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Abstract
Background: The aim of this study was to explore whether spectral computed
tomography (CT) imaging parameters are associated with PD-L1 expression of
lung adenocarcinoma.
Methods: Spectral CT imaging parameters (iodine concentrations [IC] of lesion
in arterial phase [ICLa] and venous phase [ICLv], normalized IC [NICa/NICv]-
normalized to the IC in the aorta, slope of the spectral HU curve [λHUa/λHUv]
and enhanced monochromatic CT number [CT40keVa/v, CT70keVa/v] on
40 and 70 keV images) were analyzed in 34 prospectively enrolled lung adeno-
carcinoma patients with common molecular pathological markers including PD-
L1 expression detected with immunohistochemistry. Patients were divided into
two groups: positive PD-L1 expression and negative PD-L1 expression groups.
Two-sample Mann-Whitney U test was used to test the difference of spectral CT
imaging parameters between the two groups.
Results: The CT40keVa (127.03 � 37.92 vs. −54.69 � 262.04), CT40keVv
(124.39 � 34.71 vs. −45.73 � 238.97), CT70keVa (49.56 � 11.76 vs. −136.51
� 237.08) and CT70keVv (46.13 � 15.81 vs. −133.10 � 230.72) parameters in
the positive PD-L1 expression group of lung adenocarcinoma were significantly
higher than the negative PD-L1 expression group (all P < 0.05). There was no
difference detected in IC, NIC and λHU of the arterial and venous phases
between both groups (all P > 0.05).
Conclusion: CT40keVa, CT40keVv, CT70keVa and CT70keVv were increased
in positive PD-L1 expression. These parameters may be used to distinguish the
PD-L1 expression state of lung adenocarcinoma.

Introduction

Primary lung cancer is the leading cause of morbidity and
mortality both in China and worldwide.1,2 Lung adenocar-
cinoma is the most common histopathological type of lung
cancer. With the development of molecular pathology,
rapid progress has been made in the diagnosis and treat-
ment of lung adenocarcinoma. In addition to conventional
chemotherapy, targeted therapies targeting epidermal
growth factor receptor (EGFR) and receptor tyrosine
kinase (ALK), which block mutant targets of lung adeno-
carcinoma, have become the first-line treatment of

choice.3,4 At the same time, programmed death ligand-1
(PD-L1) plays an important role in tumorigenesis and
development, and promotes the wide application of immu-
notherapy in lung cancer.5,6

At present, the detection of lung cancer-related mutant
genes and PD-L1 expression is mainly through invasive
biopsy, some of which are expensive, which limits its wide
clinical use.
Recently, the correlation between CT signs of lung ade-

nocarcinoma and common gene mutations of EGFR and
ALK has been studied.7–14 It has been reported that EGFR
mutation is correlated with CT signs, such as ground-glass
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density, burr, air bronchus sign, and ALK mutation is
more common in the lobular margin. These signs may be
helpful in predicting gene mutations in patients with
advanced lung cancer without biopsy.11

Spectral CT imaging has been applied in several of the
studies on pulmonary nodules. Most researchers believe
that quantitative parameters of spectral CT imaging have
certain advantages in the differential diagnosis of benign
and malignant pulmonary nodules.15–23 There is no study
testing the association between the spectral CT imaging
parameters and the PD-L1 expression in lung adenocarci-
noma. Thus, this study was prospectively conducted to
analyze whether spectral CT imaging parameters were
associated with PD-L1 expression of lung adenocarcinoma.

Methods

Patients

From January 2018 to August 2018, a total of 34 patients
detected with immunohistochemistry of 67 lung adenocar-
cinomas (14 men, 20 women; age range, 45–81 years; mean
age, 61.5 � 7.5 years), were prospectively enrolled in the
study. This research protocol was approved by the Medical
Ethical Committee of Peking University Cancer Hospital &
Institute and written informed consent was obtained from
all patients in accordance with the guidelines of National
Health Commission of the People’s Republic of China.
Patients were selected for investigation according to the
following inclusion criteria: (i) presence of at least one soli-
tary lung adenocarcinoma proved by pathology and (ii) no
contraindications to the administration of iodinated con-
trast material. Patients without PD-L1 testing were
excluded from this study.

