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Abstract

Objective To explore which computed tomography (CT) features can predict pathological complete response (pCR)
(ypTONO) after neoadjuvant chemotherapy (NAC) in patients with gastric adenocarcinoma (GC).

Materials and Methods This study reviewed an institutional database of patients who underwent resection of GC after NAC
and identified patients with pCR from January 2010 to December 2013. The correlations between pre-chemotherapy and
post-chemotherapy CT features and pCR were analyzed.

Results Eleven of 199 patients with GC who achieved ypTONO status after NAC were classified as the pCR group in this
study. After matching pCR (n=11) and non-pCR patients (n =44) in the ratio of 1:4, a total of 55 cases were analyzed. The
binary logistic regression analysis showed that the post-chemotherapy short diameter of the largest lymph node and tumor
thickness ratio reduction were independent predictors of pCR, with an area under the curve (AUC) of 0.94 on the receiver
operating characteristic (ROC) curve analysis.

Conclusion Two CT features, including the short diameter of the largest lymph node post-chemotherapy and tumor thickness
ratio reduction, are good predictors of pCR after NAC in patients with GC.

Keywords Gastric cancer - Computed tomography - Pathological complete response - Neoadjuvant chemotherapy

Abbreviations Introduction

CT Computed tomography

pCR  Pathological complete response Gastric cancer (GC) or adenocarcinoma of the esophago-
NAC Neoadjuvant chemotherapy gastric junction (AEG) is an aggressive disease, with most
ROC Receiver operating characteristic curve patients having locally advanced disease upon presentation.

In such cases, the National Comprehensive Cancer Network
(NCCN) recommends neoadjuvant chemotherapy (NAC) to
downsize the tumor followed by radical surgery [1]. Previous
clinical trials have reported significant improvements in the
overall survival and disease-free survival rates of patients
with locally advanced GC or AEG after undergoing neo-
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Multi-detector computed tomography (CT) is currently
the routine technique of choice for preoperative staging of
GC [7-12]. However, restaging by CT after NAC is still
inaccurate in patients with locally advanced GC [13]. The
radiological T-stage after NAC should not be considered for
decision-making [14]. To the best of our knowledge, there
are no known CT features for the prediction of pCR after
NAC in patients with GC. In this study, we examined several
CT features to determine the best predictors of pCR after
NAC in patients with GC.

Materials and methods
Patients

This retrospective study was approved by the institutional
review board, and the requirement for informed consent
was waived. We collected the clinicopathological data of
206 patients with pathologically confirmed GC who under-
went gastrectomy after NAC from January 2010 to Decem-
ber 2013. These patients received 2-3 cycles of NAC. All
patients underwent twice contrast-enhanced CT scans of
the abdomen and pelvis at the base line and within 2 weeks
before the sugery. Patients with poor quality CT images
causing by poor breathless (3 cases) were excluded. Patients
who were found to have metastatic disease on post-chem-
otherapy CT scan and did nonradical surgery (4 cases of
palliative surgery) were excluded from the study.

Out of 199 patients with GC who underwent radical gas-
trectomy after NAC, 11 patients had pCR (ypTONO stage)
status on postoperative pathology. These 11 cases were clas-
sified as the pCR group for this study. Next, we randomly
matched the 11 pCR cases with 44 non-pCR cases in the
ratio of 1:4. The total enrollment consisted of 55 cases (45
male and 10 female, median age: 57 years).

