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Abstract 
Colorectal cancer (CRC) is the third most common 

cancer in males and second in females, and globally the 
fourth cause for cancer death worldwide. Oncological 
screening of CRC has a major role in the management of 
the disease and it is mostly performed by colonoscopy. 
Anyway, effectiveness of endoscopic screening for CRC 
strictly depends on adequate detection and removal 
of potentially precancerous lesions, and accuracy of 
colonoscopy in detection of adenomas is still suboptimal. 
For this reason, several technological advances have been 
implemented in order to improve the diagnostic sensitivity 
of colonoscopy in adenoma detection. Among these: (1) 
Visual technologies such as chromoendoscopy and narrow 
band imaging; (2) optical innovation as high definition 
endoscopy, full-spectrum endoscopy or Third Eye Retro
scope; and (3) mechanical advances as Cap assisted 
colonoscopy, Endocuff, Endoring and G-Eye endoscope. 
All these technologies advances have been tested over 
time by clinical studies with mixed results. Which of them 
is more likely to be successful in the next future?

Key words: Colorectal cancer screening; Colonoscopy; 
Adenoma detection rate; Diagnostic advances 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Oncological screening of colorectal cancer is 
mostly performed by colonscopy and effectiveness of 
this technique strictly depends on adequate detection 
and removal of potentially precancerous lesions. Anyway, 
accuracy of colonoscopy in detection of adenomas is 
still suboptimal. For this reasons several technological 
advances have been implemented in order to improve 
the diagnostic sensitivity of colonoscopy in adenoma 
detection. Which of them is more likely to be successful in 
the next future?
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INTRODUCTION
Colorectal cancer (CRC) is the third most common 
cancer in males and second in females, and globally the 
fourth cause for cancer death worldwide[1,2]. Oncological 
screening of CRC has a major role in the management 
of the disease, since several randomized controlled 
trials demonstrated an increase in 5-year survival and 
a reduction in mortality for healthy subject undergoing 
surveillance, compared to patients who are diagnosed 
in the clinical phase of the disease[3]. To date several 
tests have been used in CRC screening, among them 
fecal occult blood test, fecal DNA test, sigmoidoscopy, 
colonoscopy and computed tomographic colonography. 
Anyway colonoscopy has a pivotal role in CRC screening, 
since it can be used both as primary screening test, 
both as recall strategy after a positive result of a 
different test in order to confirm diagnosis and provide 
removal of polyps. Since effective endoscopic screening 
for CRC strictly depends on adequate detection and 
removal of potentially precancerous lesions, over time 
performance measures and quality indicators have 
been assessed in order to ensure the quality of the 
examination and improve patient outcomes[4-6].

The European Society of Gastrointestinal Endoscopy 
and United European Gastroenterology have recently 
presented a short list of key performance measures for 
lower gastrointestinal endoscopy[7]. Among these, cecal 
intubation rates, withdrawal times, quality of bowel 
preparation and adenoma detection rate (ADR). 

ADR is the primary quality indicator for colonoscopy 
and depends by the performance of the endoscopist. It 
is defined as the proportion of screening colonoscopies 
in patients aged 50 years or older detecting at least 
one adenoma, and it should be ideally at least 25%. A 
first study in 2010 showed that ADR is an independent 
predictor of the risk of interval CRC after screening 
colonoscopy[8] and a recent prospective study of indi
viduals who underwent screening colonoscopy within a 
National Colorectal Cancer Screening Program, showed 
that increased ADR is associated with reduced risk 
of interval CRC and death[9]. Anyway, despite quality 
measures, the accuracy of colonoscopy in detection 
of adenomas is still suboptimal[10]. Up to date several 
technological advances have been implemented in order 
to improve the diagnostic sensitivity of colonoscopy in 
adenoma detection. 

First of all visual and optical enhancement tech
nologies have been introduced with the aim of improve 
ADR. In the group of visual enhancement advances, 
chromoendoscopy and narrow band imaging (NBI) 
have been test over time. As suggested by a Cochrane 
review, chromoendoscopy can improve detection of 
polyps, anyway it is a time-consuming technique and it 

is not always feasible in real practice[11]. Contrariwise, as 
showed by several studies, NBI does not improve ADR 
during colonoscopy[12,13]. Among optical innovation, high 
definition endoscopy (HDE), using high definition monitor 
and a high resolution charge coupled device with up to 
a million pixels, allows a better image view compared to 
standard vision endoscopy (SVE). Anyway studies report 
conflicting results. A recent meta-analysis comparing 
high definition vs standard video endoscopy showed, 
in favor of HDE, an incremental yield of 3.8% (95%CI: 
1%-6.7%) for the detection of any polyp, an incremental 
yield of 3.5% (95%CI: 0.9%-6.1%) for detection of 
adenomatous polyps and no differences between HDE 
and SVE in the detection of high-risk adenomas[14].

The full-spectrum endoscopy (FUSE, EndoChoice, 
GA, United States) is a new technology using a 
colonoscope equipped with two lateral lenses, in 
addition to the one on the forward tip, so to increase 
the maximum field of view up to 330°, compared to the 
≤ 170° of standard forward-viewing (SFV) colonoscopy. 
This allows greater visual field and, at least in theory, 
greater detection rate of polyps.

A multicenter, randomized back-to-back study 
showed a significantly higher detection rate of adenomas 
(69% additional adenomas) and a lower adenoma miss 
rate with FUSE (7%) respect to SFV colonoscopy (41%) (P 
< 0.0001)[15].

Despite this good premise, a randomized controlled 
trial performed on a large population of patients 
undergoing colonoscopy following a positive fecal im
munochemical test, showed no statistically significant 
difference in detection rates of adenomas (ADR) and 
advanced adenomas (defined as adenomas ≥ 10 mm 
and/or with villous component > 20%, and/or high-
grade dysplasia) in a per patient analysis[16]. 

Another recent randomized back to back study 
compared adenoma miss rates of full-spectrum endo
scopy (FSC) with those of conventional colonoscopy 
complemented by right-colon re-examination using 
scope retroflexion (CC/R) performed by endoscopists 
with documented ADRs >  35 %. FSC showed, by a per-
lesion analysis, a significantly lower adenoma miss rate 
compared with CC/R [10.9 % (95 %CI: 3.8-18.1) vs 33.7 % 
(95 %CI: 23.4-44.1)] and a lower advanced adenoma 
miss rate lower with FSC [4.3 % (95 %CI:  - 4.0-12.7) vs 
25.9 % (95 %CI: 9.4-42.5)] showing as FSC outperforms 
conventional colonoscopy even when performed by 
experienced endoscopists[17]. Therefore, despite its good 
technical result, so far literature data are conflicting and a 
definite benefit on ADR has not been yet demonstrated. 

One more technological solution is the Third Eye 
Retroscope (TER; Avantis Medical Systems, Inc), a device 
that can be inserted through a standard colonoscope’s 
working channel, advanced over the tip and bend to 
180 degrees before the withdrawal phase, in order to 
obtain an additional backward view that increases the 
visibility of blind areas not fully visible on standard view 
examination.
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Studies performed so far showed a gain in ADR from 
13.2% to 23.2%[18,19]. Despite a quite gain in adenoma 
detection, however the procedure is time consuming 
and presents some disadvantages such as an inferior 
image quality, a reduced suction capacity of the scope 
and the necessity of removing the third eye retroscope 
whenever another device need to be inserted through 
the working channel.

One additional method to enhance ADR is that 
to obtain a mechanical improvement of endoscopic 
view by a mechanical flattening of haustral folds and 
tip stabilization. In this line, several devices have 
been introduced to refine efficiency of the standard 
colonoscope, such as cap, cuff and rings. 

Cap assisted colonoscopy (CAC) is a simple tech
nique utilizing a transparent cap mounted on the tip of 
a standard colonoscope, with the aim to obtain folds 
flattening during withdrawal and preventing the collapse 
of the mucosa against lenses. This device have been 
originally used during endoscopic submucosal dissection 
(ESD) and subsequently tested also for diagnostic 
colonscopy in order to enhance visibility of blind areas 
and improve ADR. A recent meta-analysis performed on 
4 studies compared CAC vs standard colonoscopy (SC), 
showed a higher right ADR (23% vs 17%; OR = 1.49, 
95%CI: 1.08-2.05; I2 = 79%; P = 0.01), similar to 
that obtained with TER, and an improved detection rate 
of flat adenoma (OR = 2.08; 95%CI: 1.35-3.20; P < 
0.01) for CAC respect to SC[20]. Another meta-analysis 
of 23 RCTs comparing CAC vs SC showed an increase in 
detection rate of polyps (OR = 1.17, P < 0.01), but no 
statistically significant difference in ADR[21]. 

One different mechanical solution is Endorings 
(EndoAid Ltd., Caesarea, Israel), a silicone-rubber 
device fitted onto the distal end of the colonoscope 
and composed by flexible circular rings that allow 
mechanical stretch of colonic folds during withdrawal 
and stabilize the tip to the center of the lumen. A recent 
multicenter, randomized study showed that EndoRings 
colonoscopy compared with standard colonoscopy 
allows a lower polyp miss rate (9.1% vs 52.8%; P < 
0.001) and a significantly lower adenoma miss rate 
(10.4% vs 48.3%; P < 0.001)[22].

Similarly to Endorings, Endocuff (Arc Medical, Leeds, 
United Kingdom) is a plastic mechanical device provided 
with rows of finger-like projections, which is mounted 
onto the distal tip of endoscope. During gently insertion 
of colonoscope, finger projections collapse back, while 
during withdrawal they flare out allowing a mechanical 
grip with flattening of the colonic folds and centering 
the tip in the lumen. Two RCTs showed that colonscopy 
with Endocuff increase by 63% detection of polyps and 
by 83% detection of adenoma[23], as well as increase 
significantly ADR (35% vs 21%; P < 0.0001) respect to 
standard colonoscopy[24]. 

Contrariwise to these results a subsequent RCT 
performed on a large number of patients, even showing 
an higher detection of adenomas sized < 6 mm (443 
vs 378; P = 0.03) and of flat polyps (213 vs 161; P = 

0.03), did not found difference in ADR overall between 
Endocuff and standard colonoscopy[25]. Finally, the 
use of EndoRings and Endocuff is safe since no major 
adverse events have been registered so far, while minor 
drawbacks are the possibility of device detachment from 
the colonoscope and risk of slight mucosal lacerations. 

One of the latest mechanical advances is G-EYE 
(Smart Medical Systems Ltd). The G-EYE endoscope 
employs a permanently-integrated balloon at the tip of 
the standard endoscope, which is moderately inflated 
at a selected partial pressure during withdrawal, with 
the aim to straighten colonic folds, centering the tip and 
enhancing endoscopic visibility. This technique has been 
assessed in a randomized tandem study showing that 
G-EYE colonscopy increased ADR by 81% (P < 0.001) 
and lowered adenoma miss rate (7.5% vs 44.7%; P = 
0.0002) compared with standard colonoscopy, without 
significant adverse events[26]. 

DISCUSSION
Oncological screening have a key role in the prevention 
of CRC and strong evidences from literature clearly 
demonstrated an increase in 5-year survival and a 
reduction in mortality for healthy subject undergoing 
surveillance. Although colonoscopy is the gold standard 
for CRC screening, its accuracy is still suboptimal and a 
significant number of adenomas are still missed during 
examination, mostly due to inherent limitations of the 
technique that does not allow a full visualization of 
hidden points especially the ones behind colonic folds 
and flexures. 

Today one of the most important challenges is that 
to increase the quality of the endoscopic technique, 
with the aim to enhance ADR and consequently the 
effectiveness of oncological screening. On this line, 
many innovations have been developed with promising 
results. Between these, HDE showed excellent results 
in terms of image definition and will probably replace 
over time the standard definition technology. Similarly, 
the FUSE showed a spectacular 330° field of view, but 
recent evidences proved no difference in ADR and it is 
unlikely that this technology will be further developed in 
the future. The use third eye retroscope showed a gain 
in ADR, but this device is burdened by an inferior quality 
of image and the procedure is often time consuming 
and not always comfortable.

