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Introduction

Small cell lung cancer (SCLC), accounting for 15–20% of all 

new cases of lung cancer, is a rapidly disseminating tumor with a 

poor prognosis. It is characterized by a rapid growth rate, early dis-

semination, and sensitivity to both chemotherapy and radiother-

apy. Untreated, the outcome is poor, with a median survival of 2–3 

months [1]. 

Patients with SCLC are staged according to a 2-stage system, 

which was developed by the Veterans Administration Lung Cancer 

Study Group, as having limited disease (LD) or extensive disease 

(ED). LD is defined as disease confined to 1 hemithorax, which can 

be encompassed in a tolerable radiation field [2]. In the approxi-

mately 30% of patients diagnosed with disease confined to the tho-

rax, adding radiotherapy to chemotherapy has significantly in-

creased long-term survival. The current standard treatment for this 

patient group consists of combined chemoradiotherapy followed 

by prophylactic cranial irradiation in those responding to treat-

ment [3]. Concurrent treatment results are a median survival of 

18–26 months, 2-year survival of 35–45%, and 5-year survival of 

23–26% [4]. ED is defined as disease extending outside the thorax 

or the existence of malignant pleural effusion. The mainstay of 

treatment for ED-SCLC is palliative chemotherapy with an ex-

pected median survival of less than 12 months [5]. 

Tumor stage is the most important prognostic factor of SCLC; 

other prognostic factors include performance status, weight loss, 

and serum lactate dehydrogenase (LDH) [6]. More discriminative 

prognostic markers are needed to allow better stratification for ap-

propriate therapy and more accurate prediction of treatment out-

come and survival. (18F)fluorodeoxy-D-glucose (FDG) positron 

Keywords
Small cell lung cancer · PET/CT · SUV

Summary
Background: We investigated the role of standardized up-
take values (SUVs) of the primary tumor in small cell lung 
cancer (SCLC) patients. Patients and Methods: The rela-
tionship between SUV and response to treatment was in-
vestigated using receiver operating characteristic (ROC) 
curve analysis, and the efficient cut-off value for detect-
ing response to treatment was determined. The effects of 
SUV on response to treatment and survival were investi-
gated. Results: 90 patients with a median age of 58 years 
(range 39–83 years) were included. Median follow-up was 
11 months. The suitable cut-off SUV for determination of 
response was found to be 10 in ROC analysis. The sensi-
tivity and specificity of this value were 85.7% (95% confi-
dence interval (95% CI) 63–96) and 61.8% (95% CI 49–73) 
(area under the curve 0.783; p = 0.0001), respectively. The 
overall objective response rate in patients with involve-
ment above the cut-off value was 93.3% compared to 
59.1% in those with involvement below the cut-off value 
(p < 0.0001). In uni- and multivariate analysis, favorable 
effects of limited-stage disease on response to treatment 
were established (p < 0.05). The effect of an SUV higher 
than the cut-off value on progression-free survival was 
borderline (p = 0.085). Conclusion: These data may con-
tribute to identifying prognostic disease characteristics 
and response to treatment.
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emission tomography (FDG-PET) has emerged over the last dec-

ade as an important tool in the staging of non-small cell lung can-

cer (NSCLC) and is being increasingly used in the early evaluation 

of response to treatment, diagnosis of recurrence, and delineation 

of disease for conformal radiotherapy planning [7]; however, its 

role in SCLC remains ambiguous. In our study, we evaluated the 

maximum standardized uptake value (SUVmax) measured by pre-

treatment 18F-FDG-PET/computed tomography (CT) to predict 

survival in patients with SCLC treated with chemotherapy alone or 

with concurrent chemoradiotherapy. We also investigated whether 

there was a cut-off value for SUVmax of the primary tumor that 

could predict the response to treatment or survival in patients with 

SCLC.

Patients and Methods

A total of 90 patients with cytologically or histologically proven LD- or ED-

SCLC treated with chemotherapy or chemoradiotherapy between 2008 and 

2013 were retrospectively evaluated. Only patients who had undergone a base-

line whole-body FDG-PET scan were evaluated. Patients with an ECOG perfor-

mance status of 0–2 received chemotherapy according to standard protocol 

(cisplatin or carboplatin on day 1 and etoposide on days 1–3). Chemotherapy 

cycles were repeated every 21 days for a total of 4–6 cycles.

