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Prognostic value of node-to-primary tumor maximum 
standardized uptake value ratio in T1-4N1-3M0 non-
small cell lung cancer patients treated with concurrent 
chemo-radiotherapy
Tian-cheng Li, Xin Zhao, Yi-nuo Liu, Guo-lin Wang, Kai-feng Liu and Kui Zhao 

Background  This study aimed to identify whether NTR 
is the independent risk factor for progression-free survival 
(PFS) and overall survival (OS) in patients treated with 
concurrent chemo-radiotherapy (cCRT).

Methods  We retrospectively studied 106 T1-4N1-3M0 
non-small cell lung cancer patients treated with cCRT. The 
maximum standardized uptake value (SUVTumor) of the 
primary tumor and the metastatic lymph nodes (SUVLN) 
were measured. The prognostic significance of NTR for 
predicting PFS and OS was assessed. A multi-adjusted 
spline regression model was conducted to provide 
more precise estimates and examine the shape of the 
associations between NTR and the risk of progression.

Results  From 2012 to 2017, 106 eligible patients were 
analyzed. The median follow-up time was 15.3 months 
(3.5–44.6 months). We determined the maximizing 
area under the time-dependent receiver operating 
characteristic curve was at an NTR of 0.73 for predicting 
PFS. The two-year PFS was significantly lower in the 
high-NTR group (35.7% vs. 55.4%, P = 0.02) and two-
year OS (43.4% vs. 61.1%, P = 0.03 was also significantly 

worse. Multivariable analysis revealed that only NTR was 
an independent prognostic factor for PFS (hazard ratio 
[HR]: 10.04, P < 0.001) and OS (HR: 4.19, P = 0.03). The 
restricted cubic spline regression model showed that 
NTR had a non-linear relationship with log relative risk for 
progression.

Conclusion  NTR was an independent risk factor for 
predicting PFS and OS in T1-4N1-3M0 non-small cell lung 
cancer patients treated with cCRT. Nucl Med Commun 43: 
901–907 Copyright © 2022 The Author(s). Published by 
Wolters Kluwer Health, Inc.

Nuclear Medicine Communications 2022, 43:901–907

Keywords: fluorodeoxyglucose, lung cancer, maximum standardized uptake 
value, node-to-tumor SUV ratio, PET, prognosis

Departments of PET Center, The First Affiliated Hospital, College of Medicine, 
Zhejiang University, Hangzhou, Zhejiang, China

Correspondence to Kui Zhao, MD, The First Affiliated Hospital, College of 
Medicine, Zhejiang University, Hangzhou, Zhejiang 310003, People’s Republic 
of China
Tel: +86 13819180021; e-mail: zhaokui0905@zju.edu.cn

Received 7 February 2022 Accepted 14 April 2022

	

Introduction
Lung cancer remains the leading cause of cancer-related 
death worldwide. Non-small cell lung cancer (NSCLC) 
accounts for approximately 83% of lung cancer [1,2]. 
The prognosis of locally advanced NSCLC patients who 
received chemoradiation remains poor, with a median 
progression-free survival (PFS) of only 8.1–9.1 months, 
and median overall survival (OS) of 20.6–21.8 months [3]. 
Due to the poor prognosis of NSCLC, medical research 
various imagine parameters for prediction of NSCLC 
clinical results. As a combination of functional imaging 
and anatomical imaging, 18F-FDG PET/CT has been 
widely used in the diagnosing, staging, evaluation of treat-
ment efficacy and prognosis of NSCLC [4–6]. Maximum 
standardized uptake value (SUVmax), metabolic tumor 
volume (MTV) and total lesion glycolysis (TLG) had 

been proved to be important prognostic factors for pre-
dicting clinical outcome [7,8].

In addition to these traditional PET parameters, several 
recent studies investigated the role of a ratio parameter 
called the ratio of maximum standardized uptake value 
(SUV) of metastatic lymph nodes to primary tumor 
(NTR) [9–12]. Several studies had found that the patients 
with relatively high NTR are significantly associated 
with poor outcomes, suggesting that the NTR has dif-
ferent behaviors between tumors with higher and lower 
metastatic potential [10,12]. However, few studies inves-
tigated the prognostic value of NTR in NSCLC patients 
treated with concurrent chemo-radiotherapy. This study 
aimed to evaluate the prognostic value of lymph node 
to primary tumor SUV ratio in T1-4N1-3M0 NSCLC 
patients treated with concurrent chemo-radiotherapy.

