independent prognostic factor for OS. 

Table 3 presents the results of our univariable and 
multivariable analyses of preoperative clinical and 
demographic patient variables assessed for their relationships 
to prognosis, with RFS as the prognostic measure. The 
univariable analysis identified age, CEA (>5.0 ng/mL), 
and VDT as independent prognostic factors for RFS. 
The multivariable analysis identified only VDT as an 
independent prognostic factor for RFS.

Since VDT was shown to be associated with prognosis, 
the optimal cut-off values of VDT were identified using 

Table 1 Clinicopathological characteristics of patients

Variables Median [IQR] or n [%]

Age, years  73 [70–79]

Sex (male/female) 49 [96]/2 [4]

Performance status (0/1) 49 [96]/2 [4]

Smoking status (smoker/non-smoker) 51 [100]/0 [0]

FVC (L) 3.3 [2.9–3.9]

%FVC (%) 104.6 [93.7–112.9]

FEV1 (L) 2.3 [1.8–2.8]

FEV1% (%) 70.3 [62.9–75.1]

CEA (ng/mL) 2.7 [2.3–4.0]

CYFRA (ng/mL) 1.4 [1.1–2.0]

SCC (ng/mL) 1.6 [1.0–2.3]

SUVmax of tumor 10.1 [6.7–16.5]

Tumor diameter on CT (cm) 2.5 [1.8–3.0]

Tumor location (RU/RM/RL/LU/LL) 15 [29]/2 [4]/19 [37]/9 
[18]/6 [12]

Clinical stage (IA1/IA2/IA3/IB) 1 [2]/13 [26]/22 [43]/15 
[29]

VDT (days) 263 [91–375]

Operative time (minutes) 154 [140–203]

Blood loss (g) 30 [15–70]

Pathological tumor diameter (cm) 2.2 [1.9–2.6]

Pathological T (1/2/3) 31 [61]/19 [37]/1 [2]

Pathological N (0/1/2) 47 [92]/3 [6]/1 [2]

Pathological stage (I/II/III) 46 [90]/4 [8]/1 [2]

Lymphatic invasion (positive/negative) 2 [4]/49 [96]

Vascular invasion (positive/negative) 11 [22]/40 [78]

Pleural invasion (positive/negative) 11 [22]/40 [78]

Adjuvant chemotherapy (yes/no) 2 [4]/49 [96]

IQR, interquartile range; FVC, forced vital capacity; FEV1, forced 
expiratory volume in the first second; CEA, carcinoembryonic 
antigen; CYFRA, cytokeratin 19 fragment; SCC, squamous cell 
carcinoma antigen; SUVmax, maximum standardized uptake value; 
CT, computed tomography; RU, right upper-lobe; RM, right 
middle-lobe; RL, right lower-lobe; LU, left upper-lobe; LL, left 
lower-lobe; VDT, tumor volume doubling time; T, tumor; N, node.
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ROC curves regarding the death (Figure 3A), or the death 
and tumor recurrence (Figure 3B). The optimal cut-off value 
of VDT regarding the death was 150, which had the best 
sensitivity and specificity (92.3% and 79.0%, respectively). 
The optimal VDT cut-off value for death and tumor 
recurrence was also 150, which had the best sensitivity and 
specificity (93.3% and 83.3%, respectively).

Table S1 presents the relationships between tumor 

VDT and patient clinical characteristics. There were 
no significant correlations between VDT and clinical 
characteristics.

Regarding prognosis, the 5-year OS rates were 88.4% 
and 30.4% in the group with long (≥150 days) and short 
(<150 days) VDT, respectively (P=0.002) (Figure 4A). The 
5-year RFS rates were 88.8% and 26.5% in the group with 
long (≥150 days) and short (<150 days) VDT, respectively 

Table 2 Univariable and multivariable analyses of preoperative prognostic factors for overall survival in all patients

Variables
Univariable Multivariable

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Age, years 1.166 (1.040–1.368) 0.005 1.116 (0.978–1.358) 0.113

