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Abstract
Background and Aims: This study evaluated the prognostic value of 18F-fluorodeoxyglucose positron emission tomography
with integrated computed tomography (18F-FDG PET/CT) performed before and after concurrent chemoradiotherapy (CCRT) in
esophageal cancer. Methods: We analyzed the prognosis of 50 non-metastatic squamous cell esophageal cancer (T1-4N0-2)
patients who underwent CCRT with curative intent at Inje University Busan Paik Hospital and Haeundae Paik Hospital from 2009
to 2019. Median total radiation dose was 54 Gy (range 34-66 Gy). Our aim was to investigate the relationship between PET/CT
values and prognosis. The primary end point was progression-free survival (PFS). Results: The median follow-up period was 9.9
months (range 1.7-85.7). Median baseline maximum standard uptake value (SUVmax) was 14.2 (range 3.2-27.7). After treatment,
29 patients (58%) showed disease progression. The 3-year PFS and overall survival (OS) were 24.2% and 54.5%, respectively. PFS
was significantly lower (P¼ 0.015) when SUVmax of initial PET/CT exceeded 10 (n¼ 22). However, OS did not reach a significant
difference based on maximum SUV (P¼ 0.282). Small metabolic tumor volume (�14.1) was related with good PFS (P¼ 0.002) and
OS (P ¼ 0.001). Small total lesion of glycolysis (�107.3) also had a significant good prognostic effect on PFS (P ¼ 0.009) and OS
(P ¼ 0.025). In a subgroup analysis of 18 patients with follow-up PET/CT, the patients with SUV max �3.5 in follow-up PET/CT
showed longer PFS (P ¼ 0.028) than those with a maximum SUV >3.5. Conclusion: Maximum SUV of PET/CT is useful in
predicting prognosis of esophageal cancer patients treated with CCRT. Efforts to find more effective treatments for patients at
high risk of progression are still warranted.
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Introduction
18F-fluorodeoxyglucose positron emission tomography with

integrated computed tomography (18F-FDG PET/CT) is impor-

tant for the diagnosis, staging, and radiation therapy treatment

planning of esophageal cancer.1,2 The maximum standard

uptake value (SUVmax) is widely used as a surrogate marker

for tumor metabolic status.3,4 In addition, metabolic tumor

volume (MTV) has been shown to be a good prognostic marker

for esophageal cancer.5,6 Further, total lesion of glycolysis

(TLG), defined as the product of mean SUV and MTV, has

been recently introduced as a new metabolic parameter of eso-

phageal cancer treated with concurrent chemoradiotherapy

(CCRT).7,8
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Previous studies have shown that PET/CT can be helpful

for the therapeutic monitoring of esophageal cancer.5 Espe-

cially, SUVmax at diagnosis or tumor volume on PET/CT has

been reported to provide valuable information for the prog-

nosis of esophageal cancer.9 Recent studies have shown that

cancer prognosis tended to be determined by the degree of

SUVmax decrease after treatment.10,11 Although a consensus

has not been reached on the appropriate cut-off value for

SUV, Higuchi et al12 reported a prognostic difference in eso-

phageal cancer based on SUVmax values of 2.5 after CCRT.

Conversely, Brown et al13 suggested a cut-off point of

SUVmax 5 for determining prognosis. Furthermore, Kim

et al14 reported that serial PET/CT was meaningful in predict-

ing pathologic response of esophageal cancer after neoadju-

vant chemoradiotherapy.

The aim of this study was to investigate whether the SUV-

max and other parameters of PET/CT at diagnosis were helpful

for predicting the prognosis of esophageal cancer patients after

chemoradiotherapy. The main goal of this study was to assess

the feasibility of PET/CT parameters in prognosis prediction in

esophageal cancer.

Materials and Methods

Patients

We analyzed a total of 50 esophageal cancer patients who were

treated with CCRT from December 2009 to December 2019 at

Inje University Busan Paik Hospital and Haeundae Paik Hos-

pital. During screening, patients who had distant metastasis at

the initial diagnosis or who had no abnormal hypermetabolism

in the primary tumor were excluded from further analysis. All

patients in this study underwent PET/CT prior to treatment, and

the presence of squamous cell cancer was confirmed by biopsy.

This retrospective study was examined and approved by the

Institutional Review Board in Inje University Busan Hospital

(IRB No. 18-0046).