Mechanical advances such as CAP assisted colon
scopy, EndoRings and Endocuff showed promising 
result in terms of ADR. In addition these solutions are 
simple to use, economical and safe. Anyway, before 
recommending a widespread use, further randomized 
controlled trials are needed in order to better assess 
performance of these devices. Finally, G-EYE endoscope 
has been recently introduced and needs further studies.

In conclusion, great technological advances have 
been made so far, but none of these innovations have 
been proven to be so effective to be strongly reco
mmended right now in clinical practice worldwide. 
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Currently existing devices require further assessment, 
and at the same time new technologies need to be 
developed.

Waiting for that, we recommend the use of high 
definition image systems ensuring, at the same time, 
adherence to quality measures for lower endoscopy, 
including high cecal intubation rates, withdrawal times of 
6 min or longer and optimal quality of bowel preparation.
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Abstract
Periampullary cancers include pancreatic, ampullary, 
biliary and duodenal cancers. At presentation, the ma
jority of periampullary tumours have grown to involve 
the pancreas, bile duct, ampulla and duodenum. This can 
result in difficulty in defining the primary site of origin in 
all but the smallest tumors due to anatomical proximity 
and architectural distortion. This has led to variation in the 
reported proportions of resected periampullary cancers. 
Pancreatic cancer is the most common cancer resected 
with a pancreaticoduodenectomy followed by ampullary 

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.4251/wjgo.v9.i10.407

World J Gastrointest Oncol  2017 October 15; 9(10): 407-415

ISSN 1948-5204 (online)



408 October 15, 2017|Volume 9|Issue 10|WJGO|www.wjgnet.com

Chandrasegaram MD et al . Ampullary and duodenal cancer a clinical subgroup

(16%-50%), bile duct (5%-39%), and duodenal cancer 
(3%-17%). Patients with resected duodenal and 
ampullary cancers have a better reported median survival 
(29-47 mo and 22-54 mo) compared to pancreatic cancer 
(13-19 mo). The poorer survival with pancreatic cancer 
relates to differences in tumour characteristics such as a 
higher incidence of nodal, neural and vascular invasion. 
While small ampullary cancers can present early with 
biliary obstruction, pancreatic cancers need to reach a 
certain size before biliary obstruction ensues. This larger 
size at presentation contributes to a higher incidence 
of resection margin involvement in pancreatic cancer. 
Ampullary cancers can be subdivided into intestinal or 
pancreatobiliary subtype cancers with histomolecular 
staining. This avoids relying on histomorphology 
alone, as even some poorly differentiated cancers pre
serve the histomolecular profile of their mucosa of 
origin. Histomolecular profiling is superior to anatomic 
location in prognosticating survival. Ampullary cancers 
of intestinal subtype and duodenal cancers are similar 
in their intestinal origin and form a logical clinical and 
therapeutic subgroup of periampullary cancers. They 
respond to 5-FU based chemotherapeutic regimens such 
as capecitabine-oxaliplatin. Unlike pancreatic cancers, 
KRAS  mutation occurs in only approximately a third of 
ampullary and duodenal cancers. Future clinical trials 
should group ampullary cancers of intestinal origin and 
duodenal cancers together given their similarities and 
their response to fluoropyrimidine therapy in combination 
with oxaliplatin. The addition of anti-epidermal growth 
factor receptor therapy in this group warrants study.

Key words: Periampullary cancer; Pancreatobiliary sub
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cancer; Epidermal growth factor receptor; Pancreatic 
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Core tip: Periampullary cancers include pancreatic, 
ampullary, bile duct and duodenal cancers. Pancreatic 
cancer is the most common cancer resected with a pan
creaticoduodenectomy followed by ampullary, bile duct 
and duodenal cancer. Patients with resected duodenal and 
ampullary cancers have better prognosis compared to 
pancreatic cancer. Ampullary cancers can be subdivided 
into intestinal or pancreatobiliary subtype cancers with 
histomolecular staining. Histomolecular profiling is superior 
to anatomic location in prognosticating survival. Ampullary 
cancers of intestinal subtype and duodenal cancers 
are similar in their intestinal origin and form a logical 
clinical and therapeutic subgroup. They respond to 5-FU 
based chemotherapeutic regimens such as capecitabine-
oxaliplatin. 
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J, Merrett ND. Ampullary cancer of intestinal origin and duodenal 
cancer - a logical clinical and therapeutic subgroup in periampullary 
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INTRODUCTION
Periampullary cancers are defined as cancers arising 
within 2 cm of the papilla of Vater and include pancreatic, 
ampullary, biliary and duodenal cancers[1]. The region 
of the ampulla is anatomically complex because it is 
the area of convergence of the bile duct, pancreatic 
duct and the duodenum. Conceptually the distinction 
between pancreatic, biliary, ampullary and duodenal 
carcinoma is straightforward. The 7th edition 2009 AJCC 
staging manual states that this distinction is based solely 
on the presumed anatomical primary site of origin[2]. 
However, in practice by the time of presentation, the 
majority of periampullary tumours have grown to 
involve the pancreas, bile duct, ampulla and duodenum.  
Therefore it may be difficult to define the primary site 
of origin in all but the smallest tumors[3]. As a result the 
distinction between many non-pancreatic periampullary 
cancers arising in this region from pancreatic cancer 
is inherently difficult and subjective[4]. This has led to 
variation in the reported proportions of pancreatic, 
ampullary, biliary and duodenal cancers resected with 
a pancreaticoduodenectomy (PD)[5]. Pancreatic cancers 
represent the majority of cancers resected with a PD 
in most series[6]. There are fundamental genomic and 
molecular differences in the four cancer subtypes[7]. 
There is a need to categorise these cancer subtypes 
in order to treat them in a way that respects their 
histological, molecular and behavioural differences.

Proportion of periampullary 
cancer subtypes resected with a 
PD
Pancreatic cancer accounts for the majority of peria
mpullary cancers resected with a PD in most series, 
followed by ampullary 16%-50%, biliary 5%-39%, and 
duodenal cancer 3%-17%[6-8] (Table 1). The wide variation 
in the reported incidence and proportion of resected 
periampullary cancers relates partly to difficulties in 
accurate determination of the primary tissue origin. This is 
due to close anatomical proximity of the cancer subtypes 
and architectural distortion at time of presentation. 

Review of pathology slides results in reassignment 
of cancer origin in a significant number of cases and 
highlights the importance of central pathology review 
in clinical trials[9-12]. The Pomianowska et al[13] study of 
207 resected periampullary cancers, demonstrated that 
slide review changed the diagnosis in 27% of cases. 
Inaccurate subtyping of periampullary cancers or the 
addition of non-pancreatic cancers to pancreatic cancer 
studies can distort and may inflate survival data and 
skew tumour size and stage. Indeed, Verbeke et al[5] 
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proposed that the failure to accurately distinguish the 
cancer subtypes represented the most important factor 
in the variation in clinicopathological and survival data in 
periampullary cancer studies.

Differences in Survival in 
Periampullary cancers
Pancreatic cancer has the poorest survival amongst 
periampullary cancers. Reported median survival for 
each cancer subgroup is outlined in Table 2. He et al[14] 
study of 2564 patients with resected periampullary 
cancers from Johns Hopkins, reported that patients 
with duodenal cancer had the highest estimated 5-year 
survival (49%), followed by ampullary cancer (45%), 
distal bile duct cancer (27%), and pancreatic cancer 
(18%)[14]. The recent Dutch study by Tol et al[8] of 760 
cancer resections reported that duodenal cancer patients 
had the most favourable survival. In the Taiwanese study 
of 501 patients with periampullary cancer, Chen et al[15] 
reported that patients with ampullary cancer formed the 
majority (76%) of long-term (≥ 5 years) survivors. 

Differences in Nodal, 
Neurovascular and Margin 
status in Periampullary cancers
The poorer survival seen with pancreatic cancer has 
been attributed to differences in tumour behavior 
and invasiveness[6,16-18]. Pancreatic cancers have a 
higher incidence of nodal, neural and vascular invasion 
compared to non-pancreatic periampullary cancers[19-25]. 
Pancreatic cancers also tend to have a much higher 
incidence of margin positivity[14,22,26,27]. Multiple studies 

have demonstrated that resection margin status, 
neurovascular invasion, lymph node involvement and 
lymph node ratio > 0.2 are important prognostic factors 
for survival with periampullary adenocarcinomas[8,28,29]. 

Zenali et al[30], showed that patients with duodenal 
and ampullary cancer had lower frequencies of nodal 
metastasis, margin involvement and had improved 
survival compared to patients with pancreatic cancer. 
Interestingly such differences were not demonstrated 
between patients with ampullary and duodenal cancers.

Historically periampullary tumours have been tre
ated as a single group. There is strong evidence that 
non-pancreatic periampullary cancers require further 
stratification in future clinical trials[7,31]. 

Ampullary cancer subtypes: 
Intestinal and Pancreatobiliary 
subtypes
The ampulla of Vater is made up of the union of 2 
distinct mucosal tissue types, by virtue of its location 
at the opening of the bile duct into the duodenum. The 
ampullo-duodenal part of the papilla is lined by intestinal 
mucosa and the deeper part of the ampulla is lined 
by pancreatobiliary ductal mucosa. In 1994 Kimura et 
al[32] classified ampullary cancers into two histological 
subtypes of either intestinal or pancreatobiliary subtype. 
Differentiating ampullary cancers into these subtypes 
is aided by the use of histomolecular staining. This 
method of subtyping ampullary cancers can overcome 
difficulties in distinguishing these cancers on the basis 
of histomorphology alone, as even poorly differentiated 
cancers preserve the histological marker profile of their 
mucosa of origin[33]. 

Table 1  Proportion of periampullary cancer subtypes resected in pancreaticoduodenectomy series

Study (Institution, author, yr) n Pancreatic cancer Ampullary cancer Biliary cancer Duodenal cancer

Johns Hopkins, United States
He et al[14], 2014

2564 66% 16% 12%   6%

Academic Medical Centre, The Netherlands
Tol et al[8], 2015

  760 46% 30% 20%   4%

Taipei Veterans General Hospital, Taiwan
Chen et al[15], 2013

  501 34% 50% 10%   5%

Ohio State University, United States
Hatzaras et al[24], 2010

  346 72% 23%   5%   0

Oslo University Hospital, Norway
Pomianowska et al[16], 2013

  207 33% 28% 14% 25%

South Australian Pathology Database, Adelaide, Australia
Chandrasegaram et al[6], 2015

  115 55% 28% 15%   3%

University Medical Center Groningen, The Netherlands
Van Roest et al[25], 2008

  121 42% 25% 16% 17%

Leeds Teaching Hospitals NHS Trust, United Kingdom
Menon et al[76], 2009

    83 33% 29% 39% N/I

Queen Elizabeth Hospital, Birmingham, United Kingdom
Jarufe et al[28], 2004

  251 53% 35% 12% N/I

University of California San Diego, United States
Katz et al[17], 2004

  120 62% 26%   8%   4%

N/I: May not have been included.

Chandrasegaram MD et al . Ampullary and duodenal cancer a clinical subgroup



410 October 15, 2017|Volume 9|Issue 10|WJGO|www.wjgnet.com

Transcription factor CDX2 is expressed in the nucleus 
of intestinal epithelium[34,35].  Mucin (MUC) 1 is expressed 
at the apical border of cells of pancreatobiliary ductal 
origin[36]. In addition to CDX2 and MUC 1, other markers 
have been used to subtype ampullary cancers. CDX2, 
CK 20 and MUC 2 are expressed in intestinal subtype 
cancers, whereas CK 7, CK 17, MUC 1 and MUC 4 are 
expressed in pancreatobiliary subtype cancers[37].

