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中文摘要 

 

目的: 本研究在探討利用葡萄糖正子掃描評估轉移性肺腺癌接受得紓緩標靶藥物治療之早期反

應，以 TLG-S 方法是否比 EORTC 標準與 PERCIST 標準更能有效預測病患之預後。此研究的假

設是源自於原發腫瘤與轉移腫瘤的生物特性差異以及骨骼顯像上的復燃現象。此外，腫瘤影像

上的紋理特性對於疾病預後的價值也進行探討。 

 

方法: 我們回溯性分析前瞻性收集的 23位接受得紓緩治療之轉移性肺腺癌病患。每位受試者都

接受葡萄糖正子掃描於給藥前，給藥第 14日，與給藥第 56日。診斷性電腦斷層於給藥前與給

藥第 56日施行。葡萄糖正子掃描的反應評估利用 TLG-S、EORTC 與 PERCIST 標準進行。 

電腦斷層的 RECIST 1.1 標準作為治療反應的比較基準。影像紋理特性分析了 coarseness、

contrast、busyness、complexity與 strength 參數。兩年無惡化存活期與整體存活期作為疾病預後

的評估指標。 

 

結果: 我們發現 13位病患有骨骼轉移。其中 4位(31%)在給藥第 14日有發生骨骼顯像上的復燃

現象，依據 PERCIST 標準被誤判為藥物不反應組。依據給藥第 14日 TLG-S 標準被歸為藥物有

反應組之病患，擁有較高的兩年無惡化存活期(26.7% vs. 0%, P = 0.007) 與整體存活期(40.0% vs. 

7.7%, P = 0.018)。依據給藥第 56日電腦斷層 RECIST 標準也呈現相同的存活期。依據給藥第 14

日 EORTC 標準被歸為藥物有反應組之病患，擁有較高的兩年整體存活期(36.4% vs. 8.3%, P = 

0.015)。早期 busyness 參數的變化在無惡化存活期有顯著意義(P = 0.004) 且早期 coarseness 參數

的變化在無惡化存活期(P = 0.007)及整體存活期(P = 0.037) 有顯著意義。參數 busyness 與

coarseness 變化與腫瘤體積變化呈現相關性(r = 0.835 and r = -0.368)。 

 

結論: 利用 PERCIST 標準評估轉移性肺腺癌接受得紓緩治療反應時，骨骼顯像上的復燃現象可

能會影響判讀。此時，TLG-S 標準用於評估病患預後可能有較佳的幫助。對於影像紋理特性在

疾病預後的解讀必須謹慎。 

 

 

 

關鍵字: 肺癌；得紓緩；葡萄糖正子掃描；腫瘤反應；存活期；預後；紋理分析 
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英文摘要 

 

Abstract 

Purpose In this prospective study, we sought to investigate whether early FDG-PET assessment of 

treatment response using total lesion glycolysis measured with a systemic approach (TLG-S) could 

be superior to either local assessment with EORTC (European Organization for Research and 

Treatment of Cancer) criteria or single-lesion assessment with PERCIST (PET Response Criteria in 

Solid Tumors) for predicting clinical outcomes in patients with metastatic lung adenocarcinoma 

treated with erlotinib. The study hypothesis originated from the potential occurrence of the flare 

phenomenon and the differences in tumor biology between primary malignant cells and their 

metastasized progenies. In addition, the prognostic value of tumor textural features was 

investigated. 

 

Methods We performed a retrospective review of prospectively collected data from 23 patients with 

metastatic lung adenocarcinoma treated with erlotinib. All participants underwent FDG-PET 

imaging at baseline and on days 14 and 56 after completion of erlotinib treatment. In addition, CT 

scans were performed at baseline and on day 56. FDG-PET response was assessed with TLG-S, 

EORTC, and PERCIST criteria. Response assessment based on RECIST 1.1 (Response Evaluation 

Criteria in Solid Tumors) from CT imaging was used as the reference standard. Regional textural 

features were analyzed using neighborhood grey-tone difference matrix with parameters of 

coarseness, contrast, busyness, complexity, and strength. Two-year progression-free survival (PFS) 

and overall survival (OS) served as the main outcome measures. 