Sex (male) – –

PS [1] 9.995 (1.421–46.976) 0.025 2.882 (0.290–26.254) 0.347

FEV1% (<70%) 1.523 (0.499–4.782) 0.455

CEA (>5.0 ng/mL) 3.010 (0.643–10.825) 0.146

CYFRA (>3.5 ng/mL) 4.682 (1.018–16.363) 0.048 0.890 (0.109–4.374) 0.898

SCC (>2.5 ng/mL) 1.910 (0.507–6.104) 0.314

SUVmax 1.013 (0.922–1.105) 0.770

VDT 0.986 (0.974–0.994) <0.001 0.990 (0.979–0.997) 0.002

CI, confidence interval; PS, performance status; FEV1, forced expiratory volume in the first second; CEA, carcinoembryonic antigen; 
CYFRA, cytokeratin 19 fragment; SCC, squamous cell carcinoma antigen; SUVmax, maximum standardized uptake value; VDT, tumor 
volume doubling time.

Table 3 Univariable and multivariable analyses of preoperative prognostic factors for recurrence-free survival in all patients

Variables
Univariable Multivariable

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Age, years 1.102 (1.007–1.240) 0.032 1.038 (0.934–1.199) 0.526

Sex (male) – –

PS [1] 5.094 (0.773–19.931) 0.082

FEV1% (<70%) 1.056 (0.366–2.970) 0.918

CEA (>5.0 ng/mL) 4.445 (1.326–13.546) 0.018 3.248 (0.894–11.008) 0.072

CYFRA (>3.5 ng/mL) 3.175 (0.709–10.445) 0.118

SCC (>2.5 ng/mL) 1.468 (0.400–4.422) 0.531

SUVmax 1.039 (0.959–1.121) 0.342

VDT 0.985 (0.974–0.993) <0.001 0.989 (0.978–0.995) <0.001

CI, confidence interval; PS, performance status; FEV1, forced expiratory volume in the first second; CEA, carcinoembryonic antigen; 
CYFRA, cytokeratin 19 fragment; SCC, squamous cell carcinoma antigen; SUVmax, maximum standardized uptake value; VDT, tumor 
volume doubling time.

https://cdn.amegroups.cn/static/public/JTD-23-292-Supplementary.pdf
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(P<0.001) (Figure 4B).
We considered that VDT values could be associated 

with the CT interval. Thus, we analyzed whether there 
was any correlation between the two variables. Figure S2A  
plots the relationship between VDT values and the CT 
interval. The correlation coefficient between the two 
variables was 0.335 (P=0.016), which was a moderately 
significant positive relationship. Figure S2B plots the 
relationship between clinical tumor diameter and CT 
interval. There was a slight negative relationship between 
the two variables, with longer CT intervals tending to 
have higher VDT values but the correlation was not 
significant (coefficient, −0.021; P=0.886), Longer CT 
intervals showed a non-significant tendency to smaller 
tumor diameters.

Discussion

In this study, we analyzed potential preoperative prognostic 
factors for resected stage I lung SCC and found that 
preoperative VDT is a significant predictor of prognosis. 
While several radiological prognostic factors have been 
identified for lung adenocarcinoma, including GGO (4) and 
SUVmax (5), few factors have been reported for causing lung 
SCC. Previous studies have identified several postoperative 
variables that are correlated with the prognosis of 
resected lung SCCs, including tumor location (central or  
peripheral) (6), the presence of lymphatic invasion (8),  
tumor budding (7),  and STAS (7,9).  However, no 
preoperative radiological factors for SCCs have been 
identified. Tsutani et al. found a correlation between 
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prognosis and the SUVmax of lung adenocarcinomas but not 
between prognosis and the SUVmax of SCCs (20).

VDT has been reported as a useful tumor activity 
indicator (10). VDT has also been used in lung cancer 
screening (21,22). The NELSON study demonstrated 
that nodules with a VDT of ≥400 days at 3 months were 
considered nongrowing tumors, nodules with a VDT of 
≥600 days at 1 year were considered nongrowing tumors, 
and nodules with a VDT of <400 days were more likely to 
be lung cancer (positive predictive value: 63%) (22).

Usuda et al. calculated tumor doubling time using chest 
X-rays. They set the cut-off value for tumor doubling time 
at 113 days and noted that nodules with tumor doubling 
times shorter than 113 days had significantly worse OS (11). 
Subsequently, imaging technology has developed and thin-
section CT is now widely used in clinical practice. As a result, 
tumor volume can be more easily calculated and tumor 
doubling time more accurately determined.