FDG-PET and CT Imaging

Baseline scanning consisted of a whole-body FDG-PET/CT scan. Follow-up 

for response evaluation was made by CT. Concerning the PET scans, patients 

had to be fasting for at least 12 h before imaging, and their blood glucose levels 

were obtained prior to tracer injection. Patients with a fasting glucose level of 

> 200 mg/dl before PET were excluded from the analysis. The injected total ac-

tivity of FDG was calculated based on the weight of the patient (6.5 MBq/kg 

(370–555 MBq)). The patients rested on a comfortable chair during the FDG 

uptake period. 60–120 min after tracer injection, attenuation-corrected images 

were acquired with a scanner (axial field of view of 10.1 cm and resolution of 

approximately 5 mm). A CT scan was performed prior to the acquisition of PET 

data in a single step with the patients in the supine position for accurate ana-

tomical localization. CT scanning was carried out from the top of the skull 

through the upper thighs in a single imaging procedure. During the scan, pa-

tients were asked to maintain shallow respiration. Thereafter, an emission PET 

scan was acquired in 2-dimensional mode over the same anatomical regions. 

Attenuation-corrected PET images, CT scans, and co-registered PET/CT images 

were interpreted using a dedicated image fusion workstation, and a final consen-

sus was reached for each patient. The interpretation was performed by a nuclear 

medicine physician. For the determination of SUV, the region of interest (ROI) 

was automatically placed on the transaxial, coronal, and vertical sections around 

the focal FDG uptake zone in the primary tumor. The highest SUV for all cross-

sectional areas (vertical, coronal, or transaxial) was termed SUVmax.

Statistical Analysis

Overall survival (OS) and progression-free survival (PFS) were calculated 

using the Kaplan-Meier method starting from the first day of chemotherapy. 

CT response was evaluated for its association with OS and PFS by univariate 

cox regression analysis. Prognostic factors were compared using the log-rank 

test in univariate analysis. Hazard ratios (HR) with 95% confidence intervals 

(CI) were also calculated. All p values were 2-sided in the tests, and p values of 

 0.05 were considered statistically significant. Multivariate analysis was carried 

out using the Cox proportional hazards model to assess the effect of prognostic 

factors on survival. To evaluate the optimal cut-off value of SUVmax for predict-

ing response to treatment, receiver operating characteristic (ROC) analysis was 

performed. A ROC curve was used to indicate the variability of sensitivity and 

specificity for cut-off points of PET SUVs.

Results

Patient and treatment characteristics are shown in table  1. In 

total, 90 eligible patients were enrolled and analyzed. The median 

age of the patients was 58 years (range 39–93 years). Median fol-

low-up was 11 months (1–43 months). 90% of patients were male, 

and in 37% the disease was noted to be of limited stage. All patients 

received platinum + etoposide chemotherapy once every 21 days. 

The median number of cycles of chemotherapy given was 6 (range 

3–7). All LD patients received thoracic radiation. In ROC analysis, 

the SUV suitable for determining response was found to be 10 

(fig. 1). Patients were divided into 2 groups according to the cut-off 

value determined by ROC analysis. The sensitivity of this value was 

found to be 85.7% (95% CI 63–96), the specificity was found to be 

61.8% (95% CI 49–73) (area under the curve 0.783; p = 0.0001). 

The objective response rate (complete response + partial response) 

was 93.3% in the patients above the cut-off value (p < 0.0001) and 

59.1% in the other patients. Patients with a high mean SUVmax 

(  10) were more likely to respond to chemotherapy (fig. 2). Re-

sponse rates were higher in patients  60 years of age (p = 0.047). 

No significant relationship was found to exist between sex, stage 

and performance status, and response to treatment. In the survival 

analysis carried out, median OS was 17 months (standard error 3; 

95% CI 12–22). Univariate and multivariate analysis revealed a 

positive impact of LD on response to treatment in terms of PFS (p 

< 0.05). PFS in our study was 9.1 months for SUVs below 10, and 

12.9 months for SUVs over 10 (p = 0.085). Median PFS was 9 

Patients, n (%)

(n = 90)

Age, years

< 60

≥ 60

51 (56.7)

39 (43.3)

Sex

Male

Female

81 (90.0)

 9 (10.0)

ECOG PS

0

1

40 (44.4)

50 (55.6)

Stage

Limited

Extensive

33 (36.7)

57 (63.3)

Smoking history

No

Yes

 9 (10.0)

81 (90.0)

OR (CR + PR)

Present

Absent

69 (76.7)

21 (23.3)

SUVmax

< 10

≥ 10

45 (50.0)

45 (50.0)

ECOG PS = Eastern Cooperative Oncology Group 

performance status; OR = overall response; CR = 

complete response; PR = partial response; SUVmax 

= maximum standardized uptake value.

Table 1. Patient and 

treatment characteris-

tics
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months. No significant difference was seen when a similar analysis 

was carried out for OS (p = 0.621) (fig. 3).

