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Abstract
AIM: To quantitatively assess the ability of double con-
trast-enhanced ultrasound (DCUS) to detect tumor early 
response to pre-operative chemotherapy.

METHODS: Forty-three patients with gastric cancer 
treated with neoadjuvant chemotherapy followed by cu-
rative resection between September 2011 and February 

2012 were analyzed. Pre-operative chemotherapy regi-
mens of fluorouracil + oxaliplatin or S-1 + oxaliplatin 
were administered in 2-4 cycles over 6-12 wk periods. 
All patients underwent contrast-enhanced computed 
tomography (CT) scan and DCUS before and after two 
courses of pre-operative chemotherapy. The therapeu-
tic response was assessed by CT using the response 
evaluation criteria in solid tumors (RECIST 1.1) criteria. 
Tumor area was assessed by DCUS as enhanced ap-
pearance of gastric carcinoma due to tumor vascularity 
during the contrast phase as compared to the normal 
gastric wall. Histopathologic analysis was carried out 
according to the Mandard tumor regression grade crite-
ria and used as the reference standard. Receiver oper-
ating characteristic (ROC) analysis was used to evalu-
ate the efficacy of DCUS parameters in differentiating 
histopathological responders from non-responders.

RESULTS: The study population consisted of 32 men 
and 11 women, with mean age of 59.7 ± 11.4 years. 
Neither age, sex, histologic type, tumor site, T stage, 
nor N stage was associated with pathological response. 
The responders had significantly smaller mean tumor 
size than the non-responders (15.7 ± 7.4 cm vs  33.3 ± 
14.1 cm, P < 0.01). According to Mandard’s criteria, 27 
patients were classified as responders, with 11 (40.7%) 
showing decreased tumor size by DCUS. In contrast, 
only three (18.8%) of the 16 non-responders showed 
decreased tumor size by DCUS (P  < 0.01). The area 
under the ROC curve was 0.64, with a 95%CI of 
0.46-0.81. The effects of several cut-off points on di-
agnostic parameters were calculated in the ROC curve 
analysis. By maximizing Youden’s index (sensitivity + 
specificity - 1), the best cut-off point for distinguish-
ing responders from non-responders was determined, 
which had optimal sensitivity of 62.9% and specificity 
of 56.3%. Using this cut-off point, the positive and 
negative predictive values of DCUS for distinguish-
ing responders from non-responders were 70.8% and 
47.4%, respectively. The overall accuracy of DCUS for 
therapeutic response assessment was 60.5%, slightly 
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higher than the 53.5% for CT response assessment 
with RECIST criteria (P  = 0.663). Although the ad-
vantage was not statistically significant, likely due to 
the small number of cases assessed. DCUS was able 
to identify decreased perfusion in responders who 
showed no morphological change by CT imaging, 
which can be occluded by such treatment effects as 
fibrosis and edema.

CONCLUSION: DCUS may represent an innovative tool 
for more accurately predicting histopathological response 
to neoadjuvant chemotherapy before surgical resection 
in patients with locally-advanced gastric cancer.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Neoadjuvant chemotherapy (NAC) is a particularly prom-
ising component of  the current multidisciplinary model 
for treating locally-advanced gastric cancer. Recent stud-
ies have shown that pre-operative NAC can increase the 
likelihood of  curative resection, thereby improving long-
term survival[1]. However, in cases where patients prove 
unresponsive to the pre-operative NAC regimen, the 
result is higher risk of  tumor progression and death since 
the surgical treatment is delayed. Thus, in contrast to a 
post-operative NAC regimen, pre-operative NAC requires 
an accurate, non-invasive technique to assess short-term 
therapeutic response. Such a technique should not only 
identify unresponsive cases in a timely manner to initiate 
individualized treatment options but also provide alterna-
tive endpoints for identifying non-responders and prog-
nostic parameters for assessing individual prognosis[2].