In patients with pathological stage I–IIIA resected 
NSCLC, Miura et al. found significant differences in both 
OS and RFS between those with VDT >400 days and those 
with VDT <400 days (14). Their VDT cut-off value of 
400 days was based on a study by Veronesi et al. (21). They 
reported that VDT was useful in differentiating between 
malignant and benign lung nodules on CT. In their study, 
adenocarcinoma (including adenocarcinoma in situ and 
nodules with GGO) accounted for more than 70% of lung 
cancers. However, there is wide variation in VDT among 
patients with pathological stage I–IIIA NSCLC. Therefore, 
rather than setting a uniform cut-off value, research on 
this topic would be better served by setting different cut-
off values for each cancer stage, or by limiting the inclusion 
criteria to avoid a broad range of VDTs.

Obayashi et al. reviewed the VDTs of each histological 
subtype of lung cancer and found significantly longer 
VDTs in lung adenocarcinomas than in lung SCCs (23). 
Among adenocarcinomas, nodules with GGO had longer 
VDTs than those without. The reason for the slowing of 
progression when GGO is present is likely the growth 
of the GGO in alveolar epithelial replacement patterns, 
resulting in a relatively slow expansion and longer VDTs.

In addition, Ortega et al. reported that molecular 
markers such as EGFR and ALK can be used to select 
target therapy and predict prognosis in lung cancer (24). 
In lung SCC, compared to adenocarcinoma, the number 
of useful markers is limited. Although not explored in this 
study, more detailed analysis of data on molecular markers 

would be essential in the future.
Setojima et al. investigated the relationship between 

prognosis and the VDT of the solid components of tumors 
in clinical stage I-IIA NSCLC (13). They demonstrated 
that OS and RFS were significant differences in both OS 
and RFS between those with VDT >215 days and those 
with VDT <215 days. Their cut-off value of 215 days 
was established using an ROC curve analysis of tumor 
recurrence. Since their study included both lung SCC and 
lung adenocarcinoma, one would expect a longer cut-off 
value than that required in the present study on lung SCC 
only, which was 150 days. Therefore, a cut-off value of 
150–215 days can be considered reasonable for lung SCCs.

The lack of existing preoperative radiological prognostic 
factors for lung SCCs makes, our finding that VDT is 
a prognostic factor in clinical stage I lung SCC cases 
particularly useful. However, the use of VDT for this 
purpose is not feasible in cases of complicated obstructive 
pneumonitis. Since obstructive pneumonitis is a common 
complication of lung SCC, this is a potential disadvantage 
of considering VDT as a prognostic factor. A further 
disadvantage is that VDT cannot be utilized without a 
preoperative diagnosis of lung SCC.

So why is VDT associated with prognosis in lung SCC? 
While lung adenocarcinoma often develops in the cells that 
proliferate during alveolar epithelial replacement (25), the 
growth pattern of lung SCC can be classified into three 
different structural patterns known as the alveolar space-
filling (ASF) type, the expanding type, and the mixed  
type (6). The ASF type of SCC tumor grows to fill the 
alveolar spaces separated by thin septa without destruction 
of the elastic framework. The expanding type of tumor 
destroys the surrounding lung parenchyma and the 
alveolar septum supported by the elastic framework, with 
clearly outlined lobulation. The mixed type of tumor has 
characteristics of both the ASF and the expanding types. 
Funai et al. found a 5-year survival rate among patients with 
ASF-type tumors of 100% (6). The ASF type represents 
about 5% of SCC cases. Total 95% of the patients with 
expanding or mixed-type tumors have worse prognoses 
than ASF-type patients. There is likely to be a relationship 
between tumor VDTs and lung SCC growth patterns.