 

Results We identified 13 patients with bone metastases. Of them, four (31%) had bone flares at day 

14 and were erroneously classified as non-responders according to the PERCIST criteria. Patients 

who were classified as responders on day 14 based on TLG-S criteria had higher 2-year PFS (26.7% 

vs. 0%, P = 0.007) and OS (40.0% vs. 7.7%, P = 0.018) rates. Similar rates were observed in 

patients who responded on day 56 according to the RECIST criteria based on CT imaging. Patients 

classified as responders on day 14 according to the EORTC criteria on FDG-PET imaging had a 

better 2-year OS rate compared with non-responders (36.4% vs. 8.3%, P = 0.015). The early change 

of busyness showed significantly better PFS (P = 0.004) and the coarseness change demonstrated 

significantly better outcomes in PFS (P = 0.007) and OS (P = 0.037). The busyness and coarseness 

changes were correlated with tumor volume changes (r = 0.835 and r = -0.368). 

 

Conclusions Bone flares that can interfere with the interpretation of treatment response according to 

the PERCIST criteria are not uncommon in patients with metastatic lung adenocarcinoma treated 

with erlotinib. In this scenario, TLG-S criteria may help to better predict survival outcomes than 

other forms of assessment. Interpretation of textural features for prognosis should be cautious. 

 

 

 

Keywords Lung cancer; erlotinib; FDG-PET; tumor response; survival; outcomes; textural analysis
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論文正文 

 
1. INTRODUCION 

 

1.1 Erlotinib and gene mutation in lung cancer 

Erlotinib (Tarceva® , Roche Products Ltd., Welwyn Garden City, UK) is a small-molecule inhibitor 

of the epidermal growth factor receptor (EGFR) tyrosine kinase enzymatic activity. Treatment with 

erlotinib is molecular targeted therapy for lung adenocarcinoma. Although patients carrying 

mutations of the EGFR gene generally respond better to tyrosine kinase inhibitors (TKIs) [1], 

erlotinib may improve survival even in subjects with EGFR wild-type tumors [2].  

 

1.2 FDG-PET for erlotinib response assessment 

Several studies have shown that FDG-PET is a useful imaging modality for predicting response to 

erlotinib in patients with non-small cell lung cancer (NSCLC) [3-19]. However, most of them 

utilized only the primary tumor as the target lesion for sequential imaging [3, 5, 6, 9, 10, 12-14, 17, 

18]. Moreover, the European Organization for Research and Treatment of Cancer (EORTC) criteria 

[20] were mainly used to assess treatment response [3, 5, 9, 10, 12-14]. Conversely, other reports 

evaluated treatment response using the Positron Emission Tomography Response Criteria in Solid 

Tumors (PERCIST) [21] based on the measurement of standardized uptake value (SUV) − with a 

specific focus on the hottest single lesion [8, 11]. Finally, there have been studies that used the total 

lesion glycolysis measured with a systemic approach (TLG-S) based either on the sum of up to a 

maximum of five measurable target lesions [16] or all measurable lesions [19] .  

 

1.3 Bone flares in FDG-PET response 

In addition, bone flares in NSCLC patients treated with TKIs have been reported both in CT [22] 

and bone scan [23] studies. However, the effect of bone flares on FDG-PET in response evaluation 

has not been investigated. 

 

1.4 The effect of tumor heterogeneity on drug response 

Growing evidence indicates that significant differences in tumor biology exist between primary 

malignant cells and their metastasized progenies. In NSCLC, a significant discordance in EGFR and 

K-RAS mutation status has been reported between primary tumors and their corresponding lymph 



doi:10.6342/NTU201700024

2 

 

node metastases [24] or distant metastases [25, 26]. Owing to the discrepancies in terms of genetic 

alterations between primary and metastatic tumors [27-29], a deeper understanding of their specific 

metabolic phenotype on FDG-PET scans would be desirable and clinically useful for investigating 

the therapeutic response to TKIs in patients with advanced NSCLC. Accordingly, a correlation 

between EGFR mutation heterogeneity and a mixed FDG-PET response in patients with lung 

adenocarcinoma treated with TKIs has been reported [30]. Unfortunately, the question as to whether 

systemic assessments (i.e., including sites of distant metastases) of tumor response by FDG-PET 

would be superior to the exclusive focus on primary tumor response in this setting remains open.  

 

1.5 Textural analysis for tumor heterogeneity 

Intratumoral heterogeneity of FDG distribution in pre-treatment PET assessed by texture analysis 

may yield additional predictive and prognostic information [31]. Cook et al. reported abnormal 

texture features of primary tumor in baseline FDG-PET were associated with tumor response and 

survival outcomes in lung cancer patients [32]. Therefore, it is worthy to further investigate whether 

the temporal changes in the intratumoral heterogeneity might provide additional prognostic 

information about tumor response to erlotinib. 