Materials and methods
Patient
The institutional review boards of the First Affiliated 
Hospital of Zhejiang University approved this retrospective 
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study, and the requirement to obtain informed consent 
was waived. From January 2012 to December 2017, 106 
consecutive patients with T1-4N1-3M0 stage confirmed 
by bronchoscope histopathology and 18F-FDG PET/CT 
were included in this study. The pretreatment workup 
included chest contrast-enhanced CT, fiberoptic bron-
choscopy with transbronchial needle aspiration (TBNA), 
serum tumor markers and FDG PET/CT. Patients were 
excluded from the study by the criteria: (1) received 
neoadjuvant radiotherapy or chemotherapy, (2) received 
other treatment such as target therapy, immunotherapy 
and (3) with a history of another malignant tumor.

After pretreatment evaluation, every patient received 
concurrent chemo-radiotherapy. For radiotherapy, a ste-
reotactic body radiotherapy technique was used in all 
patients. Gross tumor volume encompassed the primary 
NSCLC lesion and lymph nodes that were considered 
to be positive for malignant involvement by FDG PET/
CT and TBNA findings. The total cumulative doses for 
the gross tumor volume were between 45 and 65 Gy. The 
chemotherapy regimen consisted of cisplatin or carbopla-
tin with paclitaxel or pemetrexed-based doublet therapy, 
and was performed concurrently with radiotherapy or 
sequentially after radiotherapy. For the first 3 years after 
treatment, all patients underwent follow-up examinations 
that included history taking, contrast-enhanced chest CT, 
and serum tumor markers at 3-month intervals. Afterward, 
follow-up studies were performed every 6 months. Once 
abnormal finding was found, further diagnostic studies 
were performed, and if feasible, a biopsy was performed 
to histopathologically confirm the cancer progression. 
The median follow-up period was 15.3 months (2.4–56.6 
months). In all patients diagnosed with disease progres-
sion or newly developed metastatic lesions, further pal-
liative treatment was performed according to the clinical 
condition of the patients and recurrent sites.

FDG PET/CT protocol
The patients fasted at least 6 hours before examination 
and the blood glucose concentration was not higher than 
110  mg/dl. 18F-FDG PET/CT images were acquired 
from a Siemens PET/CT Biograph 16 (Siemens Medical 
Solutions) and were performed approximately 60 min-
utes after IV injection of 18F-FDG with the dosage of 
4.44–5.55 MBq/kg. A low-dose unenhanced CT scan was 
performed from the skull base to the middle of the thigh, 
with the following parameters: 120 kV, 80 mA, the pitch of 
0.829, tube rotation time of 0.5 seconds per rotation, and 
reconstruction thickness and interval of 5.0 mm, for pre-
cise anatomical localization and attenuation correction, 
and was followed by the PET scan that matched the CT 
section thickness. The PET images were obtained using 
the ordered subset expectation maximization method. 
All collected images were transferred into Syngo work-
station (Siemens Medical Solutions) to reconstruct PET, 
CT and PET/CT fusion images.

Image analysis
The primary tumor length was measured on the CT 
images. PET images were interpreted by an experienced 
radiologist on the MEDEX workstation system and 
the regions of interest (ROI) were drawn manually on 
the original site of the tumor and the metastatic lymph 
nodes. The metastasic lymph nodes are diagnosed by 
visual assessment in 18F-FDG PET/CT and contrast-en-
hanced chest CT and were correlated with, if available, 
the TBNA finding. The standard uptake maximum value 
within the ROI (SUVmax) of primary tumor and metasta-
sic lymph nodes was automatically measured. NTR was 
calculated by dividing the lymph node by primary tumor 
maximum SUV for each patient.