High SUVmax has been demonstrated as a poor prognostic 
factor in NSCLC by Paesmans in a meta-analysis (26). 
Among NSCLCs, the degree of FDG accumulation differs 
between lung adenocarcinoma and SCC. Notably, FDG 
accumulation is correlated with the degree of glucose 
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transporter 1 (GLUT1) expression, and GLUT1 expression 
is higher in SCC than in adenocarcinoma and small cell 
lung cancer with higher FDG accumulation (27). Thus, 
FDG accumulation was originally higher in SCC. Tsutani 
et al. reported that SUVmax is a useful prognostic factor 
in PET/CT in adenocarcinoma but not in SCC (20). 
Similarly, in the present study, SUVmax was not identified as 
a significant prognostic factor in lung SCC.

In NSCLC, Nakamura et al. have reported correlations 
between VDT and gender, smoking status, and the 
presence of EGFR mutations (28). Tann et al. found VDT 
to be correlated with SUVmax in stage I lung cancer (29).  
However, the present study identified no significant 
relationships between VDT and clinicopathological factors, 
which might be due to small sample size. However, the lack 
of correlations with VDT suggests that VDT may reflect 
characteristics of the tumors themselves.

Limitations

The present study had some limitations. First, as a single-
institution retrospective study, the study might be selection 
bias. Also, the sample size is 51 patients, which is small. 
Lung SCC is less common than adenocarcinoma, and the 
proportion of patients with early stage is even smaller. 
Therefore, it is reasonable that the sample size is small, but 
it is also necessary to consider integrating data from multiple 
facilities in order to confirm more reliable results. Second, 
only one of the authors calculated the tumor VDTs, which 
might result in potential error possibilities that could not be 
avoided if they had been evaluated by two or more people. 
Third, the patients with the worst prognoses were excluded 
and this may have resulted in a less representative sample. 
Fourth, despite the prognostic utility of VDT, there are 
various problems with VDT measurements, such as the 
inaccuracy of tumor volume measurements taken from axial 
CT sections. Facilities with easy access to three-dimensional 
(3D) software should use it as Sone et al. have shown that 3D 
software can provide more accurate VDT measurements than 
can be achieved manually on 2D CT (30). Measurements in 
3D are accurate, but there is an error in the measurement of 
VDT in slightly smaller nodules affected by the thickness of 
the CT slice (31). 

Conclusions

The results of this study indicate that VDT is a useful 

prognostic predictor in clinical stage I lung SCC. In the 
future, further data are needed to confirm our study results.
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Figure S1 Example of a patient excluded from the study with multiple pulmonary nodules.

A B

Figure S2 A plot of the relationship (A) between tumor volume doubling time values and computed tomography interval; (B) between 
clinical tumor diameter and computed tomography interval. VDT, tumor volume doubling time, CT, computed tomography.
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Table S1 Relationship between clinicopathological factors of patients and tumor volume doubling time

Variables n (%) VDT [days, median (IQR)] P 

Age (years)  

<75 26 (51) 270 (136–413) 0.292

≥75 25 (49) 151 (63–356)

Sex 

Male 49 (96) 260 (88–365) 0.227

Female 2 (4) 851 (415–1,288)

CEA (ng/mL)

<5.0 42 (82) 270 (103–413) 0.250

≥5.0 9 (18) 97 (44–289)

CYFRA (ng/mL)

<3.5 47 (92) 265 (97–380) 0.408

≥3.5 4 (8) 56 (26–291)

SCC (ng/mL)

<2.5 41 (82) 263 (94–394) 0.557

≥2.5 9 (18) 315 (83–372)

SUVmax

<9 21 (41) 270 (121–396) 0.463

≥9 30 (59) 247 (81–368)

Clinical stage

IA 36 (71) 270 (99–379) 0.695

IB 15 (29) 216 (67–365)

Pathological stage

<IB 29 (57) 270 (125–396) 0.421

≥IB 22 (43) 145 (65–368)

Lymphatic invasion

Positive 2 (4) 245 (114–375) 0.782

Negative 49 (96) 263 (88–372)

Vascular invasion

Positive 11 (22) 263 (74–348) 0.877

Negative 40 (78) 263 (91–379)

Pleural invasion

Positive 11 (22) 97 (59–365) 0.532

Negative 40 (78) 267 (108–379)

VDT, tumor volume doubling time; IQR, interquartile range; CEA, carcinoembryonic antigen; CYFRA, cytokeratin 19 fragment; SCC, 
squamous cell carcinoma antigen; SUVmax, maximum standardized uptake value.