 

1.6 Study aims 

Starting from these premises, we designed the current study to investigate whether early FDG-PET 

assessment of treatment response using TLG-S could be superior to either local assessment with 

EORTC criteria or single-lesion assessment with PERCIST for predicting clinical outcomes in 

patients with metastatic lung adenocarcinoma treated with erlotinib. The study hypothesis originated 

from the potential occurrence of the flare phenomenon and the differences in tumor biology between 

primary malignant cells and their metastasized progenies. In addition, the prognostic value of tumor 

textural features was investigated. 

 

 

 

2. MATERIALS AND METHODS 

 

2.1 Patients 

Eligibility criteria for this study were as follows: 1) stage IIIB-IV lung adenocarcinoma or recurrent 
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adenocarcinoma of the lung that failed to respond to frontline chemotherapy or relapsed thereafter; 2) 

complete recovery from any toxic effects of previous antitumor therapy, and 3) no chemotherapy 

within one month of enrolment. Patients were excluded in presence of the following criteria: 1) 

symptomatic brain metastases; 2) severe comorbidities; 3) presence of malignant pleural effusion 

without other measurable lesions, and 4) active infections. The Institutional Review Board of the 

Chang Gung memorial hospital approved the study protocol. Written informed consent was obtained 

from all participants.  

 

2.2 Study Design 

This was a single-center, single-arm, open-label study. All patients received oral erlotinib at a fixed 

dose of 150 mg (one tablet per day). Baseline FDG-PET examinations (day 0 FDG-PET) were 

performed in the two weeks preceding the start of erlotinib therapy. Follow-up FDG-PET scans were 

performed at days 14 and 56 after the beginning of erlotinib for the assessment of early and late 

treatment response, respectively. CT scans were performed both at baseline and on day 56 (Figure 

1).  

 

Figure 1 

 

Study schema 

 

2.3 FDG-PET/CT Image Acquisition 

Patients were asked to fast 4 h before examination and blood glucose levels were <200 mg/dL in all 

participants. No intravenous contrast enhancement was used. Patients were injected intravenously with 

370–555 MBq 18F-FDG (depending on body weight) and images were acquired 50 min after its 



doi:10.6342/NTU201700024

4 

 

administration. Whole-body PET emission scans were performed from the base of the skull to the 

mid-thigh with no position changes. FDG-PET/CT was performed using a Discovery ST 16 scanner 

(GE Healthcare, Milwaukee, WI, USA) in 18 patients, whereas the remaining 5 subjects were imaged 

on a Biograph mCT scanner (Siemens Medical Solutions, Malvern, PA, USA). Low-dose CT images 

were used for attenuation correction of PET data. PET images were reconstructed using a CT-based 

attenuation correction with an ordered-subset expectation maximization iterative reconstruction 

algorithm (4 iterations and 10 subsets for the Discovery ST16 scanner; 2 iterations and 21 subsets for 

the Biograph mCT scanner). Using these reconstruction parameters, axial spatial resolutions of PET at 

the center of the gantry were 4.80 mm and 2.16 mm for the Discovery ST16 and the Biograph mCT 

scanners, respectively. The two scanners were calibrated for quantitative correlation.  

 

2.4 Imaging Analysis and Assessment of Treatment Response 

 

2.4.1 PET parameters 

FDG-PET images were obtained in transaxial planes using a dedicated workstation (Syngo; Siemens 

Medical Solutions). The SUV for each tumor volume was calculated with the following formula: 

(measured activity concentration [Bq/mL])/(injected activity [Bq]/body weight [kg] × 1,000). Rather 

than the peak SUV utilized by the PERCIST criteria, we measured the maximum SUV within a region 

of interest (ROI) [11]. A SUV >2.5 was used as the threshold for target volume delineation of the 

metabolic tumor volume (MTV) [33]. TLG-S was calculated as follows: TLG-S = mean SUV × MTV 

(cm3) [34].  

 

2.4.2 EORTC criteria 

The metabolic response according to the EORTC criteria is based on the same ROI volumes sampled 

on subsequent scans. A partial metabolic response (PMR) was defined as a SUV reduction ≥25%. 

Stable metabolic disease (SMD) was diagnosed in presence of either an increase or a decrease <25%. 

Finally, progressive metabolic disease (PMD) was defined as a SUV increase >25% [20].  

 

2.4.3 PERCIST criteria 

In line with the standard procedures recommended by the PERCIST criteria, we measured the 

change in SUV between the hottest single tumor lesion on baseline scan and the hottest single 

lesion on the subsequent scan. The target lesions may differ between each scan. A complete 
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metabolic response (CMR) was defined as a complete abrogation of tumor FDG uptake; PMR as a 

SUV reduction of at least 30%; PMD as either a SUV increase of at least 30% or the development 

of a new lesion. Finally, SMD was considered to be present when CMR, PMR, and PMD did not 

occur [21]. 