Patients’ clinical information, collected from the Electronic

Medical Record (EMR), and PET/CT parameters were used for

analysis. Evaluation of the relation between SUVmax and

prognosis was prioritized. At the initial diagnosis, patients were

divided into 2 groups based on SUVmax 10, which is strongly

indicative of a malignant tumor.15 Besides SUVmax, additional

PET/CT parameters, MTV and TLG, were available for eva-

luation in 42 patients. Thus, further analyses on the prognostic

effect of MTV and TLG, obtained from initial PET/CT, were

performed in those patients.

Tumor location was classified into 3 levels: upper thoracic

esophagus (20-25 cm from upper incisors), middle thoracic

esophagus (25-30 cm from upper incisors) and lower thoracic

esophagus (30-50 cm from upper incisors).

This study was based on the assumption that a higher SUV-

max value and a greater tumor volume are associated with a

worse prognosis. The primary end point of this study was

progression-free survival (PFS) and the secondary end point

was overall survival (OS). Failure pattern was also observed

and evaluated. PFS was calculated from the start of radiother-

apy (RT) until recurrence, and OS was calculated from the start

of RT until the date of death or last follow-up.

Image Acquisition and Analysis

All patients fasted for >6 h before undergoing PET/CT, and the

blood glucose level was <180 mg/dl. Images from the mid skull

to the upper thigh were taken approximately 60 min after intra-

venous administration of 370 MBq F-18 FDG. The Discovery™
PET/CT tomograph (GE Healthcare, Milwaukee, WI, USA) and

Biograph Truepoint 64™ PET/CT (Siemens Healthineers) were

used. All PET images were reconstructed using an iterative algo-

rithm and attenuation correction with CT images.

Two nuclear medicine specialists independently reviewed

the images. For semiquantitative analysis, all images were

reviewed on a designated workstation. SUVmax was measured

within a designated region of interest (ROI) and defined as the

highest SUV of pixel. MTV, which was determined by measur-

ing the volume of the lesion above the 3.0 SUV value and the

TLG was determined by the MTV � SUVmean. MTV and

TLG were calculated as the summation of individual MTV

and TLG within the field of image.

Treatment

All patients underwent cisplatin and 5-fluorouracil chemother-

apy after diagnosis, and RT was concurrently administered

with a total dose of 39.6 Gy-66 Gy (1.8-2.0 Gy per fraction).

Among the patients in this study, 18 patients underwent

follow-up PET/CT at 2-7 months after initiation of RT.

Forty-two patients (84%) were irradiated with over 50 Gy of

radiation. Gross tumor volume on simulation CT of RT plan-

ning was also measured and used for further analyses.

Statistical Methods

MedCalc statistical software (MedCalc Software version 19.2.0

bv, Ostend, Belgium) was used for statistical evaluation.

Paired-T test was used to compare initial SUV and follow-up

SUV values. Chi-square test or Fisher’s exact test was per-

formed to find clinical factors associated with disease progres-

sion. In addition, Kaplan-Meier test was performed to estimate

PFS and OS, and log-rank test was used to identify factors

related with prognosis. For the test with PET/CT parameters

(continuous variables), median values were used to classify

patients into 2 groups. Cox-regression test was used to identify

independent prognostic factors for PFS and OS.

Results

Patients Characteristics

Table 1 shows patient characteristics. All patients were patho-

logically diagnosed with squamous cell esophageal cancer. The

median age at diagnosis was 66.5 years (range 45-86 years).

Thirteen patients (26.0%) had active smoking history. Two
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patients (4.0%) were female. In regard to T and N stage, the

number of patients diagnosed with T1, T2, T3, and T4 stages

were 7, 13, 22, and 8, respectively, and N0, N1, and N2 were

18, 17, and 15, respectively. No patients had distant metastases

upon initial diagnosis. Regarding tumor sites, 13 were upper-

thorax (26%), 23 middle-thorax (46%), and 14 lower-thorax

(28%) esophageal cancers. The median SUV max of initial

PET/CT was 14.2 (range 3.2-27.7). When the SUVmax of

baseline PET/CT exceeded 10, the clinical T stage was higher

(T1-2 vs. T3-4, P ¼ 0.007). Additionally, positive N stage was

also related with the value of baseline SUVmax (P ¼ 0.022).

Patterns of Failure

Median follow-up was 9.9 months (range 1.7-85.7). During the

follow-up period, 29 patients (58%) experienced progression.