Statistical analysis
Cutoff NTR value is determined by the maximizing 
area under the time-dependent receiver operating char-
acteristic (ROC) curve for predicting PFS. To assess the 
differences in baseline characteristics according to the 
NTR stratification, continuous variables were evaluated 
by Mann–Whitney U tests and categorical variables were 
evaluated by Pearson’s chi-square test or Fisher’s exact 
test as appropriate. To assess the predictive values of vari-
ables for PFS and OS, univariate and multivariate analyses 
were performed using a Cox proportional hazards regres-
sion model. Survival time was defined as the time from 
the day of initiation of chemo-radiotherapy to the day of 
detection of disease progression (for PFS) or death (OS), 
or the day of the last follow-up visit to our hospital. The 
patients were classified as having disease progression 
when the size of known malignant lesions was increased 
by 20% or more, or a newly developed metastatic lesion 
was found on follow-up imaging studies according to the 
Response Evaluation Criteria In Solid Tumors criteria 
version 1.1. Of the variables in univariate analysis, those 
with a P-value of <0.05 were included in multivariate anal-
ysis. For NTR, survival curves were estimated with the 
Kaplan–Meier method and compared with the log-rank 
test. P < 0.05 was considered statistically significant. A mul-
ti-adjusted spline regression model was conducted to pro-
vide more precise estimates and examine the shape of the 
associations between NTR and the risk of progression. All 
the analyses were performed with the statistical software 
packages R (http://www.R-project.org, The R Foundation) 
and EmpowerStats (http://www.empowerstats.com, X&Y 
Solutions, Inc, Boston, Massachusetts).

Results
Determination of cutoff value and patients’ 
characteristics
The cutoff NTR value at 0.73 is determined by the max-
imizing area under the time-dependent ROC curve for 
predicting PFS, and the area under the curve was 0.803 
[95% confidence interval (CI) 0.719–0.886, Fig. 1]. The 
sensitivity was 82.2% and the specificity was 62.3%.

http://www.R-project.org
http://www.empowerstats.com
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The characteristics of the enrolled patients were shown 
in Table  1. A total of 106 patients with T1-4N1-3M0 
NSCLC were included in this study, including 57 
males and 49 females, with an average age of 63.2 years. 
According to the cutoff value of NTR, the patients were 
divided into two groups. After the grouping, there were 
52 patients in the low-NTR group and 54 patients in the 
high-NTR group, respectively. Patients with low and 
high NTR seemed to be similar in most characteristics 
except for SUVtumor and SUV

LN
. Of the 106 enrolled 

patients, 74 (69.8%) experienced disease progression and 
64 (60.4%) died during the clinical follow-up.

Prognostic value of lymph node to primary tumor 
maximum standardized uptake value ratio
The age, sex, histological type, histological grade, tumor 
stage, nodal stage, SUVtumor, SUV

LN
, NTR of all patients 

were evaluated in the univariate analysis (Table 2). Tumor 
stage, nodal stage, SUV

LN
 and NTR showed significance 

in predicting PFS (P < 0.05 for all). For OS, tumor stage 
and NTR were significant prognostic factors (P < 0.05 for 
all). Among the variables, those with a P-value of <0.05 
in the univariate analysis were selected for multivariate 
analysis. In multivariate analysis (Table 3), only NTR 
were determined to be independent prognostic factors for 
PFS (P < 0.001) and for OS (P = 0.03). Tumor stage, nodal 
stage, SUV

LN
 failed to show significance in predicting 

PFS in multivariate analysis. Tumor stage failed to show 
significance in predicting OS in multivariate analysis.

Kaplan–Meier survival analysis
For Kaplan–Meier survival analysis (Fig.  2), NTR was 
divided into two categories according to the cutoff value 
of 0.73 which was determined by the time-dependent 
ROC curve analysis. Kaplan–Meier analysis of patients 
stratified by NTR cutoff value showed significantly worse 
2-year PFS (35.7% vs. 55.4%, P = 0.02) and OS 43.4% vs. 
61.1%, P = 0.03) in patients with high NTR (≥0.73) than 
in those with low NTR (<0.73).

Restricted cubic spline analysis
The spline regression (Fig. 3) showed that NTR had a 
non-linear relationship with log relative risk for progres-
sion. The restricted cubic regression spline analysis was 
in concordance with the multivariable cox proportional 
hazards models regarding the relationship between NTR 
and the risk of progression.

Discussion
The present study demonstrated that NTR is an inde-
pendent prognostic factor in T1-4N1-3M0 NSCLC 
patients treated with concurrent chemo-radiotherapy. 
In multivariate survival model including tumor factor 
(tumor stage), metastatic lymph node factors (nodal 
stage and SUV

LN
), NTR was found to be the independ-

ent prognostic factor for PFS and OS. We demonstrated 
that the patients with NTR ≥0.73 had a higher risk of 
developing disease progression and also a higher risk of 
mortality.

