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A B S T R A C T

Objectives: Positron emission tomography (PET) using 2-deoxy-2-[18F] fluoro-D-glucose (18F-FDG) is a clinically
useful modality for cancer evaluation. The mechanism of 18F-FDG uptake within cancer cells involves the glucose
transporter 1 (GLUT1) and hypoxia-inducible factor-1 α (HIF-1α). Although recent research has shown its
clinical efficacy in small-cell lung cancer (SCLC), no suitable biomarker has been identified. We conducted a
clinicopathological study to examine the relationship between tumor immunity and 18F-FDG uptake in patients
with SCLC.
Materials and methods: Tumor sections were stained by immunohistochemistry for GLUT1, HIF-1α, PD-L1, CD4,
CD8, and Foxp3. The relationship between clinicopathological features and 18F-FDG uptake was analyzed.
Student’s t-test, χ2 test, non-parametric Spearman’s rank test, and Kaplan–Meier method were used to evaluate
associations between the variables.
Results: A total of 98 patients 78 men and 20 women who underwent 18F-FDG PET, were enrolled in this study.
PD-L1 was expressed in 36.7% (36/98) of all patients; this was significantly associated with GLUT1 expression
(p=0.04). The accumulation of 18F-FDG was significantly higher in patients with low CD8 and CD4 TILs than in
those with high TILs (p=0.03 and p= 0.01, respectively). The uptake of 18F-FDG was not significantly asso-
ciated with the expression of either Foxp3 or PD-L1. Multivariate analysis demonstrated that advanced stage,
poor ECOG-PS, and high SUVmax were independent predictors of poor OS. Among patients with limited-stage
disease, multivariate analysis confirmed high PD-L1 expression and a high SUVmax to be independent predictors
of poor OS. However, only ECOG-PS was found to be an independent predictor of poor OS among patients with
extensive-stage tumors.
Conclusion: High SUVmax on 18F-FDG-PET is correlated with low expression of CD8(+) and CD4(+) TILs, but is
an independent prognostic factor for OS, particularly in those with limited disease. Further studies are warranted
to validate our findings.
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1. Introduction

Positron emission tomography (PET) using 2-deoxy-2-[18F] fluoro-
D-glucose (18F-FDG) is a clinically useful modality for evaluating cancer
invasion and metastases and for differentiating between malignant and
benign lesions [1]. 18F-FDG PET can be used to monitor chemother-
apeutic efficacy and predict the survival of patients following treatment
[2,3]. The mechanism for 18F-FDG uptake within cancer cells involves
the presence of glucose transporter 1 (GLUT1) and hypoxia-inducible
factor-1 α (HIF-1α). The uptake level of 18F-FDG is closely linked to the
expression of these markers [4,5].

Recent research has revealed that immune checkpoint inhibitors,
such as antibodies to programmed cell death-1 (PD-1) and programmed
cell death ligand-1 (PD-L1), have high clinical efficacy against several
cancer types. In particular, anti-PD-1/PD-L1 antibodies such as nivo-
lumab, pembrolizumab, and atezolizumab are commonly used to treat
patients with non-small cell lung cancer (NSCLC) [6–9]. In the case of
small cell lung cancer (SCLC), the CheckMate 032 trial found that ni-
volumab monotherapy resulted in an objective response rate of 10%,
while the median duration of response was not reached after a median
follow-up time of 6.6 months [10]. In the KEYNOTE-028 trial that
evaluated pembrolizumab monotherapy in patients with PD-L1-positive
extensive-stage SCLC [11], the objective response rate was 33.3% while
the median duration of response was 19.4 months. These studies
showed a potential for long-term disease control in a subset of SCLC
patients.