 

2.4.4 TLG-S method 

According to the PERCIST recommendations [21], the measurement of TLG-S was based on the 

delineation of target lesions (two lesions or less per organ, with a maximum of five lesions). PMR 

was defined as a reduction of at least 45% in TLG-S, whereas PMD was diagnosed in presence of a 

75% or higher increase in this parameter [21]. SMD was considered to be present when PMR or 

PMD did not occur [21].  

 

2.4.5 RECIST criteria 

Standard CT response was assessed through an independent review of CT images obtained at day 56 

compared with baseline scans. All CT images were analyzed by investigators blinded to PET results. 

Target lesions (two lesions or less per organ, with a maximum of five lesions) were identified. 

Tumor response was classified as complete response (CR), partial response (PR), stable disease (SD), 

or progressive disease (PD) according to the Response Evaluation Criteria in Solid Tumors (RECIST), 

version 1.1 [35]. Based on FDG-PET results, patients with CMR or PMR were considered as 

responders whereas those with SMD or PMD were classified as non-responders. Patients with CR or 

PR on CT images were classified as responders, whereas those who showed SD or PD were 

considered as non-responders. 

 

2.5 Texture analysis 

Distinct sets of texture features can be extracted from PET images using different matrices. In the 

present study, we used neighborhood grey-tone difference matrix (NGTDM) for the assessment of 

third-order texture features [31]. The texture parameters of coarseness, contrast, busyness, complexity, 

and strength were calculated from the NGTDM according to previous literatures of lung cancer studies 

[32, 36]. The computations of the textural features were performed using a homemade software 

package (Chang-Gung Image Texture Analysis toolbox; CGITA) implemented under MATLAB 

2012a (Mathworks Inc., Natick, MA, USA) [37]. 
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2.6 Statistical Analysis 

Progression-free survival (PFS) and overall survival (OS) served as the main outcome measures. 

PFS was defined as the time from the date of inclusion in the study to disease recurrence or 

progression. OS was defined as the time from the date of inclusion in the study to the date of death 

from any cause or last follow-up. Survival curves were plotted with the Kaplan-Meier method and 

compared using the log-rank test. Cox regression analysis was used to calculate the adjusted hazard 

ratios (HRs) and their corresponding 95% confidence intervals (CIs). All calculations were 

performed with the SPSS 18.0 statistical package (SPSS Inc. Chicago, IL, USA). Two-tailed P 

values < 0.05 were considered statistically significant. 

 

 

 

3. RESULTS 

 

3.1 Patients 

Between April 2009 and May 2012, we identified a total of 23 patients (16 women and 7 men) with 

advanced lung adenocarcinoma who were treated with erlotinib (Table 1).  

 

3.2 Response on FDG-PET versus CT imaging according to the RECIST criteria 

All patients underwent FDG-PET imaging at day 14, whereas data for day 56 FDG-PET scans were 

missing for three participants.  

Based on FDG-PET imaging at day 14 and according to the EORTC criteria, there were 11 patients 

(48%) who had PMR, 11 (48%) with SMD, and 1 (4%) with PMD. According to FDG-PET 

imaging at day 56, we identified 5 patients (25%) with CMR, 7 (35%) with PMR, 5 (25%) with 

SMD, and 3 (15%) with PMD.  

Based on FDG-PET imaging at day 14 and according to the PERCIST criteria, there were 6 patients 

(26%) who had PMR, 15 (65%) with SMD, and 2 patients (9%) with PMD. According to FDG-PET 

imaging at day 56, we identified 1 patient (5%) with CMR, 8 patients (40%) with PMR, 7 patients 

(35%) with SMD, and 4 patients (20%) with PMD.  

Based on FDG-PET imaging at day 14 and according to the TLG-S criteria (summing up the five 

hottest lesions), there were 10 patients (26%) who had PMR, 11 patients (65%) with SMD, and 2 

patients (9%) with PMD. According to FDG-PET imaging at day 56, we identified 1 patient (5%) 
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with CMR, 8 patients (40%) with PMR, 8 patients (35%) with SMD, and 3 patients (20%) with 

PMD.  

Based on CT imaging at day 56 and according to the RECIST criteria, there were 10 patients (26%) 

who had PR, 5 patients (65%) with SD, and 8 patients (9%) with PD. Two patients classified as 

having PD and one patient who had PR did not undergo day 56 FDG-PET imaging.  

The overall response according to early FDG-PET findings versus the standard CT response is 

summarized in Table 2.  