CT examinations

CT examinations were performed with two-phase enhanced
CT scanning using spectral imaging mode on a Revolution
Xtream CT scanner (GE Healthcare, WI, USA). Patients were
injected with 40/50 mL (≤70 kg bodyweight, 40 mL; >70 kg
bodyweight, 50 mL) Iopromide (Ultravist 300; Bayer Schering
Pharma AG, Guangzhou, Guangdong, China) at a flow rate
of 5/6 mL/second (≤70 kg bodyweight, 5 mL/second; >70 kg
bodyweight, 6 mL/second), followed by the 30 mL saline
solution at the same injection rate. With a scan delay of
30 and 90 seconds after the start of contrast injection, a GSI
examination of the entire chest was performed during arterial
phase (AP) and portal venous phase (VP), respectively. There
were no serious injection complications or issues in this
study. Acquisition parameters were helical tube rotation time
0.6 seconds, helical pitch 0.985, tube current of 600 mA,
512 × 512 pixel matrix, SFOV 500 mm and collimation

40 mm, slice thickness of 5 mm, slice gap of 5 mm. Contigu-
ous axial images (2.5 and 1.25 mm thickness) at a default
monochromatic energy level of 40 and 70 KeV were then
reconstructed with a soft tissue kernel (standard) with GSI
data file. CT dose index (CTDIvol) for GSI acquisition was
4.73 mGy.

Quantitative analysis of spectral CT images

All data were processed and analyzed by GSI Volume
Viewer software package at AW4.7 work station
(GE HealthCare, USA). Monochromatic and material
decomposition images were performed to analyze the
quantitative measurements by a chest radiologist with
10 years experience. During data analysis, the radiologist
amplified the display field of view to 15 or 20 cm in each
lesion imaged. The region of interest (ROI) was selected as
large as possible at the maximum section of the lesion
carefully avoiding calcification, liquefaction, or necrosis,
away from pulmonary vessels and bronchi, and as large as
possible to reduce noise (50 pixels). All measurements were
repeated three times at three contiguous imaging levels and
average values calculated to ensure consistency.
Spectral curve image, iodine-based material decomposi-

tion images, and monochromatic images obtained at the
energy level of 40 and 70 keV in both arterial phase
(a) and venous phase (v) were reconstructed from the
spectral CT acquisition for analysis. In the iodine density
image derived from the iodine/water based material
decomposition image, the iodine concentration of lesions
(ICLa/ ICLv) in double-phase enhanced scan were mea-
sured. The iodine concentration in the aorta descendens or
subclavian artery (ICA) were also measured in the same
slice. The normalized iodine concentration (NICa and
NICv), which is the ratio of iodine concentration in lesion
and aorta descendens (NIC = ICL/ICA), were calculated.
These iodine concentration parameters ICLa, ICLv, ICAa,
ICAv, NICa and NICv were calculated in the arterial and
venous phase, respectively. The slope of spectral HU curve
(λHU) was assessed only 40–70 keV region by the equa-
tions λHU = (CT40 keV−CT70 keV) HU/(70–40) based
on previous studies. λHUa = (CT40 keVa−CT70 keVa)
HU/(70–40) and λHUv = (CT40 keVv−CT70 keVv)
HU/(70–40) were calculated.

Pathological evaluation -
immunohistochemical determination of
PD-L1

Pathological specimens were routinely fixed in 10% forma-
lin, paraffin-embedded. Tissue sections were cut at 4 μm
thickness including the largest cut surface of the tumor,
and stained with hematoxylin and eosin (H&E).

Thoracic Cancer 11 (2020) 362–368 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 363

M.-L. Chen et al. CT and PD-L1 expression in lung cancer



Pathological diagnoses were made by two experienced lung
pathologists, based on the new WHO histological classifi-
cation of lung tumors in 2015,24 as atypical adenomatous
hyperplasia (AAH), adenocarcinoma in situ (AIS), mini-
mally invasive adenocarcinoma (MIA) and invasive adeno-
carcinoma (IAC).
Immunostaining was performed using the standard

streptavidin-perosidase (SP142) technique with the anti-
bodies for PD-L1. A Leica automatic staining machine was
used for immunohistochemical staining. Tumor proportion
score (TPS) was counted. TPS >1% was positive and TPS
>50% indicated a high expression of PD-L1.5,6,24

Immunohistochemical EnVision two-step staining was
used to detect antibodies P40, TTF-1, NapsiA and ki-67.

Statistical analysis

Data were transformed using a Box-Cox power transfor-
mation by Statistics 12 (Dell Inc., Round Rock, TX, USA),
to minimize the influence of extreme values or non-normal
distributions. Parameters were expressed as mean � SD
and tested for normal distribution using Kolmogorov-
Smirnov test. The two-sample Mann-Whitney test was
used to compare the difference of spectral CT quantitative
parameters between positive PD-L1 expression and nega-
tive PD-L1 expression groups. A P-value less than 0.05
indicated significance. SPSS was used to perform the statis-
tical analysis (version 18.0; Chicago, IL).

