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ABSTRACT 
 

Background: Management of colorectal cancer is rather difficult due to recurrences and metastasis. 
Therefore, there is a need for reliable prognostic indicators like non-invasive imaging methods. 
 
Aim: To examine the prognostic importance of Fluorine 18 fluorodeoxyglucose uptake by lymph nodes 
preoperative using combined positron emission tomography / computed tomography (PET/CT) in 
colorectal cancer. 
 
Methods: This prospective study included 150 adult patients with colorectal cancer. All patients were 
exposed to whole-body 18F-PET/CT preoperative at King Hussein Hospital/Royal Medical Services, 
JORDAN, from June 2015-May 2019. Tumor diameter and grade with lymph node metastasis were 
assessed. All patients were re-examined every 6 months if any abnormal findings were found; using 18F 
PET/CT. 
 
Results: lymph nodes Standard uptake value (SUVLN) of 1.3 was the cut-off point used to predict 
recurrence. SUVLN was found to be significantly associated with tumor diameter, lymph node 
metastasis, and recurrence. Univariate and multivariate analyses, both demonstrated a statistically 
significant correlation between recurrence, SUVLN and tumor grade. These were also found to be 
independent risk factors for recurrence. Conclusion: Preoperative SUVLN was significantly correlated 
with recurrence and it is a significant prognostic characteristic in patients with colorectal cancer. 

Keywords: prognosis; colorectal cancer; lymph nodes; Fluorine 18 fluorodeoxyglucose/ positron 
emission tomography / computed tomography; lymph nodes standard uptake value; recurrence. 
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Introduction 
Colorectal cancer is a common malignant tumor and a major health issue worldwide (1). In addition, the 
total number of cases globally was 1.80 million, while the number of deaths due to colorectal cancer was 
862,000. The main treatments for colorectal cancer are surgery and chemotherapy. Treatment 
management is plagued with problems like recurrence and metastasis (2). 
From the departments of: 
Radiology, Nuclear medicine department, JRMS, KHMC, Amman, JORDAN. 
Correspondence should be addressed to Dr. Louai Al-Qatawna MD; E-mail: Loaiqatawneh@yahoo.com 
Manuscript received               ;Accepted  

mailto:Loaiqatawneh@yahoo.com


JOURNAL OF THE ROYAL MEDICAL  SERVICES                   
Vol.27   No.3  DECEMBER  2020 49 

The TNM classification of the tumor predicts prognosis and determines the treatment course for 
colorectal cancer (3). The rate of lymphatic metastasis is higher in colorectal cancer, which affects 
prognosis extensively (4). Conventional imaging techniques can identify the lymph node metastasis and 
are helpful in gaining morphological information (5). However these techniques fail to provide 
information about biological/functional behavior. 
Currently, the most widely accepted method used to evaluate treatment response in cancer patients is 
change in tumor size (RECIST Criteria). According to the criteria, a decrease of at least 30% in tumor 
size is considered as a positive response. But measuring the morphological changes in the tumor size 
might not reflect the actual response in terms of patient outcomes. This may be due to the residual non-
tumoral mass or the fact that imaging techniques cannot capture the therapeutic effect. Besides, newer 
treatments have a different mechanism of action on tumors and do not immediately show changes in 
tumor masses. This poses a challenge to the imaging modalities to measure the treatment response. As 
the anticancer therapy is getting more and more individualized, identifying and measuring an accurate 
response to the therapy at the earliest moment has become crucial to optimizing the treatment. 
Fluorine 18 (18F) fluorodeoxyglucose (FDG)–combined positron emission tomography (PET) and 
computed tomography (CT) is an evolving imaging technique. This technique identifies cancer cells from 
their increased glucose uptake and metabolism (6). Tumor cells uptake the 18F FDG during the imaging to 
form FDG-6-Phosphate which remains unbroken by the glycolytic pathway leading to accumulation and 
serves as imaging biomarker. The accumulated FDG-6-Phosphate is visualized and measured 
quantitatively on the PET/CT imaging scans. Thus, the 18F FDG uptake is directly correlated with the 
viable tumor cells. Some studies demonstrated that they had lower specificity and sensitivity to identify 
the metastasis in early-stage colorectal cancer, compared to traditional imaging techniques like CT (7). 
18F-FDG PET/CT is improving the routine management plan for colorectal cancer patients by adding 
more visualization to the previously unknown metastases (8). This imaging technique is employed in the 
post-surgical patient follow-up, to detect any residual tumor or recurrence and also, to follow-up patients 
undergoing systemic therapy to predict therapy response. Moreover some researchers demonstrated that 
FDG PET/CT is effective in identifying recurrence in patients without any clinical suspicion such as 
elevated CEA levels (9). Also, some researchers have demonstrated that it is superior to conventional 
methods (10, 11, and 12). Early prediction of responses can facilitate individualized and optimized treatment 
courses for better patient management. Furthermore, this can improve the selection of patients for more 
aggressive therapy. 
18F-FDG uptake by the tumor cell can be affected by a number of factors. Some studies in patients with 
lung, breast, head, neck, and esophageal cancers have established that high 18FDG uptake in tumors is 
associated with lower survival rates (13). In addition, some studies have demonstrated pretreatment 18FDG 
uptake by tumor cells in patients with liver metastases is an independent prognostic factor, irrespective of 
the treatment used (14). 
Currently, standardized uptake value (SUV) of 18FDG is used as a quantitative method in PET. SUV is a 
quantitative analysis of 18FDG uptake by the cells. It is a simple and highly reproducible method 
employed in PET scan. It helps practitioners evaluate patient responses to therapies when success/failure 
of the therapy is unclear and also to determine further treatment. The prediction capabilities have initiated 
many clinical studies to evaluate this imaging technique but the study results vary a lot due to differences 
like small sample size, patient characteristics, and strategies employed to analyze the collected data. 
The effectiveness of 18FF FDG SUV as a diagnostic tool in staging cancer and evaluating responses to the 
treatment has been assessed in various studies. Therefore, we conducted a prospective study to assess 18F-
FDG SUV as prognostic characteristics in patients with colorectal cancer.  
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This study assessed the correlation between 18F-FDG uptake by lymph nodes with clinical and 
pathological features and whether SUVLN may anticipate recurrence in colorectal cancer. 

