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with radical resection has become the standard 
treatment for CRC liver metastasis (CRCLM).[5,6] For 
unresectable patients, neoadjuvant chemotherapy can 
also control tumor progression and improve quality 
of life.[7‑9] However, not all patients can benefit from 
primary chemotherapy. Therefore, the early prediction 

INTRODUCTION

The liver is the main target organ for metastasis of 
colorectal cancer (CRC).[1,2] About 50% of patients 
eventually lead to liver metastasis, and more than 60% 
die from liver metastasis.[3,4] Chemotherapy combined 

Background: Accurate and timely assessment of tumor response after chemotherapy is crucial in clinical settings. The aim of this 
study was to explore the feasibility of Gemstone Spectral Imaging (GSI) for early assessment of chemotherapy responses in patients 
with colorectal cancer liver metastasis (CRCLM). Materials and Methods: From October 2012 to October 2018, 46 patients (28 males 
and 18 females) with CRCLM received GSI followed by chemotherapy were retrospectively reviewed. The patients were divided 
into a response group (n = 32) and a nonresponse group (n = 14) according to the tumor response to chemotherapy. The iodine 
concentration images and virtual monoenergetic images (VMIs) with an optimal contrast‑to‑noise ratio at the arterial phase (AP) 
and portal venous phase (PVP) were obtained by GSI viewer. The iodine concentration value and computed tomography (CT) value 
on VMIs and slope of spectral attenuation curves of all lesions were compared. A logistic regression analysis was used to determine 
the predictor of chemotherapy response. Results: The difference of extrahepatic metastasis (P = 0.001), CT value on 68 keV VMIs at 
the AP (P = 0.005) and PVP (P = 0.001), slope of CT value attenuation curves at the AP (P = 0.013) and PVP (P = 0.001), and iodine 
concentration value at PVP (P = 0.003) between the response and nonresponse groups were statistically significant. The CT value of the 
68 keV VMIs (OR: 1.206; 95% confidence interval [CI]: 1.021–1.425, P = 0.027) and the iodine concentration value at PVP (OR: 1.952; 
95% CI: 1.034–3.684, P = 0.039) were independent prognostic factors for predicting chemotherapy response. Conclusion: Baseline 
GSI may help predict the response to chemotherapy and provide a good tumor‑response indicator through single‑energy CT value 
of 68 keV at the PVP and iodine concentration.
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of chemotherapy response is essential in the choice of 
suitable treatment.

Traditional computed tomography (CT) scans provide 
relatively few parameters and reflect limited information 
on tissue microstructure changes. Gemstone Spectral 
Imaging (GSI) is based on quickly switching between 
high and low dual‑energy (80 and 140 kVp) and obtaining 
dual‑energy CT imaging data.[10] Through the reconstruction 
of two groups of data, multiparameter imaging is realized, 
including virtual monoenergetic images (VMIs), energy 
spectrum curves, and other material density images. It is 
helpful for the location and qualitative and quantitative 
analysis of lesions.[11,12] In this retrospective study, we 
investigated the feasibility of baseline GSI in evaluating 
the response to chemotherapy in patients with CRCLM.

SUBJECTS AND METHODS

Study design and patients
This study was in accordance with the Helsinki Declaration 
and approved by the institutional review board, and a 
waiver of informed consent was granted. The patients with 
CRCLM who underwent GSI examinations followed by 
chemotherapy in the Affiliated Hospital of Shandong Second 
Medical University from October 2012 to October 2018 were 
included in this study. Inclusion criteria: (1) pathological 
or clinical confirmed CRCLM; (2) completed abdomen GSI 
examination; and (3) received chemotherapy as the first‑line 
treatment after GSI examination no more than 2 weeks. 
Exclusion criteria: (1) previously received chemotherapy, 
molecular targeted therapy, or biological therapy and (2) 
received local treatment of liver tumors, including but not 
limited to surgery, interventional therapy, radiofrequency 
ablation, microwave ablation, and other treatments.