Fig. 1

Time-dependent receiver operating characteristic (ROC) curve analysis of progression-free survival prediction according to the node-to-tumor ratio 
of SUV (NTR). The area under the curve was 0.803 [95% confidence interval (CI) 0.719–0.886]. The best NTR cutoff value was 0.73 for predic-
tion of disease progression. NTR, node-to-tumor SUV ratio.



904  Nuclear Medicine Communications  2022, Vol 43 No 8

There are many risk factors for cancer prognosis. Previous 
studies had indicated that many easy-to-use PET param-
eters could be a surrogate marker of tumor aggressiveness 
[13,14]. Many researchers have reported on the role of 
SUVmax as a prognostic indicator in primary lung cancer 
[15–18]. However, other studies have failed to find a corre-
lation between pretreatment of SUVmax and subsequent 
tumor treatment response or survival in patients with 
NSCLC [18–22]. An important problem with SUVmax is 
it reflects the highest metabolic pixels within the tumor, 
which does not necessarily represent the overall metabolic 
state of the tumor. This problem is particularly important 
when tumor FDG uptake is highly heterogeneous and 
most tumors’ SUV much lower than SUVmean.

Because of the limitations of SUVmax, volume-based 
PET parameters such as MTV and TLG are being used. 
While SUVmax represents the FDG activity of a single 
pixel, volume-based PET parameters can assess the FDG 

activity of the whole tumor. MTV and TLG can be used 
to estimate FDG activity throughout the body to deter-
mine the patient’s total tumor load as MTV and TLG 
from multiple lesions can be added together. Several 
studies have shown that volume-based PET parameters 
are important predictors of NSCLC survival, even when 
the SUVmax or SUVmean of the primary tumor has no 
predictive value [23–26]. Hyun and colleagues [25] eval-
uated the prognostic impact of volume-based metabolic 
parameters in 161 NSCLC patients surgically resected 
after neoadjuvant concurrent radiotherapy and chemo-
therapy treatment. Multivariate analysis showed the 
higher pretreatment total MTV was significantly associ-
ated with shorter DFS (P = 0.036) and OS (P = 0.012). 
In contrast, There was no significant correlation between 
the SUVmax of primary tumor and DFS and OS.

However, these parameters could be affected by various 
factors, such as time dependence, dose calibration, and 

Table 1   Patient characteristics before and after grouping by node-to-tumor SUV ratio

 Cohort (n = 106) Low-NTR (n = 52) High-NTR (n = 54) P value

Sex Male 57 (54%) 32 (62%) 25 (46%) 0.731
Age at diagnosis Female 49 (46%)

63.2 (43.0–76.8]
20 (38%)

61.5 (43.0–74.6]
29 (54%)

62.7 (45.1–76.8]
0.965

Differentiation Well to Moderate 73 (69%) 33 (63%) 40 (74%) 0.238
 Poor 33 (31%) 19 (37%) 14 (26%)  
Tumor stage (AJCC 7th edition) T1 44 (13%) 9 (17%) 5 (9%) 0.095
 T2 62 (30%) 17 (33%) 15 (28%)  
 T3 30 (28%) 15 (29%) 15 (28%)  
 T4 30 (28%) 11 (21%) 19 (35%)  
Nodal stage (AJCC 7th edition) N1 16 (15%) 9 (17%) 7 (13%) 0.005
 N2 50 (47%) 25 (48%) 25 (46%)  
 N3 40 (38%) 18 (35%) 22 (41%)  
SUVTumor
SUV

LN
NTR

 13.6 (2.9–25.7]
8.9 (2.1–24.3]

0.69 (0.14–2.30]

13.3 (6.6–22.5]
6.5 (2.1–12.8]

0.49 (0.14–0.65]

14.1 (2.9–25.7]
12.4 (7.2–24.3]

0.88 (0.66–2.30]

0.106
<0.001
<0.001

NTR, node-to-tumor SUV ratio; SUV
LN

, maximal SUV of metastatic node; SUVTumor, maximal SUV of primary tumor.

