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Abstract. The purpose of the present prospective study was 
to evaluate the use of 18F‑fluorodeoxyglucose positron emis-
sion tomography/computed tomography (18F‑FDG PET/CT) 
in the assessment of therapy response and the prediction of 
short‑term outcomes by maximum and mean standardized 
uptake values (SUVmax and SUVmean, respectively), meta-
bolic tumor volume (MTV) and total lesion glycolysis (TLG) 
following chemoradiotherapy (CRT) in patients with stage III 
adenocarcinoma of the lung. The study included a total of 15 
patients, all of whom underwent two serial 18F‑FDG PET/CT 
scans prior to and following 60‑Gy radiotherapy with a concur-
rent cisplatin/pemetrexed combined chemotherapy regimen. 
SUVmax, SUVmean, MTV and TLG were determined. 
Short‑term outcomes were assessed according to the Response 
Evaluation Criteria in Solid Tumors (RECIST) and the PET 
Response Criteria in Solid Tumors (PERCIST). Post‑CRT 
SUVmax, ΔSUVmax, ΔMTV and ΔTLG varied significantly 
between responders and non‑responders (P=0.009, P=0.015, 
P=0.006 and P=0.004, respectively). The differences in 
SUVmax, SUVmean, carcinoembryonic antigen, MTV and 

TLG between the responders and the non‑responders at the 
initial 18F‑FDG PET/CT scans were not statistically significant 
(P>0.05). The overall response rate was significantly higher 
(P=0.01) when evaluated using PERCIST compared with 
evaluation using RECIST. It was concluded that post‑CRT 
SUVmax, ΔSUVmax, ΔMTV and ΔTLG may be used to 
differentiate the responders from the non‑responders following 
CRT for stage III adenocarcinoma of the lung. This would aid 
in deciding whether or not to increase dosages or to incor-
porate a boost treatment without the requirement to suspend 
therapy.

Introduction

Lung cancer is the primary cause of cancer‑associated 
mortality worldwide. Approximately 85% of these fatalities 
are accounted for by non‑small cell lung cancer (NSCLC) (1), 
of which the most common histopathological type in recent 
decades has been adenocarcinoma  (2). The majority of 
patients with NSCLC are not amenable to curative resection 
with locally advanced or advanced disease (3). The standard 
treatment for these patients is platinum‑based combination 
chemotherapy with concurrent radiotherapy (RT), which can 
improve survival for certain patients (4). However, the 5‑year 
overall survival (OS) rate for lung cancer remains at 15% (5), 
as not all patients respond to the chemoradiotherapy (CRT) 
due to high levels of toxicity. Therefore, early predictions 
of therapy response and patient outcome are particularly 
important, such that patients who are be likely to benefit from 
treatment may be identified.

In light of this, it has been suggested that the non‑invasive 
molecular imaging tool, 18F‑fluorodeoxyglucose positron 
emission tomography (18F‑FDG PET), may aid in alleviating 
these problems. Over time, 18F‑FDG PET has become an 
accepted method for staging and evaluating therapeutic 
response in NSCLC patients (6,7). In a prospective study, Mac 
Manus et al (8) demonstrated that the post‑treatment 18F‑FDG 
PET response was more significantly associated with survival 
compared with the post‑treatment computed tomography 
(CT) in patients treated with determinate radiation or CRT. 
The major advantage of 18F‑FDG PET when compared with 
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structural imaging techniques is the detection of a change 
in cellular metabolism earlier than any change in the tumor 
size. Therefore, 18F‑FDG PET could be used as a sensitive 
tool to predict treatment response  (9). The purpose of the 
present study was to evaluate different 18F‑FDG PET/CT 
parameters, including maximum standardized uptake values 
(SUVmax), mean standardized uptake values (SUVmean), 
metabolic tumor volume (MTV) and total lesion glycolysis 
(TLG), as survival prognostic factors in patients with stage III 
NSCLC. The prognoses were determined by 18F‑FDG PET/CT 
prior to and following 60‑Gy radiotherapy with a concurrent 
cisplatin/pemetrexed chemotherapy regimen.