Computed tomography examination
A single‑source 64‑channel CT scanner with rapid kVp 
switching dual‑energy technology (Discovery CT750, GE 
Healthcare, Wisconsin, USA) was used for CT examination. 
Unenhanced scanning was performed in the conventional 
helical mode. A total of 90–120 mL (1.5 mL/kg) nonionic 
contrast medium (Omnipaque, GE Healthcare, 300 mg/ml) 
was administered for contrast enhancement scanning at an 
injection rate of 3–4 mL/s followed by 40 mL saline solution. 
The arterial phase was acquired at 30 s and the venous phase 
55 s after bolus triggering with abdominal GSI scanning 
mode: dual kV/Adaptive mA technology, rotation time of 
0.8 s, slice thickness of 5 mm, interval of 5 mm, collimation 
of 64 mm × 0.625 mm, and helical pitch of 1.375:1.

Image postprocessing and analysis
An adaptive statistical  i terative reconstruction 
algorithm (ASiR, GE Healthcare, Milwaukee, WI, USA) 

was applied, and all images were transferred to Workstation 
4.6 (GE Advantage Workstation 4.6, GE Medical Systems). 
Using the GSI viewer software, the mixed‑energy images, 
mono‑energy images at arterial phase and portal venous 
phase, and iodine concentration images were automatically 
obtained. Two radiologists (each with 10 years of radiology 
experience) observed and analyzed all the images and 
placed a region of interest on the images (avoiding bleeding, 
necrosis, and cystic portions) where the maximum diameter 
of the tumor was located.[13] The best contrast‑to‑noise 
ratio (CNR) monoenergetic images and iodine concentration 
images were selected for analysis. The spectral curves of 
the metastases in the arterial and portal venous phases 
were depicted with an interval of 10 keV, and two points 
of 50 keV (CT50) and 100 keV (CT100) were selected 
as reference points on the energy spectrum curve and 
measured CT values. To calculate the curve slopes (k), the 
following equation was used: κ = CT50 - T100/(100 - 50keV).

Response evaluation
Mixed‑energy images before chemotherapy were used 
as the baseline for tumor evaluation. The response was 
evaluated by routine CT or magnetic resonance imaging 
every 6–8 weeks after chemotherapy. Tumor response was 
determined according to the response evaluation criteria in 
solid tumors (RECIST 1.1).[14] Tumor response included: (1) 
complete response (CR): complete disappearance of all 
target lesions; (2) particle response (PR): compared with the 
baseline, the sum of the largest focus diameter decreased 
by more than 30%; (3) progress of disease (PD): the sum 
of the largest diameter lesions increased by more than 
20%; and (4) stability of disease (SD): between PR and 
PD. Patients with CR or PR were classified into response 
group, whereas patients with SD or PD were classified into 
nonresponse group.[15]

Statistical analysis
All continuous variables were expressed as mean ± standard 
deviation (SD) or as medians, and categorical data were 
presented as frequencies and percentages. The interobserver 
consistency of two radiologists was assessed by interclass 
correlation coefficient (ICC), whereas paired t‑test was used 
for difference analysis. A t‑test or Mann–Whitney U‑test was 
used to compare the parameters between the chemotherapy 
response group and the nonresponse group. Univariate and 
multiple logistic regression analyses were used to determine 
the independent predictors of chemotherapy response. 
The variates with statistical differences corresponding to 
chemotherapy were determined by univariate regression 
analysis and then entered multiple logistic regression 
model. To evaluate the efficiencies of risk factors determined 
by multiple regression for predicting chemotherapy 
response, receiver operating characteristic (ROC) analyses 
were used. All statistical analyses were performed using 
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statistics software (SPSS, version 26.0, IBM, USA). P < 0.05 
was considered statistically significant.

RESULTS

Gemstone Spectral Imaging features of colorectal cancer 
liver metastasis
A total of 46 patients (28 males and 18 females, 
60.0 ± 10.0 years) who received chemotherapy as the 
first‑line treatment within half a month after the GSI 
examination were included [Table 1].