Results

A total of 34 patients with PD-L1 test results were enrolled
into the study. The results indicated that there was one
patient (2.9%) with minimally invasive adenocarcinoma
(MIA) (2.9%) and 33 with invasive adenocarcinomas
(IACs) (97.1%). Of these, 15 were solid cases and 19 gro-
und-glass opacities, which presented as predominant lep-
idic growth in nine cases, predominant acinar growth in
nine cases, solid growth in two cases, papillary growth in
two cases, micropapillary growth in one case, infiltrating
mucinous adenocarcinoma in one case, and mixed of two
growth in 10 cases. All cases were confirmed by pathology.
PD-L1 expression was positively detected in eight cases
(23.5%), and PD-L1 expression was negative in
26 cases (76.5%).
In the positive PD-L1 expression and negative PD-L1

expression groups, raw variables for differentiating positive
PD-L1 expression from negative PD-L1 expression are shown
in Table 1, Figures 1 and 2 versus 3. The CT40keVa,
CT40keVv, CT70keVa and CT70keVv were increased in the
positive PD-L1 expression group compared with the negative
PD-L1 expression group. (CT40keVa: 127.03 � 37.92
vs. −54.69 � 262.04, P = 0.005; CT40keVv: 124.39 � 34.71

vs. −45.73 � 238.97, P = 0.004; CT70keVa: 49.56 � 11.76
vs. −136.51 � 237.08, P = 0.002; CT70keVv: 46.13 � 15.81
vs. −133.10 � 230.72, P = 0.002, as seen in Figures 2 versus 3.
IC, NIC and λHU in both arterial and venous phases in

the positive PD-L1 expression group had no statistically
significant differences compared to the negative PD-L1
expression group, and all were P > 0.05.

Discussion

Currently, the choice of first-line treatment for advanced
non-small cell lung cancer (NSCLC) depends on the pres-
ence of genetic aberrations, such as mutations of epidermal
growth factor receptor (EGFR) and translocations of ana-
plastic lymphoma kinase (ALK). However, only 10% to
20% of patients with NSCLC have these actionable muta-
tions.25 For the remaining patients, treatment options are
limited to platinum-based cytotoxic chemotherapy, with a
response rate ranging between 15% and 30%.26,27 The
recent development of immunotherapy which targets the
programmed death-1/programmed death-ligand 1 (PD-L1)
axis has been approved for first-line treatment as well as
second-line treatments of NSCLC in many countries. It
alone has significantly improved overall survival
(OS) compared with chemotherapy for first-line NSCLC
with PD-L1 TPS ≥50%, 20%, ≥1%.5,6,24,28 The higher the
PD-L1 expression, the better the objective response rate
and median survival time. Therefore, PD-L1 expression
has been recorded as a good predictive biomarker,
although it is variable across clinical trials and influenced
by the tumor microenvironment, based on immunohisto-
chemistry assays.
At present, using immunohistochemistry (IHC) staining

in formalin-fixed paraffin-embedded tissue samples is the
most popular method to assess PD-L1 expression. How-
ever, there is no unified standard to detect PD-L1 staining
because there are different staining techniques and

Table 1 Difference between positive PD-L1 expression and negative
PD-L1 expression

Parameters Positive (n = 8) Negative (n = 26) P-value

CT40keVa (HU) 127.03 � 37.92 −54.69 � 262.04 0.005
CT70keVa (HU) 49.56 � 11.76 −136.51 � 237.08 0.002
ICLa (mg/mL) 13.38 � 5.41 14.25 � 7.35 0.778
NICa (mg/mL) 0.39 � 0.19 0.42 � 0.31 0.792
λHUa 2.58 � 1.00 2.96 � 1.48 0.543
CT40keVv (HU) 124.39 � 34.71 −45.73 � 238.97 0.004
CT70keVv (HU) 46.13 � 1581 −133.10 � 230.72 0.002
ICLv (mg/mL) 13.77 � 3.56 14.09 � 4.16 0.857
NICv (mg/mL) 0.65 � 0.18 0.78 � 0.69 0.635
λHUv 2.61 � 0.69 2.98 � 1.07 0.399
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antibodies. Scoring methods and cutoff values to define
positive expression are also different in individual studies
which make it difficult to reach a compatible consensus.
Radiographic assessment as a noninvasive and quantita-