CT protocol

A CT scanner with 64 rows of detectors was used (Light-
Speed 64; GE Healthcare, Milwaukee, WI, USA). After>8 h
of fasting, the patients were given 8 g of oral gas-produc-
ing crystals for achieving gastric distension, along with an
intramuscular injection of 10 mg anisodamine for reducing
gastric motility (raceanisodamine hydrochloride, Hangzhou
Minsheng Pharmaceutical Co. Ltd., China). At 10-15 min
post-injection, a non-contrast CT scan from the dome of dia-
phragm to 2 cm below the lower margin of the air-distended
gastric body was acquired (collimation: 0.625 mm, peak tube
voltage: 120 kVp, tube current-time product: automatic).
Next, 100 mL of a non-ionic contrast medium (Ultravist,
370 mg/mL; Bayer, Munich, Germany) was administered
intravenously at 3.5 mL/s using an automatic injector. The
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arterial phase images were captured using bolus tracking.
The arterial phase scanning was initiated when the radi-
odensity in the abdominal aorta at the level of the celiac
artery was 100 HU. The mean delay after the trigger thresh-
old to the onset of arterial phase scanning was 22 s (range:
20-25 s). Portal phase scanning began 35 s after arterial
phase scanning.

Image analysis

Image analysis was performed jointly by two radiologists
with more than 10 years of combined experience using the
workstation (Carestream Health, Shanghai, China). Any
discrepancies were resolved by consulting another radiolo-
gist with 20 years of experience to achieve a consensus.
They reviewed the axial, sagittal, and coronal CT images of
the stomach to detect tumors. The correlation between CT
images and results of endoscopy was made by radiologists
to confirm the location of the tumor for every case. The CT
features of GC observed and measured in this study were
as follows:

Gastric tumor thickness

The thickest diameter of the gastric tumor on the axial CT
image measured before and after NAC. With the application
of oral gas contrast and IV anisodamine medicine of our
CT protocol, the adequate gastric distension and reduced
gastric motility ensured the accuracy and consistency of
measurement of tumor thickness. For some tumor difficult
to identify like signet-ring cell cancers and ulcer-like can-
cers, we checked the location in endoscopy and compared
the changes of gastric wall before and after chemotherapy
to confirm the measurement site of the lesion.

CT attenuation of gastric tumor

CT attenuation values of the gastric tumor with an oval
region-of-interest (ROI) in the same portion of the tumor
on the axial portal phase CT image measured before and
after NAC.

Only linear mucosal enhancement on post-chemotherapy
cT

Presence of only linear mucosal enhancement on the portal
phase axial, coronal, and sagittal images, based the MPR
images at the tumor site, observed after NAC.

Resolution of the tumor ulcer

Disappearance of the tumor ulcer on post-chemotherapy CT
images.
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Short diameter of the largest lymph node

The shortest diameter of the largest regional lymph node
was measured on pre-chemotherapy and post-chemotherapy
CT images.

All lymph nodes less than 5 mm

The short diameter of regional lymph nodes was less than
5 mm on post-chemotherapy CT image.

Reduction in tumor thickness, CT attenuation and diameter
of lymph node

Reduced tumor thickness, CT attenuation, and lymph node
diameter values on CT after chemotherapy. We subtracted
these measured values directly.

Reduced ratio in tumor thickness, CT attenuation
and diameter of lymph node

Reduced ratio of tumor thickness, CT attenuation, and diam-
eter of lymph node ratios on CT after chemotherapy.

Statistical analysis

The continuous and categorical data were present as
mean + standard deviation (SD) and frequency (%),
respectively. Data processing and analysis were performed
using SPSS/PC + version 22.0 (SPSS Inc., IL, Chicago,
USA). The CT features of the pCR and non-pCR groups
were compared using the independent-samples ¢ test and
Mann-Whitney U test. Univariate logistic regression

was conducted, from which the statistically significant
variables tested were substituted into multivariate logis-
tic regression to determine the independent CT features
that predicted pCR. Receiver operating characteristic
(ROC) curve analysis was performed to determine the
diagnostic accuracy of the CT features in predicting pCR.
P-values less than 0.05 were considered to be statistically
significant.