Currently, computed tomography (CT) is a key meth-
od for evaluating chemotherapy response in patients with 
advanced gastric cancer. The parameters of  CT imaging 
to assess tumor response to treatment are well defined 
and established in the standard workup for gastric cancer 
staging[3]. The response evaluation criteria in solid tumors 
(RECIST 1.1) were developed in 2009 as a robust and 
standardized guideline for clinical assessment of  tumor 

response to treatment[4]. Unfortunately, the morphologic 
imaging techniques, including CT, magnetic resonance 
image (MRI) and endoscopic ultrasonography (EUS), 
have limited accuracy for detecting residual tumorous tis-
sue within chemotherapy-treated areas due to occlusion 
by chemotherapy-induced fibrosis[3,4]. 

Double contrast-enhanced ultrasound (DCUS) was re-
cently developed as a complementary tool for the existing 
imaging modalities to help improve assessment of  gastric 
cancer[5,6]. In clinical application of  this technology, use of  
an oral ultrasound contrast agent reveals the three-layered 
structure of  the gastric wall, while use of  intravenous 
contrast reveals the dynamic features of  tumor vascular-
ity. Thus, patient evaluation with double contrast provides 
qualitative and quantitative measures by which changes in 
gastric cancer pathophysiology may be evaluated and used 
to determine a patient’s prognosis or treatment respon-
siveness[5]. In addition, DCUS is superior to the traditional 
staging methods for gastric cancer since it can assess the 
depth of  tumor penetration and the presence of  lymph 
node metastases. However, no study to date has systemati-
cally evaluated the DCUS parameters for differentiating 
histopathological responders from non-responders after 
NAC and prior to surgical treatment.

The purpose of  this study was to determine whether 
DCUS parameters are able to differentiate histopathological 
responders from non-responders early in the NAC course 
of  treatment. In addition, the predictive value of  DCUS 
was compared with the routine CT imaging technique.

MATERIALS AND METHODS
Patients
Forty-five consecutive patients who underwent pre-oper
ative NAC followed by curative resection at the Second 
Affiliated Hospital at Zhejiang University College of  Me
dicine between September 2011 and February 2012 were 
enrolled in the study. NAC was recommended for patients 
according to the following criteria: (1) a diagnosis of  histo-
logically proven gastric adenocarcinoma; (2) clinical stage 
of  T4a or greater, and/or any T stage with lymph node 
metastasis; (3) Eastern Cooperative Oncology Group per-
formance status of  2 or less; (4) adequate organ function; 
and (5) no active concomitant malignancy. All patients 
underwent pre-operative staging by both CT and DCUS. 
During the NAC treatment period, one of  the study par-
ticipants developed an irresectable tumor and a second 
developed metastatic disease; both of  these patients were 
removed from the study and excluded from analysis.

The response to chemotherapy was evaluated for each 
patient after two courses of  chemotherapy had been com-
pleted, according to the RECIST criteria. For cases show-
ing partial response (PR), one or two more courses were 
administered or the patient underwent surgical resection. 
The study was carried out with pre-approval by the insti-
tute’s Medical Ethics Committee. All subjects provided 
written informed consent prior to study participation.
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Pre-operative chemotherapy regimens
Two NAC regimens were randomly used: either fluoro-
uracil + oxaliplatin (FOLFOX) or S-1 + oxaliplatin (SOX) 
were administered for 2-4 cycles (as noted above) over a 
period of  6-12 wk. The fluorouracil was given on day 1 of  
each cycle at 400 mg/m2 IVP, followed by 2400 mg/m2 
IVCI over 48 h. The S-1 was given at 80 mg/m2 per day 
for 14 d, and then repeated three weeks later. For both 
regimens, the oxaliplatin was given on day 1 of  each cycle 
at 130 mg/m2 Ⅳ over 2 h.