 

 

Methods 

This prospective investigation enrolled 150 adult patients with adenocarcinoma colorectal cancer who 
planned for surgery. 18F-FDG PET/CT was performed in all of the patients at the Nuclear Medicine 
Department, King Hussein Hospital, JORDAN, between the periods June 2015-May 2019. Informed 
written consent was obtained from all the included patients. The local ethical and Research Board Review 
Committee of the Royal Medical Services approved the study included patients had a radical resection of 
colorectal cancer with lymphadenectomy. Tumor diameter and grade and lymph node metastasis were 
assessed. 

A preoperative whole-body 18F-FDG PET/CT scan was preformed, with an intravenous 18F-FDG, 
administered after fasting for 6 h and resting for 1 h. The CT was done without contrast. 

Maximum standardized uptake values (SUV) for lymph nodes were recorded, and the lymph node having 
the highest 18F uptake was selected for the analysis (peritumoral or paraaortic). All selected lymph nodes 
for semiquantitative analysis were more than 1.0 cm in size to avoid partial volume effect on SUV 
measurement. 

The number of lymph nodes and metastases were recorded. Postoperatively, all patients had clinical 
follow-up including imaging studies every 6 months. 18F-FDG PET/CT was done if the follow-up 
demonstrated any abnormal finding. Recurrence and metastasis were diagnosed. 

Statistics 
The correlation between the tumor features and recurrence were analyzed by the χ2 test using Pearson 
correlation coefficient. The Kaplan–Meier method was used to determine the correlation between SUVLN 
and recurrence. p<0.05 was considered to be statistically significant. The cut-off for anticipating 
recurrence and the optimal threshold of standard uptake value of lymph nodes were determined using 
univariate and multivariate analyses, respectively. 
 
 
 
 
Results 

A total of 150 patients (90 male and 60 female) participated in the study. The age ranged from 39 -73 
years. The mean follow-up was 26 months (range 6–47 months). The mean uptake period was 45 min. In 
the study population, 105 patients (70 %) were well or moderately differentiated and 45 patients (30 %) 
were poorly differentiated. The median tumor diameter was 5.46 cm. There were 42 patients (28 %) with 
lymph node metastasis. Thirty patients (20%) had a recurrence (Table I). 