Results
Patient and tumor characteristics

There were 55 patients included in this study (Fig. 1).
The patient and tumor characteristics are summarized
in Table 1. The majority of the patients had moderately
and poorly differentiated (30.9%) adenocarcinomas,
while signet-ring cell carcinoma was present in eight
patients (14.5%). The most common sites of the primary
tumor were the gastroesophageal junction (38.2%) and
the distal stomach (34.5%). In this study, 11 (20%), 9
(16.4%), 7 (12.7%), 8 (14.5%), and 20 (36.4%) patients
had ypTO, ypT1, ypT2, ypT3, and ypT4 disease, respec-
tively. Twenty-eight patients (50.9%) had ypNO disease.
Eleven patients achieved pathological complete response
(ypTONO) after NAC. The NAC regimens included SOX
(37 cases, S-1 plus oxaliplatin), XELOX (11 cases, oxali-
platin plus capecitabine), mFOLFOX?7 (five cases, modi-
fied regimen of leucovorin, fluorouracil, and oxaliplatin),
XP (one case, cisplatin plus capecitabine), and XELOX
plus Herceptin (one case).

Fig. 1 Flowchart of this study

Biopsy proven gastric cancer

chemotherapy (n=199)

with preoperative

| Radical gastrectomy

l

|

(n=11)

Pathological complete response

Not pathological complete
response
(n=188)

l

Random sampling with 4:1 ratio
to pCR cases
(n=44)

l

Study population (n=55)
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Table 1 Clinicopathological features of patients included in this study

Clinicopathological features Number (%)
No. of patients 55
Mean age (range) (years) 57 (29-74)
Male: female 45:10
Histopathology
Adenocarcinoma
Moderately differentiated 16 (29.1%)
Moderately and poorly differentiated 17 (30.9%)
Poorly differentiated 12 (21.9%)
Adenocarcinoma accompanied with signet-ring cell 6 (10.9%)
carcinoma
Adenocarcinoma accompanied with mucinous adeno- 2 (3.6%)
carcinoma
Signet-ring cell carcinoma 2 (3.6%)
Tumor location
Esophagogastric junction 21 (38.2%)
Upper stomach 6 (10.9%)
Middle stomach 9 (16.4%)
Lower stomach 19 (34.5%)
Pathological T-stage after NAC
ypTO 11 (20%)
ypT1 9 (16.4%)
ypT2 7 (12.7%)
ypT3 8 (14.5%)
ypT4 20 (36.4%)
Pathological N stage after NAC
ypNO 28 (50.9%)
ypN+ 27 (49.1%)

Comparison of CT features between pCR
and non-pCR groups

Since all patients in this group were of advanced gastric
cancer, the CT manifestations of these primary cancers were
relatively obvious. All tumors found on endoscopy were
detected by CT successfully.

Univariate analysis showed that several CT features
were significantly different between the pCR and non-pCR
groups, including tumor thickness, tumor attenuation, only
linear mucosal enhancement on post-chemotherapy CT, the
incidence of tumor ulcer disappeared on post-chemotherapy
CT image, the post-chemotherapy short diameter of the larg-
est lymph node, all lymph nodes less than 5 mm, reduction
in tumor thickness, reduction in tumor attenuation, reduced
ratio of tumor thickness, reduced ratio of tumor attenua-
tion, and reduced ratio of the diameter of the lymph node
(Table 2).

Univariate logistic regression results are listed in Table 3.
Statistically significant variables tested by univariate logis-
tic regression were substituted into multivariate logistic
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regression. On the multivariate analysis with forward selec-
tion, two CT features, namely, the short diameter of the larg-
est lymph node and reduction in the ratio of tumor thick-
ness, were the independent predictors for pCR, and ORs
were 2.86 (95% CI, 1.38-5.91) and 0.75(95% CI, 0.60-0.94),
respectively. A multivariate logistic regression model was
constructed as (¥Y=1.05 X Post-chemotherapy short diameter
of the largest lymph node-0.289 X Reduction in tumor thick-
ness). The ROC curves showed that the multivariate logistic
regression model achieved the largest ROC curve (0.94) for
predicting pCR (Table 4; Fig. 2).