Although established biomarkers that can accurately predict the
efficacy of PD-1/PD-L1 immune checkpoint inhibitors are much
needed, no suitable predictor has been identified for the efficacy of PD-
1 immune checkpoint inhibitors. Nowadays, PD-L1 expression is re-
garded as a biomarker for anti-PD-1/PD-L1 antibodies in NSCLC [6–9].
However, tumor responses may occur irrespective of PD-L1 expression
levels [10], indicating that this ligand might not be a useful biomarker
in patients with SCLC. Additionally, the reported expression levels of
PD-L1 in patients with SCLC were relatively low [12–16]. Since 18F-
FDG PET is a radiological modality for determining the status of tumor
activity, it may also be suitable for monitoring the efficacy of PD-1/PD-
L1 immune checkpoint inhibitors. Takada et al. reported no correlation
between PD-L1 expression and the 18F-FDG maximum standardized
uptake value (SUVmax) in patients with neuroendocrine tumors [17].
However, their study was limited by its small sample size (16 and 15
patients with small cell carcinoma and large cell neuroendocrine car-
cinoma, respectively), which may have led to bias. We conducted a
clinicopathological study based on the above information, to assess
tumor immunity including the evaluation of PD-L1 expression and
tumor infiltrating lymphocytes (TILs), in patients with SCLC who un-
derwent 18F-FDG PET.

2. Materials and methods

2.1. Patients

This retrospective study evaluated consecutive patients with histo-
logically or cytologically diagnosed SCLC who underwent 18F-FDG PET
for systemic evaluation at Gunma University Hospital between April
2000 and December 2017. The study protocol was approved by the
institutional review board of Gunma University Hospital (2018-144)
and followed the guidelines of the Helsinki Declaration. The stages of
pathological tumor-node-metastasis (TNM) were established using the
International System for Staging Lung Cancer adopted by the American
Joint Committee on Cancer and the Union Internationale Centre le
Cancer [18]. The follow-up duration for censored patients ranged from
0 to 152.2 months (median: 20.0 months).

2.2. Immunochemical staining

Immunohistochemical staining for PD-L1 using a rabbit monoclonal
antibody (E1L3N; 1:200 dilution; Cell Signaling Technology, Danvers,
Massachusetts, United States and 28-8; 1:400 dilution; Abcam, Tokyo,
Japan) was performed according to the procedures described in pre-
vious studies [19–21]. The expression of PD-L1 was considered positive
when membrane staining was observed. A semi-quantitative scoring
method was used for PD-L1: 1 =<1% of cells were stained, 2= 1–5%,
3=6–10%, 4=11–25%, 5= 26–50%, and 6 =>50%. Tumors with
a score of ≥2 were defined as PD-L1-positive.

Immunohistochemical staining was also performed for CD4 (1:200
dilution; Dako, Tokyo, Japan), CD8 (1:1000 dilution; Abcam, Tokyo,
Japan), and Foxp3 (1:200 dilution; Abcam, Tokyo, Japan) in the tumor
specimens. After evaluating the specimens, the numbers of CD4(+),
CD8(+), and Foxp3(+) cells were counted in a selected 0.26mm2

field
area hotspot (400× magnification). We determined the cutoff points
for CD4-, CD8-, and Foxp3-positivity using receiver operating char-
acteristic (ROC) analysis. The expression levels of GLUT1 (1:200 dilu-
tion; Abcam, Tokyo, Japan) and HIF-1α (1:100 dilution; Abcam, Tokyo,
Japan) were scored according to the stained tumor area as follows: 1 =
≤10% of the cells were stained, 2= 11–25%, 3= 26–50%, and 4 =
≥51%. Tumors scored as 1–2 and 3–4 were defined as low-expression
and high-expression, respectively. The tissue sections were examined in
a blinded fashion by at least two investigators using a light microscope.
In case of any discrepancies, both investigators evaluated the slides
simultaneously until they reached a final assessment consensus. Both
investigators were blinded to the patients’ outcomes.