There were 32 patients in the chemotherapy response 
group and 14 patients in the nonresponse group. The 
median energy level corresponding to the best CNR 
at the arterial phase and portal venous phase was 
68 keV [Figure 1]. Therefore, the monoenergetic images 
at 68 keV were used for image analysis. The values 
of all parameters measured by two radiologists were 
assessed by ICCs, which showed no significant difference 
and excellent repeatability [Table 2]. The mean values 
measured by the two observers were used for subsequent 
analysis. The iodine concentration of hepatic metastases 
at the arterial and portal venous phases was significantly 

different (0.615 ± 0.350 mg/ml vs. 1.368 ± 0.532 mg/ml, 
P < 0.001). The slopes of Hounsfield unit attenuation 
curves of lesions at the arterial and portal venous phases 
were significantly different [0.477 ± 0.267 vs. 0.753 ± 0.391, 
P < 0.001, Figure 2a].

Difference analysis and predictive value analysis of the 
Gemstone Spectral Imaging
The iodine concentrations at the arterial phase in the 
response and nonresponse group were 0.510 ± 0.351 mg/ml 
and 0.661 ± 0.345 mg/ml (P = 0.179). The slopes of HU 
attenuation curves of lesions at the arterial and portal 
venous phases between the response and nonresponse 
groups showed statistically significance [P = 0.006 
and P < 0.001, respectively, Figure 2b]. Univariate 
logistic regression analysis showed that extrahepatic 
metastasis (P = 0.001); CT value of 68 keV VMIs (P = 0.005) 
and slope of energy spectrum curve (P = 0.013) in the 
arterial phase; CT value of 68keV VMIs (P = 0.001) 
and slope of energy spectrum curve (P = 0.001); and 
iodine concentration (P = 0.003) in the portal vein 
phase were the influencing factors of chemotherapy 
response. Multivariate logistic regression analysis 
showed that the CT values of 68 keV VMIs (P = 0.027, 

Table 1: Baseline characteristics of 46 patients
Overall (n=46), n (%) Nonresponse (n=14), n (%) Response (n=32), n (%) P*

Age, mean±SD 59.96±10.02 60.93±10.25 59.53±10.05 0.668**
Gender (%)

Male 28 (60.9) 6 (42.9) 22 (68.8) 0.184
Female 18 (39.1) 8 (57.1) 10 (31.2)

ECOG PS
PS 0 19 (41.3) 6 (42.9) 13 (40.6) 1
PS 1 27 (58.7) 8 (57.1) 19 (59.4)

Child‑Pugh
A 34 (73.9) 10 (71.4) 24 (75.0) 1
B 12 (26.1) 4 (28.6) 8 (25.0)

Primary tumor
Colon 30 (65.2) 10 (71.4) 20 (62.5) 0.804
Rectum 16 (34.8) 4 (28.6) 12 (37.5)

Primary tumor resection
No 26 (56.5) 8 (57.1) 18 (56.2) 1
Yes 20 (43.5) 6 (42.9) 14 (43.8)

CEA level (ng/mL)
≤30 33 (71.7) 11 (78.6) 22 (68.8) 0.745
>30 13 (28.3) 3 (21.4) 10 (31.2)

Multiple
Multiple 32 (69.6) 14 (100.0) 18 (56.2) 0.009
Solitary 14 (30.4) 0 14 (43.8)

Type
Synchronous 25 (54.3) 7 (50.0) 18 (56.2) 0.944
Metachronous 21 (45.7) 7 (50.0) 14 (43.8)

Extra hepatic metastases (%)
Negative 16 (34.8) 10 (71.4) 6 (18.8) 0.002
Positive 30 (65.2) 4 (28.6) 26 (81.2)

*Chi‑squared test for categorical variate; **t‑test for continuous variates. ECOG=Eastern Cooperative Oncology Group; PS=performance status; CEA=Carcinoembryonic 
antigen; SD=Standard deviation
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OR: 1.206; 95% confidence interval [CI]: 1.021–1.425) 
and iodine concentration (P = 0.039, OR: 1.952; 95% CI: 
1.034–3.684) in the portal vein phase were independent 
predictors [Table 3].