Evaluation of tumor therapeutic response by CT and 
DCUS
CT scanning and DCUS were performed before and after 
two courses of  the pre-operative NAC (either FOLFOX 
or SOX). For contrast-enhanced abdominal CT (Somatom 
Definition AS scanner; Siemens Medical Solutions, Forch-
heim, Germany), patients were fasted for six hours and 
given a 450 mL bolus of  pure water immediately before 
the CT scanning to induce gastric distention. Contrast 
medium [OmnipaqueTM (iohexol); GE Healthcare, Cork, 
Ireland] was delivered intravenously at a rate of  3 mL/s 
by using an automatic injector to achieve a total injection 
volume of  2 mL/kg. For DCUS, the Sequoia 512 Acuson 
sonographic system (Siemens Medical Solutions) equipped 
with CadenceTM contrast pulse sequencing visualization 
technology and a 4V1 vector transducer to deliver low 
acoustic pressure frequencies (1.0-4.0 MHz) was used. 
Oral contrast agent and intravenous contrast medium 
were administered sequentially, as previously described[5,6]. 
Briefly, the patients drank the Xinzhang oral contrast 
agent (Huqingyutang, Zhejiang, China; http://dazzy007.
cn.makepolo.com/product/8891276.html) diluted in 500 
mL of  warm water to distend the stomach immediately 
before the procedure. Each dose of  the microvesicle 
intravenous contrast medium (SonoVue, Bracco, Italy) 
was dissolved in 5 mL of  saline and a 2.4 mL bolus was 
injected into the patient’s superficial elbow vein. 

CT and DCUS images were interpreted and reviewed 
by two independent diagnostic specialists, each with more 
than 10 years of  experience in gastric imaging. All special-
ists were blinded to the histological findings and the same-
sample findings from the other technique for evaluating 
the therapeutic response. The therapeutic response indi-
cated by CT assessment was classified using the RECIST 
1.1 criteria[4] as: complete response, PR, stable disease, or 
progressive disease. Tumor area was assessed by DCUS 
as enhanced appearance of  gastric carcinoma due to tu-
mor vascularity during the contrast phase as compared to 
the normal gastric wall. Thus, the DCUS detected NAC 
response was evaluated according to: (1) the static change 
of  ultrasonic echo; and (2) the dynamic (real-time) assess-
ment of  tumor vascularity and lymph nodes.

Surgery
Surgery was performed between weeks 3 and 5 after the 
completion of  pre-operative NAC. All surgical procedures 
were carried out using an open laparotomy approach. 

The resectability of  the tumors, the extent of  lymph node 
dissection, and the type of  gastrectomy procedure were 
determined according to the perioperative observations. 
The gastrectomy procedure (total or subtotal) was selected 
based on the location and extent of  the primary lesion. 
For successful resection, the resection lines had to be at 
least 5 cm from the edge of  the macroscopic tumor. D2 
(extended) or D3/D4 (super-extended) lymphadenecto-
mies were performed according to the guidelines of  the 
Japanese Research Society for Gastric Cancer (14th ed).

Assessment of pathologic response to NAC
Pathological findings served as the reference standard for 
all patients. The pathological response to NAC was evalu-
ated according to the criteria of  Mandard’s tumor regres-
sion grade, which was based on the percentage of  viable 
residual tumor cells in relation to fibrosis/necrosis[7]. 
Patients with TRG1-2 were defined as responders, while 
patients with TRG3-5 were defined as non-responders.

Statistical analysis
All statistical analysis were carried out using SPSS soft-
ware (version 16.0 for Windows; Chicago, IL, United 
States). The χ 2 or Fisher’s exact tests were used to deter-
mine the significance of  associations between pathologic 
findings and categorical variables. Receiver operating 
characteristic (ROC) curves were constructed to evaluate 
the ability of  DCUS to identify a histopathological thera-
peutic response, with the area under the curves and the 
corresponding 95%CIs being calculated. The effects of  
several cut-off  points on diagnostic parameters were de-
termined by the ROC curve analysis. To compare the CT 
and DCUS procedures, the summary accuracy measure 
of  Youden’s index (sensitivity + specificity - 1) was used. 
By maximizing Youden’s index, the best cut-off  for dis-
tinguishing pathological responders from non-responders 
was identified. All tests were two-sided with P values of  
< 0.05 considered as indicating statistical significance.

RESULTS
The study population consisted of  32 men and 11 wom-
en, with a mean age of  59.7 ± 11.4 years (range: 34-79 
years). The baseline patient and tumor characteristics are 
summarized in Table 1, with patients stratified accord-
ing to the status as histopathological responders or non-
responders. 