The 2 female patients experienced progression, and both died

eventually because of cancer progression. However, progression

rate was not significantly different by gender (P ¼ 0.503). Pro-

gression occurred in 38.5% (5/13) of smoking patients, and there

was no statistically significant correlation between past smoking

history and progression (P ¼ 0.116). More specifically, treat-

ment failure was due to local failure in 10 patients, regional

failure in 16 patients, and distant failure in 11 patients (there

were a number of patients with multiple sites metastases). Lung

was the most common distant metastases site (n ¼ 4). One

patient was cured following esophagectomy after progression.

Of the 4 patients with complete response in the follow-up PET/

CT, 50% (n ¼ 2) did not develop relapse permanently.

Survival Analysis

A total of 16 (32%) patients died during the follow-up period.

Deaths after CCRT were commonly caused by pneumonia

(n ¼ 4) or heart failure (n ¼ 3). Overall, the 3-year PFS and

OS were 24.2% and 54.5%, respectively (Figure 1).

Table 2 shows the clinical factors affecting PFS and OS.

When the SUVmax of initial PET/CT exceeded 10, which was

a strong indicator of malignancy (n¼ 22), PFS was significantly

lower (P¼ 0.015, Figure 2A, Table 2). However, initial PET/CT

SUVmax did not significantly influence OS (P ¼ 0.282, Figure

2B, Table 2). T stage (T1-2 vs. T3-4, P¼ 0.008) and N stage (N0

vs. N1-2, P ¼ 0.002) significantly affected PFS. Regarding

tumor location, even though it did not reach statistical signifi-

cance, PFS tended to be better when the tumors were located in

the lower esophagus (n¼ 14) than when they were located in the

Table 1. Patient Characteristics.

Characteristics No. (%)

Age (yr), median (range) 66.5 (45-86)

Gender

Male 48 (96)

Female 2 (4)

Smoking

Yes 13 (26)

No 37 (74)

Histology

Squamous cell carcinoma 50 (100)

Others 0 (0)

T stage

T1 7 (14)

T2 13 (26)

T3 22 (44)

T4 8 (16)

N stage

N0 18 (36)

N1 17 (34)

N2 15 (30)

Baseline PET/CT SUVmax

�10 15 (30)

>10 35 (70)

Radiotherapy dose (Gy)

�50 8 (16)

>50 42 (86)

Chemotherapy

Yes 50 (100)

No 0 (0)

Abbreviations: PET/CT, positron emission tomography with integrated com-

puted tomography; SUVmax, maximum standard uptake value.

Figure 1. (A) PFS and (B) OS (n ¼ 50).
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upper or middle esophagus (n ¼ 36, P ¼ 0.091). Further, PFS

was significantly improved when the total RT dose exceeded 50

Gy (P < 0.009). Another prognostic factor significantly affecting

OS was a high T stage (T3-T4, P ¼ 0.002). In multivariate

analyses, initial total LN metastases (P ¼ 0.049, hazard ratio

[HR] 2.499, 95% confidential interval [CI] 1.002-6.180) and RT

total dose above 50 Gy (P ¼ 0.036, HR 0.333, 95% CI 0.119-

0.932) were independent prognostic factors for PFS (Table 2).

OS was apparently affected by T stage in multivariate analysis

(P ¼ 0.006, HR 6.039, 95% CI 1.312-27.796).

Metabolic Tumor Volume and Total Lesions of Glycolysis

Subgroup analysis was performed for patients with further

PET/CT related parameters, such as MTV and TLG (n ¼ 42).

Their median MTV was 14.1 (range 4.0-102.2) and their median

TLG was 107.3 (range 9.6-687.5). A small MTV was significantly

correlated with a high PFS (P ¼ 0.002) and OS (P ¼ 0.001).

Also, TLG had a significant effect on PFS and OS. Patients

whose TLG was greater than 107.3 showed poor PFS (P¼ 0.009,

Figure 3). TLG also had a significant effect on OS (P ¼ 0.025,

Figure 3).

Table 2. Prognostic Factors for Progression-Free Survival and Overall Survival.