In ROC curve analyses [Figure 2c], the area under the curve 
of CT values of 68 keV VMIs and iodine concentration in 
the portal vein phase for predicting chemotherapy response 
was 0.949 (95% CI: 0.840–0.992) and 0.938 (95% CI: 0.825–
0.988), and the difference between CT values and iodine 
concentration showed no statistically significant (P = 0.802). 
The cutoff values, sensitivity, specificity of CT values, and 
iodine concentration were 48.43 Hu, 93.75%, 92.86%, and 
1.30 mg/ml, 75.0%, 100%, respectively. In addition, the 
Youden index of CT values and iodine concentration were 
0.8661 and 0.750.

DISCUSSION

Our study shows that baseline spectral CT scans could 
help predict the efficacy of chemotherapy. Spectral CT is 
less vulnerable to artifacts such as beam hardening and 
pseudoenhancement, obtains absolute CT values of tissues 
under different single energy, and reflects the characteristics 
of tissues.[16] GSI can obtain CT values of substances with 
different energy levels (from 40 to 140 keV) and iodine 
concentration, which provide more reliable information 
than conventional CT images.[17,18] In our study, the median 
energy level corresponding to the best CNR in the arterial 
and portal phases was 68 keV, and it was found that the 

Figure 1:  Gemstone spectral  images of a pat ient with mult iple 
hepatic metastases from colorectal cancer (portal venous phase). 
Female, age 35 years. (a) Mixed‑energy image mark 1 is l iver 
metastases (37.23 HU); (b) monoenergetic (68 keV) image shows that the 
edge of the lesion is clear (89.36 HU); (c) The iodine concentration of the lesions 
is 0.87; (d) The HU attenuation curve illustrates that the metastases (curve 1) 
have lower attenuation than the liver parenchyma (curve 2)

dc

ba

Figure  2: The characteristic of lesions on virtual monoenergetic images at the arterial and portal venous phases. (a) The slope of the HU attenuation curve of liver 
metastases at the portal venous phase was higher than that at the arterial phase (P < 0.001). (b) The slope of the HU attenuation curve of liver metastases at arterial 
phase and portal vein phase chemotherapy response groups were higher than that in nonresponse group (P = 0.006 and P < 0.001, respectively). (c) Receiver 
operating characteristic curves of CT values at 68 keV and iodine concentration in the portal vein phase for predicting chemotherapy response
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CT value of the 68 keV VMIs was also an independent 
predictor of chemotherapy response. This is consistent 
with the results of previous studies that selected the best 
CNR.[19] Although the best CNR varied from individuals, 
previous studies showed that the optimal CNR in soft tissue 
was always located at the 50–70 keV, and the HU values 
and visual effects of VMIs at 70 keV are similar to 120 kVp 
conventional CT images.[19‑21]

Iodine concentration from spectral CT reflects tumor‑derived 
angiogenesis, which may be useful for predicting early 
recurrence of hepatocellular carcinoma (HCC).[22,23] In 
our study, there was no significant difference in the 
iodine concentration at the arterial phase between the 
response and the nonresponse group. However, there 
were significant differences in the iodine concentration 
in venous phase between the two groups. This may be 
explained by the fact that CRCLM has gradual contrast 
material accumulation and that CT image acquisitions 
in the venous phase would result in a higher iodine 

concentration than acquisitions in the arterial phase. In 
this regard, the venous phase may better reflect the blood 
supply in tumor than the arterial phase. In addition, by 
multivariate analysis, we found that iodine concentration 
in the portal venous phase was an independent predictor of 
chemotherapy response. In addition, Lee et al.[24] reported 
that the iodine map was more helpful than the linearly 
blended images in detecting residual tumors and providing 
more basis for the formulation of treatment strategies.[21,25] 
The spectral attenuation curve can accurately reflect tissue 
characteristics, which have potential value for determining 
the nature, tissue source, and prognosis of lesions.[26] With 
an increasing of keV, the energy spectrum decay of the 
lesions in the portal venous phase was higher than that in 
the arterial phase. There were significant differences in the 
slope of the spectral curve in the arterial phase and venous 
phase between the two groups, which may be related to the 
heterogeneity of the tumor.[27] Therefore, the slope of the 
spectral curve can improve the sensitivity of distinguishing 
liver tumors.