Neither age, sex, histologic type, tumor site, T stage, 
nor N stage was significantly associated with the pathologi-
cal response (χ 2 test, P > 0.05). However, the mean tumor 
size was significantly smaller in the responders than in the 
non-responders (15.7 ± 7.4 cm vs 33.3 ± 14.1 cm, P < 0.01). 

The individual patient data of  change in tumor size 
showed that 40.7% (11/27) of  the responders expe-
rienced a decrease in tumor size that was detected by 
DCUS. However, significantly less, only 18.8% (3/16), of  
the non-responders showed a decrease in tumor size, as 
detected by DCUS (P < 0.01). 
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The ROC curve analysis for identifying histopathologic 
responders based on DCUS-detected changes in tumor 
size is shown in Figure 1. The area under the receiver-
operating characteristic curve (AUC) was 0.64 (95%CI: 
0.46-0.81). Using ROC curve analysis with Youden’s index 
maximization, the best cut-off  for distinguishing the re-
sponders from the non-responders was identified, which 
showed optimal sensitivity of  62.9% and specificity of  
56.3%. For this cut-off  point, the positive and nega-
tive predictive values of  DCUS for distinguishing the 
responders from the non-responders were 70.8% and 
47.4%, respectively. The overall accuracy of  DCUS for 
therapeutic response assessment was 60.5%, compared 
with the slightly lower overall accuracy (53.5%) of  CT as-
sessment with RECIST criteria (P = 0.663, Table 2).

Interestingly, we found that DCUS was able to identi-
fy decreased perfusion in the tumors of  responders who 
showed no morphological changes by the CT imaging 
technique. We believe the false negative findings of  CT 
were likely due to occlusion by chemotherapy-induced 
effects, such as fibrosis and edema.

DISCUSSION
Given the generally poor long-term survival (< 20%-30%) 
achieved in advanced gastric cancer patients who undergo 

surgery alone, clinicians and researchers have been actively 
pursuing methods to improve the survival rates of  these 
patients. The approach of  providing chemotherapy prior 
to the resection surgery (pre-operative/neoadjuvant) has 
proven beneficial for locally-advanced tumors[8-10]. Patients 
receiving pre-operative NAC have shown increased likeli-
hood of  curative resection and improved overall survival. 
Although several studies have demonstrated the significant 
benefits of  NAC, compared to surgery alone, for patients 
with resectable locally-advanced gastric cancer, the major 
clinical response rate has only reached 38%-69.7%[11,12].

The current standard method for discriminating che-
motherapeutic responders from non-responders is his-
topathologic analysis, which measures the extent of  the 
residual tumor. This method, however, is applicable only 
in a post-operative setting and cannot be used for either 
the pre-operative design of  personalized treatment or the 
planning of  intra-operative strategies[13]. Previous stud-
ies have revealed that the conventional imaging modali-
ties (EUS, CT and MRI) to detect tumor volumetry lack 
reliability for predicting response to chemotherapy[14,15]. 
Moreover, the response evaluation methods based on the 
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  Characteristic

Assessable patients with 
Mandard’s TRG 

P  value
Histopathologic 

responders
Histopathologic 
non-responders

  No.      27       16
  Age (yr), mean (range)      68.7 (34-75)       62.2 (39-79) 0.370
  Gender 0.429
     Male      19       13
     Female        8         3
  Histological type 0.934
     Well differentiated        4         2
     Moderately differentiated        6         5
     Poorly differentiated      12         5
     Signet ring cell type        5         4
  Tumour size, cm (mean ±  SD)      15.7 ± 7.4       33.3 ± 14.1 0.003
  Tumour site  0.376
     Fundus and cardia        3         4
     Body        7         5
     Antrum and pylorus      17         7
  Pathological T classification 0.475
     T4a      22       13
     T4b        5         3
  Pathological N classification 
     N-        8         4 0.744
     N+      19       12
  Chemotherapy
     FOLFOX      15         9 0.965
     SOX      12         7
  Chemotherapy cycle 0.432
     2      12         4
     3      12       10
     4        3         2

Table 1  Patient’s clinical data and pathological features (n = 43)

TRG: Tumor regression grade. 