The SUV being above the cut-off value had a borderline positive 

effect on PFS (p = 0.085). As a result, this had an effect on OS, 

which was studied using univariate and multivariate analyses. The 

effects of clinical and demographic characteristic on OS and PFS 

are shown in table 2.

Discussion

To the best of our knowledge, this is the first study to investigate 

whether there is a cut-off value of SUVmax in PET/CT that could 

predict response to treatment and survival in SCLC patients. The 

role of PET/CT has increased in the diagnosis and staging of lung 

cancer. Despite the similar clinical research associated with NSCLC 

[8], SCLC has received limited research on this topic. We deter-

mined the cut-off value of SUVmax as 10 by using ROC analysis. 

However, the optimal cut-off value that could be universally used 

remains unknown. Our results indicate that while response to 

treatment was an important factor for predicting survival in multi-

variate analysis, the SUVmax was also a significant factor for deter-

mining response to treatment with a cut-off value of 10.

PET imaging has been shown to be of value in the initial stag-

ing, treatment, post-treatment follow-up, and prognostic evalua-

tion of other cancers. PET/CT scans have an important role in 

helping to reach treatment decisions by providing more detailed 

Fig. 1. Receiver operating characteristic (ROC) curve at different cut-off 

points of the maximum standardized uptake value (SUVmax) for predicting 

 response to treatment.

Fig. 2. Relationship between response rate and standardized uptake value 

(SUV). CR = Complete response; PR = partial response.

Table 2. Effect of clinical and demographic characteristics on overall and 

progression-free survival

PFS,

mo

95% CI p OS,

mo

95% CI p

Age, years

< 60

≥ 60

 9.0

10.0

8.0–9.9

8.2–11.7

0.846

16.0

17.0

11.5–20.4

 9.0–24.9

0.846

Sex

Male

Female

 9.0

 8.0

7.8–10.1

1.2–14.7

0.653

16.0

19.0

12.6–19.3

 0.1–39.6

0.753

ECOG PS

0

1

 9.0

 8.0

7.3–10.6

6.4–9.5

0.472

20.0

17.0

12.4–27.5

12.7–21.2

0.947

Stage

Limited

Extensive

13.0

 8.0

7.4–18.5

6.8–9.1

0.002a

17.0

16.0

 9.5–24.4

10.4–21.5

0.496

OR

(CR + PR)

Present

Absent

10.0

 5.0

8.7–11.2

3.2–6.7

0.0001a

19.0

10.0

11.2–26.7

 6.9–13.0

0.014a

SUVmax

≤ 10

> 10

 8.0

10.0

6.8–9.1

7.9–12.0

0.085

16.0

19.0

12.2–19.7

12.5–25.4

0.621

ap ≤ 0.05.

CI = Confidence interval; mo = months; ECOG PS = Eastern Cooperative 

 Oncology Group performance status; OR = overall response; CR = complete 

response; PR = partial response; SUVmax = maximum standardized uptake value.

Fig. 3. Kaplan-Meier curves for progression-free survival.
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prognostic information in the initial staging for SCLC. Age, sex, 

LDH, ECOG performance status, weight loss, albumin, and stage 

are known prognostic factors for SCLC [9, 10]. In addition to that, 

SUVmax of the tumor in patients with SCLC could also serve as a 

prognostic factor.

Among the studies on PET/CT parameters relevant to SCLC, 

Oh et al. [11] showed that whole-body metabolic tumor volume 

(WBMTV) measured by 18F-FDG-PET/CT can predict prognosis. 

WBMTV, which represents systemic tumor burden in the entire 

body, can accurately predict the prognosis in patients with SCLC. 

Patient with a high WBMTV were associated with a poor prognosis 

compared to those with a low WBMTV. According to the data, pa-

tients with a lesser WBMTV can be good candidates for additional 

radiotherapy to thoracic, cranial, and potentially extracranial meta-

static sites for better treatment response and longer survival. 

Lee et al. [12] assessed the prognostic value of baseline FDG-

PET/CT imaging in 76 consecutive patients (LD = 41, ED = 35) 

treated for SCLC. Median follow-up was 22.3 months, and median 

OS was 11.7 months and 24.3 months in patients with a high and 

low baseline mean SUVmax (defined by the median value of 8.7), 

respectively, which remained significant in multivariate analysis (p 

= 0.001). Of interest, in a subgroup analysis of patients with LD 

disease, median OS was significantly shorter in those with a high 

mean SUVmax (n = 15) when compared to those with a low mean 

SUVmax (n = 26) (20.1 vs. 35.3 months; p = 0.02). Similarly, in pa-

tients with ED disease, median OS was significantly shorter in 

those with a high (n = 23) compared to those with a low (n = 12) 