tive method could bring practical clinical benefit in the
development of predictive markers before immunotherapy.
Similarly, traditional chest CT features have also been exten-
sively studied as radiologic markers for predicting therapeu-
tic effect and survival time of lung adenocarcinomas. In
addition, several studies have been conducted on the rela-
tionship between traditional chest CT features and gene
mutations of EGFR, ALK in lung adenocarcinomas.7–14 As

far as we know, there has been no research on the correla-
tion of spectral CT imaging parameters and PD-L1 expres-
sion status to date.
In this study, and as seen in Table 1 and Figure. 1, there

was a significant difference in spectral CT imaging parame-
ters between the positive PD-L1 expression and negative
groups, and the spectral CT imaging parameters
(CT40keVa, CT40keVv, CT70keVa and CT70keVv) were
increased in positive PD-L1 expression. We believe that the
difference in spectral CT imaging parameters with different
PD-L1 expression status could be biological and patho-
physiological more than just statistical and mathematical.

Figure 1 Comparing the spectral CT imaging parameters between positive and negative groups, the values of (a) CT40 keVa, (b) CT40 keVv, (c)
CT70 keVa and (d) CT70 keVv in the positive group were higher than those in the negative group.
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Figure 2 A 45-year-old male with right lower lung adenocarcinoma had 80% PD-L1 TPS, on (a) conventional CT, (b) pathological section, (c) PD-L1
expression, (d) CT40keVa, (e) CT70keVa, (f) CT40keVv and (g) CT70keVv.

Figure 3 A 69-year-old female with lung adenocarcinoma had negative PD-L1 expression on (a) conventional CT, (b) pathological section, (c) PD-L1
expression, (d) CT40keVa, (e) CT70keVa, (f) CT40keVv and (g) CT70keVv.
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The high expression of PD-L1 was involved in tumor
immune escape and promotes the occurrence and develop-
ment of tumor, with more nutrition and blood supply at
the same time. The increased spectral CT imaging parame-
ters in positive PD-L1 expression also indirectly reflected
this transition. Just as in previous studies, molecular imag-
ing biomarkers radiolabeled with 89Zr, 64Cu, 68Ga or
111In29–32 in immuno-PET/CT can noninvasively monitor
numbers and localization of intratumoral, systemic alter-
ations of immune cells during treatments, which may help
clinicians to understand the dynamics of immunotherapeu-
tic mechanisms and clarify possible methods for detecting
immunotherapy responses. In the same way that radio-
labeled imaging biomarkers reflect tumor hemodynamic
information, perhaps the spectral CT imaging parameters
may help to detect PD-L1 expression and quantitatively
reflect the dynamic changes of PD-L1 expression before,
after, or at different checkpoint of treatment, and this may
be need to be explored and verified in future research.
Additionally, the recent radiomic-based predictive
approach, especially CT-derived predictive model, may be
conducive to anticipate PD-L1 expression status,33,34 partic-
ularly in NSCLC patients.33 Radiomic features from the
tumor and its periphery features can provide information
on both the tumor and its microenvironment. The spectral
CT imaging parameters based on internal hemodynamic
information of lung tumor may also be suitable to evaluate
the changes of tumor microenvironment, such as the
expression of PD-L1.
There were several limitations in this study. First, the

number of patients was relatively small, and the PD-
L1-positive cases were proportionally lower, which proba-
bly results in selection bias; however, it is epidemiologi-
cally consistent with the incidence of lung cancer with
PD-L1 expression. It means that our results should be fur-
ther validated in a large number of cases. Second, the bio-
logical behavior of different subtypes of lung
adenocarcinoma varies greatly, and their spectral CT
imaging parameters and PD-L1 expression may be differ-
ent. Third, the majority of selected cases in this study
were elderly people with a mean age of 61.5 years, and
younger patients should be included in future studies.
Fourth, monochromatic CT number was measured only
enhanced monochromatic spectral CT imaging at the
energy level 40 and 70 keV based on previous studies,15–22

ignoring the other keV selection. Fifth, quantifying micro-
vessel densities previously described in a previous study35

were not included in this study.
In conclusion, spectral CT imaging parameters,

CT40keVa, CT40keVv, CT70keVa and CT70keVv were
significantly increased when PD-L1 expression was posi-
tive. These parameters may be used to distinguish the PD-
L1 expression status of lung adenocarcinoma.

Acknowledgments

Funding was provided by Beijing Municipal Administra-
tion of Hospitals Clinical Medicine Development of Special
Funding Support (No. ZYLX201803) and the Beijing Natu-
ral Science Foundation of China (No. 7172049).