Variable No. of pts

PFS OS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

3-yr (%) P-value 95% CI P-value 3-yr (%) P-value 95% CI P-value

Smoking 0.812 0.246

Yes 13 21.6 67.3

No 37 51.1 63.4

T stage 0.008 0.002 6.039 (1.312-27.796) 0.006

T1-2 19 49.9 89.5

T3-4 31 6.3 38.9

N stage 0.002 2.499 (1.002-6.180) 0.049 0.422

N0 18 45.6 66.4

Nþ 32 10.2 59.4

Location 0.091 0.941

upper-middle 36 11.1 58.4

lower 14 57.7 71.4

PET/CT SUVmax 0.015 0.214

�10 15 53.3 78.6

>10 35 11.4 56.1

Radiotherapy dose (Gy) 0.009 0.333 (0.119-0.932) 0.036 0.113

�50 8 0 54.7

>50 42 27 64.7

Abbreviations: PET/CT, positron emission tomography with integrated computed tomography; SUVmax, maximum standard uptake value.

Figure 2. Dichotomous (A) PFS and (B) OS by baseline SUVmax 10 (n ¼ 50).
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Prognostic Value of Follow-Up PET/CT

In 18 patients who underwent follow-up PET/CT, the SUVmax

trend of baseline PET/CT had a significant effect on the results

of SUVmax value of follow-up PET/CT (P < 0.001). The med-

ian SUVmax of follow-up PET/CT (n ¼ 18) was 3.8 (range

0-7.3). Among patients who underwent follow-up PET/CT

(n ¼ 18), those with a follow-up SUVmax �3.5 had a longer

PFS than patients with maximum SUVmax >3.5 (P ¼ 0.028,

Figure 4). However, there was no gain in OS in low SUVmax

(�3.5) group of follow-up PET/CT (P ¼ 0.132).

A case, described in Supplement 1 and 2, shows good treat-

ment effect of CCRT; PET/CT before (Supplement 1) and after

CCRT (Supplement 2) treatment. After 3 months of treatment,

the maximum SUV of the lower cervical esophagus signifi-

cantly declined. This patient did not experience progression

afterward.

Discussion

In summary, PFS was short after esophageal cancer CCRT

when PET/CT SUV max was more than 10 at diagnosis. In

cases of a PET/CT SUVmax of 3.5 or higher after CCRT, PFS,

or OS was lower. When RT was given with a total of 50 Gy or

more, PFS was significantly improved.

PET/CT parameters are useful for predicting cancer prog-

nosis16 as well as checking current disease status.17 Consistent

with previous studies, follow-up PET/CT SUV values were help-

ful for the prediction of prognosis in terms of PFS and OS.18-20

Previous studies have reported that SUV values of 2.5-5 after

CCRT are adequate thresholds for prognosis.13 In this study, PFS

Figure 3. (A) PFS and (B) OS by size of metabolic tumor volume. (C) PFS and (D) OS by size of total lesions of TLG (n ¼ 42).

Figure 4. Subgroup analysis: PFS by post-treatment PET/CT SUV-

max 3.5 in patients with follow-up PET/CT (n ¼ 18).

Lee et al 5



was different when patients were divided according to follow-up

PET/CT SUV 3.5. Despite the multivariate analyses not demon-

strating significance, PET/CT parameters are meaningful prog-

nostic predictors. This study also showed that initial tumor

volume and TLG are also important predictors of PFS.

In this study, tumor volume, which represents disease bur-

den, was important for prognosis. Similar to a previous study

by Yin et al,21 T stage was an important prognostic factor for

survival. Metabolic tumor volume, guided by PET/CT, was

also an important factor in predicting PFS and OS. TLG, which

reflects both SUV value and tumor volume, was also helpful for

the prediction of PFS and OS. Both TLG and MTV can predict

survival, so they can be considered to have strong prognosis

prediction abilities. Moreover, both PET/CT parameters could

also be used for treatment response evaluation. In fact, a recent

study by Borggreve et al22 showed the possibility of using TLG

for RT response prediction.