The markers have varying sensitivity and specificity 
in tissue subtyping and often their reported performance 
depends more on the gold standard to which they are 
compared to than the clinical utility of the markers[38]. 
For example, if a very rigid definition is applied so that 
the term ampullary carcinoma only applies to tumours 
in which there is absolute certainty of origin from the 
ampullary epithelium (usually very small tumours 
centred exquisitely on the ampulla of Vater), then 
ampullary carcinomas can be expected to be essentially 
uniformly CDX2 positive and MUC 1 negative. That 
is, the CDX2 positive, MUC 1 negative profile would 
be highly sensitive for ampullary carcinoma in this 
subgroup which, are not difficult to classify as ampullary 
by a conventional anatomic approach.  However, if 
a more liberal interpretation is applied so that larger 
tumours which probably, possibly or potentially 
originally arose from the ampullary epithelium are 
considered ampullary, then the CDX2 positive, MUC 
1 negative profile becomes much less specific for 
ampullary carcinoma both because larger tumours 
may lose differentiation and because this expanded 
subgroup must include at least some tumours which 
originally arose from the pancreas and merely mimic 
ampullary carcinoma. This is problematic because it is 
exactly these anatomically difficult to classify tumours 
in which ancillary markers would be most useful 
clinically. Therefore a more sensible approach to the 
investigation of ancillary markers of ampullary status is 
to not compare their expression to the older anatomical 
classification (which is known to be flawed) but to 
compare their expression to outcome or response to 
therapy.

For example, Chang et al[12] subdivided anatomical 

periampullary cancers based on protein expression and 
immunohistochemistry to distinct cancer subtypes. 
In their study of 208 ampullary cancers, 74% were 
intestinal subtype (CDX2 +ve, MUC1-ve), and 22% 
were pancreatobiliary subtype (CDX2 -ve, MUC 1 +ve). 

The Chang study demonstrated that patients with 
pancreatobiliary subtype cancers have poorer survival 
compared with those with intestinal subtype cancers 
consistent with historical studies[39-41]. The Schueneman 
et al[42] study of 163 ampullary cancers validated the 
prognostic role of the histomolecular results of Chang 
et al[12], using MUC 1 and CDX2. In their study, 25% of 
their patients had pancreatobiliary subtype tumours. 
These patients had significantly poorer median overall 
survival of 21.1 mo compared to patients with intestinal 
subtype tumours, 108.3 mo (p < 0.0001)[42].

In the Schiergens retrospective study of their 
prospective database, patients with pancreatobiliary 
subtype cancers receiving adjuvant gemcitabine had 
improved overall survival (32 mo vs 13 mo, p = 0.013) 
unlike patients with intestinal subtype cancers who 
tended to have poorer survival with gemcitabine (35 
mo vs 112 mo, p = 0.193)[39]. This suggests patients 
with pancreatobiliary subtype cancers may benefit from 
gemcitabine.

Similarly Leo et al[3] demonstrated significantly 
higher pathological stage and worse overall survival in 
pancreatic compared to intestinal phenotype ampullary 
carcinomas. In a more recent study of 510 patients 
undergoing PD, histopathologic phenotype was 
superior to tumour anatomic location in prognosticating 
survival. There was no difference in survival between 
pancreatobiliary subtype cancers and pancreatic cancer 
(33.3 mo vs 31.4 mo, p = 0.66)[43].

Whilst these studies emphasize the clinical outcome 
differences between pancreatobiliary phenotype and 
intestinal phenotype ampullary carcinomas, at the genomic 
level these tumours show both similarities and differences. 
Yachida et al[44] reported whole exome sequencing in a 
cohort of Japanese and American patients with ampullary 
cancers. While ampullary cancers were found to be similar 
to colorectal cancers, and pancreatobiliary subtype cancers 

Table 2  Median survival of patients following resection of periampullary cancers

Study (Institution, author, yr) n Median survival, mo

Pancreatic cancer Ampullary cancer Biliary cancer Duodenal cancer

Johns Hopkins, United States
He et al[14], 2014

2564 19 47 23 54

Academic Medical Centre, The Netherlands
Tol et al[8], 2015

  760 19 36 29 Not reached

Taipei Veterans General Hospital, Taiwan
Chen et al[15], 2013

  501    13.7    28.9    24.4    21.7

Ohio State University, United States
Hatzaras et al[24], 2010

  346    17.1    44.3    17.9 N/I

Queen Elizabeth Hospital, Birmingham, United Kingdom
Jarufe et al[28], 2004

  251    13.4    35.5 16 N/I

N/I: Subtype not included or reported.

Chandrasegaram MD et al . Ampullary and duodenal cancer a clinical subgroup
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similar to pancreatic cancer, the two subtypes also share 
similar mutational patterns and signatures differentiating 
them from colorectal and pancreatic cancers. The authors 
found tumour suppressor gene ELF3, to be a significant 
driver of ampullary cancers present in both histological 
subtypes[44]. 

Gingras et al[45] evaluated 98 ampullary adeno
carcinomas, comparing these to 44 distal bile duct and 
18 duodenal adenocarcinomas. Mutations in the WNT 
signaling pathway occurred in approximately half and 
ELF3 approximately 10% of patients across all three 
tumour types[45].

A Logical Subgroup: Ampullary 
cancers of Intestinal subtype 
and Duodenal cancers
Ampullary cancers of intestinal subtype and duodenal 
cancers are similar in their intestinal origin and form a 
logical clinical and therapeutic subgroup of periampullary 
cancers. While KRAS mutation occurs in over 90% of 
pancreatic cancers, both these cancers have a much 
lower incidence of KRAS mutation[7,46]. 

Valsangkar et al[11] reported the incidence of KRAS 
mutation in 75 patients with ampullary cancer was 
33%. This was supported by the Kwon et al[47] study of 
62 ampullary cancers revealing a similar 31% incidence 
of KRAS mutation.

Mikhitarian et al[48] analysed the incidence of KRAS 
mutation by ampullary cancer subtype. They reported 
that 52% of 25 intestinal subtype cancers and 42% of 
24 pancreatobiliary subtype cancers had KRAS mutation. 
In the Hechtman et al[49] study of 18 pancreatobiliary 
subtype cancers and 14 intestinal subtype cancer, there 
was an increased frequency of KRAS mutation in the 
pancreatobiliary subtype cancers (61% vs 29%). 

While small bowel cancers are rare, the duodenum 
represents the most common site (56%) for adeno
carcinoma of the small bowel, followed by the jejunum 
(16%) and ileum (13%)[50,51].

As with ampullary cancers, the incidence of KRAS 
mutation is much lower in duodenal cancers compared 
to pancreatic cancer. Fu et al[52] reported the incidence 
of KRAS mutations to be 35% in 78 duodenal cancers.

Given ampullary and duodenal cancers have a 
much lower incidence of KRAS mutation compared to 
pancreatic cancer, the addition of anti-epidermal growth 
factor receptor (EGFR) treatment in the metastatic and 
advanced disease may well be a fruitful area of study on 
the basis of the morphological and biological similarity 
to KRAS wild type colorectal adrenocarcinoma where 
the benefits of this treatment are well proven[53,54].

ADJUVANT STUDIES IN 
PERIAMPULLARY CANCERS
Historically, non-pancreatic periampullary cancers have 

been included in trials of pancreatic cancer[55]. In a 
summary of eleven of the most important randomized 
controlled trials of adjuvant trials in pancreatic cancer, 4 
studies deliberately included non-pancreatic cancers. In 
most studies, shortcomings in pathological assessment 
and the lack of standardized pathology to determine 
the tissue of origin of these cancers may have led to the 
unintentional inclusion of non-pancreatic cancers[56].

In the ESPAC-3 periampullary cancer trial, 428 
patients with periampullary cancer; 297 with ampullary 
cancers, 96 with bile duct cancers, and 35 with other 
cancers were randomized to either observation (n = 
144) or 6 mo of 5-FU and Folinic acid (n = 143) or 
gemcitabine (n = 141). There was no survival benefit 
from adjuvant treatment. However, after adjusting 
for age, bile duct cancer, poor tumour differentiation 
and lymph node involvement, on multiple regression 
analysis there was a survival benefit for chemotherapy 
compared to observation with a HR of 0.75 (95%CI: 
0.57-0.98, p = 0.03)[57]. 

A recent meta-analysis of 1671 patients reported 
no survival benefit for adjuvant chemotherapy or chem­
oradiotherapy in the management of periampullary 
cancer[58]. The median 5-year survival was 40.0% with 
adjuvant treatment vs 37.5% in the control group with 
a HR of 1.08 (95%CI: 0.91-1.28; p = 0.067).

Interestingly, the recent UK BILCAP study has shown 
a benefit for adjuvant capecitabine in bile duct cancers. Of 
the 447 patients in the study, 156 (35%) had extrahepatic 
bile duct cancers which would include distal bile duct 
cancers resected with a PD. In the per-protocol analysis, 
median survival with capecitabine was 53 mo (95%CI 
40-not reached) compared to 36 mo with observation 
(95%CI: 30-44), HR = 0.75 (95%CI: 0.58-0.97, p = 
0.028)[59].

Duodenal cancer studies are often reported with 
other small bowel cancers, including those arising 
from the jejunum and ileum. Halfdanarson et al[60] in a 
retrospective review of 491 small bowel adenocarcinomas 
(57% duodenum; 29% jejunum, 10% ileum) reported a 
median overall survival of 20.1 mo. Adjuvant therapy did 
not improve survival in their study. In the Khan et al[61] 
study of 48 resected small bowel adenocarcinomas (63% 
duodenum, 21% jejunum, 15% ileum), 56% received 
adjuvant chemotherapy. Adjuvant therapy again did not 
improve survival in their study.

In the study by Overman et al[62] of 54 resected small 
bowel adenocarcinomas (67% duodenum, 20% jejunum, 
ileum 13%) although there was no improvement in overall 
survival with adjuvant chemotherapy, on multivariate 
analysis, adjuvant therapy improved disease-free survival 
(HR = 0.27; 95%CI:  0.07-0.98, p = 0.05)[62].

In a more recent National Cancer Database study 
(NCDB), patients with resected small bowel adeno
carcinoma who received adjuvant chemotherapy (n 
= 1674) were compared to those undergoing surgery 
alone (n = 3072). This study found that adjuvant 
chemotherapy improved survival in patients with AJCC 
stage Ⅲ disease (Median OS 42.4 mo vs 26.1 mo; P < 
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0.001)[63]. The addition of radiotherapy did not improve 
survival in another adjuvant NCDB study of duodenal 
adenocarcinoma patients[64].

The role of adjuvant chemotherapy in small bowel 
adenocarcinomas will be investigated in the international 
phase Ⅲ study (the BALLAD study) promoted by the 
International Rare Cancer Initiative[65].

Systemic chemotherapy in 
advanced and metastatic 
ampullary and duodenal cancer
Several studies have investigated the role of chemo
therapy in the advanced or metastatic setting[66-68]. 
Response rates in ampullary and small intestinal cancers 
with chemotherapy alone vary between 10%-50%.

A retrospective study of 905 resected periampullary 
cancers, reported fluoropyrimidine-based chemotherapy 
was superior to gemcitabine-based chemotherapy in 
prolonging time to progression in metastatic ampullary 
cancer suggesting it is a more appropriate first-line 
approach for ampullary cancers[69].

Overman et al[70] achieved an overall response rate 
(complete response and partial response) of 50% (95%CI: 
31%-69%) in their phase II study of capecitabine and 
Oxaliplatin (CAPOX) for advanced or metastatic ampullary 
and small intestinal adenocarcinoma[70]. Patients with 
intestinal adenocarcinoma (n = 18) had a response rate 
of 61% (95%CI: 36-83%) and those with ampullary 
adenocarcinoma (n = 12) a response rate of 33% (95%CI: 
10%-65%). The poorer response rates in the ampullary 
compared to the intestinal cancers in this study was thought 
to be due to the inclusion of ampullary adenocarcinomas 
of pancreatobiliary origin which may be less responsive to 
CAPOX. 

In the study by Khan et al[61], 46/59 (78%) pa
tients received systemic chemotherapy for relapsed, 
unresectable or metastatic small bowel adenocarcinoma 
(68% duodenum, 19% jejunum, 14% ileum). Of these, 
40 were evaluable for response with a response rate of 
50% (1 Complete response, 19 Partial response). The 
overall 1 year survival was better with chemotherapy 
60.9% (95%CI: 45.8-76.0) vs 27.3% (p = 0.042). Of 
the 23 patients who received triplet chemotherapy, 13 
received EOX (Epirubicin, Oxaliplatin and Capecitabine) 
and 4 received ECF (Epirubicin, Cisplatin and 5-FU). Of 
the 18 patients on doublet chemotherapy, 6 received 
CAPOX, 4 received FOLFOX (5-FU and oxaliplatin), 3 
received FOLFIRI (5-FU and irinotecan) and 3 received 
capecitabine with Mitomycin C[61].