Disclosure

The author(s) have no relevant conflicts of interest to
disclose.

References
1 Torre LA, Bray F, Siege RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin
2015; 65 (2): 87–108.

2 Chen W, Zheng R, Baade PD et al. Cancer statistics in
China, 2015. CA Cancer J Clin 2016; 66 (2): 115–32.

3 Hsu WH, Yang JCH, Mok TS, Loong HH. Overview of
current systemic management of EGFR-mutant NSCLC.
Ann Oncol 2018; 29 (Suppl.1): i3–9.

4 Fukuoka M, Wu YL, Thongprasert S et al. Biomarker
analyses and final overall survival results from a phase III,
randomized, open-label, first-line study of gefitinib versus
carboplatin/paclitaxel in clinically selected patients with
advanced non-small-cell lung cancer in Asia (IPASS). J Clin
Oncol 2011; 29 (21): 2866–74.

5 Petrelli F, Maltese M, Tomasello G et al. Clinical and
molecular predictors of PD-L1 expression in non–small-cell
lung cancer: Systematic review and meta-analysis. Clin Lung
Cancer 2018; 19 (4): 315–22.

6 Brody R, Zhang Y, Ballas M et al. PD-L1 expression in
advanced NSCLC: Insights into risk stratification and
treatment selection from a systematic literature review. Lung
Cancer 2017; 112: 200–15.

7 Galvin JR, Franks TJ. Lung cancer diagnosis: Radiologic
imaging, histology, and genetics. Radiology 2013; 2
(68): 9–11.

8 Lee HJ, Kim YT, Kang CH et al. Epidermal growth factor
receptor mutation in lung adenocarcinomas: Relationship
with CT characteristics and histologic subtypes. Radiology
2013; 268: 254–64.

9 Zhou JY, Zheng J, Yu ZF et al. Comparative analysis of
clinicoradiologic characteristics of lung adenocarcinomas
with ALK rearrangements or EGFR mutations. Eur Radiol
2015; 25: 1257–66.

10 Rizzo S, Petrella F, Buscarino V et al. CT radiogenomic
characterization of EGFR, K-RAS, and ALK mutations in
non-small cell lung cancer. Eur Radiol 2016; 26: 32–42.

11 Liu Y, Kim J, Balagurunathan Y et al. Radiomic features are
associated with EGFR mutation status in lung
adenocarcinomas. Clin Lung Cancer 2016; 17 (5): 441–8.

12 Sabri A, Batool M, Xu Z, Bethune D, Abdolell M, Manos D.
Predicting EGFR mutation status in lung cancer: Proposal

Thoracic Cancer 11 (2020) 362–368 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 367

M.-L. Chen et al. CT and PD-L1 expression in lung cancer



for a scoring model using imaging and demographic
characteristics. Eur Radiol 2016; 26: 4141–7.

13 Hsu JS, Huang MS, Chen CY et al. Correlation between
EGFR mutation status and computed tomography features
in patients with advanced pulmonary adenocarcinoma.
J Thorac Imaging 2014; 29: 357–63.

14 Choi CM, Kim MY, Hwang HJ, Lee JB, Kim WS. Advanced
adenocarcinoma of the lung: Comparison of CT
characteristics of patients with anaplastic lymphoma kinase
gene rearrangement and those with epidermal growth factor
receptor mutation. Radiology 2015; 275: 272–9.

15 Wang G, Zhang C, Li M, Deng K, Li W. Preliminary
application of high-definition computed tomographic
Gemstone Spectral Imaging in lung cancer. J Comput Assist
Tomogr 2014; 38 (1): 77–81.

16 Xiao H, Liu Y, Tan H et al. A pilot study using low-dose
spectral CT and ASIR (Adaptive Statistical Iterative
Reconstruction) algorithm to diagnose solitary pulmonary
nodules. BMC Med Imaging 2015; 15: 54.

17 Hou WS, Wu HW, Yin Y, Cheng JJ, Zhang Q, Xu JR.
Differentiation of lung cancers from inflammatory masses
with dual-energy spectral CT imaging. Acad Radiol 2015; 22:
337–44.

18 Li GJ, Gao J, Wang GL, Zhang CQ, Shi H, Deng K.
Correlation between vascular endothelial growth factor and
quantitative dual-energy spectral CT in non-small-cell lung
cancer. Clin Radiol 2016; 71: 363–8.