mean SUVmax (9.5 vs. 17.7 months; p = 0.007). Although the num-

ber of patients in each subgroup was relatively low, these findings 

are important and may suggest that FDG-PET/CT has a role in pa-

tient stratification in future clinical studies of SCLC. In both sub-

groups, mean SUVmax was significantly correlated with established 

poor prognostic factors such as higher LDH (p = 0.04) and ED (p = 

0.01). Furthermore, in multivariate analysis, patients with a high 

mean SUVmax were associated with poor survival outcomes com-

pared to patients with a low mean SUVmax (adjusted HR 3, 74; 95% 

CI 1.67–8.37; p = 0.001). LD patients with a high mean SUVmax 

showed significantly shorter OS than those with a low mean SUV-

max (20.1 months (95% CI 7.9–23.2) vs. 35.3 months (95% CI 27.6–

42.9); p = 0.02). ED with a high mean SUVmax resulted in signifi-

cantly shorter OS than ED with a low mean SUVmax (9.5 months 

(95% CI 4.9–13.9) vs. 17.7 months (95% CI 12.0–20.1); p = 0.007). 

These findings were replicated in the PFS analysis [12].

Zhu et al. [13] researched the relationship between OS and PFS 

and certain PET metabolic parameters: metabolic tumor volume 

(MTV), integrated standardized uptake value (iSUV), and mean 

SUV of all malignant lesions. Patients with a larger MTV had sig-

nificantly shorter median OS (9.6 vs. 23.2 months; p < 0.001) and 

PFS (6.9 vs. 15.5 months; p < 0.001) than patients with a smaller 

MTV. In multivariate analysis, MTV, iSUV, tumor stage, and LDH 

were associated with significantly shorter median OS and PFS.

Pandit et al. [14] found that OS in PET-positive cases was signifi-

cantly worse than that in PET-negative cases (p = 0.01), and SUVmax 

was significantly negatively correlated with survival (p = 0.002). 

High SUVmax were significantly associated with poor survival. This 

was a retrospective study of 37 patients previously treated for SCLC 

(LD = 24, ED = 13). A negative end of treatment FDG-PET scan 

(defined as no FDG uptake or ill-defined diffuse areas of low-grade 

uptake) was correlated with significantly longer median survival, 

and compared to those with a positive scan, 2-year survival rates 

were 67 and 23%, respectively. However, the timing of the reassess-

ment scan varied, and the median time to imaging in FDG-PET-

negative groups was unclear. In a similar study, Blum et al. [15] ret-

rospectively reviewed 25 patients with LD- and ED-SCLC, who un-

derwent end of treatment imaging with FDG-PET, and found that 

time to progression significantly increased in those who demon-

strated a complete metabolic response to treatment (13.7 vs. 9.7 

months). However, some patients received thoracic radiotherapy, 

and the effect of this on metabolic response was not addressed; the 

timing of reassessment imaging was non-uniform, which might have 

resulted in lead time bias; and 10/16 patients who failed to achieve a 

complete response received additional treatment.

Arslan et al. [16] found that total lesion glycolysis (SUVmax 

> 50%) was the only quantitative PET parameter that could predict 

survival in patients with SCLC (p = 0.027).

Studies on volumetric PET parameters in NSCLC were men-

tioned by the authors:

In addition to SUVmax, which is a semi-quantitative PET 

 parameter, volumetric PET parameters have recently also been 

studied and assessed mostly in NSCLC. These are MTV and total 

glycolytic activity for all contoured lesions. Pretreatment MTV is a 

predictor of clinical outcome for NSCLC patients treated with 

chemoradiotherapy. Quantitative PET measures may serve as strat-

ification factors in clinical trials for this patient population and 

may help guide novel trial designs [17].

According to our results, SCLC patients with SUVmax < 10 may 

require a more aggressive treatment approach, including for exam-

ple early radiotherapy, dose-dense chemotherapy, maintenance 

therapy for ED, and consolidation chemotherapy using non-cross-

resistant drugs for LD. Further research into potential benefits in 

this higher-risk subset of SCLC patients is warranted.

Concurrent chemoradiotherapy for SCLC is associated with 

considerable toxicity. Hence, early anticipation of the benefit that 

can be expected from this treatment, prior to the onset of the most 

toxic part of therapy, would be of great value. 18F-FDG-PET imag-

ing can provide more accurate prognostic information because 

metabolic processes precede gross anatomic changes. As a result, 

the combination of anatomic assessment of total tumor load and 

metabolic assessment of tumor aggressiveness seem to have 

reached high discriminative power of survival prediction in SCLC. 

More controlled prospective studies with a larger number of pa-

tients will be needed to confirm this promising strategy and im-

prove the prediction of prognosis in patients with SCLC.
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