Table I: Patients demographics and tumor characteristics related to recurrence. 
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 Total            Recurrence P 

Number 150 NO [120(80 %)] YES 

[30 (20 %)] 

 

Age(yrs),mean 62 62 61  

Gender (no)                                                 M 

                                                                     F 

90 

60 

72 

48 

18 

12 

 

Tumor diameter(median)(cm) 5.46 5.54 6.01  

Lymph node metastasis(no)                    No 

                                                                    yes 

108 

42 

88 

32 

20 

10 

 

Tumor grade (No)                       Well/moderate 

                                                       poor 

105 

45 

89 

31 

16 

14 

<0.05 

SUVmax 3.21 2.92 4.28 <0.05 

 

The most common location of recurrence was distant metastasis (14, 46.7%). Distant metastasis most 
frequently  occurred in the liver (n=6) followed by lung (n=4), lymph node (n=2) and bone (n=2)]. Other 
recurrences were locoregional (9, 30 %) and peritoneal (7, 23.3 %) (Table II). 
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Table II: SUVLN and location of recurrence. 

Recurrence location No (%) SUVLN (mean) 

Distant metastasis 14(46.7%) 4.12 

Peritoneal 7(23.3%) 3.07 

Locoregional 9(30%) 4.29 

 

No significant differences were found between colorectal cancer patients with or without recurrence 
irrespective of age, gender, tumor diameter or lymph node metastasis. There was a significant difference 
regarding SUVLN and tumor grade between the groups (Table I). No significant differences were 
observed in SUVLN of patients with distant metastasis or with peritoneal or locoregional recurrence 
(p>0.05; Table II). 
SUVLN of 1.3 was considered as the critical value to anticipate recurrence. Multivariate and univariate 
analysis both showed that SUVLN and tumor grade are independent risk factors for recurrence (both 
p<0.05; Table III). 
 

Table III: Regression analysis. 

 Recurrence Univariate P Multivariate   P 

Age More or less than 55   

Gender M or F   

Lymph node metastasis Yes or no   

Tumor grade Poor or well/moderate <0.05 <0.005 
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SUVLN More or less than 1.3 <0.05 <0.005 

 
A statistically significant difference was observed in patients with SUVLN > 1.3 and SUVLN < 1.3 
(p<0.005). Also, significant associations between SUVLN and lymph node metastasis (p<0.05), tumor 
diameter (P<0.05), and recurrence (p<0.005) were observed (Table IV). 
 

Table IV.  SUVLN profile. 

  SUVLN P 

 More than 1.3 Less than 1.3  

Age,  yrs. (median)  63 60  

Gender(no)                                             M 

                                                                F 

90 

60 

47 

34 

43 

26 

 

Lymph node metastasis(no)                   No 

                                                                yes 

108 

42 

62 

17 

46 

25 

<0.05 

Tumor grade(no)                 well/moderate 

                                               Poor 

105 

45 

58 

17 

47 

28 
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Recurrence (no)                                  No 

                                                             yes 

120 

30 

71 

8 

49 

22 

<0.005 

 

 

 
 