RT also had a great impact on prognosis. According to our

data, RT should be administered with at least 50 Gy to improve

PFS. In particular, a sufficient radiation dose was shown to help

prevent progression in patients with a high SUVmax. Further,

according to this study, there were many patients with regional

failure after CCRT. Therefore, it is worth trying elective nodal

irradiation to improve treatment results. In addition, the fact

that heart failure and pneumonia were the cause of death in a

substantial number of cases suggests that efforts should be

continued with the aim of minimizing the dose of radiation

affecting the lungs and heart during RT.23

This study has some limitations. This study was a retrospec-

tive study and analyzed patients from 2 institutions. The total

number of patients was not sufficient. Thus, the results of this

study require caution in interpretation, with a small number of

patients. Moreover, despite the fact that TLG and MTV were

predictors of survival, the analysis of such parameters was not

possible in all of the patients. Plus, for it was a retrospective

study, the difference in gender distribution was unavoidably

biased, so only a small portion of the patients were female

(n ¼ 2%, 4%). However, we don’t think that the gender bias

causes a problem in trusting the entire study. Therefore,

it should be noted that there may be a selection bias in the

interpretation of the study results. Other institutions with a

large number of patients may be able to obtain more reliable

data if they conduct studies related to this subject. In this

study, SUVmax 3.5 in follow-up PET/CT was proposed as the

cut-off value for discerning treatment outcomes. However, a

consensus has not been reached on the appropriate cut-off

value of SUVmax, and so further research is still warranted.

Recent studies have been conducted on the relationship

between metabolic tumor volume on PET/CT and tumor

volume on diffusion-weighted magnetic resonance imaging

(DW-MRI),22,24 and thus further studies related to DW-MRI

may be useful in this field.

In conclusion, the SUVmax or tumor volume of PET/CT

parameters seems to be useful for predicting prognosis of eso-

phageal cancer patients treated with CCRT or treatment

response evaluation after CCRT. Since initial disease status

is an important factor in prognosis, it will be necessary to find

an effective method for the early detection of esophageal can-

cer. A sufficient dose of radiation in patients with esophageal

cancer is also essential to improve prognosis. Overall, the prog-

nosis of esophageal cancer is still not good enough and thus,

efforts to find more effective treatments are warranted in the

future.

Authors’ Note

It was a retrospective study by EMR review. The potential risk for

patients is very low. So, we got a waive of patients’ consent by Inje

University Busan Paik Hospital IRB.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: For Yun-

seon Choi, this work was supported by a grant from Research Year of

Inje University in 20180016.

ORCID iD

Yunseon Choi, MD, PhD https://orcid.org/0000-0002-1397-6753

Supplemental Material

Supplemental material for this article is available online.

References

1. Metzger JC, Wollschlager D, Miederer M, et al. Inclusion of

PET-CT into planning of primary or neoadjuvant chemora-

diotherapy of esophageal cancer improves prognosis. Strah-

lenther Onkol. 2017;193(10):791-799.

2. Zhong X, Yu J, Zhang B, et al. Using 18F-fluorodeoxyglucose

positron emission tomography to estimate the length of gross

tumor in patients with squamous cell carcinoma of the esophagus.

Int J Radiat Oncol Biol Phys. 2009;73(1):136-141.

3. Pan L, Gu P, Huang G, Xue H, Wu S. Prognostic significance of

SUV on PET/CT in patients with esophageal cancer: a systematic

review and meta-analysis. Eur J Gastroenterol Hepatol. 2009;

21(9):1008-1015.

4. Schmidt T, Lordick F, Herrmann K, Ott K. Value of functional

imaging by PET in esophageal cancer. J Natl Compr Canc Netw.

2015;13(2):239-247.

5. Lu J, Sun XD, Yang X, et al. Impact of PET/CT on radiation

treatment in patients with esophageal cancer: a systematic review.

Crit Rev Oncol Hematol. 2016;107:128-137.

6. Jiang W, Yang J, Lin X, Wu J, Lin L. 18F-FDG PET-CT metabolic

findings can predict the short-term curative effects in esophageal

cancer. Int J Clin Exp Pathol. 2019;12(11):4130-4136.

7. Takahashi N, Umezawa R, Takanami K, et al. Whole-body total

lesion glycolysis is an independent predictor in patients with eso-

phageal cancer treated with definitive chemoradiotherapy. Radio-

ther Oncol. 2018;129(1):161-165.

6 Technology in Cancer Research & Treatment

https://orcid.org/0000-0002-1397-6753
https://orcid.org/0000-0002-1397-6753
https://orcid.org/0000-0002-1397-6753


8. Elimova E, Wang X, Etchebehere E, et al. 18-fluorodeoxy-

glucose positron emission computed tomography as predictive

of response after chemoradiation in oesophageal cancer patients.

Eur J Cancer. 2015;51(17):2545-2552.