2.3. PET imaging and data analysis

All patients fasted for at least 6 h before undergoing PET, which was
performed using a PET/CT scanner (Discovery STE; GE Healthcare,
USA) with a 700mm field of view at Gunma University Hospital. Three-
dimensional data acquisition was initiated 50min after the injection of
5MBq/kg of 18F-FDG. We acquired between four and 10 bed positions
(3 min acquisition per bed position) according to the range of the
imaging. Attenuation-corrected transverse images obtained with 18F-
FDG were reconstructed with the ordered subsets expectation max-
imization algorithm into 128×128 matrices with a slice thickness of
3.27mm.

All 18F-FDG images were interpreted by two experienced nuclear
physicians who were unaware of the patients’ clinical history and data.
Tracer uptake in the primary tumor was defined as positive if the up-
take was higher than that in the normal mediastinum. Discrepant re-
sults were resolved by a consensus review. For semi-quantitative ana-
lysis, functional images of the SUV were produced using the
attenuation-corrected transaxial images, injected doses of 18F-FDG,
patient’s body weight, and cross-calibration factor between PET and the
dose calibrator. The SUV was defined using the following equation:
SUV= radioactive concentration in the region of interest (ROI) (MBq/
g)/injected dose (MBq)/patient’s body weight (g). The ROI was
manually drawn over the primary tumor on the SUV images. When the
tumor was> 1 cm in diameter or the shape of the tumor was irregular
or multifocal, an ROI of approximately 1 cm in diameter was drawn
over the area corresponding to the maximal tracer uptake. ROI analysis
was conducted by a nuclear physician with the aid of corresponding
computed tomography (CT) scans. The SUVmax in the ROI was used as a
representative value for the assessment of 18F-FDG uptake in the lesion.
CT scanning for initial staging was performed with intravenous contrast
medium; the images were interpreted by board-certified radiologists.

2.4. Statistical analysis

Continuous variables were analyzed using Student’s t-test and ca-
tegorical variables were analyzed using the χ2 test. The relationships
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between different variables or matched pairs were analyzed using the
non-parametric Spearman rank test or Wilcoxon singed-rank test, as
appropriate. The Kaplan-Meier method and log-rank test were used to
compare differences in survival.

Overall survival (OS) was defined as the interval from diagnosis
with cancer to death from any cause.

Univariate and multivariate analyses were performed using Cox’s
proportional hazard models for survival. Differences were considered
statistically significant at p-values of< 0.05, and all analyses were
performed using the JMP Pro software (version 12.0; SAS Institute Inc.,
Cary, NC, USA). ROC curve analyses were used to discriminate evented
and censored patients during OS analysis.

3. Results

3.1. Patient demographics

The patients’ demographics are shown in Table 1. Ninety-eight pa-
tients (78 men and 20 women) were enrolled in this study. The median
age was 70 years (range: 49–88 years), and 88 patients were smokers.
The Eastern Cooperative Oncology Group performance status (ECOG
PS) scores were 0 or 1 in 70 patients, 2 in 19 patients, 3 in 8 patients
and 4 in 1one patient. The TNM stages were as follows: stage I in 14
patients, stage II in 6, stage III in 30, and stage IV in 48. The tumors
were of limited-stage were 40 patients, and extensive-stage were 58
patients.

Among the 98 patients, the SUVmax of 18F-FDG uptake ranged from
0 to 18.4, with a median of 8.3. The cutoff SUVmax was determined as
5.1; a high SUVmax was identified in 85 of 98 patients (87%). There was
no correlation between 18F-FDG uptake and clinical characteristics.