Four patients who were classified as responders based on CT imaging at day 56 and according to the 

RECIST criteria were considered as non-responders when the PERCIST criteria were applied on 

early FDG-PET findings (Figure 2).  

The median age at enrollment was 57 years. Most of the study patients (87%) had an ECOG 

performance status 0 or 1. The median follow-up time in the study cohort was 14 months (range, 

1–51 months). At the end of the follow-up period, two patients survived and 21 died. The two 

patients who survived had a follow-up time of 51 and 39 months, respectively. 

The overall response rate (43.5%, 10 out of 23 patients) obtained when the TLG-S system was 

applied to early FDG-PET results was identical to the overall response rate calculated by applying 

the RECIST criteria to CT data obtained on day 56. Eight patients with PD according to the 

RECIST criteria on day 56 were all classified as non-responders when the PERCIST and TLG-S 

criteria were applied on early FDG-PET findings; however, one of these subjects was classified as a 

responder based on the EORTC criteria. Taking into account that three patients had missing 

FDG-PET results, tumor response based on the PERCIST and TLG-S criteria using day 56 

FDG-PET data (9 responders and 11 non-responders) was the same as that observed when the 

RECIST criteria were applied to CT findings (10 responders and 13 non-responders).
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Table 1  

General characteristics of the study patients [38] 

Characteristic  
Patients, n 

(%)  

Number of patients  23 (100)  

Age (years)   

  Median  57 

  Range  38−81 

Sex  

  Male  7 (30) 

  Female  16 (70) 

Performance status   

  0 7 (30) 

  1 13 (57) 

  2 3 (13) 

AJCC clinical stagea   

  IIIB  1 (4) 

  IV  17 (74) 

  Post-operative recurrence  5 (22) 
a Seventh edition.  

AJCC American Joint Committee on Cancer. 

 

 

Table 2  

Overall response according to early FDG-PET findings versus standard CT response [38]    

 
Day 56 RECIST criteria 

Responder Non-responder 

Day 14 EORTC criteria Responder 9 2 

 Non-responder 1 11 

Day 14 PERCIST criteria Responder 6 0 

 Non-responder 4 13 

Day 14 TLG-S criteria Responder 10 0 

 Non-responder 0 13 

 

RECIST Response Evaluation Criteria in Solid Tumors version 1.1, EORTC European Organization for 

Research and Treatment of Cancer, PERCIST PET Response Criteria in Solid Tumors, TLG-S Total Lesion 

Glycolysis-Systemic approach. 
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Figure 2 

 

Illustrative images of four non-responders by PERCIST criteria on day 14 PET who had persistent bone uptake due to 

the bone flare effect during erlotinib treatment (case No. in Figure 2 corresponded to the case No. in Table 3). (a) In 

case 1, the hottest lesion was identified at the scapula (SUVmax 8.1; arrow) on day 0. On day 14, the hottest lesion was 

located at the ilium (SUVmax 7.3; hollow arrow). A complete metabolic response was observed on day 56. (b) In case 2, 

the hottest lesion was identified at mediastinal lymph nodes (SUVmax 15.3; arrow) on day 0. On day 14, the hottest lesion 

was located at the L3 spine (SUVmax 11.5; hollow arrow). On day 56, a partial metabolic response was observed, with 

tracer uptake being decreased at the L3 spine (SUVmax 5.3; hollow arrow). (c) In case 3, the hottest lesion was identified 

at the L5 spine (SUVmax 10.3; arrow) on day 0. On day 14, the hottest lesion was located at the sacroiliac junction 

(SUVmax 8.2; hollow arrow). On day 56, a decreased activity at the L5 spine (SUVmax 3.2) was observed (arrow) and the 

lesion located at the sacroiliac junction was not measurable (hollow arrow). (d) In case 4, the hottest lesion was 

identified at the lumbosacral spine (SUVmax 6.6; arrow) on day 0. On day 14, the hottest lesion was located at the 

acetabulum (SUVmax 6.2; hollow arrow). On day 56, a partial metabolic response was observed, with tracer uptake being 

decreased at the acetabulum (SUVmax 3.5; hollow arrow) [38]. 
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3.3 Impact of bone flares on early assessment of treatment response on FDG-PET images using 

the PERCIST criteria 

A total of 13 study patients had bone metastases (Table 3). Bone flares occurred in 4 patients (31%), 

with the highest tracer uptake in the bone being identified on day 14 FDG-PET. Such flares led to an 

erroneous classification of these patients as non-responders when PERCIST criteria were applied. All 

of the bone flares regressed on day 56 FDG-PET images (Figure 2). Notably, all of these four patients 

were correctly classified as responders according to either the EORTC or TLG-S criteria on day 14 

(Figure 3).  