Sensitivity Specificity PPV NPV Accuracy χ 2 P value

  CT 13 (48.1) 10 (62.5) 13 (66.7) 10 (41.7) 23 (53.5) 0.427 0.663
  DCUS 17 (62.9)   9 (56.3) 17 (70.8)   9 (47.4) 26 (60.5)

Table 2  Comparison between computed tomography and double 
contrast-enhanced ultrasound for neoadjuvant chemotherapy re-
sponse assessment  n (%)

Double contrast-enhanced ultrasound (DCUS) had an overall accuracy 
of 60.5%, with a positive predictive value (PPV) of 70.8%. NPV: Negative 
predictive value; CT: Computed tomography.
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Figure 1  Receiver operator characteristics curve for the assessment of 
histopathologic response using double contrast-enhanced ultrasound. 
Area under the receiver-operating characteristic curve: 0.64 (95%CI: 0.46-0.81). 
The solid circle indicates the best cut-off point for distinguishing the responders 
from the non-responders.
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World Health Organization or RECIST criteria were re-
ported to be highly inaccurate for gastric cancer[16]. The 
recently developed technology of  functional imaging, 
which detects or measures changes in metabolism, blood 
flow, regional chemical composition, and absorption, ap-
pears to be a promising alterative for monitoring chemo-
therapeutic effects in gastric tumors[17]. In addition, the 
semi-quantitative approach of  measuring glucose metab-
olism by means of  positron emission tomography (PET) 
was shown to have clinical relevance in determining the 
response to chemotherapy for several tumor types, in-
cluding gastric carcinomas[18]. While both PET and PET/
CT are well-established methods of  molecular imaging, 
they are each limited by poor spatial resolution[19]. In this 
regard, the CT and MRI technologies are preferable; 
however, these imaging technologies are restricted from 
widespread use due to their technical complexity and high 
cost which is often not amenable to smaller, underfunded 
clinics, especially those in rural areas. 

Zhou et al[20] was the first to suggest that quantify-
ing tumor perfusion with contrast-enhanced ultrasound 
may help detect changes in tumor perfusion after che-
motherapy, based on their findings in an animal model. 
Our present study assessed the clinical value of  a new 
functional imaging modality, DCUS, for non-invasive as-
sessment of  response to NAC in locally-advanced gastric 
cancer patients. The routine ultrasound techniques, US 
and EUS, rely purely on acoustic shadowing for visualiza-
tion. As such, they are unable to differentiate conditions 
of  inflammation and fibrosis in tumorous tissues, which 
leads to misinterpretation of  the tumor depth[3]. Chemo-
therapy- induced death of  cancer cells results in reduced 
blood perfusion and decreased metabolic activity of  the 
tumor. Since DCUS is capable of  assessing the physiologi-
cal blood flow within a tumor, it is also able to assess the 
depth of  tumor penetration and lymph node metastasis[21]. 

Quantitative assessment of  tumor perfusion with 
contrast-enhanced ultrasound has already been success-
fully applied in both animal model[22-24] and clinical[25,26] 
studies. However, to the best of  our knowledge, our study 
presented herein is the first to evaluate the efficiency of  
DCUS-detected tumor perfusion to monitor gastric can-
cer tumor response to chemotherapy. Although the indi-
cated value of  this technique in early assessment of  tumor 
response to chemotherapy must be further tested in larger 
and more heterogeneous study populations, our prelimi-
nary results indicate that DCUS provides better diagnostic 
performance (AUC: 0.64) and accuracy (65.1%) for the 
assessment of  a histopathological response than the stan-
dard CT imaging technique. Moreover, the results from 
the current study have clinical implications for custom-
izing gastric cancer treatments to individual risk profiles, 
which should be explored in future studies. 