3.2. Immunohistochemical findings

Immunohistochemical analysis was performed on the 98 primary
SCLC tumor specimens; representative immunostained images are
shown in Fig. 1. PD-L1 immunostaining was localized predominantly in
the plasma membrane of SCLC cells. The positive rates of PD-L1 ex-
pression with E1L3N clone and 28-8 clone were 36.7% (36/98) and
41.8% (41/98), respectively. The percentages of patients with PD-L1
(E1L3N) and PD-L1 (28-8) expression scores of 1, 2, 3, 4, 5, and 6 were
63.3% (62/98), 7.1% (7/98), 4.0% (4/98), 8.2% (8/98), 9.2% (9/98),
and 8.2% (8/98), respectively, and 58.2% (57/98), 17.3% (17/98),
2.0% (2/98), 12.2% (12/98), 8.2% (8/98), and 2.0% (2/98), respec-
tively. High expression levels of GLUT1, HIF-1α, CD8, CD4, and Foxp3
were identified in 15% (15/98), 17% (17/98), 27% (26/98), 22% (22/
98), and 15% (15/98) of the lesions, respectively. PD-L1 (E1L3N) ex-
pression was significantly associated with GLUT1 (p=0.04, Table 2);
moreover, low CD8 low was significantly associated with low CD4
(p < 0.01, Table 2). In patients with low CD8 expression, GLUT1

expression was closely associated with those of PD-L1 (E1L3N) and
Foxp3 (p=0.02 and p=0.01, respectively), whereas GLUT1 expres-
sion was significantly linked to Foxp3 in patients with low CD4 ex-
pression, (p= 0.02, Supplemental Table 1, online only).

3.3. Correlation between 18F-FDG uptake and different variables

The accumulation of 18F-FDG was significantly higher in patients
with low CD8 and CD4 TILs than in those with high TILs (Fig. 2A and
B). The uptake of 18F-FDG was not significantly associated with the
expression of Foxp3 or of PD-L1 (E1L3N) (Fig. 2C and D).

3.4. Survival analysis

Among all patients, the median OS was 16.3 months (95% con-
fidence interval [CI]: 11.9–21.9 months), and 66 patients eventually
died. Univariate analyses revealed significant differences in OS ac-
cording to stage, ECOG-PS, SUVmax, and PD-L1 (E1L3N) expression
(Table 3). However, multivariate analyses found that advanced stage,
worse ECOG-PS scores, and high SUVmax were independent predictors
of worse OS (hazard ratio [HR]: 0.29, p < 0.01; HR: 0.45, p < 0.01;
and HR: 3.55, p < 0.01, respectively). The Kaplan-Meier curves for OS
according to SUVmax and PD-L1 (E1L3N) are shown in Fig. 3.

In patients with limited-stage SCLC, univariate analysis showed a
significant difference in survival according to SUVmax and PD-L1
(E1L3N) expression. Multivariate analysis revealed that high PD-L1
expression and a high SUVmax were independent predictors of poor OS
(HR: 4.37, p=0.01 and HR: 3.03, p= 0.02, respectively;
Supplementary Table 2 online only). In patients with extensive-stage
disease, univariate analysis showed that survival was significantly in-
fluenced by sex, ECOG-PS, and FoxP3 expression; on multivariate
analysis, only ECOG-PS was found to be an independent predictor of
worse OS (HR: 0.50, p= 0.04; Supplementary Table 3 online only).

4. Discussion

To the best of our knowledge, ours is the first study to examine the
relationship between the immune microenvironment and 18F-FDG PET
results in patients with SCLC. The low expressions of CD8 and CD4
correlated with a high 18F-FDG uptake. Our study also indicated that
the SUVmax was an independent prognostic factor in patients with
limited disease-SCLC but not in those with extensive disease-SCLC.

The concept of “hot” and “cold” tumors, wherein tumors are im-
munologically classified into “hot” or “cold” phenotypes based on the
demonstration of either high or low immune-cell infiltration, respec-
tively, is a relatively new idea [22,23]. Immunologically “cold” tumors
are biologically prone to possess a stem-like phenotype [22], and recent
studies found a correlation between the SUVmax and expression of PD-
L1 in NSCLC [20,21,24,25]. Lopci et al. reported a correlation between
the SUVmax and CD8-TIL expression [24]. However, other studies
showed no correlations between the SUVmax and TILs in patients with
NSCLC [20,21]. The results of our study demonstrated that the low
expressions of CD8 and CD4 were closely correlated with high 18F-FDG
uptake, although 18F-FDG uptake was not significantly associated with
the expression of PD-L1 and GLUT1. Likewise, GLUT1 and Foxp3 ex-
pression levels were correlated in patients with low CD8 and CD4 le-
vels. These data suggest that a high SUVmax might reflect a “cold” tumor
microenvironment in SCLC. 18F-FDG PET might be useful in distin-
guishing responders from non-responders during treatment with im-
munocheckpoint inhibitors for SCLC.