All of the four patients identified as non-responders on day 14 according to the PERCIST criteria were 

classified as responders based on day 56 CT findings (Group A in Table 3). Of the remaining nine 

patients who did not have bone flares, 3 patients were classified as responders (Group B) and 6 as 

non-responders (Group C) according to the PERCIST criteria applied to day 14 FDG-PET results and 

RECIST approach applied to day 56 CT findings (Table 3). 

 

Table 3  

Changes of FDG uptake observed in bone lesions and in the hottest single lesions identified during 

erlotinib treatment among patients with lung cancer and skeletal metastases [38] 
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Figure 3 

 

Percentage changes of FDG uptake in the four patients with skeletal metastases who were erroneously classified as 

non-responders according to FDG-PET imaging at day 14 using the PERCIST criteria (a). All of these patients were 

correctly classified as early responders according to the EORTC criteria (b). The use of a systemic approach that included 

both primary and metastatic tumors (TLG-S method) was similarly effective in classifying these patients as early responders 

(c). The cut-off values for defining a reduction of FDG uptake as significant were 25%, 30%, and 45% of baseline values 

for EORTC, PERCIST, and TLG-S criteria, respectively [38]. 

 

3.4 Prediction of progression-free survival 

Patients who were classified as responders on day 14 based on TLG-S criteria had higher 2-year 

PFS (26.7% vs. 0%; P = 0.007 [log-rank test, Kaplan-Meier analysis], Figure 4; HR = 0.28, 95% 

CI = 0.10−0.76, P = 0.012). However, the assessment of early response on FDG-PET scans based 

on either EORTC or PERCIST criteria was not significantly associated with PFS. Using FDG-PET 

images obtained at day 56, we identified significant univariate associations between 2-year PFS and 

response according to both PERCIST (16.7% vs. 0%; P = 0.044 [log-rank test, Kaplan-Meier 

analysis]; HR = 0.37, 95% CI = 0.13−1.03, P = 0.057) and TLG-S PERCIST (16.7% vs. 0%; P = 

0.044 [log-rank test, Kaplan-Meier analysis]; HR = 0.37, 95% CI = 0.13−1.03, P = 0.057) criteria. 

On day 56, CT response according to the RECIST was significantly associated with a higher 2-year 

PFS rate (26.7% vs. 0%; P = 0.007 [log-rank test, Kaplan-Meier analysis]; HR = 0.28, 95% CI = 

0.10−0.76, P = 0.012). However, FDG-PET response according to the EORTC criteria did not show 

a statistically significant association with PFS. 

 

3.5 Prediction of overall survival 

Patients who were classified as responders on day 14 based on the EORTC criteria had higher 

2-year OS (36.4% vs. 8.3%; P = 0.015 [log-rank test, Kaplan-Meier analysis]; HR = 0.32, 95% CI = 

0.12−0.83, P = 0.020). Similar findings were obtained when responders were identified with the 
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TLG-S method (40.0% vs. 7.7%; P = 0.018 [log-rank test, Kaplan-Meier analysis], Figure 5; HR = 

0.32, 95% CI = 0.12−0.86, P = 0.024). Early FDG-PET response according to the PERCIST criteria 

was not significantly associated with OS. On day 56, CT response based on the RECIST criteria 

was the only variable significantly associated with 2-year OS (40.0% vs. 7.7%; P = 0.018 [log-rank 

test, Kaplan-Meier analysis], Figure 5; HR = 0.32, 95% CI = 0.12−0.86, P = 0.024). Although 

patients classified as responders or non-responders according to PERCIST and TLG-S on day 56 

were the same as those identified using the RECIST criteria, the association between FDG-PET 

response and OS was not significant because of missing data in three participants. 
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Figure 4 

 

Kaplan-Meier estimates of progression-free survival (PFS) according to different criteria used for assessing FDG-PET 

response. No significant differences in terms of PFS were identified between responders and non-responders defined 

according to FDG-PET imaging at day 14 using either the EORTC criteria (a) or the PERCIST criteria (b). Patients 

classified as responders according to FDG-PET imaging at day 14 using the TLG-S criteria (c) and according to CT 

imaging at day 56 using the RECIST criteria (d) had an identically higher PFS (P = 0.007) [38]. 
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Figure 5 

 

Kaplan-Meier estimates of overall survival (OS) according to different criteria used for assessing FDG-PET response. 