In a large multicentre retrospective series of different 
chemotherapy regimens in small bowel cancers, 38 
patients received FOLFOX with a tumour response rate of 
34% and 11 patients received FOLFIRI with a response 
rate of 9%. The authors concluded that FOLFOX is the 
most effective platinum-based chemotherapy for small 
bowel cancers[71].

From these studies, the combination of a fluoro

pyrimidine-regimen and oxaliplatin such as FOLFOX or 
CAPOX appears to be an active regimen in both ampullary 
and small bowel cancer (i.e., duodenal cancer) suggesting 
this is a logical treatment regimen in this subgroup of 
periampullary cancers.

Anti-EGFR treatment
The lower incidence of KRAS mutation in both ampullary 
and duodenal cancer suggest a potential role for anti-
EGFR therapy trials in this subgroup[72]. In the phase 
II study of panitumumab in KRAS wild-type metastatic 
adenocarcinoma of the small bowel and ampulla, 9 
patients (1 ampullary - pancreatobiliary subtype, 3 
duodenal, 5 jejunal/ileal) received panitumumab with 
minimal clinical activity. This was thought to relate to 
these tumours being of foregut origin, given the recent 
findings of less benefit with anti-EGFR therapy in right 
sided colon cancers compared to left sided cancers[73]. 

Santini et al[74] reported the use of anti-EGFR 
treatment with Cetuximab in advanced duodenal (n = 2) 
and jejunal (n = 2) cancers. Cetuximab was associated 
with CPT-11-based chemotherapy in first-line (2 patients) 
or second-line (2 patients) therapy for metastatic disease. 
The patients previously treated had progressed on Folfiri. 
One patient had a complete response, 2 patients had a 
partial response and one had stable disease. 

While targeted therapy against anti-EGFR pathway 
is not established in advanced small intestinal cancers, 
studies are currently evaluating the safety and efficacy 
of these targeted therapies in this group[75,76].

Conclusion
Ampullary and duodenal cancer form a significant 
proportion of cancers resected with a PD. A strong 
argument can be made that future clinical trials should 
group ampullary cancers of intestinal origin and duodenal 
cancers together given their similarities and their 
response to fluoropyrimidine therapy in combination with 
oxaliplatin. Furthermore, treatment response should be 
compared to both established (CDX2 and MUC1) and 
more investigational biomarkers. The addition of anti-
EGFR therapy in this group warrants further study.
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mucosal dissection using the Clutch Cutter (ESDCC) in 
older patients. 

METHODS
We reviewed 232 consecutive patients with early gastric 
cancer who underwent ESDCC between June 2010 and 
February 2014 at Aso Iizuka Hospital. We divided patients 
into two groups according to age: Older patients (> 80 
years, n  = 64) and non-older patients (≤ 80 years, n = 
168). We retrospectively compared the prevalence rates 
of pre-existing comorbidities, anticoagulant therapy, en 
bloc resection, mean duration of hospitalization, incidence 
of ESDCC-related complications, change in performance 
status (PS) before and after ESDCC, and financial cost of 
admission. 

RESULTS
The older group comprised 64 patients with a mean age 
of 84.1 years, and the non-older group comprised 168 
patients with a mean age of 69.5 years. Older patients 
had significantly more pre-existing comorbidities than did 
non-older patients, specifically heart disease (P < 0.05). 
The en bloc  resection rate in non-older patients was 
significantly higher than that in older patients (100% vs 
95.3%, P  = 0.02). There were no significant differences 
between the older and non-older groups in the incidence 
of ESDCC-related complications (i.e. , postoperative 
bleeding and perforation) and the post-ESDCC change in 
PS. There were also no significant differences between 
the older and non-older groups in the mean duration 
of hospitalization (11.4 and 10.7 d, respectively) and 
financial cost of admission (657040 JPY and 574890 JPY, 
respectively).

CONCLUSION
ESDCC has a good clinical outcome in older patients.

Key words: Older patients; Clutch Cutter; Endoscopic 
submucosal dissection; Early gastric cancer; Financial 
cost; Duration of hospitalization

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: No previous reports have described the clinical 
outcomes of endoscopic submucosal dissection using the 
Clutch Cutter (ESDCC) for older patients with early gastric 
cancer (EGC). The present study evaluated the clinical 
outcomes, including medical economics, associated 
with ESDCC for older patients. There was no significant 
difference between older patients and non-older patients 
in the rate of ESDCC-related complications. There was 
also no significant difference between older and non-
older patients in the mean duration of hospitalization and 
medical economics. We conclude that ESDCC is safe and 
effective for older and non-older patients with EGC. 

Otsuka Y, Akahoshi K, Yasunaga K, Kubokawa M, Gibo J, Osada 
S, Tokumaru K, Miyamoto K, Sato T, Shiratsuchi Y, Oya M, Koga 
H, Ihara E, Nakamura K. Clinical outcomes of Clutch Cutter 

endoscopic submucosal dissection for older patients with early 
gastric cancer. World J Gastrointest Oncol 2017; 9(10): 416-422  
Available from: URL: http://www.wjgnet.com/1948-5204/full/v9/
i10/416.htm  DOI: http://dx.doi.org/10.4251/wjgo.v9.i10.416

INTRODUCTION
In an increasingly older society, a growing number of 
endoscopic treatments are being performed in patients 
with age-associated comorbidities[1]. Endoscopic sub
mucosal dissection (ESD) for early gastric cancer (EGC) 
has become widely accepted, as it provides en bloc 
resection and histologically complete resection, and it 
is less invasive than surgical resection[2-5]. ESD recently 
been reported to be a safe and reliable procedure for 
treating early gastrointestinal tract cancer in older 
patients[6-10]. However, there is little information on 
the medical costs of ESD, the mean duration of hospi
talization, and the change in performance status (PS) 
before and after ESD. Akahoshi and Fujifilm[11] developed 
a grasping-type scissors forceps [i.e., the “Clutch Cutter” 
(CC), Fujifilm, Tokyo, Japan, Figure 1] for safe ESD. We 
previously showed that ESD using the CC (ESDCC) is 
a safe and effective method for treating patients with 
early cancer in the esophagus, stomach, duodenum, or 
colorectum[11-17]. However, no reports have described the 
clinical outcomes of ESDCC for older patients with EGC. 
The present study evaluated the clinical outcomes of 
ESDCC for older patients with EGC, including the medical 
economics associated with ESDCC.

MATERIALS AND METHODS
Patients
ESDCC was performed in 269 consecutive patients with 
EGC between June 2010 and February 2014 at Aso 
Iizuka Hospital. A total of 37 patients were excluded 
because their post-ESD histological analysis did not 
meet the clinical indication criteria for ESD proposed 
by Gotoda et al[18] and the Japanese Gastric Cancer 
Association[19] (i.e., listed in the exclusion criteria group). 

Figure 1  The distal tip of the Clutch Cutter (long type: Blade length of 5 
mm).
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A total of 232 consecutive patients with EGC were 
enrolled in this retrospective study.

We divided the patients into two groups according to 
age: Older patients (> 80 years, mean age: 84.1 SD ± 
3.2 years old) and non-older patients (≤ 80 years, mean 
age: 69.5 SD ± 7.3 years old). The following factors 
were retrospectively compared between the two groups: 
Pre-existing comorbidities, anticoagulant therapy, en 
bloc resection rate, mean duration of hospitalization, 
incidence of ESDCC-related complications, change in PS 
before and after ESD, and financial cost of admission. 
We used a prospectively maintained ESDCC database for 
the analyses of anticoagulant therapy, en bloc resection 
rate, and incidence of ESDCC-related complications; our 
institutional medical and accounting records for each 
patient were used to analyze pre-existing comorbidities, 
mean duration of hospitalization, change in PS after ESD, 
and financial cost of admission. PS was classified using 
the Eastern Cooperative Oncology Group scale. The 
indication for ESD was a PS score of 0, 1, or 2.

ESD with the Clutch Cutter procedure
Detailed technical procedures of ESDCC have been 
reported previously[11-17] (Figure 2). ESDCC was con
ducted using a single-channel therapeutic endoscope 
(EG-450RD5; Fujifilm) or a two-channel multi-bending 
endoscope (GIF-2T240M; Olympus, Tokyo, Japan). 
A long, transparent hood (F-01; Top Co. Ltd., Tokyo, 
Japan) was attached to the tip of the endoscope to 
facilitate submucosal dissection by elevating the lesion. 
Circumferential markings were made using the CC 
in closed mode. A hyaluronic acid solution (MucoUp; 
Johnson and Johnson, Tokyo, Japan) with diluted 
epinephrine (0.0002%) and indigo carmine (0.0002%) 
was injected into the submucosal layer to lift up the 
lesion. The target mucosal and submucosal layer tissues 

were grasped, lifted up, and cut using the CC. Finally, 
the lesion was completely resected using the CC (Figure 
3). When bleeding occurred during the procedure, it 
was treated via coagulation with the CC. The forced 
coagulation mode (VIO 300D; Erbe, Tübingen, Germany) 
30 W (effect 3) was used for marking, the endo cut 
Q mode (effect 2, duration 3, interval 1) was used for 
cutting, and the soft coagulation mode 100 W (effect 5) 
was used for hemostatic treatment.

Statistical analysis
Statistical analyses for comparison between the older 
and non-older groups was performed using the χ 2-
test, the Wilcoxon/Kruskal-Wallis test, and Fisher’s 
exact probability test. The χ2-test was used to evaluate 
intergroup differences in anticoagulant therapy and 
en bloc resection, incidence of ESDCC-related comp
lications, and change in PS before and after ESD. The 
Wilcoxon/Kruskal-Wallis test was used to evaluate 
intergroup differences in the mean duration of hospi
talization and financial cost of admission. Fisher’s 
exact probability test was used to evaluate intergroup 
differences in pre-existing comorbidities. Differences 
were considered significant at P < 0.05. 

RESULTS
Patients’ characteristics 
The older group comprised 64 patients with a mean age 
of 84.1 years, and the non-older group comprised 168 
patients with a mean age of 69.5 years (Table 1). The 
two groups significantly differed in terms of age, but 
not sex. Older patients had a significantly higher rate of 
pre-existing comorbidities than did non-older patients 
(P < 0.05), especially heart disease. The proportion of 
the older group receiving anticoagulant therapy was not 
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m
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Step 4 submucosal excision (pull and cut step) Step 5 completion of ESDCC

Figure 2  Schema showing endoscopic submucosal dissection using the Clutch Cutter technique. m: Mucosa; sm: Submucosa; mp: Muscularis propria; 
ESDCC: Endoscopic submucosal dissection using the Clutch Cutter.
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significantly different to that of the non-older group.

Tumor characteristics 
No significant between-group differences were found 
regarding the macroscopic type, tumor size, histological 
type, and ESD indication categories (Table 2). However, 
the proportion of upper lesions was significantly higher 
in the older group (43.8%) than in the non-older group 
(23.2%) (P = 0.0042).

Technical outcomes 
The R0 resection rate in the non-older group was signi
ficantly higher than that in the older group (100% vs 
95.3%, P = 0.02, Table 3). However, the R0 resection rate 
was greater than 95% in both groups. The postoperative 
bleeding rates of the older and non-older groups were 
1.6% (1/64) and 4.8% (8/168), respectively. Perforation 
occurred in only one (1.6%) patient in the older group; 
endoscopic clipping was performed in this patient and the 

Figure 3  Endoscopic submucosal dissection using the Clutch Cutter in an 82-year-old Japanese male. A: Indigo carmine was sprayed to demarcate the 
lesion; B: Markings outside the lesion; C and D: The submucosal tissue under the lesion was gradually grasped and dissected from the muscle layer; E: The lesion 
was completely cut from the muscle layer; F: Fixation of the specimen.