Patients and methods

Patients. The present study is a prospective study of 14 consec-
utive patients with locally advanced NSCLC (stage IIIA/IIIB) 
who were treated with concurrent CRT in Shandong Cancer 
Hospital Affiliated to Shandong University (Jinan, Shandong, 
China) between May 2015 and May 2016. The following inclu-
sion criteria were used: Stage III NSCLC [using American Joint 
Committee on Cancer (7th edition)] (10); histopathologically 
confirmed primary adenocarcinoma; an Eastern Cooperative 
Oncology Group (ECOG) Performance Status (11) of 0 or 1; 
and complete physical examination, serum tumor marker deter-
mination, blood count and serum biochemistry. The exclusion 
criteria were as follows: RT or surgery of the chest within 
3 months prior to entering the study; and a previous history 
of cancer or diabetes mellitus. This study was approved by 
the Institutional Review Boards and Ethics Committees of 
Shandong Cancer Hospital Affiliated to Shandong University. 
All procedures involving human participants were in accor-
dance with the ethical standards of the institution and/or 
national research committee, and with the 1964 Declaration 
of Helsinki and its later amendments. Informed consent was 
obtained from all participants included in the study.

CRT. All patients were treated with conventionally fractioned 
RT at 5 doses of 2 Gy per week up to a total dose of 60‑66 Gy, 
based on a 18F‑FDG PET/CT scans. RT was delivered by 
three‑dimensional conformal RT or intensity modulated RT 
techniques with 6‑MV photons (based on lesion size and 
fitness of target volume). The primary tumor and any clini-
cally involved lymph nodes were included in the gross tumor 
volume, and planning target volume included the gross tumor 
volume with a margin of 0.8 cm. All patients were treated with 
2‑cycles of concurrent chemotherapy with cisplatin (25 mg/m2 
on days 1‑3 iv. drip) and pemetrexed (500 mg/m2 on day 1 iv. 
drip). This was repeated every 21 days for a total of four to six 
cycles. Standard premedication of dexamethasone and antihis-
taminergic drugs was provided for the pemetrexed treatment.

18F‑FDG PET/CT image acquisition. 18F‑FDG PET/CT scans 
were performed with a Discovery LS PET‑CT system (GE 
Healthcare Life Sciences, Little Chelfont, UK). All patients 
had been resting and fasting for at least 6 h prior to the scan 
and their serum glucose levels were measured to ensure a 
value of <6.6 mmol/l. Following intravenous injection with 
5.0 MBq/kg 18F‑FDG, patients rested for 45‑60 min. Emission 
scans were obtained from the skull to the thighs for 5 min per 

field of view, each covering 14.5 cm, at an axial sampling thick-
ness of 4.25 mm per slice. CT data were also collected. During 
18F‑FDG PET/CT scanning, quiet respiration was required to 
ensure the quality of images. The total time varied between 
25 and 30 min per patient. PET images were reconstructed 
with CT‑derived attenuation correction using an ordered subset 
expectation maximization algorithm. Pre‑treatment 18F‑FDG 
PET/CT scans were conducted 1‑3 days prior to the start of 
RT as part of the initial staging. Repeat whole‑body 18F‑FDG 
PET/CT scans were performed once the total RT dose had 
reached 60 Gy in order to evaluate the therapeutic effect.

Interpretation of 18F‑FDG PET/CT images. Interpretation of 
18F‑FDG PET/CT imaging was performed by nuclear medicine 
physicians, who were affiliated to our hospital and were blinded 
to patient histories, using consensus criteria. SUVmean and 
SUVmax were acquired using attenuation‑corrected images. 
SUVmax of the primary tumor was obtained in the transaxial 
view. An SUV cutoff of 2.5 was used to measure MTV and 
thus, MTV was defined as the sum of voxels exhibiting an 
SUV of 2.5 or more. When all the hypermetabolic tumor foci 
were segmented, the EBW workstation (Philips Healthcare, 
Andover, MA, USA) calculated MTV automatically, defined 
as the total volume of all tumors in the body. The SUVmean 
was obtained by the same method as the SUVmax. TLG was 
calculated as the product of the MTV and the SUVmean. The 
percentage change (Δ) in each of the parameters (P) between 
pre‑ and post‑treatment was calculated using the following 
formula: ΔP=[(Ppre‑Ppost)/Ppre] x100

Response evaluation. PERCIST was used to evaluate the effect 
of CRT treatment, while RECIST (12) was used to evaluate 
the short‑term outcome at 4 weeks after termination of CRT. 
Evaluations were made blinded to the 18F‑FDG PET/CT scans. 
The responders were defined as exhibiting a complete response 
(CR) or a partial response (PR) according to RECIST. Patients 
with an outcome of stable disease (SD) or progressive disease 
(PD) were subsequently classified as non‑responders.