Discussion

Previous studies have demonstrated that tumor responses, as
visualized by imaging studies, such as IV contract-enhanced
CT and endoscopic ultrasonography, are often associated
with histopathological response and survival of patients with
GC treated with NAC [15]. However, the early assessment
of NAC response through imaging studies has shown lim-
ited benefit [15]. The sensitivity and specificity of imaging
modalities in response assessment are not very encouraging
in clinical practice. Some studies found that CT perfusion
imaging, diffusion-weighted magnetic resonance imaging
(MRI), and positron emission tomography (PET) can distin-
guish between responders with non-responders in patients
with GC after NAC [16-18]. Nevertheless, the accuracy of
restaging remains low for patients with GC after NAC. Pre-
viously, Park et al. reported accuracies of 47% and 57% for
EUS and CT, respectively, for T-restaging and 39% and 37%
for N-restaging, respectively [13]. The ability of CT or other
imaging modalities to diagnose pCR has not been evident.
In this study, we analyzed the accuracy of various CT
imaging features in predicting pCR after NAC in patients
with GC. Our results showed that CT findings prior to NAC
were not useful in predicting pCR. We speculate that pre-
chemotherapy CT findings only reflect the initial stage of
the disease and cannot predict tumor response. Other CT
features of primary gastric tumor, including post-chemother-
apy tumor thickness, tumor attenuation, reduction in tumor
thickness, and reduction in tumor attenuation, were signifi-
cantly different between pCR and non-pCR groups in this
study. Although the response to NAC of primary tumors of
the gastrointestinal tract cannot be assessed by the Response
Evaluation Criteria in Solid Tumours (RECIST) version 1.1,
the CT features of the stomach may help diagnose pCR in
patients with GC. The reduction in the ratio of tumor thick-
ness is an independent predictor for pCR in this study. In
our institution, oral gas-producing crystals and injection of
10 mg anisodamine are routinely used during CT for every
patient without contraindication. This helps in achieving
consistency in the gastric cavity distension during the CT
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Table 2 Comparison of CT image features between the pCR and non-pCR patients
CT features pCR (n=11) Non-pCR (n=44) P value
Pre-chemotherapy tumor thickness (mm) 15.18+4.71 15.20+7.10 0.992
Post-chemotherapy tumor thickness (mm) 8.09+0.94 12.18+4.89 0.001
Pre-chemotherapy tumor attenuation (HU) 79.91+14.32 75.70+21.73 0.546
Post-chemotherapy tumor attenuation (HU) 49.00+13.81 62.80+17.21 0.017
Only linear mucosal enhancement on post-chemotherapy CT <0.001
Yes 0
No 5 44
Tumor ulcer disappeared on CT image 0.022
Disappeared 3 1
Shrinked or no change 8 43
Pre-chemotherapy short diameter of largest lymph node (mm) 8.27+5.10 10.20+5.04 0.114
Post-chemotherapy short diameter of largest lymph node (mm) 4.27+1.01 8.11+3.84 <0.001
All lymph nodes less than 5 mm 0.005
Yes 6 5
No 5 39
Reduction in diameter of lymph nodes (mm) 4.00+5.06 2.09+2.34 0.155
Reduction in ratio of tumor thickness 0.42+0.19 0.16+0.16 <0.001
Reduction in ratio of tumor attenuation 0.38+0.17 0.14+0.23 0.003
Reduction in ratio of diameter of lymph node 0.38+0.24 0.19+0.15 0.002
Table3 Logistic regression CT features OR 95% CI P value
analysis of CT features to
predict pCR in patients with Pre-chemotherapy tumor thickness 1 0.91-1.11 0.992
gastric cancer (GC) Post-chemotherapy tumor thickness 2.05 1.14-3.67 0.016
Pre-chemotherapy tumor attenuation 0.99 0.96-1.02 0.54
Post-chemotherapy tumor attenuation 1.06 1.01-1.12 0.025
Tumor ulcer disappeared on CT image 16.15 1.48-175.22 0.022
Pre-chemotherapy short diameter of largest lymph node 1.1 0.93-1.31 0.267
Post-chemotherapy short diameter of largest lymph node 2.65 1.31-5.35 0.007
All lymph nodes less than 5 mm 9.36 2.07-42.30 0.004
Reduction in tumor thickness 0.81 0.69-0.95 0.01
Reduction in tumor attenuation 0.95 0.91-0.99 0.014
Reduction in diameter of lymph node 0.85 0.69-1.04 0.108
Reduction in ratio of tumor thickness 0.91 0-0.30 0.001
Reduction in ratio of tumor attenuation 0.93 0-0.13 0.006
Reduction in ratio of diameter of lymph node 0.94 0-0.20 0.008