A B C

D E F

Table 1  Patient characteristics n  (%)

Older group 
(n  = 64)

Non-older group 
(n  = 168)

P  value

Mean age 84.2 69.5
Gender ratio (M/F) 44/20 118/50 NS
No. of performance state 3 
or 4 

5 (7.8) 4 (2.4)

Pre-existing comorbidity
Total prevalence rates 58 (90.6) 123 (73.2) 0.0042
  Cerebral infarction 11 (17.2)   17 (10.1) NS
  Cardiovascular disease 23 (35.9)   25 (14.9) 0.0004
  Respiratory disease   8 (12.5) 12 (7.1) NS
  Chronic renal dysfunction   8 (12.5)   21 (12.5) NS
  Liver cirrhosis 1 (1.6) 12 (7.1) NS
  Diabetes 20 (31.2)   47 (28.0) NS
  Hypertension 44 (68.8)   98 (58.3) NS
  Senile dementia   7 (10.9) 14 (8.3) NS
  Anti-coagulant therapy 4 (6.3) 12 (7.1) NS

Table 2  Tumors characteristics

Older group 
(n  = 64)

Non-older group 
(n  = 168)

P  value

Location
  Upper 28   39 0.019
  Middle 16   55 NS
  Lower 20   72 NS
  Residual stomach   0     2
Mean tumor size    17.5      15.6 NS
Histological type
  Well differentiated 58 149 NS
  Moderately differentiated    5   10 NS
  Poorly differentiated   0     8 NS
  Papillary differentiated   1     1 NS
Category of indication
  Guideline lesion 47 118 NS
  Lesion included in the 
expanded indications

17   50 NS

NS: Not significant. NS: Not significant.

Otsuka Y et al . Clutch Cutter ESD in older patients with EGC
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perforation was cured. There was no significant difference 
between the two groups in the rate of ESDCC-related 
complications.

Social and economic outcomes 
Three patients in the older group and one patient in 
the non-older group showed a worse PS after ESD, 
but there was no significant difference between groups 
in the prevalence of a worse PS after ESD. The mean 
duration of hospitalization in the older and non-older 
groups was 11.4 and 10.7 d, respectively. The mean 
financial costs of admission for the older and non-older 
groups were 657040 JPY and 574890 JPY, respectively. 
There were no significant differences between the two 
groups in duration of hospitalization or admission costs 
(Table 4).

DISCUSSION
According to the 2014 fiscal statistics published by 
the Ministry of Health, Labour and Welfare, the life 
expectancies of men and women are 80.5 years old 
and 86.8 years old, respectively[20]. The natural history 
of EGC is unclear. However, a long life expectancy and 
an aging population will inevitably lead to an increased 
number of older patients with EGC in Japan. Long-
term outcomes suggest that implementation of ESD 
for older patients with a satisfactory PS will increase life 
expectancy[21]. Therefore, we investigated the clinical 
outcomes associated with older patients who received 
ESDCC for EGC, including economic and social aspects.

As expected, older patients in our study had signi
ficantly more pre-existing comorbidities than did non-
older patients. In our study, the rate of pre-existing 
comorbidities was higher than that in previous reports 
because the mean age of our patients was older than 
that in previous reports[8,22]. Tokioka et al[8] and Chinda 
et al[22] reported that older patients were more likely to 
receive anticoagulant therapy than non-older patients. 
However, the proportions of older and non-older patients 
in our study who received anticoagulant therapy were 
almost equal. The current study included five (7.8%) 
and four (2.4%) patients who had PSs of 3 and 4 in 
the older group and the non-older group, respectively, 

as they strongly desired treatment. The PSs of these 
patients did not change after the procedure. However, 
three (4.7%) patients in the older group and one 
(0.6%) patient with senile dementia in the non-older 
group showed a worse PS after ESD. Three patients in 
the older group had several pre-existing comorbidities. 
Although ESD is less invasive than an operation, care 
should be taken regarding patients with several pre-
existing comorbidities.

No significant between-group differences were 
observed regarding macroscopic type, tumor size, histo
logical type, and ESD indication categories. ESD was 
performed on the lesions of these patients, similar to a 
previous report[8]. In our study, the proportion of upper 
lesions was significantly higher in the older group than 
in the non-older group. Furthermore, the R0 resection 
rate in the non-older group was significantly higher than 
that in the older group. The tumor location likely affects 
the difficulty of the ESD procedure, and so the greater 
number of upper lesions in older patients might have 
affected the technical outcomes. 

The current study did not show a significant difference 
between older and non-older patients in the rate of 
ESDCC-related complications (i.e., postoperative bleeding 
and perforation). The reported perforation and bleeding 
rates of ESD using a knife device range from 1.2% to 
8.2% and from 5.3% to 15.6%, respectively[23-30]. Our 
complication rate was low compared with that reported 
in previous studies that used conventional knives[23-30]. 
Inevitable risk factors associated with knife devices for 
ESD-related complications include defects of fixation 
(inaccurate targeting) and compression (hemostatic 
effect), as well as pushing the knife into the target 
tissue (where the pushing force is in the direction of the 
muscle layer) with an electric discharge[14]. The CC can 
accurately grasp target tissue and can be energized or 
incised while separated from the muscular layer, thus 
greatly reducing the risks. There was no uncontrollable 
intraoperative bleeding in our previous reports on 
ESD[11-17]. We were able to quickly and easily stop 
intraoperative bleeding using the CC[15] without changing 
the device for the entire gastrointestinal tract. In the 
present study, we did not perform any unexpected 
incisions. Therefore, the CC has the potential to 
decrease the risk of ESD-related complications in older 
and non-older patients.

Table 3  Technical outcome n  (%)

NS: Not significant.

Older group 
(n  = 64)

Non-older group 
(n  = 168)

P  value

En bloc resection    63 (98.4) 168 (100) NS
R0 resection    61 (95.3) 168 (100) 0.03
Complications
Intraoperative 
hemorrhage

0 (0) 0 (0) NS

Intraoperative perforation    1 (1.6) 0 (0) NS
Postoperative hemorrhage    1 (1.6)   8 (4.8) NS
Postoperative perforation 0 (0) 0 (0) NS

Table 4  Social and economic outcomes n  (%)

NS: Not significant.

Parameter Older group 
(n  = 64)

Non-older group 
(n  = 168)

P  value

Worsening of the 
performance status

3/64 (4.7) 1/168 (0.6) NS

Mean duration of 
hospitalization (d)

11.4 10.7 NS

Mean financial cost of 
admission (JPY)

657040 574890 NS

Otsuka Y et al . Clutch Cutter ESD in older patients with EGC



421 October 15, 2017|Volume 9|Issue 10|WJGO|www.wjgnet.com

Our study found no significant difference between 
older and non-older patients in the mean duration 
of hospitalization. Tokioka et al[8] also failed to find a 
significant difference in the mean duration of hospi
talization between these two groups (13.3 d vs 10.3 
d). However, these authors reported that older patients 
with complications due to ESD (i.e., perforation) were 
hospitalized for significantly longer periods than non-older 
patients[8]. In our series, we encountered perforation in 
one older patient who underwent endoscopic clipping and 
required 16 d of hospitalization. Therefore, preventing 
complications, such as perforation, is important for 
reducing the duration of hospitalization, especially in older 
patients. 

Few medical economic outcomes have been re
ported in older patients. Murata et al[31] reported that 
mean medical costs are significantly higher for older 
patients undergoing ESD for EGC than for non-older 
patients. They also reported that chronic comorbid 
conditions or the use of anticoagulant drugs, as well as 
the occurrence of complications, might be associated 
with an increase in the length of stay or medical costs 
during hospitalization[31]. Although the older group in 
our study showed a significantly higher rate of comorbid 
cardiovascular disease than did the non-older group, 
the postoperative bleeding rate was low in the older 
group (1.6%). In our series, there were no significant 
between-group differences in the length of stay and 
medical costs during hospitalization. The reported 
complication rate associated with ESDCC is lower than 
that of ESD using conventional knives[11-17], which might 
have affected our medical economic outcomes. 

We conclude that ESDCC is safe and effective for 
older and non-older patients with EGC. This study is 
limited by its retrospective nature. A prospective study 
with a larger sample size is advised.
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Abstract
AIM
To compare radiation dose and image quality of low-
dose computed tomography (CT) protocol combined with 
hybrid-iterative reconstruction algorithm with standard-
dose CT examinations for follow-up of oncologic patients. 

METHODS
Fifty-one patients with known malignant diseases which 
underwent, during clinical follow-up, both standard-
dose and low-dose whole-body CT scans were enrolled. 
Low-dose CT was performed on 256-row scanner, with 
120 kV and automated mA modulation, and iterative 
reconstruction algorithm. Standard-dose CT was per
formed on 16-rows scanner, with 120 kV, 200-400 mAs 
(depending on patient weight). We evaluated density 
values and signal-to-noise ratio, along with image noise 
(SD), sharpness and diagnostic quality with 4-point scale. 
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RESULTS
Density values in liver, spleen and aorta were higher in low-
dose images (liver 112.55 HU vs  103.90 HU, P  < 0.001), 
as SD values in liver and spleen (liver 16.81 vs  14.41). 
Volumetric-Computed-Tomographic-Dose-Index (CTDIvol) 
and Dose-Length-Product (DLP) were significantly lower in 
low-dose CT as compared to standard-dose (DLP 1025.6 
mGy*cm vs  1429.2 mGy*cm, P  < 0.001) with overall 
dose reduction of 28.9%. Qualitative analysis did not 
reveal significant differences in image noise and diagnostic 
quality.

CONCLUSION
Automatic tube-current modulation combined with hybrid-
iterative algorithm allows radiation dose reduction of 
28.9% without loss of diagnostic quality, being useful in 
reducing dose exposure in oncologic patients.

Key words: Computed tomography; Low-dose computed 
tomography; Tube current modulation; Oncologic imaging; 
Radiation dose

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Introduction of new generation of multidetector 
computed tomography (MDCT) scanner allowed thin-
collimation scanning and high spatial resolution, and 
reducing at same time the delivered radiation dose to 
patients by using new iterative reconstruction algorithm. 
This new mathematical model approach permits to reduce 
the radiation dose, expecially in patients who undergo 
serial follow-up study for oncologic (staging and restaging) 
purpose. On these basis in our study we evaluated 
radiation dose and image quality of CT examinations in 
a population of oncologic patients undergoing follow-
up examinations with a new generation MDCT scanner 
(256-rows) using automatic modulation of tube current 
and iterative reconstruction algorithm (DoseRight system).

Ippolito D, Casiraghi AS, Franzesi CT, Fior D, Meloni F, Sironi 
S. Low-dose computed tomography with 4th-generation iterative 
reconstruction algorithm in assessment of oncologic patients. 
World J Gastrointest Oncol 2017; 9(10): 423-430  Available from: 
URL: http://www.wjgnet.com/1948-5204/full/v9/i10/423.htm  
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INTRODUCTION
Since the advent of computed tomography (CT) and, 
more recently, the development of multidetector 
computed tomography (MDCT) technique, the number 
of CT scans have increased significantly[1,2]; according 
to National Council on Radiation Protection and 
Measurements (NCRP) report 160, in 2006 United States 
population was exposed to more than seven times 
ionizing radiation from medical procedures than in the 
early 1980’s, and CT contributes to nearly one-half of all 

this radiation imaging exposure[1,2]. This high number 
of CT examinations have raised concern because of the 
potential risk of radiation-induced malignancy[3].

In the clinical management of patients with malignant 
diseases CT, with other cross-sectional imaging techni
ques such as MRI and FDG-PET/CT, has a major role 
for initial diagnosis of the disease, for staging, and 
during follow-up to monitor response to treatment and 
evaluate disease remission or relapse[4]. CT of the chest, 
abdomen and pelvis has the ability to obtain a global 
evaluation of the patient and to depict both primary 
tumor and metastasis in most cases, more quickly, 
safely and accurately than other more invasive or less 
sensitive imaging techniques. On these bases, oncologic 
patients typically undergo multiple CT investigations 
during their clinical follow-up, and risks derived from 
repeated scans and exposure to ionizing radiation should 
be balanced against the benefits of diagnostic imaging: 
CT examinations must have a correct clinical justification, 
and every CT scans must be technically optimized to 
keep radiation doses as low as possible while providing 
requested diagnostic information[5,6]. 