Statistical analysis. The Statistical Package for SSPS v.17.0 
(SPSS, Inc., Chicago, IL, USA) was used. Quantitative data, 
including SUVmean, SUVmax, MTV and TLG, are expressed 
as mean ± standard deviation. Statistically significant differ-
ences between unpaired quantitative parameters were analyzed 
using Student's t‑test. The difference in response evaluated 
by RECIST and PERCIST was analyzed using the χ2 test. 
All P‑values were two‑sided, and statistical significance was 
indicated by P<0.05.

Results

Patient characteristics. Table I presents the clinical charac-
teristics of all patients involved in the present study. 18F‑FDG 
PET/CT images were available for 14 patients. The median 
age of the study population was 64 years (range, 55‑82 years), 
71.4% of the participants were male and the proportion of 
never‑smokers was 21.4%. All patients had histologically 
confirmed adenocarcinoma. According to the RECIST crite-
rion  (12), a total of 6 patients (1 with CR and 5 with PR) 
were assessable for response, and the overall response rate 
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was 42.9%. By contrast, 7 patients exhibited SD while only 
1 patient exhibited PD.

18F‑FDG metabolic changes. The pre‑ and post‑treatment 
18F‑FDG uptake parameters, listed in Table II, were deter-
mined by two nuclear medicine physicians. SUVmax, 
SUVmean, MTV and TLG at baseline 18F‑FDG PET/CT scans 
exhibited no statistically significant differences between the 
responders and the non‑responders (P>0.05). In the responders 
(42.9%), SUVmax fell from 11.7±4.3 to 5.0±3.9 following 
initial CRT. In the non‑responders (57.1%), the SUVmax 
increased from 12.8±4.9 to 12.9±3.8. There was a mean 
reduction in SUVmax of 51.9% and an increase of 0.5% in 
responders and non‑responders, respectively. The ΔSUVmax, 
ΔMTV and ΔTLG differed significantly between responders 
and non‑responders (P=0.015, P=0.006 and P=0.004, 
respectively). Similarly, post‑CRT SUVmax and CEA levels 
were significantly higher in responders compared with those 
in non‑responders (P=0.009 and P=0.019, respectively). Fig. 1 
depicts typical examples of 18F‑FDG PET/CT scans in patients 
with responding and non‑responding tumors.

When applying the PERCIST at post‑CRT 18F‑FDG 
PET/CT, 8/14 patients (57.1%) exhibited a CR or a PR, while 
6/14 patients (42.9%) exhibited SD. The differences in outcome 
between the PERCIST and the RECIST evaluations were statis-
tically significant (P=0.01) and the overall response rate was 

higher when evaluated by the former. This is consistent with 
the previous observation that cellular metabolism changes 
more rapidly than tumor size.

Discussion

Unresectable, locally advanced, stage III NSCLC remains a 
therapeutic challenge for oncologists. Despite the development 
of numerous treatment modalities the 5‑year survival rate of 
patients with NSCLC remain unsatisfactory. Patients at the 
same stage of cancer and receiving the same treatment, may 
experience different outcomes  (13). Therefore, prognostic 
tools are required in order to determine optimum treatment 
strategies. The present study investigated the role of 18F‑FDG 
PET/CT parameters in the prognosis prediction of NSCLC, 
such that any required dose‑escalation or treatment addition 
could be put into effect without a break from therapy.

Observations of increased 18F‑FDG uptake in the majority 
of lung cancer types and subsequently reduced uptake following 
successful treatment have led to increased enthusiasm for the use 
of 18F‑FDG PET/CT in assessing therapeutic response (14,15). 
18F‑FDG PET/CT is known to provide more time‑efficient and 
more accurate results than those provided by standard morpho-
logical imaging (16). In addition, 18F‑FDG uptake can be used to 
predict the pathological response of residual metabolic activity 
in tumors following RT (17), and is a reliable prognostic factor 
for survival rate in patients with NSCLC (17‑19). A number of 
researchers recommend a delay of 6‑8 weeks or longer following 
RT prior to performing the post‑treatment 18F‑FDG PET/CT 
scan (20). However, this would result in a break in therapy if 
the treatment regime were to be changed based on the findings 
of the scan. In the present study, 18F‑FDG PET/CT scans were 
repeated using 60‑Gy RT, which reflects the final dose most 
frequently used clinically. Undertaking this analysis toward the 
end of treatment may be useful for determining whether or not 
additional dose escalation is required, and would allow adequate 
time to incorporate a boost treatment without requiring a break 
in therapy.