19 Lin J, Zhang L, Zhang C, Yang L, Lou HN, Wang ZG.
Application of gemstone spectral computed tomography
imaging in the characterization of solitary pulmonary nodules:
Preliminary result. J Comput Assist Tomogr 2016; 40: 907–11.

20 Zhang Y, Cheng J, Hua X et al. Can spectral CT imaging
improve the differentiation between malignant and benign
solitary pulmonary nodules? PLOS One 2016; 11: e0147537.

21 González-Péreza V, Aranab E, Barriosb E et al.
Differentiation of benign and malignant lung lesions: Dual-
energy computed tomography findings. Eur J Radiol 2016;
85: 1765–72.

22 Zhang Y, Tang J, Xu J, Cheng J, Wu H. Analysis of
pulmonary pure ground-glass nodule in enhanced dual
energy CT imaging for predicting invasive adenocarcinoma:
Comparing with conventional thin-section CT imaging.
J Thorac Dis 2017; 9 (12): 4967–78.

23 Chen ML, Li XT, Wei YY, Qi LP, Sun YS. Can spectral
computed tomography imaging improve the differentiation
between malignant and benign pulmonary lesions
manifesting as solitary pure ground glass, mixed ground

glass, and solid nodules? Thorac Cancer 2019; 10 (2):
234–42.

24 Travis WD, Brambilla E, Nicholson AG et al. The 2015
World Health Organization classification of lung tumors:
Impact of genetic, clinical and radiologic advances since the
2004 classification. J Thorac Oncol 2015; 10 (9): 1243–60.

25 Aisner DL, Marshall CB. Molecular pathology of non-small
cell lung cancer: A practical guide. Am J Clin Pathol 2012;
138: 332–46.

26 Kelly K, Crowley J, Bunn PA Jr et al. Randomized phase III
trial of paclitaxel plus carboplatin versus vinorelbine plus
cisplatin in the treatment of patients with advanced non–
small-cell lung cancer: A Southwest Oncology Group trial.
J Clin Oncol 2001; 19: 3210–8.

27 Schiller JH, Harrington D, Belani CP et al. Comparison of
four chemotherapy regimens for advanced non-small-cell
lung cancer. N Engl J Med 2002; 346: 92–8.

28 Kim R, Keam B, Hahn S et al. First-line pembrolizumab
versus pembrolizumab plus chemotherapy versus
chemotherapy alone in non-small-cell lung cancer: A
systematic review and network meta-analysis. Clin Lung
Cancer 2019; 19: 30113–5.

29 Tavare R, Escuin-Ordinas H, Mok S et al. An effective
immuno-PET imaging method to monitor CD8-dependent
responses to immunotherapy. Cancer Res 2016; 76: 73–82.

30 Lesniak WG, Chatterjee S, Gabrielson M et al. PD-L1
detection in tumors using [(64)Cu]Atezolizumab with PET.
Bioconjug Chem 2016; 27: 2103–10.

31 Mayer AT, Natarajan A, Gordon SR et al. Practical
immuno-PET radiotracer design considerations for human
immune checkpoint imaging. J Nucl Med 2017; 58: 538–46.

32 Chatterjee S, Lesniak WG, Miller MS et al. Rapid PDL1
detection in tumors with PET using a highly specific
peptide. Biochem Biophys Res Commun 2017; 483: 258–63.

33 Jiang M, Sun D, Guo Y et al. Assessing PD-L1 expression
level by radiomic features from PET_CT in non-small cell
lung cancer patients: An initial result. Acad Radiol 2019; 19:
30233–8.

34 Sun R, Limkin EJ, Vakalopoulou M et al. A radiomics
approach to assess tumour-infiltrating CD8 cells and
response to anti-PD-1 or anti-PD-L1 immunotherapy: an
imaging biomarker, retrospective multicohort study. Lancet
Oncol 2018; 19 (9): 1180–91.

35 Aoki M, Takai Y, Narita Y et al. Correlation between tumor
size and blood volume in lung tumors: A prospective study
on dual-energy gemstone spectral CT imaging. J Radiat Res
2014; 55: 917–23.

368 Thoracic Cancer 11 (2020) 362–368 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

CT and PD-L1 expression in lung cancer M.-L. Chen et al.


	 Is there any correlation between spectral CT imaging parameters and PD-L1 expression of lung adenocarcinoma?
	Introduction
	Methods
	Patients
	CT examinations
	Quantitative analysis of spectral CT images
	Pathological evaluation - immunohistochemical determination of PD-L1
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	Disclosure
	References