Discussion 
 
In this study, we tried to determine if lymph node metabolic activity before surgery possessed prognostic 
importance in colorectal cancer. Using 18F-FDG PET/CT for assessing the preoperative metabolic 
activity of the lymph node is an evolving prognostic technique for anticipating recurrence in colorectal 
cancer. We studied the prognostic importance of SUVLN before surgery for recurrence risk in patients 
with colorectal cancer who underwent a radical resection of the tumor. 
A study found that 18F-FDG uptake of tumors is a significant prognostic factor for anticipating recurrence 
in colorectal cancer patients scheduled for radical operative resection (16). 18F-FDG PET was beneficial in 
attaining prognostic information preoperatively. In addition, another study demonstrated that the 
recurrence and SUVLN correlation in colorectal cancer patients pathologically indicated a node-positive 
disease (17). In this study, we found that preoperative 18F-FDG SUVLN may anticipate the recurrence 
without knowing if the lymph node is positive. 
Similarly, our investigation demonstrated that preoperative SUVLN is positively correlated with tumor 
size, lymph node metastasis, and recurrence. It is an important functional marker to determine the tumor's 
aggressiveness and biological activity. The metabolic activity before surgery of lymph node in colorectal 
cancer recorded by 18F-FDG PET/CT is a promising functional biomarker for anticipating recurrence 
before performing surgery. This might help in determining the treatment. 
In early-stage malignancy, the density, diameter, and shape of the lymph nodes may not change 
significantly, rendering CT or MRI imprecise to determine metastatic lymph nodes. False-negative 
results are due to the limited spatial resolution of 18F-FDG PET/CT. Therefore, preoperative SUVLN in 
early-stage colorectal cancer is an important biomarker for anticipating recurrence. When the SUVLN in 
colorectal cancer increased, the recurrence risk increased remarkably (18). SUVLN is an important 
prognostic marker before radical surgery. Early findings of recurrence could affect therapy and 
prognosis (19, 20). 
A study has reported that the 5-year survival rate in patients with colorectal cancer with a negative 18F-
FDG PET/CT scan was significantly higher compared to patients with a positive 18F-FDG PET/CT 
scan (21). Also, another study demonstrated that the follow-up of patients with this imaging technique can 
predict overall survival (9). 
The main limitation of our study was the small study group. Also, we have not included the factor of 
clinical suspicion in our study. A comparison with the number of cases with clinical suspicion based on 
established biomarkers of the recurrence and the recurrences predicted by the 18F-FDG PET/CT may 
have given a better understanding of recurrence predictability of the 18F-FDG PET/CT SUV. A study 
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demonstrated that FDG PET/CT was effective in identifying recurrence in patients without any clinical 
suspicion and invalidated recurrence in patients with clinical suspicion(9). Our findings are consistent 
with these results demonstrating that the imaging method is effective in predicting recurrence 
preoperative. 
Also, in our study only patients undergoing surgical resection were included; patients undergoing other 
treatments such as chemotherapy or radiotherapy were not included. A comparison of prognostic value of 
SUV with respect to the different treatment modalities might add value to the significance of prognostic 
value of SUV. 
Another factor that should be considered while considering 18F-FDG uptake by the lymph nodes as stand-
alone factor is that it is affected by a number of factors that include biological (patient weight, blood 
glucose level, insulin, FDG uptake time, lesion size), and technical factors (variability in various scanner, 
calibration of scanners, differences in reconstruction methods, motion). Since this study was a single-
center study, the technical factors – variability in the scanners used, its calibration and reconstruction 
method had no effect on the study results as a single machine was used throughout the study. 
Also, the threshold SUV considered in this study was 1.3. The threshold SUV is not standardized, and 
hence a different threshold value might have a substantial effect on the results. 
Many studies have demonstrated that SUV and tumor size correlation in NSCLC patients undergoing 
complete resection can identify the subgroup of those patients having a higher risk of death due to 
recurrence after surgery; hence, both used together serve as independent prognostic characteristics (22, 23, 

24). Similarly, the present study showed that the importance of metabolic activity of the metastases is also 
an important factor, indicating that intense glucose metabolism in metastases of colorectal cancer is a 
negative marker of prognosis. SUV is used to predict the TNM staging, appropriate patient selection for 
the treatment, and assess treatment response; our findings broaden the clinical utility of SUV, suggesting 
that preoperative SUV in patients with colorectal cancer can be used as a prognostic indicator of 
improved post-operative survival post-surgery. 
Some researchers have reported that a weak correlation between the high value of SUVmax value in 
cancer patients did not necessarily indicate the presence of malignancy (25). False-negative PET findings 
are common, partly because the primary tumor has a high FDG uptake that blurs adjacent structures, and 
also because of the low PET sensitivity to microscopically involved lymph nodes. Hence, FDG PET has 
a high specificity (>90 %) but low sensitivity (<30 %) for regional metastases of the lymph nodes 
associated with colorectal cancer (26, 27).  Researchers have, therefor, recommended using SUVmax 
along with analysis of the ROC curve analysis to get optimum results (28). Figures (1) and (2) are 
PET/CT images from two patients with metastatic colorectal cancer as an example of high SUVLN with 
poor outcome (figure 1) and low SUVLN with better outcome(figure 2). 
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Figure (1). 

 
 

 
Figure (2). 

 
Conclusion 
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In conclusion, preoperative SUVLN  significantly correlates with recurrence in colorectal cancer. 
Evaluation of SUVLN before surgery is an important prognostic marker to recognize patients with an 
increased risk of colorectal cancer recurrence. 
We believe that, SUV assessed using 18F-FDG PET/CT can be considered as a prognostic factor in 
patients with colorectal cancer to predict recurrence and optimize the course of treatment, accordingly. 
Our study results are expanding the clinical utility of SUV as a prognostic factor to predict recurrence in 
preoperative patients with colorectal cancer. We recommend larger study to include variability of 
treatment options, and effects of biological and technical factors on SUV. However; more studies 
evaluating this imaging modality as a prognostic characteristic are required. 
 