Patients classified as responders according to FDG-PET imaging at day 14 using the EORTC criteria had a significantly 

better OS (P = 0.015) (a). No significant differences in terms of OS were identified between responders and non-responders 

defined according to FDG-PET imaging at day 14 using the PERCIST criteria (b). Patients classified as responders 

according to FDG-PET imaging at day 14 using the TLG-S criteria (c) and according to CT imaging at day 56 using the 

RECIST criteria (d) had an identically higher OS (P = 0.018) [38]. 

 

3.6 Textural parameters for survival prediction 

By ROC curves for tumor textural features, the cut-off values of parameters derived from NGTDM 

such as coarseness, busyness, contrast, and complexity for pre-treatment baseline and early change 
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during treatment were identified. No significant pre-treatment parameters were identified for 

outcome prediction in PFS and OS. For early change on day 14, the busyness with decrease >32% 

showed significantly better PFS (P = 0.004) and marginal better OS (P = 0.089). The coarseness 

with increase >64% demonstrated significantly better outcomes in PFS (P = 0.007) and OS (P = 

0.037). However, the change of busyness value was strongly correlated with tumor volume change 

(r = 0.835, P < 0.001) and the change of coarseness value was moderately correlated with tumor 

volume change (r = -0.368, P = 0.084). 

 

 

 

4. DISCUSSION 

 

4.1 Why the results of PERCIST criteria is inconsistent with other groups? 

The PERCIST criteria utilize the hottest lesion on FDG-PET as target, considering both the primary 

tumor and its distant metastases. In a study conducted in 22 patients, Benz et al. [11] reported that 

patients who had PMD according to FDG-PET results obtained at two weeks after the start of erlotinib 

treatment displayed a significantly shorter time to progression and a poorer OS compared with those 

showing either SMD or PMR. Another report by Zander et al. [8] demonstrated that the PERCIST 

criteria obtained using FDG-PET data acquired after one week of erlotinib therapy predicted both PFS 

and OS in patients with advanced NSCLC independent of the EGFR mutation status. Similar results 

were obtained when the EORTC criteria were applied [8]. However, the results of our study indicate 

that FDG-PET response according to the PERCIST criteria on day 14 was not significantly associated 

with PFS and OS. A potential explanation for these findings is that some patients classified as 

responders according to CT imaging at day 56 using the RECIST criteria were erroneously considered 

as non-responders based on early FDG-PET results. Notably, incorrect patient classification was 

mainly caused by a high skeletal tracer uptake on day 14, ultimately resulting in a markedly lower 

SUV reduction compared with other study participants. It should be indeed noted that 1) all of these 

bone lesions disappeared on day 56 and 2) the four patients incorrectly classified by the PERCIST 

criteria were correctly identified as early responders according to both the EORTC and TLG-S criteria. 

Starting from these premises, bone flares are a plausible explanation for misclassification when 

PERCIST criteria are used.  
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4.2 The effects of bone flare 

In this study, we observed that the presence of “persistent bone uptake” in patients who showed 

primary tumor response resulted in an erroneous categorization of four patients (group A in Table 3). 

Although the discrepancy between primary tumor (response) and bone metastasis (no-response) on day 

14 may be caused by tumor heterogeneity, bone uptake was either much decreased or absent on day 56 

in group A patients. Based on these findings, we reasoned that the occurrence of bone flares would be 

the most plausible mechanism to explain “discordant persistent” tracer uptake in the bone. However, 

the peak time of bone flare can be influenced by several factors (e.g., tracer, tumor type, and drugs). 

Numerous data on bone flares are available from bone scintigraphy studies but less information is 

available on their occurrence in FDG-PET images. In this study, we defined persistent bone uptake as 

a SUVmax reduction of less than 30% or an increase in SUVmax values. Persistent bone uptake observed 

on day 14 imaging may have occurred before or after peak time. Consequently, non-peak persistent 

bone uptake was attributed to the bone flare phenomenon. The clinical significance of the bone flare 

phenomenon is still a matter of debate [39]. Osteoblastic bone flares have been previously described as 

transiently worsening bone lesions on FDG-PET scans in a case series of four NSCLC patients treated 

with bevacizumab [40]. Another study using CT imaging and the RECIST criteria identified the 

occurrence of osteoblastic bone flares in three NSCLC patients who received erlotinib [22]. It has been 

reported that 21% of NSCLC patients who undergo bone scintigraphy develop bone flares during 

therapy with TKIs [23]. In the present study, bone flares were observed in 31% of patients with 

skeletal metastases on FDG-PET scans performed on day 14. Nonetheless, a case report that used 

FDG-PET for the assessment of response to erlotinib indicated that disease progression might be 

misdiagnosed as a bone flare as well [41]. In our study, six non-responders with persistent bone lesions 

on day 14 had stable disease on day 56. 