To optimize radiation dose in CT various technological 
strategies can be applied: These include active manage­
ment of individual acquisition parameters (number of 
phases, section thickness, peak voltage, tube current-
time product, pitch) or using an automated exposure 
control system[7]. Recently, iterative reconstruction 
algorithms have been introduced to reduce image 
noise, allowing further reduction in radiation dose 
beyond levels previously achievable with filtered back 
projection reconstruction (FBP)[7]. iDose4 is a hybrid 
iterative algorithm that is able to reduce noise on both 
the raw and image data[8,9]. The purpose of our study 
was to evaluate the radiation dose and image quality of 
CT examinations in a population of oncologic patients 
undergoing follow-up examinations comparing a new 
generation MDCT scanner (256-rows), using automatic 
modulation of tube current and iterative reconstruction 
algorithm (DoseRight system and iDose4), with a 
16-MDCT scanner using standard dose protocol and FBP. 

MATERIALS AND METHODS
Patients population
Institutional research board approval was obtained for 
this retrospective study with waiver of the requirement 
for written consent. 

Between August 2013 and April 2015, 259 adult 
patients (> 18 years old) with known malignant diseases 
(32 lung, 9 colorectal, 3 ovarian, 3 stomach, 2 uterine, 
1 non hodgkin lymphoma and 1 testicular) underwent 
contrast enhanced chest-abdomen-pelvis CT examination 
in a single venous phase during their clinical follow-up on 
a 256-MDCT scanner with a protocol implemented in our 
institution from August 2013 (with automatic modulation 
of current tube and iDose4 reconstruction algorithm). 
These examinations were identified with a retrospective 
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review of CT studies archived with PACS system (AGFA 
Diagnostic Software, Impax, version 6.4.0.3125; Agfa, 
Mortsel; Belgium). In this group we selected patients 
which had undergone also standard-dose contrast 
enhanced CT scan on a 16-MDCT in a different time. 
Fifty-one patients were finally selected as our study 
group and were categorized into four groups according to 
their weight (kg): 41-60 kg (group A), 61-80 kg (group 
B), 81-90 kg (group C) and > 90 kg (group D) (Table 1). 
Total mean weight was not statistically different between 
the two scans (74.1 ± 14.9 kg for lower dose scans and 
73.9 ± 15.0 kg for standard dose scans, P = 0.705). The 
mean time interval between CT acquisitions was 4.8 ± 
2.9 mo. Patients’ mean age, calculated at the time of the 
most recent CT scan, was 68.3 ± 10.4 years old.

MDCT technique and image reconstruction
All 51 patients had undergone thorax-abdomen-pelvis 
CT examinations both on a 16-rows MDCT scanner 
(Brilliance, Philips Medical Systems, Eindhoven, The 
Netherlands) and on a 256-rows MDCT (iCT, Philips). 

For both examinations, CT data were acquired after 
the intravenous bolus injection of non-ionic iodinated 
contrast material (Xenetix 350; Guerbet, Aulnay, 
France), injected using a 18-gauge catheter positioned 
into the antecubital vein at a rate of 3.5 mL/s, with 
image acquisition during portal venous phase (55-70 s 
after the initiation of the contrast bolus), in accordance 
with an institutionally defined protocol. The volume 
of contrast agent was calculated on the basis of the 
patient’s body weight, with total dose ranging from 80 
to 130 mL, and it was followed by a saline flush of 50 
mL of NaCl at 3.5 mL/s. The patients were instructed 
to hold their breath during scanning. All studies were 
started from the lung apices and proceeded in a 
cephalocaudal direction until ischial tuberosity, to include 
chest, abdomen and pelvis of the patients.

The technical parameters for scanning included: (1) 
for 16-rows CT scanner: 120 kVp, mAs depending on 
patients’ weight (41-60 kg: 200 mAs; 61-80 kg: 300 
mAs; 81-90 kg: 350 mAs; > 90 kg: 400 mAs), section 
thickness 2 mm, pitch 0.813, 0.75 s rotation time, display 
field of view (FOV) depending on the patient’s physique 
(median values of 350), beam collimation 16 × 1.5; 
(2) for 256-rows CT scanner: 120 kVp, automated mAs 
with X-ray tube current automatic modulation system 

(range of mean mAs: 103-468 mAs), section thickness 
2 mm, pitch 0.984, 0.75 s rotation time, display field of 
view (FOV) depending on the patient’s physique (median 
values of 350), beam collimation 64 mm × 0.625 mm 
(to reduce the overranging and to improve the Z-DOM 
modulation performance). The Brilliance iCT scanner can 
control radiation exposure with advanced dose reduction 
tools, such as X-ray tube current automatic modulation 
system (the automatic current selection ACS, which 
automatically suggests tube current settings according 
to estimated patient diameter in the scan region, 
and the Z-axis dose modulation system Z-DOM, that 
modulates mA along the patient longitudinal axis using 
the attenuation profile estimated from the Surview), 
SmartShape and IntelliBeam shaping filters, the Eclipse 
asymmetric collimator for over-ranging reduction, 
NanoPanel3D detectors and ClearRay 2D anti-scatter 
grid[10].

The 16-MDCT images were reconstructed using 
a standard FBP algorithm with a standard soft-tissue 
kernel, while the 256-MDCT images were reconstructed 
with hybrid iterative reconstruction algorithm (iDose4): 
iDose4Level 3 was chosen[8].

At the end of every examinations, the volumetric 
computed tomographic dose index (CTDIvol) and 
the dose-length product (DLP) were provided by the 
scanners in the dosimetric report.

CT values (HU) and standard deviation of CT values 
(SD) were also measured by placing one ROI (2 cm2) 
within the subcutaneous fat of the anterior abdominal 
wall. SNR was calculated for the liver and the spleen as: 
SNR = HUROI/SDROI, where HUROI is the mean CT value 
in Hounsfield units of the tissue and SDROI the standard 
deviation of CT values in the same ROI.

Statistical analysis
Continuous variables (HU, SD, SNR, DLP, CTDIvol, pa
tients weight) were presented as means ± SD. The 
Wilcoxon signed-rank test for paired samples or paired 
Student t-test were used, where appropriate, to compare 
values of continuous variables between standard dose 
protocol images and lower dose protocol images. To 
evaluate differences in qualitative analysis between the 
two protocols the Wilcoxon signed-rank test for paired 
samples was applied. A P-value < 0.05 was considered 
statistically significant.

Cohen’s kappa was used to evaluate agreement 
between the two readers[11]. Analysis was performed 
with commercially available statistical software (SPSS 
Statistics 17.0, Chicago, IL).

RESULTS
Radiation dose
Mean values of obtained DLP and CTDIvol were 
significantly lower with low-dose protocol in comparison 
with standard dose protocol (P < 0.001): For lower-
dose CT, DLP and CTDIvol were respectively 1025.6 ± 

Table 1  Descriptive table of weight groups in the patients 
population (n  = 51)

Weight groups No. of patients M/F Mean ± SD (yr)

Group A (41-60 kg)   8     3/5 70.5 ± 8.6
Group B (61-80 kg) 25      9/16   67.6 ± 11.5
Group C (81-90 kg) 13 11/2 71.8 ± 7.4
Group D ( > 90 kg)   5 4/1   59.2 ± 10.1
All patients 51 34/18   68.3 ± 10.4

Ippolito D et al . Low dose CT in oncologic patients management

M: Male; F: Female.
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370.9 mGy*cm and 15.4 ± 5.2 mGy, compared with 
1429.2 ± 297.7 mGy*cm and 21.4 ± 4.0 mGy for 
standard-dose protocol. The low-dose protocol provided 
a mean DLP reduction of 28.9% compared to standard-
dose protocol (Figure 1).

The average weight was 74.1 ± 14.9 kg for low 
dose scans (range 41-114 kg) and 73.9 ± 15.0 kg for 
standard dose scans (range 43-114 kg) (P = 0.705). By 
dividing patients into four groups of weight, we obtained 
a higher rate of DLP reduction in patients in groups A, B 
and C with a statistically significant difference between 
the two protocols; in patients with high weight (> 90 
kg, group D), for values of DLP and CTDIvol only few 
differences between the two protocols were recorded, not 
statistically significant, with a radiation dose reduction of 
2.5% (Table 2).

Qualitative analysis
Qualitative analysis results are shown in Table 3. There 
was a good inter-reader agreement, as shown by k 
Cohen values. There weren’t significant differences in 
the qualitative evaluation of image noise and diagnostic 
quality for both readers (Figure 2), and of image 

sharpness for one reader. The other reader assigned to 
low-dose images superior grades for sharpness, with a 
significant difference (P = 0.012).

Quantitative analysis
CT values of density (HU) measured within abdominal 
aortic lumen and liver and spleen parenchyma were 
significantly higher using low-dose CT with iDose4 (P < 
0.001) (Table 4). The mean liver and spleen parenchymal 
noise (SD) was higher with low-dose protocol as well, 
while SD of abdominal subcutaneous fat was higher but 
without reaching statistical significance. The measured 
noise varied according to the weight of the patients, with 
higher values of SD in patients with higher weight; values 
of SD in the liver parenchyma with low-dose protocol 
vs standard protocol were respectively 14.62 ± 1.80 vs 
11.62 ± 2.03 in group A, 16.66 ± 1.45 vs 13.10 ± 2.18 
in group B, 18.03 ± 1.98 vs 16.26 ± 1.54 in group C and 
17.91 ± 2.24 vs 20.59 ± 3.28 in group D.

SNR values, calculated as SNR = HUROI/SDROI, 
were lower in low-dose images, reaching a significant 
difference within the liver parenchyma (6.94 ± 1.32 
vs 7.80 ± 2.30, P = 0.002) and without statistical 

A B

Figure 1  Axial contrast-enhanced computed tomography images at the level of upper abdomen obtained in a 81 years old female patient with lung cancer 
(height 160 cm, weight 61 kg). A: Standard dose protocol (120 kV, 300 mAs, DLP 1317.4 mGy*cm, CDTI 21.1 mGy); B: Lower dose protocol (120 kV, 142-222 mAs, 
DLP 846.0 mGy*cm, CDTI 13.6 mGy): Lower dose image shows increased sharpness and enhancement in comparison with standard dose image in spite of mild 
increase of noise, and similar diagnostic quality with a 35.8% Dose-Length-Product reduction.

A B

Figure 2  Axial contrast-enhanced computed tomography images at the level of upper abdomen obtained in a 70 years old female patient with ovarian 
cancer and some small hypoattenuating hepatic subcapsular implants with well-defined margins (height 160 cm, weight 68 kg). A: Standard dose protocol (120 
kV, 300 mAs, Dose-Length-Product 1304.6 mGy*cm, CDTI 21.0 mGy); B: Lower dose protocol (120 kV, 123-231 mAs, Dose-Length-Product 840.9 mGy*cm, CDTI 
13.1 mGy).

Ippolito D et al . Low dose CT in oncologic patients management
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significance within spleen parenchyma (7.73 ± 1.46 
vs 8.10 ± 2.04, P = 0.153). When SNR data were 
reviewed according to the weight of patients, SNR values 
decreased as patients’ weight increased. SNR values 
were lower in low-dose protocol in comparison with 
standard-dose protocol in groups A and B, comparable 

between two protocols in group C and higher in group D 
(Table 3). 

DISCUSSION
In the latest years many studies investigating the 
potential of radiation dose reduction by applying diff
erent iterative reconstruction algorithms have been 
published for abdomen, chest, head, coronary and 
chest angiography, and they showed significant dose 
reduction while maintaining, or sometimes improving, 
image quality[12-26]. 

Arapakis et al[12] addressed the effect of iterative 
algorithm on radiation dose and image quality of chest-
abdomen-pelvis (CAP) CT scans. They applied iDose4 
hybrid iterative reconstruction algorithm in a group of 
84 patients and compared images to those obtained 
with “old standard” protocol with filtered back projection 
reconstruction algorithm in a group of 99 patients, 
obtaining an overall 46.5% decrease in effective dose 
with lower image noise and higher values of SNR and 
CNR; in their study, the greatest dose reduction was 
recorded in patients with lower weight[12].