 
 
References 
1. Siegel RL,Miller KD, Jemal A. “Cancer statistics,” CA: A Cancer Journal for Clinicians 2018;68(1): 7–30. 
2. Van der Stok EP, Spaander MCW, Grünhagen DJ, C. et al.“Surveillance after curative treatment for colorectal 
cancer,” Nature Reviews Clinical Oncology 2017; 14(5): 297–315. 
3. Amin MB,Greene FL, Edge SB, et al., “The Eighth Edition AJCC Cancer Staging Manual: continuing to build a bridge 
from a population-based to a more “personalized” approach to cancer staging,” CA: A Cancer Journal for Clinicians 2017  67( 
2): 93–9. 
4.Sun ZQ, Ma S,  Zhou QB, et al., “Prognostic value of lymph node metastasis in patients with T1-stage colorectal cancer 
from multiple centers in China,” World Journal of Gastroenterology 2017;  23( 48): 8582–90.                                                                                             
5. SHIMPEI O, MICHIO I, CHISATO K, et al. Prognostic Value of Total Lesion Glycolysis Measured by 18F-FDG-
PET/CT in Patients with Colorectal Cancer. ANTICANCER RESEARCH  2015;35: 3495-500. 
6. Debing Shi,Guoxiang Cai,Junjie Peng,et al.The preoperative SUVmax for 18F-FDG uptake predicts survival in patients 
with colorectal cancer. BMC Cancer 2015;15:991. 
7. Lee JY, Yoon SM, Kim JT, et al., “Diagnostic and prognostic value of preoperative (18)F-fluorodeoxyglucose positron 
emission tomography/computed tomography for colorectal cancer: comparison with conventional computed 
tomography,” Intestinal Research 2017; 15( 2): 208–14. 
8. Huang J, Huang L, Zhou J, et al., “Elevated tumor-to-liver uptake ratio (TLR) from (18)F-FDG-PET/CT predicts poor 
prognosis in stage IIA colorectal cancer following curative resection,” European Journal of Nuclear Medicine and Molecular 
Imaging 2017; 44,(12): 1958–68. 
9. Ettore P,Désirée D,Laura C,et al.Diagnostic Applications of Nuclear Medicine: Colorectal Cancer. Nuclear 
Oncology 2016; 1-21. 

10. Jnm.snmjournals.org. (2019). 18F-FDG PET/CT and Colorectal Cancer: Value of Fourth and Subsequent Posttherapy 
Follow-up Scans for Patient Management. [online] Available at: http://jnm.snmjournals.org/content/56/7/989.full.pdf 
[Accessed 15 Oct. 2019]. 

11. Choi EK, Yoo Ie R, Park HL, et al. Value of surveillance 18F-FDG PET/CT in colorectal cancer: comparison with 
conventional imaging studies. Nucl Med Mol Imaging. 2012;46:189–195 

12. Maas M, Rutten IJ, Nelemans PJ, et al. What is the most accurate whole-body imaging modality for assessment of local 
and distant recurrent disease in colorectal cancer? A meta-analysis: imaging for recurrent colorectal cancer. Eur J Nucl Med 
Mol Imaging. 2011;38:1560–1571 

13. Deleau C, Buecher B, Rousseau C, et al. Clinical impact of fluorodeoxyglucosepositron emission tomography 
scan/computed tomography in comparison with computed tomography on the detection of colorectal cancer recurrence. Eur J 
Gastroenterol Hepatol. 2011;23:275–281. 

https://link.springer.com/referencework/10.1007/978-3-319-26067-9
https://link.springer.com/referencework/10.1007/978-3-319-26067-9


JOURNAL OF THE ROYAL MEDICAL  SERVICES                   
Vol.27   No.3  DECEMBER  2020 58 

14. Preoperative F-18 fluorodeoxyglucose-positron emission tomography maximal standardized uptake value predicts 
survival after lung cancer resection. Downey RJ, Akhurst T, Gonen M, Vincent A, Bains MS, Larson S, Rusch V J Clin 
Oncol. 2004 Aug 15; 22(16):3255-60. 
15. 18F-FDG PET/CT predicts survival after radioembolization of hepatic metastases from breast cancer. Haug AR, 
Tiega Donfack BP, Trumm C, Zech CJ, Michl M, Laubender RP, Uebleis C, Bartenstein P, Heinemann V, Hacker M J Nucl 
Med. 2012 Mar; 53(3):371-7. 
16. A pilot study for texture analysis of (18)F-FDG and (18)F-FLT-PET/CT to predict tumor recurrence of patients 
with colorectal cancer who received surgery. Nakajo M, Kajiya Y,  Tani A  E J Nucl Med. Molecular Imaging 2017; 
44(13): 2158–68. 
17. Impact of fluorine-18 2-fluoro-2-deoxy-D-glucose uptake on preoperative positron emission tomography/computed 
tomography in the lymph nodes of patients with primary colorectal cancer. Sasaki K, Kawasaki H, Sato M, Digestive Surgery 
2017;34,(1): 60–7. 
18. Preoperative PET/CT 18F-FDG Standardized Uptake by Lymph Nodes as a Significant Prognostic Factor in Patients with 
Colorectal Cancer. Ruohua C,  Yining W,  Xiang Z,  Contrast Media & Molecular Imaging 2018.                                                                                           
19. Predictive Value of [18F]FDG PET/CT for Lymph Node Metastasis in Rectal Cancer. Sung HK, Bong-Il S, Beong WK, 
Scientific reports 2019. 