In conclusion, in this study of  patients with locally-
advanced gastric cancer undergoing NAC, we found that 
DCUS may be as an innovative tool for predicting patho-
logical response at an early stage of  the NAC regimen 

and prior to definitive resection. Because this technique is 
non-invasive and does not cause patient discomfort, it is 
particularly promising for repeated monitoring during the 
chemotherapy treatment period. Some limitations exist in 
the current study, however, that may impact the general-
ization of  our findings. Despite the fact that the present 
study is the first to investigate the potential of  DCUS 
response assessment during neoadjuvant chemotherapy 
in patients with gastric cancer, the total number of  cases 
assessed was small (n = 43). We found that tumor size was 
affected by chemotherapy, and considered this a param-
eter of  the assessment method, but we did not investigate 
any fluctuations in tumor size over time or in response to 
features of  the chemotherapy regimen (doses, drug type, 
or cycle duration). Finally, our institute does not routinely 
use ultrasonography techniques as an evaluation modality 
for gastric cancer, so we were unable to draw conclusions 
about which analysis method is most useful (i.e., EUS vs 
DCUS). In order to determine whether DCUS can actual-
ly be used for accurate response prediction, a larger, multi-
institute study is required.

COMMENTS
Background
Gastric cancer is currently the fourth most commonly diagnosed cancer world-
wide, and it ranks second among cancer-related deaths. Currently, almost two-
thirds of the gastric cancer cases occur in developing countries, with China 
alone accounting for 42%. Neoadjuvant chemoradiotherapy (NACRT) before 
surgery can improve survival in patients with locally-advanced gastric cancer, 
but not all patients respond to this treatment. An accurate method to assess 
short-term response to NACRT is critical for identifying responsive and non-
responsive patients to design appropriate individualized treatment strategies. 
Research frontiers
The criteria of computed tomography (CT) imaging for assessing tumor response 
to chemotherapy is well defined, and a well-established component of the stan-
dard workup for gastric cancer staging. However, CT imaging is usually not ac-
curate for identifying the presence of residual tumorous tissues within areas with 
chemotherapy-induced effects, such as fibrosis. Their previous studies showed 
that double contrast-enhanced ultrasound (DCUS) is superior to the traditional 
CT-based gastric cancer staging methods to assess tumor penetration depth 
and lymph node metastases. In the current study, authors aimed to determine 
whether DCUS parameters are able to differentiate histopathological responders 
from non-responders in the early stage after neoadjuvant chemotherapy (NAC), 
and if so to compare the predictive efficacy of DCUS with that of CT imaging.
Innovations and breakthroughs
The results of the current study demonstrate that DCUS has optimal sensitiv-
ity and specificity for distinguishing histopathological responders from non-
responders among NAC-treated gastric cancer patients. The overall accuracy 
of 60.5% was slightly higher than that of 53.5% for CT assessment with the 
response evaluation criteria in solid tumors criteria. Moreover, DCUS was able 
to identify decreased perfusion in cases of responders who showed no morpho-
logical changes by CT imaging, which had been likely occluded by treatment 
effects, such as fibrosis and edema.
Applications
DCUS is a feasible addition to the preoperative workup for NAC response as-
sessment in gastric cancer patients. The results of DCUS may be beneficial 
and additive for formulating appropriate treatment plans for individual patients. 
Finally, ultrasound is a low-cost technique that is amenable to widespread appli-
cation in small clinical setting with restricted funding and may prove a valuable 
technique for assessing the patients served by such clinics.
Terminology
Contrast-enhanced ultrasound is based on the traditional medical sonography 
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imaging technique but combined with contrast agents to enhance and differenti-
ate various sections of an object under investigation. The substance composi-
tion of each of the various ultrasound contrast agents reflects sound waves in 
a distinctive manner. Neoadjuvant therapy is the administration of therapeutic 
agents prior to the main treatment regimen being initiated. The objective of 
neoadjuvant chemotherapy for gastric carcinoma is to reduce the size or extent 
of the cancer lesion prior to the curative resection surgery; smaller tumors are 
easier to resect and less extensive tumors have a higher chance of complete 
removal. Use of neoadjuvant chemotherapy is expected to reduce the potential 
risk and side effects of more radical surgical interventions required for larger 
and more extensive tumors.
Peer review
This is an interesting study in which authors evaluate the efficacy of double 
contrast-enhanced ultrasound for assessing tumor response to pre-operative 
chemotherapy in patients with gastric cancer. The results suggest that DCUS may 
represent an innovative tool for accurate predicting of histopathological response 
to neoadjuvant chemotherapy in patients with locally-advanced gastric cancer.
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