examination and reduces the impact of gastric wall motility
on the gastric tumor thickness. We found that linear mucosal
enhancement on post-chemotherapy CT appeared in 54.5%
(6/11) patients with pCR. The CT feature of linear enhance-
ment with or without mucosal thickening has been used to
diagnose the T1a stage of GC in previous studies [11, 12].
When the enhancement of advanced GC changes from the
full-thickness wall enhancement to only linear mucosal
enhancement after NAC, it may indicate that the lesion has
completely resolved (ypTO stage) or limited residual dis-
ease in the mucosal layer (ypT1 stage)(Fig. 3). Complete

resolution of the tumor ulcer on post-chemotherapy CT
image appeared in 27.3% (3/11) patients with pCR in this
study. Although, on the univariate analysis, the incidence of
resolution of the tumor ulcer was different between pCR and
non-pCR patients, this CT feature cannot be used in protrud-
ing tumors or those with diffuse infiltration. Moreover, CT
is less accurate than endoscopy for the assessment of tumor
ulcers. Hence, we believe it is not an accurate predictor for
pCR in clinical practice, and endoscopy is a better alterna-
tive to assess tumor ulcer healing.

@ Springer
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Table 4 ROC curve analysis

. CT features AUC 95% CI Cutoff value
of CT features to predict pCR
in patients with gastric cancer Multivariate logistic regression model with two independent predic- ~ 0.94  0.85-1.00 0.842
(GO) tors (Y =1.05 X Post-chemotherapy short diameter of the largest
lymph node-0.289 X Reduction in tumor thickness)
Post-chemotherapy short diameter of largest lymph node 0.87  0.78-0.97 6.5
Reduction in ratio of tumor thickness 0.85 0.71-1.00 —0.255
Post-chemotherapy tumor thickness 0.82  0.71-0.93 9.5
Reduction in ratio of tumor attenuation 0.81  0.67-0.96 -0.24
Reduction in tumor thickness 0.79  0.65-0.93 -25
Reduction in tumor attenuation 0.79 0.64-095 -21.0
Post-chemotherapy tumor attenuation 0.75  0.58-0.92 54.5
All lymph nodes less than 5 mm 0.72  0.53-091 N/A
Tumor ulcer resolution on CT image 0.63 0.42-0.83 N/A
Fig.2 The ROC curves of CT 1.0 I —
features for predicting pCR A e source of curve
/ e il __Tumor ulcer disappeared
7 on CT image
Post-chemotherapy short
diameter of largest lymph
0.8 node
All lymph nodes less than
Smm
Post-chemotherapy tumor
thickness
___Post-chemotherapy tumor
0.67] attenuation
F Muttivariate logistic model
- e Reduction in tumor
= Y < thickness(opposite)
a2 Reduction in tumor
@ attenuation(opposite)
v ) Reduction in ratio of tumor
0.4 attenuation(opposite)
. Reduction in ratio of tumor
thickness(opposite)
—reference
0.2
00 T T T T
00 0.2 04 06 08 1.0

Stark et al. reported that patients of GC or GEC with
ypN +disease have substantially reduced survival compared
to those with ypTO disease after preoperative therapy [5].
In the current study, we found that lymph node status is
a useful predictor in diagnosing pCR (pTONO). The mean
post-chemotherapy short diameter of the largest lymph node
(4.27+1.01) of the pCR group was significantly smaller
than that of the non-pCR group (8.11+3.84) (p <0.001).
The post-chemotherapy short diameter of the largest lymph
node was another independent predictor for predicting
PCR in the logistic analysis. Also, the size of all visualized
lymph nodes less than 5 mm could be used to predict pCR.
In the study by Park et al., the accuracy of N-restaging by
CT was low at 37%. They considered the lymph nodes to