20. Usefulness of FDG PET/CT derived parameters in prediction of histopathological finding during the surgery in patients 

with pancreatic adenocarcinoma. Myssayev A, Myssayev A, Ideguchi R, PLoS One 2019;10;14(1) 
21. Early postoperative 18F-FDG PET/CT in high-risk stage III colorectal cancer. Wasserberg N, Purim O, Bard V, Clin Nucl 
Med. 2015;40:e222–e227. 
22. Determination of the prognostic value of [(18)F]fluorodeoxyglucose uptake by using positron emission tomography in 
patients with non-small cell lung cancer. Jeong HJ, Min JJ, Park JM, Nucl Med Commun, 2002, vol. 23 (865-870) 
23. 18F-FDG uptake as a biologic prognostic factor for recurrence in patients with surgically resected non-small cell lung 
cancer. Higashi K, Ueda Y, Arisaka Y ,  J Nucl Med, 2002 , vol. 43  ( 39-45) 
24. [18F]fluorodeoxyglucose uptake by positron emission tomography predicts outcome of non-small-cell lung cancer. Sasaki 
R, Komaki R,   Macapinlac H,  J Clin Oncol , 2005, vol. 23 (1136-1143) 
25. The preoperative SUVmax for 18F-FDG uptake predicts survival in patients with colorectal cancer. Shi, D., Cai, G., Peng, 
J., Li, D., Li, X., Xu, Y., & Cai, S. BMC Cancer, 15(1). doi: 10.1186/s12885-015-1991-5 
26.Staging of primary colorectal carcinomas with fluorine-18 fluorodeoxyglucose whole-body PET: correlation with 
histopathologic and CT findings. Abdel-Nabi H, Doerr RJ, Lamonica DM, Cronin VR, Galantowicz PJ, Carbone GM, 
Radiology. 1998;206:755–60. 
27. Preoperative evaluation by whole-body 18 F-fluorodeoxyglucose positron emission tomography in patients with primary 
colorectal cancer. Mukai M, Sadahiro S, Yasuda S, Ishida H, Tokunaga N, Tajima T, Oncol Rep. 2000;7:85–7. 
28. The method and efficacy of 18 F-fluorodeoxyglucose positron emission tomography/computed tomography for diagnosing 
the lymphatic metastasis of colorectal carcinoma. Yu L, Tian M, Gao X, Wang D, Qin Y, Geng J. Acad Radiol. 2012;19:427–
33. 

 

 

 

 

 

https://www.hindawi.com/97807913/
https://www.hindawi.com/51945937/
https://www.hindawi.com/72754053/
https://www.nature.com/articles/s41598-019-41422-8#auth-1
https://www.nature.com/articles/s41598-019-41422-8#auth-2
https://www.nature.com/articles/s41598-019-41422-8#auth-3
https://www.ncbi.nlm.nih.gov/pubmed/?term=Myssayev%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30629646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Myssayev%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30629646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ideguchi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30629646

	Results: lymph nodes Standard uptake value (SUVRLNR) of 1.3 was the cut-off point used to predict recurrence. SUVRLNR was found to be significantly associated with tumor diameter, lymph node metastasis, and recurrence. Univariate and multivariate anal...
	Results
	A total of 150 patients (90 male and 60 female) participated in the study. The age ranged from 39 -73 years. The mean follow-up was 26 months (range 6–47 months). The mean uptake period was 45 min. In the study population, 105 patients (70 %) were wel...
	The most common location of recurrence was distant metastasis (14, 46.7%). Distant metastasis most frequently  occurred in the liver (n=6) followed by lung (n=4), lymph node (n=2) and bone (n=2)]. Other recurrences were locoregional (9, 30 %) and peri...