The PD-L1 positivity rates in patients with SCLC ranged between 0%
and 71.6% in previous studies [12–16,26–29]; in our study, this rate
was 36.7% with the E1L3N clone and 41.8% with the 28-8 clone. PD-L1
is reported to be closely correlated with the expression of GLUT1 in
patients with renal-cell carcinoma, Hodgkin’s lymphoma, squamous
cell lung carcinoma, and lung adenocarcinoma [20,21,30,31]. A

Table 1
Patient’s characteristics.

Variables All patients FDG uptake

Total
(n= 98)

High
(n= 85)

Low
(n= 13)

p-value

Age < 65/65≦ 25/73 19/66 6/7 0.06
Sex Male /Female 78/20 68/17 10/3 0.79
Stage I+ II/III+ IV 20/78 16/69 4/9 0.31
Smoking Yes/No 88/10 76/9 12/1 0.74
ECOG-PS 0–1/2–4 70/28 60/25 10/3 0.63
T factor 1+ 2/3+4 76/22 65/20 11/2 0.51
N factor 0/1–3 20/78 16/69 4/9 0.31
limited LD/ED 40/58 32/53 8/5 0.1

Abbreviations: FDG, Fluorodeoxyglucose; PS, performance status; LD, limited
disease; ED, extensive disease.
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significant relationship has also been observed between PD-L1 and HIF-
1α expression in patients with pulmonary pleomorphic carcinoma, oral
squamous carcinoma, squamous cell lung carcinoma, and lung adeno-
carcinoma [20,21,32,33]. To our knowledge, our study is the first to
demonstrate an association between PD-L1 and GLUT1 in patients with
SCLC (p= 0.04). Additionally, a high expression of PD-L1 was corre-
lated with worse prognosis. The role of PD-L1 expression as a prog-
nostic marker is controversial; some previous studies demonstrated that
high PD-L1-positivity is associated with better prognosis
[26,29,34–38], while others found it to be associated with poor prog-
nosis [27,39–46]. This inconsistency may stem from the timing of ob-
taining the tumor sample, the diversity of anti-PD-L1 antibodies used,
and the inconsistent cut-off values for PD-L1 expression. In our study,
the PD-L1 and SUVmax were independent prognostic factors for patients
with limited disease-SCLC but not in those with extensive disease-SCLC.
Since previous studies have discovered a correlation between limited
stage disease and PD-L1 expression [26,29], earlier stage may be as-
sociated with a greater invasion of lymphocytes.

This study has some limitations. First, the number of patients was
relatively small; second, the study population was heterogeneous and
included both those with limited and extensive disease. These limita-
tions made it difficult to calculate disease-free or progression-free sur-
vival. Third, most specimens were obtained via transbronchial lung
biopsy. However, this is a general limitation in clinical practice, as most
SCLC patients are diagnosed at a later stage. Fourth, the lack of an
independent cohort to validate the results of our study also limits the
interpretation of our study results. The FDG-PET device used in our
institution may be different from that of other institutions. The SUVmax

assessment may differ according to type of FDG-PET machine, in-
troducing a possible variability in SUVmax results. Future large-sample
prospective studies are warranted to overcome these limitations and
validate our results.