The SUV is currently the most widely used semi‑quantitative 
parameter of 18F‑FDG uptake to evaluate therapeutic response 
in tumors. The RTOG 0235 trial  (21) demonstrated that 
higher survival was significantly associated with a lower 
post‑CRT peak SUV (P=0.02). Furthermore, Xu et al (22) and 
Bollineni et al (23) concluded that a lower post‑CRT SUVmax 
was associated with higher regional and distant control rates 
(P=0.003 and P=0.002, respectively) in patients with NSCLC. 
It was also reported by the M.D. Anderson Cancer Center that 
the disease‑free survival and OS time were associated with 
the post‑RT SUVmax in patients with NSCLC (24). A meta‑
analysis of 18 trials revealed that a lower post‑RT SUVmax 
was significantly associated with an improved local control 
rate and overall survival time (25). In line with this, the present 
study identified that the post‑CRT SUVmax and ΔSUVmax 
differed significantly between responders and non‑responders 
(P=0.009 and P=0.015, respectively).

However, SUVmax is a single‑pixel value reflecting the 
maximum intensity of 18F‑FDG activity in tumors, and we 
therefore suggest that it does not account for changes in the 
distribution of a tracer within a lesion and in the extent of meta-
bolic abnormality. Therefore, the alternative use of SUVmean, 

Table I. Clinicopathological features of 14 patients with 
non‑small cell lung cancer.

Characteristics	 Value

Age, yearsa	 64±8.91
Sex, n (%)	
  Male	 10 (71.4)
  Female	 4 (28.6)
Smoking status, n (%)	
  Non‑smoker	 3 (21.4)
  Smoker	 11 (78.6)
Stage, n (%)	
  IIIA	 9 (64.3)
  IIIB	 5 (35.7)
RECIST, n (%)	
  Complete response	 1 (7.1)
  Partial response	 5 (35.7)
  Stable disease	 7 (50.0)
  Progressive disease	 1 (7.1)
PERCIST, n (%)	
  Complete metabolic response	 1 (7.15)
  Partial metabolic response	 7 (50.0)
  Stable metabolic response	 5 (35.7)
  Progressive metabolic response	 1 (7.1)

aMean ± standard deviation. RECIST, Response Evaluation Criteria in 
Solid Tumors; PERCIST, Positron Emission Tomography Response 
Criteria in Solid Tumors.
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Table II. Changes in the parameters of pre‑treatment and post‑treatment FDG PET/CT scans.

Parameters	 All patients	 Non‑responders	 Responders	 P‑value

SUVmax				  
  PET‑1	 12.16±4.34	 12.81±4.94	 11.72±4.32	 0.721
  PET‑2	 8.19±5.31	 12.96±3.85	 5.01±3.39	 0.009
  ΔP	 28.92±40.10	 ‑5.53±21.03	 51.89±32.34	 0.015
SUVmean				  
  PET‑1	 4.82±1.22	 4.99±0.89	 4.69±1.47	 0.729
  PET‑2	 3.81±1.42	 4.74±1.35	 3.19±1.17	 0.088
  ΔP	 19.91±22.03	 5.71±14.51	 29.38±21.87	 0.096
MTV				  
  PET‑1	 79.85±90.83	 111.46±132.55	 58.78±54.54	 0.401
  PET‑2	 50.53±93.29	 114.54±129.91	 7.86±8.77	 0.072
  ΔP	 36.45±57.25	 ‑16.69±35.69	 71.88±37.01	 0.006
TLG				  
  PET‑1	 405.76±503.81	 612.96±765.01	 267.62±220.20	 0.316
  PET‑2	 240.08±450.52	 551.04±624.27	 32.76±50.69	 0.070
  ΔP	 42.48±52.71	 ‑7.33±24.39	 75.69±36.57	 0.004

SUVmax, maximum standardized uptake value; SUVmean, mean standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion 
glycolysis; PET‑1, pre‑treatment PET scan; PET‑2, post‑treatment PET scan; ΔP, the difference between PET‑2 and PET‑1.