Fig. 2

The Kaplan–Meier estimates of (a) progression-free survival (PFS) and (b) overall survival (OS) for patients with NTR ≥ 0.73 (green line) vs. NTR 
< 0.73 (red line). High NTR (≥0.73) predicted for worse outcomes than low NTR (<0.73) on PFS (2-year: 35.7% vs. 55.4%, P = 0.02) and OS 
(2-year: 43.4% vs. 61.1%, P = 0.03). NTR, node-to-tumor SUV ratio.
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interstudy variability of the arterial input function, which 
adversely affect the reliability of the SUV as a surrogate of 
the metabolic rate of glucose consumption [27–29]. It has 
been recognized that part of the problems can be elim-
inated if tumor SUV is normalized by using the tumor-
to-liver ratio or tumor-to-blood ratio [30,31]. However, 
these normalized parameters only reflect the metabolic 
activity of the primary tumor, which has prognostic value 
for patients without metastasis.

Theoretically, NTR could be the easy-to-use PET parame-
ter for predicting locally advanced cancer patients. Hung et 
al. [32] conducted a study to evaluate the prognostic value 
of NTR in nasopharyngeal carcinoma. In their report, mul-
tivariable analysis showed that NTR was an independent 

prognostic factor for distant metastasis-free survival (haz-
ard ratio 2.20, 95% CI 1.20–4.03, P = 0.011). Similarly, it has 
been demonstrated that NTR was an independent factor 
for predicting prognosis in unresectable esophageal cancer 
[10], endometrioid endometrial carcinoma [11], and inva-
sive ductal breast cancer [33]. Kaira et al. [34] found that 
higher ratio of SUVmax of the metastatic tumor to the pri-
mary tumor (M/P ratio) portended lower response to initial 
chemotherapy and poorer survival (PFS and OS) in stage 
IIIB and IV NSCLC patients [22]. However, this study 
did not explore the prognosis value of M/P ratio of met-
astatic tumor to the primary tumor (M/P ratio) in stage II 
or IIIA NSCLC patients with lymph node metastasis. The 
main advantage of our study was that we used restricted 

Fig. 3

Association of NTR levels with risk of progression. Dashed lines are 95% confidence intervals. Hazards ratios and 95% confidence intervals 
derived from restricted cubic spline regression. Hazards ratios were estimated using logistic regression modeling, adjusting for the same variables 
in Table 3. NTR, node-to-tumor SUV ratio.

Table 2  Univariable analysis of clinical variables with Cox proportional hazard model for progression-free survival and overall survival

Variables 

PFS OS

HR (95% CI) P value HR (95% CI) P value

Sex (vs. male)     
  Female 0.96 (0.39–2.37) 0.733 1.79 (0.66–4.84) 0.252
Age (year) 1.10 (0.47–2.58) 0.833 2.07 (0.79–5.44) 0.142
Histopathology (vs. squamous cell carcinoma)     
  Adenocarcinoma 1.04 (1.00–1.08) 0.032 1.05 (0.95–1.16) 0.385
Differentiation (vs. well to moderate)     
  Poorly differentiated 0.61 (0.27–1.40) 0.245  0.73 (0.33–1.61) 0.436
Tumor stage (vs. T1)     
  T2 1.03 (0.35–3.07) 0.954  1.01 (1.00–1.02) 0.027a

  T3 3.34 (1.23–9.08) 0.018a 2.96 (1.04–8.41) 0.042a

  T4 5.90 (1.69–20.59) 0.005a 5.51 (2.08–14.64) 0.001a

Nodal stage (vs. N1)     
  N2 1.10 (0.36–3.37) 0.869 1.25 (0.66–2.38) 0.499
  N3 5.09 (1.44–17.96) 0.011a 2.45 (0.73–8.16) 0.145
SUVTumor 1.52 (0.70–3.31) 0.291 1.21 (0.48–3.04) 0.689
SUV

LN
NTR [vs. low NTR (<0.73)]

1.06 (1.01–1.11) 0.009a 1.89 (0.90–4.60) 0.089

High NTR (≥0.73) 7.17 (2.09–24.51) 0.002a 8.47 (2.93–24.50) <0.001a

CI, confidence interval; NTR, node-to-tumor SUV ratio; SUV
LN

, maximal SUV of metastatic node; SUVTumor, maximal SUV of primary tumor.
aSignificance SUVTumor, SUV

LN
 and NTR.
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cubic spline regression to highlight a non-linear relation-
ship between NTR and progression risk after adjusting 
for various confounding factors. A better understanding of 
NTR can help clinicians predict the prognosis of locally 
advanced lung cancer and select more appropriate treat-
ments for patients.