9. Hyun SH, Choi JY, Shim YM, et al. Prognostic value of metabolic

tumor volume measured by 18F-fluorodeoxyglucose positron

emission tomography in patients with esophageal carcinoma.

Ann Surg Oncol. 2010;17(1):115-122.

10. Ilson DH, Minsky BD, Ku GY, et al. Phase 2 trial of induction and

concurrent chemoradiotherapy with weekly irinotecan and cispla-

tin followed by surgery for esophageal cancer. Cancer. 2012;

118(11):2820-2827.

11. zum Buschenfelde CM, Herrmann K, Schuster T, et al. 18F-FDG

PET-guided salvage neoadjuvant radiochemotherapy of adeno-

carcinoma of the esophagogastric junction: the MUNICON II

trial. J Nucl Med. 2011;52(8):1189-1196.

12. Higuchi I, Yasuda T, Yano M, et al. Lack of fludeoxyglucose F18

uptake in posttreatment positron emission tomography as a sig-

nificant predictor of survival after subsequent surgery in multi-

modality treatment for patients with locally advanced esophageal

squamous cell carcinoma. J Thoroc Cardiovasc Surg. 2008;

136(1):205-212, 212.e1-e3.

13. Brown C, Howes B, Jamieson GG, et al. Accuracy of PET-CT in

predicting survival in patients with esophageal cancer. World J

Surg. 2012;36(5):1089-1095.

14. Kim SJ, Koo PJ, Chang S. Predictive value of repeated F-18 FDG

PET/CT parameters changes during preoperative chemora-

diotherapy to predict pathologic response and overall survival

in locally advanced esophageal adenocarcinoma patients. Cancer

Chemother Pharmacol. 2016;77(4):723-731.

15. Hofman MS, Hicks RJ. How we read oncologic FDG PET/CT.

Cancer Imaging. 2016;16(1):35.

16. Kato H, Miyazaki T, Nakajima M, Fukuchi M, Manda R, Kuwano

H. Value of positron emission tomography in the diagnosis of recur-

rent oesophageal carcinoma. Br J Surg. 2004;91(8):1004-1009.

17. Lin J, Kligerman S, Goel R, Sajedi P, Suntharalingam M, Chuong

MD. State-of-the-art molecular imaging in esophageal cancer

management: implications for diagnosis, prognosis, and treat-

ment. J Gastrointest Oncol. 2015;6(1):3-19.

18. Ishihara R, Yamamoto S, Iishi H, et al. Predicting the effects of

chemoradiotherapy for squamous cell carcinoma of the esophagus

by induction chemotherapy response assessed by positron emis-

sion tomography: toward PET-response-guided selection of che-

moradiotherapy or esophagectomy. Int J Clin Oncol. 2012;17(3):

225-232.

19. Park JS, Choi JY, Moon SH, et al. Response evaluation after

neoadjuvant chemoradiation by positron emission tomography-

computed tomography for esophageal squamous cell carcinoma.

Cancer Res Treat. 2013;45(1):22-30.

20. Wieder HA, Brucher BL, Zimmermann F, et al. Time course of

tumor metabolic activity during chemoradiotherapy of esophageal

squamous cell carcinoma and response to treatment. J Clin Oncol.

2004;22(5):900-908.

21. Yin H, Li D, Zhu C, Wang M, Wei N. Factors relevant to the

prognosis of patients with esophageal cancer who received

intensity-modulated radiotherapy. Thorac Cancer. 2018;9(10):

1215-1219.

22. Borggreve AS, Goense L, van Rossum PSN, et al. Preoperative

prediction of pathologic response to neoadjuvant chemoradiother-

apy in patients with esophageal cancer using 18F-FDG PET/CT

and DW-MRI: a prospective multicenter study. Int J Radiat Oncol

Biol Phys. 2020;106(5):998-1009.

23. Ling TC, Slater JM, Nookala P, et al. Analysis of intensity-

modulated radiation therapy (IMRT), proton and 3D conformal

radiotherapy (3D-CRT) for reducing perioperative cardiopulmon-

ary complications in esophageal cancer patients. Cancers (Basel).

2014;6(4):2356-2368.

24. Lai AYT, Perucho JAU, Xu X, Hui ES, Lee EYP. Concordance

of FDG PET/CT metabolic tumour volume versus DW-MRI

functional tumour volume with T2-weighted anatomical

tumour volume in cervical cancer. BMC Cancer. 2017;17(1):

825.

Lee et al 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