Figure 1. Typical examples of 18F‑FDG PET/CT scans in patients with non‑responding and responding tumors. (A) Pre‑treatment non‑responding 18F‑FDG 
PET/CT; (B) post‑treatment non‑responding 18F‑FDG PET/CT; (C) pre‑treatment responding 18F‑FDG PET/CT; (D) post‑treatment responding 18F‑FDG 
PET/CT. 18F‑FDG PET/CT, fluorodeoxyglucose positron emission tomography/computed tomography.
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MTV and TLG, which incorporate the tumor size and its metab-
olism, is proposed. The MTV is assessed using semi‑automatic 
analysis, which configures the volume of the metabolically 
active areas of the tumor with an SUV value of 2.5. TLG is 
then calculated as the product of SUVmean and MTV. A study 
undertaken by Satoh et al (26) revealed that MTV and TLG 
were reliable predictive parameters of disease‑free survival, 
while SUVmax was not, suggesting that MTV and TLG may be 
more reliable variables than SUVmax for predicting outcomes in 
NSCLC. The same study also speculated that as tumors become 
larger, the single‑voxel‑based SUVmax is less likely to reflect 
the overall aggressiveness of the tumor, as it does not consider 
the volume of the metabolically active areas. A study under-
taken by Lee et al (27) reported that, when used in isolation, 
high MTV values reflecting tumor burden are poor prognostic 
variables for disease progression and survival in patients with 
stage I‑IV NSCLC. An increase of 25 cm3 in the MTV value 
resulted in a 5.4‑fold increase in the risk of disease progression 
and a 7.6‑fold increase in the risk of mortality. Therefore, the 
present study also incorporated these parameters. Furthermore, 
it was concluded that ΔSUVmax, ΔMTV and ΔTLG all differed 
significantly between responders and non‑responders (P=0.015, 
P=0.006 and P=0.004, respectively), while no significant 
difference was observed in either the pre‑ or post‑treatment 
parameters between responders and non‑responders. Due to the 
fact that TLG represents a combination of SUV and MTV, and 
MTV represents the degree of 18F‑FDG uptake and the volume 
of metabolically active tumors, these parameters may offer an 
improved metabolic index of tumor burden.

The present study only included cases of histopathologi-
cally confirmed primary adenocarcinoma, as previous literature 
had reported that the type of pathology may affect the uptake 
of 18F‑FDG. For example, Casali et al  (28) reported that the 
SUVmax was significantly associated with histological subtypes; 
the median SUVmax was 5.1 in patients with adenocarcinoma 
and 8.3 in those with other types of NSCLC. Adenocarcinomas 
also exhibited a significantly lower SUVmax than that observed in 
the other tumor types (P<0.001). Additionally, Vesselle et al (29) 
reported that adenocarcinomas exhibited reduced 18F‑FDG 
uptake and lower Ki‑67 scores than those of squamous cell carci-
nomas or large cell undifferentiated carcinomas. Therefore, only 
patients with adenocarcinoma were included in the present study 
in order to minimize the effects of different histological subtypes.

As it has been reported that the assessment of the predictive 
value of SUVmax for NSCLC requires consideration of 
primary tumor size, the evidence acquired here is not suffi-
cient to suggest that 18F‑FDG uptake could provide prognostic 
information in a primary NSCLC (30). Furthermore, tumor 
size has been revealed to be a significant factor in prognosis, 
and thus survival in NSCLC. Notably, a number of studies have 
demonstrated that SUVmax increases with increasing tumor 
size (31). Clinical studies undertaken by Takeda et al (32) 
demonstrated that a tumor size >5 cm was markedly associ-
ated with a poor prognosis at 5‑year survival rate in patients 
with NSCLC. For the aforementioned reasons, tumor size was 
also considered in the present study, but was identified to not 
significantly impact SUVmax and SUVmean (P=0.216 and 
P=0.349, respectively; data not shown).

In conclusion, the present study demonstrated that 
18F‑FDG PET/CT scans could differentiate responders from 

non‑responders in advanced NSCLC patients following CRT, 
as post‑CRT SUVmax, ΔSUVmax, ΔMTV and ΔTLG were 
all significantly associated with the response of the lesion. 
This finding may aid in deciding upon future treatment 
options, including changes in dosages and the incorporation of 
boost treatments. Furthermore, the relative speed with which 
the results can be obtained would remove the requirement for 
a break in therapy. However, further clinical studies including 
larger patient populations are required to fully establish the 
potential of this approach.
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