However, this study had several limitations. First, the study 
was a retrospective single-center study with a relatively 
small number of patients. Further studies are needed 
to validate the results of this study. Second, because we 
only enrolled patients who had locally advanced NSCLC 
underwent concurrent chemo-radiotherapy, the prognos-
tic value of NTR in other types of treatment (such as 
target therapy, immunotherapy) is unknown. Finally, we 
suppose that if the metastatic tumor of lymph nodes has 
higher metabolic activity than primary tumor, it may indi-
cate higher distant metastatic potential and may eventu-
ally lead to a poorer outcome. However, this hypothesis 
needs further fundamental biological study to prove.

In conclusion, NTR was an independent risk factor for 
predicting PFS and OS in T1-4N1-3M0 NSCLC patients 
treated with concurrent chemo-radiotherapy. Patients 
with low NTR had a better prognosis than those with 
high NTR. NTR can be used as a biomarker for stratify-
ing the prognosis of cancer patients.

Acknowledgements
The authors acknowledge the Department of Education 
of Zhejiang Province (No. Y202043388), China.

Tiancheng Li: data analysis, literature research, and man-
uscript writing. Xin Zhao, Yinuo Liu, Guolin Wang and 
Kaifeng Liu: data acquisition and review, Kui Zhao: study 
design and theoretical support. Tiancheng Li and Kui 
Zhao: design of the research program, review and revise 
of the manuscript. All the authors agreed on the content 
of the final manuscript.

All procedures performed in studies involving human 
participants were in accordance with the ethical stand-
ards of the institutional and/or national research commit-
tee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. Due to 
the retrospective nature of the study, no formal approval 
from the ethics committee was required according to our 
national legislation.

The datasets used and/or analyzed during the current 
study are available from the corresponding author on rea-
sonable request.

Conflicts of interest
There are no conflicts of interest.

References
1	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin 

2019; 69:7–34.
2	 Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano CM, et 

al. Cancer treatment and survivorship statistics, 2019. CA Cancer J Clin 
2019; 69:363–385.

3	 Ahn JS, Ahn YC, Kim JH, Lee CG, Cho EK, Lee KC, et al. Multinational 
randomized Phase III trial with or without consolidation chemotherapy 
using docetaxel and cisplatin after concurrent chemoradiation in inoperable 
stage III non-small-cell lung cancer: KCSG-LU05-04. J Clin Oncol 2015; 
33:2660–2666.

4	 Jiménez-Bonilla JF, Quirce R, Martínez-Rodríguez I, Banzo I, Rubio-
Vassallo AS, Del Castillo-Matos R, et al. Diagnosis of recurrence and 
assessment of post-recurrence survival in patients with extracranial 
non-small cell lung cancer evaluated by 18F-FDG PET/CT. Lung Cancer 
2013; 81:71–76.

5	 Tauhardt E, Reissig A, Winkens T, Freesmeyer M. Early detection of disease 
progression after palliative chemotherapy in NSCLC patients by (18)
F-FDG-PET. Nuklearmedizin 2014; 53:197–204.

6	 Jeong YH, Lee CK, Jo K, Hwang SH, Cha J, Lee JW, et al. Correlation 
Analysis and Prognostic Impact of (18)F-FDG PET and Excision Repair 
Cross-Complementation Group 1 (ERCC-1) Expression in Non-Small Cell 
Lung Cancer. Nucl Med Mol Imaging 2015; 49:108–114.

7	 Lee JW, Lee SM, Yun M, Cho A. Prognostic value of volumetric parameters 
on staging and posttreatment FDG PET/CT in patients with stage IV non-
small cell lung cancer. Clin Nucl Med 2016; 41:347–353.

8	 Im HJ, Pak K, Cheon GJ, Kang KW, Kim SJ, Kim IJ, et al. Prognostic value 
of volumetric parameters of (18)F-FDG PET in non-small-cell lung cancer: a 
meta-analysis. Eur J Nucl Med Mol Imaging 2015; 42:241–251.