Karpitschka et al[13] retrospectively evaluated 40 
patients which underwent CT scans for staging of 
malignancy with both a standard-dose (tube current time 
product 250 mAs and FBP reconstruction) and a reduced-
dose CT scan (150 mAs and with Iterative Reconstruction 

Table 2  Comparison of Dose-Length Product and Volumetric Computed Tomographic Dose Index obtained with standard-dose and 
low-dose protocols in all patients (n  = 51) and according to weight (kg)

BMI groups No. of 
patients

CTDIvol (mGy) DLP (mGy*cm) % DLP 
reduction

Standard-dose Low-dose P -value Standard-dose Low-dose P -value

Group A (41-60 kg) 8 14.1 ± 0.0   9.8 ± 1.5     0.012   891.9 ± 36.3 627.5 ± 92.9      0.012 29.6
Group B (61-80 kg) 25 21.1 ± 0.0 14.0 ± 2.8  < 0.001 1386.6 ± 65.9   920.0 ± 175.0   < 0.001 33.5
Group C (81-90 kg) 13 24.6 ± 0.0 17.2 ± 2.9     0.001 1656.8 ± 61.2 1162.6 ± 204.2      0.001 29.9
Group D ( > 90 kg) 5 27.4 ± 1.5 26.5 ± 5.4 0.5   1910.4 ± 147.6 1835.1 ± 359.5  0.5   2.5
All patients 51 21.4 ± 4.0 15.4 ± 5.2  < 0.001   1429.2 ± 297.7 1025.6 ± 370.9   < 0.001 28.9

DLP: Dose-Length-Product; CTDIvol: Volumetric Computed Tomographic Dose Index.

Table 3  Qualitative scoring of image noise, image sharpness and diagnostic quality of computed tomography images from Reader 1 
and Reader 2

Image noise Image sharpness Diagnostic quality

Reader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2

Low-dosea 3.4 ± 0.6 3.6 ± 0.6 3.7 ± 0.5 3.7 ± 0.5 3.7 ± 0.5 3.8 ± 0.4
  Group A (n = 8) 3.6 ± 0.7 3.8 ± 0.5 3.6 ± 0.5 3.5 ± 0.5 3.9 ± 0.4 3.8 ± 0.5 
  Group B (n = 25) 3.4 ± 0.6 3.6 ± 0.6 3.8 ± 0.5 3.8 ± 0.4 3.7 ± 0.6 3.8 ± 0.4 
  Group C (n = 13) 3.1 ± 0.4 3.6 ± 0.5 3.6 ± 0.5 3.9 ± 0.4 3.6 ± 0.5 4.0 ± 0.0 
  Group D (n = 5) 3.3 ± 0.6 3.0 ± 1.0 4.0 ± 0.0 3.3 ± 0.6 4.0 ± 0.0 3.7 ± 0.6 
Standard-doseb 3.6 ± 0.7 3.5 ± 0.6 3.3 ± 0.7 3.5 ± 0.6 3.7 ± 0.5 3.8 ± 0.4
  Group A (n = 8) 3.9 ± 0.4 3.5 ± 0.5 3.1 ± 0.6 3.4 ± 0.5 3.9 ± 0.4 3.8 ± 0.5 
  Group B (n = 25) 3.7 ± 0.5 3.7 ± 0.5 3.5 ± 0.6 3.5 ± 0.6 3.8 ± 0.4 3.8 ± 0.4 
  Group C (n = 13) 3.3 ± 0.5 3.3 ± 0.5 2.9 ± 0.7 3.9 ± 0.4 3.6 ± 0.5 4.0 ± 0.0 
  Group D (n = 5) 2.3 ± 1.5 3.0 ± 1.0 3.0 ± 1.0 3.3 ± 0.6 2.7 ± 1.2 3.7 ± 0.6 
P-valuea-b 0.292 0.655 0.012 0.088 0.437 0.206
k Cohen Reader 1-Reader 2 0.694a-0.756b 0.783a-0.672b 0.704a-0.786b

Table 4  Computed tomography values (HU), standard deviation 
of computed tomography values (SD) and signal-to-noise ratio 
obtained with standard-dose and low-dose protocols

Low-dose Standard-dose P -value

HUaorta (n = 51) 166.20 ± 18.83 154.17 ± 24.82 < 0.001
HUliver (n = 51) 112.55 ± 16.49 103.90 ± 17.49 < 0.001
HUspleen (n = 51) 126.24 ± 13.60 112.77 ± 15.66 < 0.001
SDliver (n = 51) 16.81 ± 2.02 14.41 ± 3.33 < 0.001
SDspleen (n = 51) 16.78 ± 2.04 14.72 ± 3.26 < 0.001
SDfat (n = 51) 12.17 ± 2.77 12.07 ± 2.98    0.307
SNRliver (n = 51)   6.94 ± 1.32   7.80 ± 2.30    0.002
SNRliver Group A (n = 8)   8.09 ± 1.63   9.36 ± 2.27  0.05
SNRliver Group B (n = 25)   6.95 ± 1.22   8.53 ± 1.97 < 0.001
SNRliver Group C (n = 13)   6.47 ± 1.00   6.66 ± 1.34    0.972
SNRliver Group D (n = 5)   6.29 ± 1.19   4.60 ± 1.77  0.08
SNRspleen (n = 51)   7.73 ± 1.46   8.10 ± 2.04    0.153
SNRspleen Group A (n = 8)   9.25 ± 2.31 10.53 ± 1.69    0.092
SNRspleen Group B (n = 25)   7.60 ± 1.10   8.04 ± 1.86    0.177
SNRspleen Group C (n = 13)   7.26 ± 1.11   7.20 ± 1.45  0.65
SNRspleen Group D (n = 5)   7.21 ± 0.82   6.86 ± 1.89    0.893

SNR: Signal-to-noise ratio.
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in Image Space IRIS), obtaining a greater than 45% 
dose reduction at maintained image quality; the authors 
recommend the use of IR in oncological patients in order 
to reduce radiation dose to patients.

Moreover, for abdominal CT scans, Prakash et al[14] 
showed a reduction of radiation dose by 25% using 
weight-based adjustment of automatic exposure control 
technique and Adaptive Statistical Iterative Reconstruction 
(ASIR) in comparison with FBP reconstructed scans, while 
May et al[15] obtained a 50% reduction in abdominal CT by 
using IRIS.

In our study, values of DLP obtained using a low-dose 
protocol with iDose4 iterative algorithm were, on average, 
28.9% lower compared to our standard dose with FBP 
reconstruction. Despite higher levels of quantitative noise 
(as demonstrated by SD values) within liver and spleen 
parenchyma, however, qualitative analysis didn’t reveal 
significant differences in overall image noise and 
diagnostic quality when compared with standard-dose 
images in the same patients (Table 2). These results and 
lower rate of dose reduction in comparison with other 
CAP studies may be correlated to a different level of 
strength of the iterative reconstruction of iDose4 applied 
in our institution (L3) which determines less noise 
reduction and, with a fixed noise index, can be associated 
with higher levels of tube current and radiation dose.

The measured noise and SNR in low-dose images 
varied according to the weight of the patients, with 
higher values of SD and lower values of SNR in patients 
with higher weight (Table 3). These data were confirmed 
by qualitative analysis, which showed increasing levels 
of subjective noise by increasing patients weight, but 
without significant differences in image sharpness 
and diagnostic quality between the four groups (Table 
2). In our patient group with weight greater than 90 
kg (group D), values of SD within liver and spleen 
parenchyma and abdominal fat were the highest, with 
worst values of SNR; however, compared to standard-
dose images, these values of SNR were higher indicating 
a better image contrast, although the difference was not 
statistically significant.

In group D the DLP reduction rate was substantially 
lower than those in the other patient groups (2.5% 
vs 29.6%, 33.5% and 29.9%). With automatic tube 
current modulation, tube current is automatically 
adjusted to the X-ray attenuation of the patient to keep 
the radiation dose as low as possible while maintaining 
a constant image noise level and specified image quality 
as in a previously defined reference image. In patients 
with large body habitus, to maintain a constant image 
quality, there is a risk of high radiation doses when this 
technique is applied in abdominal MDCT[23]. Our results 
could be explained then by the higher tube current 
needed and used in this group of patients to fulfill 
the fixed noise level and desired final image quality. 
In heavy patients, the optimal noise indexes and 
image quality should be adjusted to patient habitus, 
considering that subjective image quality in abdomen 
CT of these patients is usually higher because of the 

amount of fat deposition around the abdominal organ 
that improve tissue contrast[23].

There were several limitations in our study. First of 
all, it was a retrospective study and acquisition of CT 
paired studies in our patients were not realized on the 
same scanner; despite many technical parameters were 
identical between the two protocols, some of them and 
the scanners were different and it may have introduced 
some bias. Because of the interval time between 
studies, which was remarkable in a small number of 
patients, and the retrospective nature of the study, 
we couldn’t compare conspicuity or detection rate of 
the primary tumor and secondary lesions between the 
two protocols, which should be addressed in further 
prospective studies.

In conclusion, in our sample of oncologic patients, 
automatic modulation of tube current and iDose4 
reconstruction algorithm allowed a mean radiation dose 
reduction of 28.9%, without significant loss of subjective 
diagnostic quality, and this protocol could be useful in 
reducing dose exposure in patients with malignancy 
which undergo a high number of chest-abdomen-pelvis 
CT scan during their clinical follow-up.

COMMENTS
Background
In the latest years, the number of computed tomography (CT) scans have 
increased significantly and this high number of examinations has raised 
concern because of the potential risk of radiation-induced malignancy. CT has 
a major role in the clinical management of patients with malignant diseases, 
which typically undergo multiple CT investigations during their follow-up, and 
risks derived from repeated scans and exposure to ionizing radiation should be 
balanced against the benefits of diagnostic imaging. On this basis in the study 
authors compared the diagnostic quality and the radiation dose of whole body 
CT scan examination obtained with a low-dose setting protocol combined with 
the new state of art iterative reconstruction algorithm with those obtained with a 
standard-dose protocol.

Research frontiers
New generation of high row number multidetector computed tomography (MDCT) 
scans allow thin-collimation, high spatial resolution and better multiplanar 
reconstructions (MPRs), and are increasingly used in clinical practice in oncologic 
field, because MDCT can assess in a single examination, the entire abdomen, 
pelvis and chest, allowing for local tumour staging and distant metastases 
evaluation. Several dose reduction tools are actually integrated in these new CT-
scanners, including hardware components as dynamic helical collimator, adaptive 
axial collimator and tube-current modulation, and software post-acquisition 
improvements as iterative reconstruction algorithms. These technical solutions 
permit to reduce the dose delivered to the patients, maintaining high diagnostic 
quality of images. 

Innovations and breakthroughs
CT protocols should be properly designed and carefully applied in order to 
obtain the highest amount of information by using the lowest radiation dose 
achievable, since the theoretical risk of radiation-induced cancer from CT 
examinations has been reported as not negligible. New CT scanners are 
equipped with several iterative reconstruction (IR) algorithms that allow a 
reduction of the radiation dose without theoretically affecting the image quality, 
especially if used in association with a low kV scanning protocol. The study was 
designed in order to obtain the best image quality with the lowest effective dose, 
using dose reduction strategies available with our scanner. iDose4 is a fourth-
generation hybrid IR algorithm introduced by Philips Healthcare, and the major 
component of this algorithm deals with subtraction of the image noise while 
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preserving the underlying edges associated with true anatomy or pathology.

Applications 
In this study the authors compared radiation dose and image quality of CT 
examinations in a population of oncologic patients undergoing follow-up 
examinations with a new generation MDCT scanner (256-rows) using automatic 
modulation of current tube and iterative reconstruction algorithm (DoseRight 
system and iDose4) and with a 16-MDCT scanner with standard dose protocol 
and FBP. The importance of this work relies on the fact that the results confirm 
the high diagnostic quality and the important radiation dose sparing of whole 
body CT scan examination obtained with a low-dose setting protocol combined 
with the new state of art iterative reconstruction algorithm in comparison with a 
standard-dose protocol. Moreover in this manuscript the authors compared and 
commented the results with those of previous literature on this field by using 
different vendor approach.