In conclusion, in our cohort, the uptake of 18F-FDG on PET sig-
nificantly correlated with low expression of CD8(+) and CD4(+) TILs.
High 18F-FDG uptake appears to be predictive of a shorter survival in
SCLC patients, particularly those with limited disease. Further studies

Fig. 1. Representative immunostained images of CD8, CD4, Foxp3, PD-L1, GLUT1, HIF-1α, and HE. A semi-quantitative scoring method was used for PD-L1 (1
=<1%, 2= 1–5%, 3= 6–10%, 4=11–25%, 5= 26–50%, and 6 =>50% of positive cells). Tumors with a score of ≥1 were graded as positive. The receiver
operating characteristic was used as the cut-off point for CD4(+), CD8(+), and Foxp3(+) TIL density. The expression of GLUT1 and HIF-1α was scored according to
the stained tumor area as follows: 1 = ≤10% stained, 2= 11–25% stained, 3=26–50% stained, and 4 = ≥51% stained. Tumors scored as 1 or 2 and 3 or 4 were
defined as low expression and high expression tumors, respectively (scale bar =200 μm). Upper and lower columns represent high and low expression, respectively.

Table 2
Correlation with immunostained variables.

Variables CD8 CD4 PD-L1

High
(n=26)

Low
(n=72)

P-value High
(n=22)

Low
(n=76)

P-value Positive
(n=36)

Negative
(n=62)

P-value

PD-L1 High/low 8/18 28/44 0.46 9/13 27/49 0.64
HIF-1 High/low 2/24 15/57 0.12 7/18 13/63 0.90 8/28 9/53 0.33
Glut1 High/low 7/19 8/64 0.05 3/19 12/64 0.80 9/27 6/56 0.04
CD4 High/low 12/14 10/62 <0.01 9/27 13/49 0.64
Foxp3 High/low 7/19 8/64 0.05 5/17 10/66 0.27 6/30 9/53 0.77

Abbreviations: PD-L1, programmed death ligand-1; HIF-1α, hypoxia-inducible factor-1α; GLUT1, glucose transporter type 1.
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Fig. 2. (A, B): Comparison of 18F-FDG uptake
according to PD-L1 expression and TILs (CD4,
CD8 and Foxp3): The accumulation of 18F-FDG
was significantly higher in patients with low
CD4 and CD8 TILs than in those with high TILs.
(C, D): The uptake of 18 F-FDG was not sig-
nificantly associated with the expression of
Foxp3 (p=0.26) or of PD-L1 (p= 0.36).

Table 3
Univariate and multivariate survival analysis for overall survival.

Variables Univariate analysis Multivariate analysis

HR p-value 95%CI HR p-value 95%CI

Age < 65/65≦ 0.88 0.66 0.50–1.50
Sex Male / Female 1.63 0.13 0.86–3.40
stage I+ II / III+ IV 0.22 < 0.01 0.09–0.45 0.29 < 0.01 0.12-0.63
ECOG-PS 0-1/2-4 0.38 < 0.01 0.23–0.65 0.45 < 0.01 0.26-0.77
SUVmax High / low 2.84 < 0.01 1.25–8.18 3.55 < 0.01 1.49-10.56
PD-L1 High / low 1.84 0.01 1.11–3.03 1.60 0.07 0.95-2.66
Glut1 High / low 1.09 0.79 0.52–2.05
HIF-1 High / low 1.33 0.4 0.65–2.46
CD8 High / low 0.56 0.05 0.30–1.00
CD4 High / low 0.68 0.21 0.34–1.23
FoxP3 High / low 1.07 0.81 0.54–1.95

Abbreviations: PS, performance status, PD-L1, programmed death ligand-1; GLUT1, glucose transporter type 1; HIF-1α, hypoxia-inducible factor-1α.

Fig. 3. Kaplan–Meier curves of overall survival (OS) according to SUVmax and PD-L1. (A) The OS of patients with a high SUVmax was shorter than that of patients with
a low SUVmax (p=0.01). (B) The OS of patients with high PD-L1 expression was shorter than that of patients with low PD-L1 expression (p= 0.01).
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are warranted to validate our findings.
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