9	 Chung HH, Cheon GJ, Kim JW, Park NH, Song YS. Prognostic importance 
of lymph node-to-primary tumor standardized uptake value ratio in invasive 
squamous cell carcinoma of uterine cervix. Eur J Nucl Med Mol Imaging 
2017; 44:1862–1869.

10	 Chen PJ, Yap WK, Chang YC, Tseng CK, Chao YK, Hsieh JC, et al. 
Prognostic value of lymph node to primary tumor standardized uptake value 
ratio in unresectable esophageal cancer. BMC Cancer 2020; 20:545.

11	 Chung HH, Cheon GJ, Kim JW, Park NH, Song YS. Prognostic value 
of lymph node-to-primary tumor standardized uptake value ratio in 
endometrioid endometrial carcinoma. Eur J Nucl Med Mol Imaging 2018; 
45:47–55.

12	 Lin CH, Hung TM, Chang YC, Hsieh CH, Shih MC, Huang SM, et al. 
Prognostic value of lymph node-to-primary tumor standardized uptake 
value ratio in esophageal squamous cell carcinoma treated with definitive 
chemoradiotherapy. Cancers (Basel) 2020; 12:607.

13	 Ouyang ML, Tang K, Xu MM, Lin J, Li TC, Zheng XW. Prediction of occult 
lymph node metastasis using tumor-to-blood standardized uptake ratio and 
metabolic parameters in clinical N0 lung adenocarcinoma. Clin Nucl Med 
2018; 43:715–720.

14	 Ouyang ML, Xia HW, Xu MM, Lin J, Wang LL, Zheng XW, Tang K. 
Prediction of occult lymph node metastasis using SUV, volumetric 
parameters and intratumoral heterogeneity of the primary tumor in 
T1-2N0M0 lung cancer patients staged by PET/CT. Ann Nucl Med 2019; 
33:671–680.

Table 3  Multivariable analysis of clinical variables with Cox proportional hazard model for progression-free survival and overall survival

Variables PFS  OS  

 HR (95% CI) P value HR (95% CI) P value
Nodal stage (vs. N1) 1.82 (0.40–8.22) 0.44  NS
Tumor stage (vs. T1) 1.94 (0.70–5.33) 0.20 1.35 (0.57–3.11) 0.45
SUV

LN
1.25 (0.66–2.38) 0.50  NS

NTR [vs. low NTR (<0.73)]     
High NTR (≥0.73) 10.04 (2.6–37.81) <0.001 4.19 (1.16–15.08) 0.03

CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
aSignificance PFS, OS and HR.



Prognostic value of lymph node to primary tumor Li et al.  907

15	 Hamamoto Y, Sugawara Y, Inoue T, Kataoka M, Ochi T, Takahashi T, Sakai 
S. Relationship between pretreatment FDG uptake and local control after 
stereotactic body radiotherapy in stage I non-small-cell lung cancer: the 
preliminary results. Jpn J Clin Oncol 2011; 41:543–547.

16	 Takeda A, Yokosuka N, Ohashi T, Kunieda E, Fujii H, Aoki Y, et al. The 
maximum standardized uptake value (SUVmax) on FDG-PET is a strong 
predictor of local recurrence for localized non-small-cell lung cancer 
after stereotactic body radiotherapy (SBRT). Radiother Oncol 2011; 
101:291–297.

17	 Clarke K, Taremi M, Dahele M, Freeman M, Fung S, Franks K, et al. 
Stereotactic body radiotherapy (SBRT) for non-small cell lung cancer 
(NSCLC): is FDG-PET a predictor of outcome? Radiother Oncol 2012; 
104:62–66.

18	 Ikushima H, Dong L, Erasmus J, Allen P, McAleer MF, Zhuang Y, et al. 
Predictive value of 18F-fluorodeoxyglucose uptake by positron emission 
tomography for non-small cell lung cancer patients treated with radical 
radiotherapy. J Radiat Res 2010; 51:465–471.

19	 Ryu JS, Choi NC, Fischman AJ, Lynch TJ, Mathisen DJ. FDG-PET in 
staging and restaging non-small cell lung cancer after neoadjuvant 
chemoradiotherapy: correlation with histopathology. Lung Cancer 2002; 
35:179–187.