Table 3: Univariate and multivariate analysis of predictors of chemotherapy response to colorectal cancer liver 
metastasis
Factors Univariate analysis, OR (95% CI) P* Multivariate analysis, OR (95% CI) P**
Age 0.986 (0.925–1.051) 0.660
Gender 2.933 (0.803–10.719) 0.104
ECOG 1.096 (0.307–3.911) 0.888
Primary tumor 1.500 (0.384–5.860) 0.560
Child‑Pugh 0.833 (0.204–3.409) 0.800
Primary tumor resection 1.037 (0.292–3.686) 0.955
CEA level 1.667 (0.380–7.317) 0.499
Multiple 0 0.998
Type 0.778 (0.221–2.740) 0.696
Extra hepatic metastases 10.833 (2.515–46.662) 0.001
CT 68 A 1.117 (1.033–1.208) 0.005
CT 68 V 1.230 (1.088–1.391) 0.001 1.206 (1.021–1.425) 0.027
k A 777.188 (4.033–149,751.741) 0.013
IC A 3.765 (0.546–25.974) 0.179
k V 28,966,711.88 (739.167–1.135) 0.001
IC V 3020.763 (15.985–570,840.621) 0.003 1.952 (1.034–3.684) 0.039
*Univariate logistic regression; **Multiple logistic regression analysis. ECOG=Eastern Cooperative Oncology Group; k A=Slope of energy spectrum curve in the arterial 
phase; IC A=Iodine concentration in the arterial phase; k V=Slope of energy spectrum curve in the portal venous phase; IC V=Iodine concentration in the portal venous phase; 
CEA=Carcinoembryonic antigen; OR=Odds ratio; CI=Confidence interval

Table 2: Evaluation of interrater variability and reproducibility of computed tomography values, spectral curves, and 
iodine concentration of single‑energy images in arterial and portal venous phases
Parameter Observer 1, mean±SD Observer 2, mean±SD t P* ICC (95% CI) P**
AP

CT‑68keV (HU) 46.69±12.11 45.33±12.20 0.999 0.323 0.976 (0.957–0.987) <0.001
k 0.47±0.17 0.48±0.15 0.837 0.407 0.944 (0.900–0.968) <0.001
Iodine concentration (mgI/mL) 0.61±0.36 0.62±0.35 0.178 0.859 0.985 (0.972–0.991) <0.001

PVP
CT‑68keV (HU) 58.27±16.34 58.38±15.92 0.335 0.739 0.991 (0.983–0.995) <0.001
k 0.75±0.28 0.75±0.28 0.370 0.714 0.958 (0.926–0.977) <0.001
Iodine concentration (mgI/mL) 1.36±0.53 1.37±0.53 0.628 0.533 0.984 (0.972–0.991) <0.001

*Paired t‑test for difference analysis; **F‑test with true value 0 for ICC. ICC=Interclass correlation coefficient; CI=Confidence interval; SD=Standard deviation; AP=Arterial phase; 
PVP=Portal venous phase
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The role of spectral CT in distinguishing benign from 
malignant lesions and for assessment of therapeutic response 
has been evaluated in the abdomen.[16,28] Studies have shown 
that spectral CT imaging technology is an objective tool 
for predicting tumor response after chemoembolization of 
HCC,[29] which is similar to our study. Recent studies also 
have shown that spectral CT has made achievements in 
deep learning, especially in solving the problem of severe 
noise at low keV.[30] Differing from conventional CT, GSI can 
analyze the similarity of spectral characteristics between 
lesions before and after treatment, thereby analyzing the 
nature and origin of lesions, and realizing the transition 
from morphological imaging to functional imaging.

Our research has some limitations. First, this study is a 
retrospective analysis, and there may be unavoidable 
selection bias. Second, this was a single‑center study that 
included relatively few cases. Furthermore, not all time 
points after chemotherapy were considered in this study. 
Therefore, further verified studies in a larger sample from 
multiple centers are needed. In the future, we will monitor 
the changes in various parameters after each chemotherapy 
cycle to further obtain more useful information to evaluate 
the chemotherapy response of liver metastases.

CONCLUSION

Our study provides a noninvasive and useful tool 
for predicting efficacy in patients with CRCLM. The 
single‑energy CT value of 68 keV in the portal vein phase 
and iodine concentration may help predict the response to 
chemotherapy.
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