Terminology
MDCT: Multidetector row-CT are new generation of CT scanner with high 
number of detector, which allow to obtain high spatial resolution images with 
thinner collimation; FBP: Filtered back projection (FBP) has been the industry 
standard for CT image reconstruction for decades, representing a very fast and 
fairly robust method to reconstruct the raw data obtained from routinely CT scan 
acquisition; Hybrid Iterative Reconstruction Algorithms: In the literature, the 
term hybrid IR usually refers to algorithms that mainly decrease image noise 
by iterative methods. IR approaches are not new and were, in fact, the initially 
proposed method for data reconstruction in the early days of CT technology 
during the 1970s. However, due to its mathematically demanding properties and 
the large amount of data in CT imaging, until recently IR has not been practical 
for clinical purposes. The current evidence on the clinical implementation of IR 
into CT protocols shows substantial promise for major improvements in image 
quality, chiefly noise reduction-with subsequent radiation dose reduction-and 
artifact suppression; iDose4: iDose4 is a fourth-generation hybrid IR algorithm 
introduced by Philips Healthcare. With this algorithm the noise can be controlled 
for high spatial resolution reconstructions, hence providing high-quality, low-
contrast, and spatial resolution within the same image, when radiologist work 
with low dose approach; through an iterative mathematical process, the noisy 
data are penalized and edges are preserved.

Peer-review
This is a very interesting attempt to achieve lower radiation dose in follow-up 
CT of oncologic patients with parallel comparison of thorax-abdomen-pelvis CT 
with 4th generation hybrid iterative reconstruction algorithm and standard dose 
examination.
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Abstract
Primary non-Hodgkin lymphomas in the esophagus are 
rare. Tracheoesophageal fistulas mainly arise from solid 
esophageal carcinoma or mediastinal malignancies. Our 
patient presented with cough, dysphagia and weight 
loss, and upon initial computed tomography imaging 
and esophagogastroduodenoscopy, a malignant mass in 
the middle third of esophagus with tracheoesophageal 
fistula was found. The location of the mass and presence 
of malignant tracheoesophageal fistula were strongly 
suggestive of squamous cell carcinoma. However, tumor 
biopsy revealed diffuse large B-cell lymphoma. This case 
report details a rare incident of a primary diffuse large 
B-cell lymphoma presented as tracheoesophageal fistula 
and reviews previous literature. 

Key words: Non-Hodgkin lymphoma; Tracheoesophageal 
fistula; Esophageal cancer; Esophageal lymphoma

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Primary non-Hodgkin lymphoma of esophagus is 
a rare disease, and tracheoesophageal fistula secondary to 
this condition prior to treatment is extremely rare and fatal. 
However, it has better prognosis than fistulas secondary to 
solid tumor if patients receive timely treatment.
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Introduction
Lymphomas, the most common blood cancers, are 
characterized by proliferation of lymphocytes in the 
lymph nodes and of lymphoid tissue[1,2]. Lymphomas are 
categorized into two groups: Hodgkin and non-Hodgkin 
lymphomas (NHLs). Among NHLs, diffuse large B-cell 
lymphomas (DLBCLs) account for 40% of all lymphoma 
cases worldwide[3]. Primary gastrointestinal (GI) lym
phoma is the most common extranodal presentation 
NHL; however, most cases involve the stomach, small 
intestine and colon. Esophageal involvement is the 
rarest. Malignant tracheoesophageal fistula (TEF) from 
NHL is uncommon and presents mostly as complication 
of radiation therapy or chemotherapy. 

Here, we present a rare case of a primary eso
phageal NHL presented with malignant TEF. To the best 
of our knowledge, this is the first case of primary DLBCL 
with malignant TEF prior to cancer treatment.

 
Case report
A 60-year-old male with past medical history of 
diabetes mellitus type 2, hypothyroidism and chronic 
tobacco smoking presented with gradually worsening 
3-wk dry cough, dysphagia and cough provoked 
with all oral intake. On review of systems, patient 
had unintentional 30-pound weight loss in the past 3 
mo. On physical exam vital signs were unremarkable 
except for oxygen saturation of 91% on room air with 
respiratory rate of 18 breaths per minute. Moreover, 
the patient was not in acute distress; his breathing 
was non-labored; liver and spleen were not palpable; 
superficial lymphadenopathy was not found. The initial 
CBC revealed a white blood cell count of 21900/μL, 5% 
bands, 81% segmented neutrophils, 5% lymphocyte, 
and 8% monocytes. Lactate dehydrogenase was 223 
units/L (normal value; 135-225 units/L), liver functions 
and renal functions were unremarkable and human 
immunodeficiency virus (HIV) was negative. A chest 
computed tomography (CT) imaging revealed a mid-
esophageal wall thickening and enhancement, a fistulous 
connection between the membranous portion of the 
trachea and the anterior portion of the mediastinum, 
nonspecific mediastinal lymph nodes enlargement and 
some of ground glass opacity in posterior segment of the 
upper lobes and superior segments of the lower lobes 
bilaterally (Figure 1). Abdominal and pelvic CT imaging 
revealed multiple lytic lesions in pelvic bone, mild 
hepatic steatosis, normal spleen and no intraabdominal 
or pelvic lymphadenopathy. Our patient was started 
on levofloxacin for concern of aspiration pneumonia. 

Esophagogastroduodenoscopy (EGD) found a large 
fungating and ulcerating mass in the middle third of the 
esophagus with partial obstruction, and TEF was found 
in the middle third of the esophagus with tracheal rings 
(Figure 2). Bronchoscopy revealed 3 cm TEF in the 
trachea and 1.5 cm bronchoesophageal fistula in left 
mainstem. The esophageal mass biopsy showed large, 
highly pleomorphic cells with diffuse growth pattern 
(Figure 3a). Various immunohistochemical staining 
were performed. Tumor cells had strong and diffuse 
expression for CD20 (Figure 3b), CD10, CD45, CD79a 
and bcl2. CD 3 and CD5 were negative. Cytokeratin (CK) 
AE1/AE3 was negative for the cells of tumor infiltrate 
(Figure 3c). Tumor cells did not show any expression 
for P40, a marker for squamous cell carcinoma (Figure 
3d). These findings were consistent with diffuse large 
B-cell lymphoma diagnosis. Bone marrow biopsy was 
not performed because CT imaging suggested bone 
marrow involvement. Lumbar puncture was not done 
as well. Patient underwent for percutaneous endoscopic 
gastrostomy tube placement, esophageal stent 
placement and tracheobronchial stent placement. He 
received rituximab 375 mg/m2 for 1 dose, and a week 
later he subsequently received complete first cycle of 
rituximab, cyclophosphamide, doxorubicin, vincristine 
and prednisone (R-CHOP regimen). Patient completed 6 

Figure 1  Contrasted chest computed tomography imaging showing tracheo­
esophageal fistula in a 60-year-old male patient.

Figure 2  Esophagogastroduodenoscopy showing a partially obstructing 
mid-esophageal tumor and tracheoesophageal fistula in a 60-year-old male 
patient.
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cycles of R-CHOP with good response in tumor but still 
has persistent TEF with intermittent aspiration. He lost 
30 pounds during the course of treatment due to poor 
feeding intolerance.

Discussion
GI lymphomas comprise 5%-20% of extranodal 
lymphomas[4] and only 1%-4% of all GI cancers[5]. Primary 
esophageal lymphoma accounts for less than 1% of GI 
lymphomas. The earliest reported primary esophageal NHL 
was in 1979[6]. Heretofore, there have been less than 25 
reported cases of primary esophageal cancer from NHL[7-16]. 
Sometimes, it can be difficult to differentiate between 
primary GI lymphomas and lymphomas that disseminated 
to GI tract. Dawson et al[17] described the diagnostic criteria 
of primary GI lymphomas: (1) absence of peripheral 
lymphadenopathy; (2) absence of mediastinal adenopathy; 
(3) no involvement of liver and spleen; and (4) normal 
peripheral blood count. Majority of primary GI lymphomas 
are DLBCL[18]. A major risk factor for primary esophageal 
lymphoma is immunosuppression, such as HIV infection[19]. 
Radiologic features of primary esophageal lymphoma are 
ulceration, stenosis, polypoid masses, aneurysmal dilatation 
and TEF, which are non-specific[19,20].

Malignant TEF is a serious late complication of cancers. 
Most malignant TEF cases are related to esophageal 
and lung cancers[21]. TEF from primary esophageal 
lymphoma is an uncommon complication. TEF in lym
phoma frequently develops during or after treatment 

with radiation or chemotherapy, but it can occur due to 
the disease itself. Most of the reports were of Hodgkin 
lymphomas[22-25]. Even though literature review reveals 
case reports of NHL with esophageal-tracheobronchial 
connection, the reported NHLs are not primary esophageal 
NHLs[26-28]. Malignant TEF usually has very poor prognosis; 
however, if lymphomas are recognized and treated 
early, TEF repair and chemotherapy treatment will result 
in good prognosis[29]. Standard treatment of DLBCL is 
R-CHOP regimen. Management of TEF is predominantly 
a non-surgical intervention because of the difficulty of 
and risk from surgery. Esophageal stent and/or airway 
stent is effective to prevent aspiration of GI contents 
and risk of pneumonia. In addition, general treatments, 
such as gastrostomy/jejunostomy tube, antibiotics and 
airway secretion prevention help reduce further risk of 
aspiration[22,30]. 

Novelty of this case report is the co-presence of 
malignant TEF with primary DLBCL in the esophagus. 
Primary esophageal lymphoma-related TEF is extremely 
rare but fatal. Physicians should suspect it for timely 
diagnosis since NHL with TEF has better prognosis 
with interventions and chemotherapy alone than TEFs 
caused by esophageal cancer or lung cancer. 

COMMENTS
Case characteristics
A 60-year-old man presented with worsening 3-wk dry cough, dysphagia and 
cough provoked with all oral intake.

HE Positive CD20

Negative CK AE1/AE3 Negative P40

Figure 3  Histological features of primary diffuse large B-cell lymphoma in a 60-year-old male patient. A: HE staining shows highly pleomorphic large cell 
proliferation on sections of neoplasm; B: Immunohistochemistry shows tumor cells with a strongly diffused positive expression for CD20; C: Cytokeratin (CK) AE1/AE3 
was negative for the cells of tumor infiltrate; D: P40 was negative for squamous carcinoma.
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Clinical diagnosis 
Clinical examination was unremarkable. 

Differential diagnosis
Stroke, esophageal spasm, esophageal tumor, tracheoesophageal fistula-
related or pulmonary infection. 

Laboratory diagnosis 
Blood count showed leukocytosis suggested of infection or inflammation, but 
lactate dehydrogenase andliver function were unremarkable.

Imaging diagnosis 
Chest, abdominal and pelvic computed tomography imaging revealed fungating 
and ulcerating mass in the middle third of the esophagus with partial obstructionand 
tracheoesophageal fistula (TEF) without significant lymphadenopathy.

Pathological diagnosis 
Esophageal mass biopsy revealed diffuse large B-cell lymphoma.

Treatment 
Patient received chemotherapy R-CHOP regimen and underwent to have PEG 
tube placement, tracheal and esophageal stents.

Related reports 
Most primary esophageal lymphoma cases are the rarest among primary 
gastrointestinal lymphoma, and TEF is seldom found as a presenting symptom. 

Term explanation 
Tracheoesophageal fistula is an abnormal connection between the esophagus 
and trachea. Diffuse large B cell lymphoma is a subtype of non-Hodgkin 
lymphoma.

Experiences and lessons
Primary esophageal lymphoma is extremely rare, and malignant TEF is fatal. 
However, patients with this condition have better prognosis if they receive a 
proper management.  

Peer-review
This case report is very interesting and rare. It is helpful to know if the patient 
has been immunologically investigated. The manuscript is well written and 
illustrations are informative.
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