20	 Hoopes DJ, Tann M, Fletcher JW, Forquer JA, Lin PF, Lo SS, et al. FDG-
PET and Stereotactic Body Radiotherapy (SBRT) for stage I non-small-cell 
lung cancer. Lung Cancer 2007; 56:229–234.

21	 Burdick MJ, Stephans KL, Reddy CA, Djemil T, Srinivas SM, Videtic GM. 
Maximum standardized uptake value from staging FDG-PET/CT does 
not predict treatment outcome for early-stage non-small-cell lung cancer 
treated with stereotactic body radiotherapy. Int J Radiat Oncol Biol Phys 
2010; 78:1033–1039.

22	 Win T, Miles KA, Janes SM, Ganeshan B, Shastry M, Endozo R, et al. Tumor 
heterogeneity and permeability as measured on the CT component of PET/
CT predict survival in patients with non-small cell lung cancer. Clin Cancer 
Res 2013; 19:3591–3599.

23	 Chung HW, Lee KY, Kim HJ, Kim WS, So Y. FDG PET/CT metabolic 
tumor volume and total lesion glycolysis predict prognosis in patients 
with advanced lung adenocarcinoma. J Cancer Res Clin Oncol 2014; 
140:89–98.

24	 Yan H, Wang R, Zhao F, Zhu K, Jiang S, Zhao W, et al. Measurement of 
tumor volume by PET to evaluate prognosis in patients with advanced 

non-small cell lung cancer treated by non-surgical therapy. Acta Radiol 
(Stockholm, Sweden: 1987) 2011; 52:646–650.

25	 Hyun SH, Ahn HK, Ahn MJ, Ahn YC, Kim J, Shim YM, Choi JY. Volume-
based assessment with 18F-FDG PET/CT improves outcome prediction 
for patients with stage IIIA-N2 non-small cell lung cancer. AJR Am J 
Roentgenol 2015; 205:623–628.

26	 Huang W, Liu B, Fan M, Zhou T, Fu Z, Zhang Z, et al. The early 
predictive value of a decrease of metabolic tumor volume in repeated 
(18)F-FDG PET/CT for recurrence of locally advanced non-small cell 
lung cancer with concurrent radiochemotherapy. Eur J Radiol 2015; 
84:482–488.

27	 Boktor RR, Walker G, Stacey R, Gledhill S, Pitman AG. Reference range 
for intrapatient variability in blood-pool and liver SUV for 18F-FDG PET. J 
Nucl Med 2013; 54:677–682.

28	 Huang SC. Anatomy of SUV. Standardized uptake value. Nucl Med Biol 
2000; 27:643–646.

29	 Keyes JW Jr. SUV: standard uptake or silly useless value? J Nucl Med 
1995; 36:1836–1839.

30	 Park J, Chang KJ, Seo YS, Byun BH, Choi JH, Moon H, et al. Tumor 
SUVmax normalized to liver uptake on (18)F-FDG PET/CT predicts the 
pathologic complete response after neoadjuvant chemoradiotherapy 
in locally advanced rectal cancer. Nucl Med Mol Imaging 2014; 
48:295–302.

31	 van den Hoff J, Oehme L, Schramm G, Maus J, Lougovski A, Petr J, et al. 
The PET-derived tumor-to-blood Standard Uptake Ratio (SUR) is superior 
to tumor SUV as a surrogate parameter of the metabolic rate of FDG. 
EJNMMI Res 2013; 3:77.

32	 Hung TM, Fan KH, Kang CJ, Huang SF, Lin CY, Ho AT, et al. Lymph 
node-to-primary tumor standardized uptake value ratio on PET predicts 
distant metastasis in nasopharyngeal carcinoma. Oral Oncol 2020; 
110:104756.

33	 Kim YH, Yoon HJ, Kim Y, Kim BS. Axillary lymph node-to-primary tumor 
standard uptake value ratio on preoperative (18)F-FDG PET/CT: a 
prognostic factor for invasive ductal breast cancer. J Breast Cancer 2015; 
18:173–180.

34	 Kaira K, Endo M, Asakura K, Tsuya A, Nakamura Y, Naito T, et al. Ratio of 
standardized uptake value on PET helps predict response and outcome 
after chemotherapy in advanced non-small cell lung cancer. Ann Nucl Med 
2010; 24:697–705.