 

4.3 Tumor heterogeneity: systemic approach vs. local assessment 

Consistent with previous reports [3, 5, 9, 10, 12-14], the results of our study demonstrate that 

assessment of early FDG-PET response using the EORTC criteria predicts OS in NSCLC patients 

treated with erlotinib. In our report, the number and timing of FDG-PET scans (at baseline and on days 

14 and 56) were in line with the protocol utilized by Mileshkin et al. [9]. Interestingly, these authors 

reported that FDG-PET response according to the EORTC criteria on day 14 was significantly 

associated with a better OS, whereas the same response on day 56 was not. Nonetheless, the biological 

heterogeneity between the primary tumor and its metastatic progenies as well as the intermetastatic 
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heterogeneity [42] have not been previously taken into adequate account. We thus reasoned that a 

systemic assessment that would include the metastatic sites could be superior to the exclusive local 

assessment of primary tumor response according to the EORTC criteria. Our findings supported the 

original study hypothesis. Accordingly, a systemic approach based on the TLG-S method (including 

both primary and metastatic tumors up to a total of five target lesions) identified a significant 

association between early FDG-PET response and survival endpoints (PFS and OS).  

 

4.4 Proposed TLG-S method 

In line with the PERCIST criteria, in this study we defined PMR as a reduction of at least 45% in 

TLG-S, whereas PMD was diagnosed in presence of a 75% or higher increase in this parameter. 

Kahraman et al. [16] have previously shown that the percentage change of TLG-S is a strong predictor 

of survival outcomes in NSCLC patients treated with erlotinib. In their study, the authors defined 

TLG-S as the sum of up to a maximum of five measurable target lesions; different cut-off values for 

defining the metabolic response were also calculated [16]. Another recent report demonstrated that 

high TLG-S values are an independent predictor of survival in patients with advanced NSCLC who 

receive erlotinib [19]. In the latter study, TLG-S was calculated by taking into account all of the 

measurable lesions in whole-body scans; in addition, TLG-S was dichotomized according to the 

median value [19]. Altogether these findings indicate a strong prognostic significance of TLG-S, 

although both the extent of target lesions and the definition of metabolic response have not yet been 

standardized. 

 

4.5 Impact of tumor heterogeneity 

Some controversy still exists on the discordance in EGFR and K-RAS mutation status between primary 

and metastatic tumors among NSCLC patients [24-26]. Therefore, local imaging assessment of the 

primary tumor has been mainly supported by reports showing that a heterogeneous distribution of 

EGFR mutations occurs rarely [43, 44]. In our study, we demonstrate that FDG-PET response based 

on the EORTC criteria is associated with OS but not PFS. However, it should be noted that small core 

biopsies may not correctly reflect the clonal heterogeneity of the entire tumor [45]. Moreover, 

intratumor heterogeneity (consisting of a mixed population of EGFR-mutated and wild-type cells) may 

reduce the response to TKIs [46]. A significant heterogeneity in the EGFR mutation status between 

primary lung tumors and their metastases can also cause a mixed response to TKIs in certain patients 

[30, 45]. At the imaging level, the intratumor heterogeneity of FDG uptake has been associated with 
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tumor response and clinical outcomes in NSCLC patients treated with erlotinib [18]. Based on these 

findings, we believe that systemic approaches including distant metastases would be superior to 

single-site assessments when this patient group undergoes FDG-PET imaging. Our current findings 

obtained with the TLG-S method supports this contention quite strongly. 

 

4.6 Limitation of textural analysis in current study 

We found the high correlation between textural parameters and tumor volume. Therefore, it should be 

cautious when interpreting the usefulness of texture features for tumor prognosis [47]. Besides, it has 

been shown that the sensitivity of PET textural features to normal stochastic image variation and 

imaging parameters can be significant [48]. With very limited number of patients being included, 

stochastic variability of PET textural parameters might therefore have greatly confounded the results 

of the study. Further study with more patients included should be conducted to verify the role of 

textural features in tumor response evaluation and prognosis prediction. 

 

 

 

5. CONCLUSIONS 

The results of the present study demonstrate that TLG-S criteria may help to better predict PFS and OS 

than other forms of assessment based on early FDG-PET response. Bone flares that can interfere with 

the interpretation of treatment response according to the PERCIST criteria are not uncommon in 

patients with metastatic lung adenocarcinoma treated with erlotinib. The high correlation between 

textural parameters and tumor volume limited the value of prognostic evaluation. 
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