@ Springer

1 - specificity

be suggestive of having metastasis if the longest diameter
was > 1.0 cm or if the size was between 0.7 and 1.0 cm
with hyper-enhancement, a round shape, central necrosis, or
perinodal infiltration [13]. In other studies, regional lymph
nodes were considered to have metastases if their long-axis
diameter was > 8 mm, they were solitary, or showed marked
enhancement (attenuation > 85 HU in the portal venous
phase) [19]. Chen and colleagues reported the accuracy of
CT for N-staging to be 78% [19]. Some studies have shown
that lymph node size is not a reliable indicator for metastasis
in GC [20]. For example, Noda et al. indicated that metasta-
ses can be present in small lymph nodes, and ignoring them
could lead to staging errors in GC. If all nodes less than
5 mm in size were ignored, 37.8% of all metastatic nodes
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Fig.3 a—d Male, 68 years, gastroscopy revealed mass of gastroesoph-
ageal junction. The pathological result of biopsy was poorly differ-
entiated adenocarcinoma and intestinal type of Lauren classification.
The clinical stage was diagnosed as cT3N1 by the ultrasonic gastros-
copy. This patient received 2 cycles of S-1 plus oxaliplatin (SOX)
chemotherapy and total gastrectomy. Postoperative pathology showed
chronic inflammatory cell infiltration with fibrous tissue hyperplasia

would be missed in the clinic [21]. Therefore, we believe
that reducing the diagnostic threshold for lymph nodes from
10 mm or 8§ mm to 5 mm for the short-axis diameter might
be suitable for N-restaging and pCR prediction for patients
with GC after NAC.

The multivariate logistic regression model of this study,
which combined two CT features (post-chemotherapy short
diameter of the largest lymph node and reduction in the ratio
of tumor thickness), had the largest area of ROC curve (0.94)
compared to other individual CT features for predicting pCR
(Fig. 2).

In the current study, we did not include all 188 non-pCR
patients for the analysis. The reason was that the number of
PCR patients (n=11) was relatively small compared to non-
PCR patients (n = 188). This imbalance in sample size could
lead to bias in the statistical analysis. Hence, we randomly
selected non-pCR cases to obtain the ratio of 4:1.

This study has some limitations. First, it is a retrospec-
tive study that relies on the data gathered from databases.
Secondly, the number of pCR patients (n=11) was small

in the original tumor bed, and no residual carcinoma was observed.
No metastases were found in lymph nodes dissected in surgery (0/24).
a, b, the axial and coronal baseline CT images revealed thickened
wall of cardia with obviously contrasted enhancement in portal phase.
3C-3D, the axial and coronal post-chemotherapy CT images showed
the thickness of tumor shrunk. The enhancement of tumor decreased
and became only linear mucosal enhancement on CT

and may have affected our ability to identify the best pre-
dictors of patient outcomes. Third, we did not include other
features, such as endoscopy findings (before and after NAC),
type of chemotherapy, or other imaging studies like PET/CT,
in the multivariate analysis of the predictors of pCR. Our
results need to be confirmed by larger prospective studies
in the future. Although PET/CT was recommended in all
patients with no evidence of metastatic disease from NCCN
guideline version 2013, the high price of PET/CT examina-
tion leads to its low applied rate in China, and it was less
commonly used for monitoring efficacy after neoadjuvant
chemotherapy in gastric cancer patients in China.

In conclusion, we found that specific CT features of the
tumor and lymph nodal status, including the post-chemother-
apy short diameter of the largest lymph node and reduction
in the ratio of tumor thickness, may be suitable for predicting
pCR after NAC in patients with GC.
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